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O-800 

Comparative epidemiology of human infections with avian influenza A(H7N9) 
and A(H5N1) viruses in China 

B Cowling1*, L Jin2, E Lau1, Q Liao3, P Wu1, H Jiang3, T Tsang1, J Zheng3, V Fang1, Z Chang3, M Ni1, 
Q Zhang3, D Ip1, J Yu3, Y Li3, L Wang3, W Tu2, L Meng2, J Wu1, H Luo4, Q Li2, Y Shu5, Z Li3, Z Feng2, 
W Yang6, Y Wang6, G Leung1, H Yu3 

1Infectious Disease Epidemiology Group, School of Public Health, Li Ka Shing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, China; 2Public Health 
Emergency Center, Chinese Center for Disease Control and Prevention, Beijing, China; 3Division of 
Infectious Disease, Key Laboratory of Surveillance and Early-Warning on Infectious Disease, Chinese 
Center for Disease Control and Prevention, Beijing, China; 4National Immunization Program, Chinese 
Center for Disease Control and Prevention Beijing, China; 5National Institute for Viral Disease Control 
and Prevention, Chinese Center for Disease Control and Prevention, Key Laboratory for Medical 
Virology, National Health and Family Planning Commission, Beijing, China; 6Office of the Director, 
Chinese Center for Disease Control and Prevention, Beijing, China 

Background: The novel influenza A(H7N9) virus recently emerged, while influenza A(H5N1) virus has 
infected humans since 2003 in mainland China. A striking feature of A(H7N9) is the relatively rapid 
accumulation of laboratory-confirmed cases in humans, even though phylogenetic and epidemiologic 
evidence points to predominantly zoonotic transmission. In contrast A(H5N1), similarly an exclusive 
zoonosis with very few exceptions, has caused only 43 laboratory-confirmed cases in China since 
2003. We compared the epidemiologic characteristics of the complete series of laboratory-confirmed 
cases of both viruses in mainland China to date. Materials and Methods: An integrated database was 
constructed with information on demographic, epidemiologic, and clinical variables of laboratory-
confirmed A(H7N9) and A(H5N1) cases that were reported to the Chinese Center for Disease Control 
and Prevention up to May 24, 2013. We described disease occurrence by age, sex and geography 
and estimated key epidemiologic parameters including the incubation period, onset to admission 
interval, onset to laboratory confirmation interval, and admission to death and discharge intervals 
using survival analysis. Results: Among 130 and 43 patients with confirmed A(H7N9) and A(H5N1), 
respectively, the median ages were 62 y and 26 y. Thirty three (77%) of the A(H5N1) cases occurred 
in the winter months November through February. In urban areas, 74% of cases of both viruses were 
male whereas in rural areas the proportions were 62% for A(H7N9) and 33% for A(H5N1). Among 
cases of A(H7N9) and A(H5N1), 75% and 71% reported recent exposure to poultry. Symptoms at 
illness onset were relatively similar between the two viruses, with fever and cough being the most 
frequently reported symptoms, but less frequently so for A(H5N1). The mean incubation periods of 
A(H7N9) and A(H5N1) were 3.1 and 3.3 days, respectively. On average, 21 and 18 contacts were 
traced for each A(H7N9) case in urban and rural areas, respectively; compared with 90 and 63 for 
A(H5N1). The hospitalization fatality risk was 35% (95% CI: 25%, 44%) for A(H7N9) and 70% (95% 
CI: 56%, 83%) for A(H5N1). Conclusions: The sex ratios in urban compared with rural cases are 
consistent with poultry exposure driving the risk of infection. However the difference in susceptibility to 
serious illness with the two different viruses remains unexplained, given that most A(H7N9) cases 
were in older adults while most A(H5N1) cases were in younger individuals. Our estimates of 
biological parameters, such as the incubation period and to some extent the hospitalization fatality 
risk, should generalize to other countries. If A(H7N9) follows a similar pattern to A(H5N1), it is 
possible that the A(H7N9) epidemic may reappear in the fall. This potential lull should be an 
opportunity for discussion of definitive preventive public health measures and optimization of clinical 
management, as well as capacity building in the region, given the possibility that A(H7N9) may spread 
outside China’s borders. 
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O-801 

Mammalian adaptation markers in avian-origin H7N9 virus, a comprehensive 
investigation in isolates and clinical specimens from the H7N9 influenza 
affected area 

W Song1, P Wang1, Y Chen2,3, S Yang2,3, N Wu2,3, SY Lau1, WL Wu1, B Mok1, G Zhang1, D Cui2, Z 
Huo2, M Zheng1, X Huang1, KY Yuen1,3, L Li2,3, H Chen1,3*

1State Key Laboratory for Emerging Infectious Diseases, Department of Microbiology, and Research 
Center of Infection and Immunology, University of Hong Kong, Hong Kong SAR, PR China; 2State 
Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Zhejiang University, Hangzhou, 
PR China; 3Collaborative Innovation Center for Diagnosis and Treatment of Infectious Diseases, 
Zhejiang University, Hangzhou, PR China 

Background: An avian-origin H7N9 virus emerged in eastern China in February 2013 and has since 
caused 133 confirmed human infections (Gao R, et al. N Engl J Med. 2013;368:1888-1897). We have 
compared human isolates and avian viruses isolated from epidemiologically linked poultry markets 
and confirmed that the human infections were caused by direct transmission from a poultry source 
(Chen Y, et al. Lancet. 2013;381:1916-1985). In addition to the Q226L substitution in the HA, which 
may provide virus with some ability to bind to human-type receptors, what other adaptations has this 
virus gained to make it different from other avian influenza viruses? Materials and Methods: We 
characterized H7N9 and other related H7 and N9 subtype viruses isolated in April 2013 from local 
poultry markets that were associated with human infections. Genetic mutations, polymerases activity, 
growth kinetic in mammalian and avian cells and replication ability in mice were determined using 
reverse genetic versions of H7N9 virus. Results: Replication ability and growth kinetics of the avian 
H7 subtype influenza viruses were compared in avian and mammalian cell lines. Our data suggest 
that the reassortant H7N9 virus has adapted to, and may have become established in, land-based 
poultry. It is currently not clear if this virus may still be circulating in some poultry populations, 
continuing to evolve and posing a threat for further human infections. We studied the virus genome for 
mammalian adaptation markers by performing sequence analysis on virus isolates and RT-PCR 
products derived from samples obtained from 46 patients hospitalized in the First Affiliated Hospital of 
Zhejiang University Medical School, Hangzhou, China. Virus adaptation markers in the HA, NA and 
PB2 genes were analyzed in sequential samples. Multiple adaptation markers were identified in these 
genes of clinical isolates and serial respiratory samples. Our data showed that the avian-origin H7N9 
has attempted to adapt to replicate in human cells using various mechanisms already displayed by 
other viruses. An in vitro assay showed that viruses with substitutions at these positions exhibit 
enhanced RNP polymerase activity, and a study of growth kinetics demonstrated that isolates carrying 
these adaptation markers replicate to a higher titer in mammalian cells. Replication efficiency of these 
clinical variants was also evaluated in mice. As neuraminidase inhibitors are used as the first line of 
antiviral drugs for the treatment of H7N9 infection, we also analyzed oseltamivir resistance-associated 
mutations in the NA genes of viruses shed in either serial nasal swab or sputum specimens obtained 
from 40 of the hospitalized patients. Conclusions: This study provides a comprehensive analysis of 
avian-origin H7N9 virus from poultry and in human infections. The novel H7N9 virus attempted 
multiple adaptive strategies for efficient replication in humans. Further characterization of this H7N9 
avian influenza virus for understanding the mechanism of replication adaptation and the role in 
efficient human transmission is necessary.   
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O-802 

Pathogenesis and transmission novel influenza A (H7N9) virus in poultry 

M Pantin-Jackwood1*, P Miller1, E Spackman1, D Swayne1, M Torchetti2, L Susta1, D Suarez1 

1Southeast Poultry Research Laboratory, Agricultural Research Service,  
US Department of Agriculture, Athens, Georgia, United States; 2Diagnostic Virology Laboratory, 
National Veterinary Services Laboratories, Animal and Plant Health Inspection Service, US 
Department of Agriculture, Ames, Iowa, United States 

Background: The recent and ongoing outbreak of H7N9 influenza in China has resulted in many 
human cases with a high fatality rate. Poultry have been suspected as the source of infection based 
on sequence analysis and virus isolations from live bird markets; however it’s not clear which species 
of birds are most likely to be infected and shedding sufficient levels of virus to infect humans. In these 
studies we evaluated the potential role of different avian species in the epidemiology of H7N9 
influenza, information that is vital for effective disease control. Materials and Methods: The 
pathogenesis of the human isolate A/Anhui/1/2013(H7N9) was determined in White Leghorn chickens 
(egg layer type), turkeys, Japanese quail, pigeons, Pekin ducks, mallard ducks, Muscovy ducks, and 
Embden geese, by intranasal inoculation with 106 mean embryo infective doses (EID50) of the virus. In 
addition, three doses of virus were administered to groups of quail, pigeons and Pekin ducks (102,104, 
or 106 EID50), and uninfected birds were added to each dose group to determine the transmission 
potential of the virus. Oropharyngeal (OP) and cloacal (C) swabs were collected at 2, 4, 6, 8, and 10 
days post inoculation (dpi) from all birds to examine for virus shedding. Viruses recovered from 
infected birds were also sequenced. Results: Inoculation of the avian species examined with the 
H7N9 virus resulted in infection of all species but no clinical signs. Virus shedding in quail, chickens, 
turkeys, and Muscovy ducks was much higher and prolonged (≥ 10 dpi) than in the rest of the species 
(≤ 6 dpi). Quail effectively transmitted the virus to direct contacts but pigeon sand Pekin ducks did not. 
In all species, virus was detected at much higher levels from OP swabs compared with C swabs. The 
HA gene and part of the PB2 gene from selected virus-positive OP swabs collected from chickens and 
quail were sequenced to examine for changes in the virus after passage in these species. All 8 
samples examined had lysine at position 627 of the PB2 gene, similar to the parent human isolate. 
However, 3 amino acid differences were observed in the HA compared with A/Anhui/1/2013: N123D, 
N149D, and L217Q. The inoculum used in these experiments already contained D at position 123 and 
149, but maintained the L at position 217. Four different combinations were observed in the infected 
birds, indicating that most likely the inoculum had virus subpopulations that were selected after 
passage in birds. Conclusions: The H7N9 virus outbreak clearly has an important poultry component 
based on the sequence analysis and epidemiology of the virus, and these experimental studies 
corroborate that poultry species are important reservoirs of the virus. The high viral shedding from 
chickens, turkeys, quail and Muscovy ducks creates a likely source of infection for humans; however, 
under the right circumstances (stress, immunosuppression), all species examined could be a source 
of the virus.  The high levels of viral replication in the upper respiratory tract and much lower levels in 
the intestinal tract are characteristic of poultry-adapted influenza viruses, and consequentially testing 
of bird species should preferentially be conducted with OP swabs for best sensitivity. As the H7N9 
virus continues to circulate in poultry, changes―including both mutations and possible reassortment 
with other influenza viruses―are expected to occur. Continuous monitoring of influenza viruses in 
poultry is essential for prevention of future pandemics. 
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O-803 

Lessons learned from the first case of H7N9and H6N1 in Taiwan―public health 
implication from integrated surveillance from animals to humans 

CC King1, CC Lee1, SY Chang2, TC Chan3, CC Chen1, HH Lin1, YC Chang1, MS Lee3, MC Cheng3, 
HJ Tsai4,5, C-L Yang6, R Compans6 

1Institute of Epidemiology and Preventive Medicine, College of Public Health, National Taiwan 
University (NTU), Taipei, Taiwan, ROC; 2Department of Clinical Laboratory Sciences and Medical 
Biotechnology, NTU College of Medicine and Department of Laboratory Medicine, NTU Hospital, 
Taipei, Taiwan, ROC; 3Research Center for Humanity and Social Sciences, Academia Sinica, Taipei, 
Taiwan, ROC; 4Institute of Epidemiology and Preventive Medicine, Animal Health Research Institute, 
Council of Agriculture, Taipei, Taiwan, ROC; 5School of Veterinary Medicine, NTU, Taipei, Taiwan, 
ROC; 6Department of Microbiology/Vaccine Center, School of Medicine, Emory University, Atlanta, 
Georgia, United States 

Background: Avian influenza viruses (AIVs) donated viral genes to novel influenza viruses and 
resulted in past pandemics. In Asia, areas with high poultry densities, high population densities and 
wet markets, the interphase between animals and humans becomes the important source of 
spreading the newly reassorted influenza viruses. The emerging epidemics of the highly pathogenic 
avian influenza (HPAI) H5N1 virus since 1997, the pandemic influenza H1N1 virus in 2009 plus recent 
outbreaks of H7N9 in China all have highlighted the crucial importance of integrated surveillance and 
timely genetic analyses of the influenza viruses isolated from human and animal hosts. Materials and 
Methods: The first case of H7N9 outside China was reported in April in Taiwan. Field epidemiologic 
investigation started from the Centers for Disease Control and Prevention in Taiwan (Taiwan-CDC), 
and both throat and sputum specimens were collected and passaged to MDCK cells at the Clinical 
Virological Laboratory of National Taiwan University Hospital (NTUH) on April 22nd. Quantitative viral 
load was measured by real-time PCR. To verify the results, Taiwan-CDC took another sputum 
specimen on April 24th and cultivated the virus in embyonated chicken eggs. For better integrated 
surveillance, the two avian H7N9 strains and the selected 35 H7 and 12 N9 AI viruses isolated from 
wild birds in different years from February of 1998 to March of 2013 in Taiwan were sequenced, and 
their viral sequences were obtained and compared from the NCBI and GISAID gene banks for timely 
analyses. Furthermore, monthly serum samples collected from chickens in a wholesale live bird 
market (LBM) were tested for H6N1 for enhanced serologic surveillance, once a human H6N1 case 
was identified. Results: Epidemiologic investigation found that the laboratory-confirmed H7N9 patient 
did not have any contacts with avian species nor visited an LBM but worked in Jiangsu province and 
flew through Shanghai Airport. Since this case was very severe with dyspnea on April 19, 2013, and 
was put on extracorporeal membrane oxygenation on April 22nd, the viral sequences of both throat 
and sputum specimens from NTHU and Taiwan-CDC were compared, respectively, and identified 
amino acid variations plus heterogeneous populations of Tamiflu-resistant signatures. On the other 
hand, the avian H7N9, H7 and N9 viruses isolated from wild birds flying into Taiwan were quite 
different from Taiwan’s human H7N9 isolates. In addition, the HA sequences of these wild bird 
isolates revealed temporal variations in various groupings of phylogenetic trees shown by different 
isolation years. All the NA segments of wild bird–derived N9 and H7N9 viruses did not have the five 
amino acid deletions as those human H7N9 viruses in China, implying that the NA gene of human 
H7N9 viruses probably went through further molecular adaptation from waterfowls to chickens or 
other unidentified hosts. For serologic surveillance of H6N1, seroprevalence of HI antibody against 
chicken H6N1 virus increased with higher serotiters, indicating the possible endemicity of this virus in 
chicken farms. Conclusions: The experiences in human cases of low pathogenic avian influenza 
(LPAI) H7N9 and H6N1 viruses in China and Taiwan have demonstrated that the increasing epidemic 
potential of these LPAI viruses in poultry cannot be ignored. Continuous surveillance and monitoring 
molecular changes and adaptation of AIVs in different host species is very important not only to 
understand the origin of viral genes but also to prevent large-scale epidemics of severe human 
influenza cases and possible emergence of novel influenza viruses leading to future pandemics.  
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The hospitalization fatality risk and symptomatic case fatality risk of human 
infection with avian influenza A(H7N9) virus  

H Yu1, B Cowling2, L Feng1, E Lau2, Q Liao1*, T Tsang2, Z Peng1, P Wu2, F Liu1, V Fang2, H Zhang1, 
M Li1, L Zeng1, Z Xu1, Z Li1, H Luo3, Q Li4, Z Feng4, B Cao5, W Yang6, J Wu2, Y Wang6, G Leung2  

1Division of Infectious Disease, Key Laboratory of Surveillance and Early Warning on Infectious 
Disease, Chinese Center for Disease Control and Prevention, Beijing, China; 2Infectious Disease 
Epidemiology Group, School of Public Health, Li Ka Shing Faculty of Medicine, The University of 
Hong Kong, Hong Kong Special Administrative Region, China; 3National Immunization Program, 
Chinese Center for Disease Control and Prevention, Beijing, China; 4Public Health Emergency Center, 
Chinese Center for Disease Control and Prevention, Beijing, China; 5Department of Infectious 
Diseases and Clinical Microbiology, Beijing Chao-Yang Hospital, Beijing Institute of Respiratory 
Medicine, Capital Medical University, Beijing, China; 6Office of the Director, Chinese Center for 
Disease Control and Prevention, Beijing, China. 

Background: Characterizing the severity of infection with influenza viruses of animal origin in humans 
is part of the process of assessing the risk for a pandemic and predicting the epidemiology of the 
disease. We assessed the clinical severity of human infection with the avian influenza A (H7N9) virus, 
which recently emerged in China. Materials and Methods: Among hospitalized patients with 
laboratory-confirmed cases of influenza A (H7N9) infection, we estimated the risk of death and the 
need for mechanical ventilation and admission to the intensive care unit based on censored data 
obtained during the current outbreak, allowing for the competing risks of severe outcomes versus 
recovery. We also used information on laboratory-confirmed cases detected through sentinel 
influenza-like illness (ILI) surveillance to estimate the number of symptomatic A (H7N9) virus 
infections to date and the fatality risk associated with symptomatic cases. Results: Of 123 hospitalized 
patients infected with the avian influenza A (H7N9) virus, 36 had died and 65 had recovered by May 
19, 2013. Hospitalization was associated with an increased risk for death (35%; 95% confidence 
interval [CI]: 26%-45%), mechanical ventilation or death (70%; 95% CI: 61%-78%), and ICU 
admission or mechanical ventilation or death (84%; 95% CI: 77%-91%). The risk of these severe 
outcomes increased with age. Depending on assumptions about the coverage of the sentinel ILI 
network and healthcare–seeking behavior of individuals identified through the ILI who were infected 
with influenza A (H7N9), we estimated a symptomatic case fatality risk of 160 to 2800 per 100,000 
symptomatic cases. Conclusions: Our estimate of a symptomatic case fatality risk of 160 to 2800 
deaths per 100,000 symptomatic cases places the severity of influenza A (H7N9) below that of 
influenza A (H5N1) but above influenza A (H1N1)pdm09. We are not aware of comparative data on 
the symptomatic fatality risk associated with seasonal influenza viruses, but we speculate that they 
are of a similar order of magnitude as influenza A (H1N1)pdm09. As with seasonal influenza, the 
severity of influenza A (H7N9) increases with age. The estimated risk of death among patients 
hospitalized with an infection with this virus and among symptomatic individuals indicates the severity 
of this infection. The severity should not be affected by shifts over time in the probability of laboratory 
confirmation of mild cases and should inform the assessment of that risk.  

9News and Views from the H7N9 Outbreak 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-101 

Pre-existing CD8+ T-cell immunity to the novel reassortant A(H7N9) influenza 
virus 

S Quiñones-Parra1*, E Grant1, L Loh1, T Nguyen1,2, J Rossjohn3, S Gras3, K Kedzierska1 

1Department of Microbiology and Immunology, University of Melbourne, Parkville, 
Australia; 2Department of Medicine, Monash University, Central Clinical School, The Alfred Centre, 
Melbourne, Victoria; 3Department of Biochemistry and Molecular Biology, Monash University, Clayton, 
Australia 

Background: A newly emerged avian-origin A(H7N9) influenza virus spreads through sporadic poultry-
to-human transmission and causes severe clinical symptoms in the infected individuals. To date, the 
World Health Organization has reported 132 laboratory-confirmed cases with 37 deaths, which 
represents a mortality rate of 28%. Given that the reassortant A(H7N9) virus is new to the human 
population, it is most likely that individuals of all ages will lack humoral immunity against this highly 
pathogenic virus. As T-cell immunity directed at conserved viral peptides promotes cross-strain 
protective immunity, limits disease severity and leads to a more rapid host recovery, we asked 
whether influenza-specific memory CD8+ T cells established after exposures to seasonal influenza 
epidemics would recognise the novel A(H7N9) virus. Materials and Methods: To understand the 
potential of pre-existing T-cell immunity against the newly emerged influenza A(H7N9) virus, we first 
analysed the conservation of CD8+ T-cell epitopes between the A(H7N9) strains and influenza viruses 
that had circulated in humans over the last century. Our focus was on CD8+ T-cell peptides within the 
most immunogenic Influenza A proteins: nucleoprotein (NP) and matrix 1 (M1). Using this approach, 
we identified CD8+ T-cell immunogenic regions that are conserved, unique or variable in A(H7N9), 
and we further dissected the immunogenicity of these regions by carrying out immunological assays. 
Additionally, we performed a structural analysis to explain why the newly identified HLA-A*0101-
restricted NP44-Y9N variant in A(H7N9) evades CD8+ T-cell surveillance. Finally, we estimated the 
potential level of T-cell immunity toward the newly emerged A(H7N9) virus by calculating population 
coverage based on HLA restriction of the conserved and unique A(H7N9)-derived CD8+ T-cell 
immunogenic peptides. Results: Our data show a substantial level of conservation (at 100% match) 
for the CD8+ T-cell epitopes within immunogenic viral proteins, with 20/39 conserved epitopes in M1 
and 8/56 in NP that collectively provide ≈ 70-80% coverage across different HLAs, depending on 
ethnicity. Despite this, the immunological data revealed that the novel A(H7N9) reassortant escapes 
some of the most immunodominant human epitopes, such as HLA-A*0101-restricted NP44 (a unique 
mutation at the anchor residue) with allele prevalence of 27% in Oriental populations. Furthermore, 
the NP418 variant (restricted to the large B7 family) within A(H7N9) was identical to the NP418 within 
the A(H1N1)-1918 virus and of similar structural homology to that found in A(H1N1)pdm-2009. This 
suggests that individuals exposed to A(H1N1)pdm-2009, although not recently circulating seasonal 
strains, would have protective immunity to H7N9-NP418. Conclusions: Our study presents the most 
comprehensive immunological data published to date on epitope-specific CD8+ T-cell immunity to 
influenza viruses circulating over the last century. Furthermore, our data on the high-level epitope 
conservation within the newly emerged A(H7N9) virus suggest that T cell–based vaccines have the 
potential to protect us against severe influenza infection and rapid viral spread by providing broad 
coverage against unexpected evolving influenza A strains. 
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Molecular influenza surveillance with the FluSurver: H7N9 case study 

S Maurer-Stroh1,2,3*, RTC Lee1, V Limviphuvadh1, J Ma1, FL Sirota1, V Gunalan1, F Eisenhaber1,4,5

1Bioinformatics Institute (BII), Agency for Science, Technology and Research (A*STAR), 
Singapore; 2National Public Health Laboratory (NPHL), Communicable Disease Division, Ministry of 
Health, Singapore; 3School of Biological Sciences (SBS), Nanyang Technological University (NTU), 
Singapore; 4School of Computer Engineering (SCE), Nanyang Technological University (NTU), 
Singapore; 5Department of Biological Sciences (DBS), National University of Singapore (NUS), 
Singapore  

Background: Interest in new outbreaks as well as regular surveillance of circulating seasonal strains 
produce a constant flow of influenza sequences that need to be analyzed and interpreted for 
epidemiological and phenotypic features. Several steps in typical influenza sequence analysis can be 
automated, and we have been actively developing the free online analysis pipeline FluSurver over the 
last 4 years to facilitate identification and interpretation of mutations in influenza sequences. Materials 
and Methods: The FluSurver is implemented as a webserver (http://flusurver.bii.a-star.edu.sg/) where 
users can upload their sequences for fully automated analysis, which includes ultra-fast database 
searches with TACHYON, alignment with MAFFT, structural modeling with MODELLER, structure 
viewing with JMOL and several PERL scripts to link mutations to in-house derived databases. These 
include geographic and temporal frequency of occurrence as well as co-occurrence of mutations, 
curated literature annotations for > 200 known mutation effects, such as drug resistance, host 
receptor specificity, virulence, antigenic drift and antibody escape mutants. We also show the position 
of the mutation(s) in structural models and highlight if mutations are close to common drug, host 
receptor or antibody binding sites or if a glycosylation motif is lost or created through a mutation. 
Notable recent additions/changes are: updated reference strains, ultra-fast database searches using 
TACHYON,  added city-level detail to map view, passage history bias information for selected 
mutations, integration into GISAID (beta), expansion of help and tutorial sections for guidance of 
using the results in publications and to avoid overinterpretation. Results: The FluSurver has already 
been instrumental in the discovery of new influenza strain variants with altered antiviral susceptibility, 
host specificity, glycosylation and antigenic properties. To showcase the usefulness and speed of 
analysis made possible with our tool, we use the recent H7N9 outbreak sequences deposited in 
GISAID as new case study. After submitting the sequences of the first 3 human cases, it only takes a 
few seconds to identify the critical HA-Q226L and PB2-E627K mutations that are known adaptations, 
facilitating infection of mammalian hosts. Further browsing the alignment results identifies absence of 
a multibasic HA cleavage site, suggesting low pathogenicity in birds, a small stalk deletion in NA of 
unclear significance, common resistance to amantadines through M2-S31N, normal neuraminidase 
drug-sensitivity at NA-H274, one isolated strain with NA-R292K, which is associated with drug-
treatment–induced resistance in closely related avian N9 strains. Another common feature of the early 
H7N9 outbreak sequences is a truncation of NS1 through an early stop codon, resulting in removal of 
the PDZ-binding motif, which is normally used for binding and interfering with host proteins. When 
including the avian and environmental isolates in the analysis, one can see that while the closest 
avian precursor strains from 2011-2012 did not have the Q226L host specificity mutation, surprisingly, 
the recent outbreak-linked avian samples already had this mutation, which must therefore also be fit 
to circulate in birds to some extent. At the same time, PB2-E627K was only found in human samples, 
suggesting a stepwise acquisition of host adaptation factors. The FluSurver analysis also highlights 
unusually diverse strains, eg, A/Shanghai/1/2013 compared to A/Anhui/1/2013 and 
A/Shanghai/2/2013, which would indicate multiple introduction events from birds to humans instead of 
sustained human-to-human transmission in the beginning of the outbreak. Conclusions: The 
FluSurver allows researchers, clinician scientists and surveillance labs to rapidly screen their 
influenza sequences for potentially interesting mutations to identify candidates for phenotypic 
changes or special epidemiological relevance. In the case of H7N9, it can be used for a solid initial 
characterization as well as to continue monitoring if additional human host adaptation mutations 
would occur in the future. 
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Serum antibody cross-reactivity to influenza A(H7N9) virus and impact of 
seasonal vaccination 

M Levine*, L Feng, D Wang, C Holiday, S Jefferson, J Katz 

Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: In March 2013, the first human cases of severe respiratory disease associated with a 
novel avian influenza A (H7N9) virus were reported in China. Since then, over 100 cases of human 
A(H7N9) virus infection have been confirmed with a fatality rate of over 25%. Genetic analysis has 
indicated that the virus is a novel reassortant virus having acquired genes from avian origin H7N3, 
H7N9 and H9N2 viruses and possesses several molecular features associated with adaptation to 
mammalian species. It is reasonable to expect that the persons of all ages might be susceptible. At 
this time there is no evidence of sustained human-to-human transmission, and the outbreak is limited 
to China. However, for pandemic preparedness purposes, it is important to understand whether there 
is any preexisting serologic cross-reactive immunity to the A(H7N9) virus in humans. In this study, 
serologic assays were developed to detect antibodies to the A(H7N9) virus and used to detect the 
presence of antibody cross-reactivity to H7N9 virus that can be elicited in persons who received 
seasonal trivalent inactivated vaccine (TIV) or may be present in the US population at large. These 
studies will provide population immunity data to inform on the pandemic potential of H7N9 viruses. 
Materials and Methods: Two serologic assays were developed to assess the antibody cross-reactivity 
against H7N9 viruses: the microneutralization (MN) and hemagglutination inhibition (HI) assays.  In 
this study, 30 pairs of sera (pre- and post vaccination) were selected from each of the 3 age groups: 
pediatric (6-35 mo), adult (18-49 y), and elderly adult (> 65 y) that received the 2012-2013 Northern 
Hemisphere seasonal TIV vaccine. The potential cross-reactivity of the sera was tested against 2 
wild-type H7N9 viruses isolated from the first human cases in China: A/Anhui/1/2013 and 
A/Shanghai/1/2013, using both MN and HI assays. The antibody response to the seasonal vaccine 
H3N2 component A/Victoria/361/2011 was also tested in parallel as a control. Results: To improve the 
assay sensitivity for detection of antibody response to H7N9 virus exposures, the HI assay was 
further optimized using horse red blood cells and a modified sera treatment procedure. A total of 90 
paired sera were tested from 3 age groups of US seasonal TIV recipients. In the HI assay, only one 
serum in the elderly adult group has a titer of 20 (3%) against A/Shanghai/1/2013 wild-type H7N9 
virus post vaccination; none of the other sera tested in all 3 age groups (0%) had an HI titer above the 
detection limit of the assay (HI titer of 10) against either of the two H7N9 viruses pre- or post 
vaccination. In the MN assay, none of the sera (0%) tested in any age group had a MN titer equal to 
or higher than 20 against both H7N9 viruses either pre- or post vaccination. In contrast, antibody 
responses to A/Victoria/361/2011 (H3N2) virus were detected in all 3 age groups: 90%, 83%, and 
73% of adult, elderly adult and pediatric age groups, respectively, had postvaccination HI titers equal 
to or greater than 40. Similarly, 97%, 90%, and 70% of adult, elderly adult and pediatric age groups, 
respectively, had postvaccination MN titers equal to or greater than 40. Conclusions: Our data 
indicate that vaccination with the current 2012-2013 TIV influenza vaccines induced no cross-reactive 
antibody response to the avian influenza A(H7N9) virus in any age group. Seasonal vaccination likely 
does not provide any protection against the H7N9 infection. These results emphasize the need to 
develop and evaluate H7N9 candidate vaccine viruses. A larger study to determine the age-specific 
rates of seroprevalence of cross-reactive antibody against A (H7N9) virus in the US population is 
ongoing. 
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Evolution of H7 viruses in poultry: convergent and divergent mutations 

A Fusaro1, I Monne1, J Hughes2, A Schivo1, A Salomoni1, R Orton3, L Bonfanti4, PR Murcia2, G 
Cattoli1 

1Division of Biomedical Science, Istituto Zooprofilattico Sperimentale delle Venezie, Padua, 
Italy; 2MRC-University of Glasgow Center for Virus Research, Glasgow, Scotland; 3IBAHCM, 
University of Glasgow, Glasgow, Scotland; 4Istituto Zooprofilattico Sperimentale delle Venezie, Padua, 
Italy 

Background: Between 1999 and 2004 two avian influenza (AI) epidemics caused by different AIV 
subtypes (H7N1, March 1999-March 2001 and H7N3, October 2002-November 2004) affected the 
same poultry population in the northern part of Italy. Notably, while the low pathogenic (LP) H7N1 
virus became highly pathogenic (HP) during the course of the epidemic, H7N3 did not. To prevent the 
reemergence of HP H7N1 and to control the H7N3 epidemic, two vaccination programmes were 
implemented from November 2000 (about 4 months before eradication of the first epidemic) and from 
January 2003 (about 23 months before eradication of the second epidemic). To identify genetic 
markers associated with the emergence of HPAI viruses and to determine the impact of vaccination 
on virus evolution in the field, we compared the evolutionary dynamics of the LP H7N3 and LP/HP 
H7N1 viruses, including substitution rates, selection pressures, and the emergence of amino acid 
mutations associated with a) the evolution of influenza viruses from low to high pathogenicity, b) 
antigenic changes, and c) virus adaptation to poultry. In addition, we assessed the intrahost genetic 
variability from the complete genome of H7 viruses using deep sequencing data from 30 clinical 
samples collected during the two epidemics. Materials and Methods: The complete genome of 176 H7 
viruses representative of the two epidemics was phylogenetically analysed using the maximum 
likelihood method available in the PHYML package. Rates of nucleotide substitution per site and per 
year were estimated using the Bayesian MCMC approach. Site-specific selection was estimated for 
all genes using the fixed-effects likelihood and the fast unconstrained Bayesian approximation 
methods available in Datamonkey (online version of the Hy-Phy package). To assess virus population 
diversity, next-generation sequencing of the amplified genome was performed using an Illumina 
MiSeq on 30 H7 clinical samples (21 H7N1 and 9 H7N3). Results: Our phylogenetic analyses show 
that the H7 viruses collected during the two Italian epidemics fall within two well-supported 
monophyletic clades (H7N1 and H7N3), which evolve with similar rates of nucleotide substitutions (1 x 
10-4 sub/site/year for the H7N1 and 8.4 x 10-3 sub/site/year for the H7N3). Within the H7N1 clade, the 
HPAI viruses form a distinct genetic group in all the eight phylogenies, while two major genetic groups 
of LPAI viruses (H7N1 LPAI-I and H7N3 LPAI-I) have been identified within the two major clades 
(H7N1 and H7N3). Interestingly, these two groups accumulated a high number of amino acid 
mutations along the course of the epidemics (14 in the H7N1 LPAI-I and 9 in the H7N3 LPAI-I). 
Notably, we found a total of 26 identical amino acid substitutions that have been acquired across the 
entire genome independently by both subtypes during their evolution. Most of these mutations (12 of 

26) were observed in the HA protein and, in particular, 3 were located within antigenic sites, 6 were
positively selected sites and 2 generated new additional glyscosylation sites. No evidence of gradual 
accumulation of mutations in the HA cleavage site of LPAI progenitor viruses resulted from our deep 
sequencing analysis; this might suggest that the multibasic cleavage site of the HPAI viruses has 
emerged suddenly. On the other hand, the LPAI viruses show a progressive accumulation of 
mutations in other genome regions with occasional fixation, suggesting that multiple genetic variants 
are being transmitted through the poultry population during the LPAI epidemic. Conclusions: This 
study contributes to a better understanding of the evolutionary dynamics of the H7 viruses at the 
epidemic level. Our deep sequencing data provide important information about the emergence of the 
HPAI H7 strain from the LPAI progenitor, suggesting the unpredictability of this event. However, our 
results should be interpreted with caution given the limited number of clinical samples suitable for this 
type of analysis. Interestingly, the convergent evolution observed in these two epidemics indicates 
that these commonly acquired mutations may confer a strong fitness advantage to H7 viruses in 
poultry.  
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Inactivation of the novel avian influenza virus A (H7N9) under physical 
conditions or chemical agents treatment 

S Zou*, J Guo, R Gao, L Dong, J Zhou, Y Zhang, J Dong, Y Shu 

National Influenza Center, National Institute for Viral Disease Control and Prevention, China Center 
for Disease Control and Prevention, Beijing, China 

Background: During the spring of 2013, the emergence and spread of a novel avian-origin influenza A 
(H7N9) virus in humans in eastern China has raised concerns that a new influenza pandemic could 
occur. The potential effect of chemical agents and physical conditions on inactivation of the novel 
H7N9 virus has not been assessed. Materials and Methods: To determine the survival of the H7N9 
isolates under various physical and chemical treatments, two H7N9 isolates, A/Anhui/1/2013 and 
A/Shanghai/1/2013, were treated by varied temperatures, ultraviolet light, varied pHs and 
disinfectants. The viruses with a concentration of 107.7 EID50 were exposed to physical (temperature, 
ultraviolet light and pH) and commercial chemical (chlorine, Virkon S, and ethanol) agents. Harvested 
allantoic fluid from embryonated SPF chicken eggs inoculated with H7N9 treated virus was subjected 
to haemagglutination assay. Results: Both the tested viruses can tolerate 15-min exposure to 56°C 
but lost their infectivity totally when exposed to the temperature of 56°C for 30 min, and also readily 
inactivated by 65°C for at least 10 min, 70°C for 5 min or 100°C for 1 min. It was also observed the 
H7N9 viruses lost their viability after they were exposed to ultraviolet light radiation for 30 minutes or 
longer. Additionally, acidic pH 1-3 was virucidal after 0.5 h (pH1-2) or overnight (pH3) contact time. 
But, the virus retained infectivity after contacting pH 4-12 for 24 h. In addition, the virus would lose 
infectivity when exposed to chlorine, Virkon S and ethanol at recommended concentrations after only 
5-10 min. Conclusions: The novel virus can be inactivated by general physical or chemical treatments, 
but presents a high tolerance on acidic or alkali conditions. The results provide support for public 
awareness of protection against the novel virus or the decontamination method of the novel virus at 
laboratory and field conditions. 

P1-106 

Pathogenesis of the novel avian-origin influenza A (H7N9) virus in human 
lower respiratory tract 

LLY Chan1*, RWY Chan1, JSM Peiris1, MCW Chan1 

1Centre of Influenza Research and School of Public Health, LKS Faculty of Medicine, University of 
Hong Kong, Pokfulam, Hong Kong SAR, China 

Background: As of May 2013, 131 laboratory-confirmed human infections with a novel influenza H7N9 
virus had been reported from China. The source of human infection appears to be poultry. There is so 
far no evidence of sustained human-to-human transmission. Genetic analysis revealed that all eight 
gene segments of H7N9 were of avian origin; six internal gene segments from avian influenza H7N9 
viruses, while hemagglutinin and neuraminidase genes were derived from influenza viruses circulating 
in ducks and wild ducks, respectively. The emergence of the H7N9 influenza virus catches global 
attention about whether the new virus could spark another pandemic. The majority of the infected 
patients were hospitalized and suffered from ARDS, with a fatality rate of about 37%. Our study aimed 
to determine the mechanism contributing to the pathogenesis of the H7N9 virus. A panel of 
proinflammatory cytokines and chemokines will be examined upon influenza H7N9 virus infection in 
alveolar epithelial cells in order to examine if these mediators were induced differentially when 
compared with the highly pathogenic avian influenza (HPAI) H5N1 and the 2009 pandemic H1N1 
virus. Moreover, because cleaved caspase 3 is commonly employed as a marker for the indication of 
apoptosis, we further examined the extensiveness of cleaved caspase 3 in influenza virus infection in 
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human lung ex vivo cultures. Materials and Methods: Fresh biopsies of human lung tissue were 
obtained from patients undergoing surgical resection of lung tissues. Lung tissue fragments were 
cultured with F12K medium incubated at 37°C. For viral infection experiments, influenza viruses 
A/Shanghai/1/2013 (SH1, H7N9), A/Shanghai/2/2013 (SH2, H7N9), A/Hong Kong/483/97 (H5N1), 
and A/California/07 (Ca07, H1N1pdm) at a viral titer of 106 TCID50/mL were used for ex vivo lung 
culture infection. Infected lung tissues were collected in 10% formalin at 24, 48, and 72 hpi for 
immunohistochemical staining. Costaining of cleaved caspase 3 and influenza virus nucleoprotein 
was carried out for the detection of apoptosis. Furthermore, primary culture of human alveolar 
epithelial cells was isolated from human lungs by mincing the lung, followed by filtration and 
centrifugation. Human alveolar epithelial cells were infected with the novel influenza H7N9, the HPAI 
H5N1, and the pandemic H1N1 virus. Virus replication was monitored by measuring infectious viral 
particles using TCID50. mRNA and protein expression of proinflammatory cytokines and chemokines 
were quantified by real time qPCR and ELISA. Results: We found extensive apoptosis in influenza 
H7N9 (both SH1 and SH2) and H5N1, but not H1N1pdm infected ex vivo lung tissues, suggesting that 
both avian influenza viruses can induce apoptosis and cause severe cell death in human lung tissue. 
Furthermore, unlike HPAI H5N1 which induces dysregulated proinflammatory cytokine responses, the 
novel influenza H7N9 virus elicited poor proinflammatory cytokine responses, inducing type I and III 
interferon in ex vivo human lung explant cultures. The novel influenza H7N9 virus is an intrinsically 
more potent inducer of proinflammatory cytokine than the H1N1pdm virus but less than the H5N1 
virus. Conclusions: The proinflammatory cytokine and chemokine responses may contribute modestly 
to the severity of human H7N9 disease, but it is likely that direct viral cytopathology is probably 
playing a more important role in pathogenesis of human H7N9 diseases. The recognition of the role of 
cleaved caspase 3 in severe human infection of avian influenza virus can provide insights on the 
development of novel therapeutic approaches for the preparedness of the future outbreak of 
pandemics. 

P1-107 

Antigenic and genetic evolution of low pathogenic avian influenza viruses 
(H7N3) following heterologous vaccination 

MS Beato1*, Y Xu2, LP Long2, I Capua1, XF Wan2 

1OIE/FAO and National Reference Laboratory for Avian Influenza and Newcastle Disease, OIE 
Collaborating Centre for Infectious Diseases at the Human-Animal Interface, Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVe), Viale dell’Università, Legnaro (PD), Italy; 2Department of Basic 
Sciences, College of Veterinary Medicine, Mississippi State University, Mississippi State, Mississippi 

Background: Italy experienced H7N3 low pathogenic avian influenza (LPAI) outbreaks between 2002 
and 2004 in a densely populated poultry area in the northeast. The H7N3 virus was first detected in 
October 2002 in poultry. This virus continued to circulate and the infection was controlled by August 
2003 by stamping out, control of movements, improved bio-security, and heterologous vaccination. A 
vaccination program was designed based on a “DIVA” strategy and was carried out using an AI 
inactivated heterologous H7N1 vaccine and implemented from December 2002 to August 2003. In 
2003, the virus circulated in unvaccinated and vaccinated poultry farms. In September 2004, 
approximately 1 year after the depopulation of the last LPAI affected flock, the AI virus of the H7N3 
subtype re-emerged. This occurrence required the application of strict control measures in association 
with the rapid implementation of a booster immunization of the susceptible population. During the 
2002-2004 Italian LPAI H7N3 epidemic, a longitudinal collection of H7N3 viruses was obtained and 
archived. To shed light on the occurrence, temporal pattern and genetic basis of antigenic drift for 
avian influenza (AI) viruses in absence and presence of heterologous vaccination, these viruses were 
subjected to genetic and antigenic characterization. Materials and Methods: H7N3 AI isolates were 
selected in this study according to the following criteria: 1) year of isolation; 2) vaccination status of 
the flock from which they were isolated. A total of 37 H7N3 isolates were selected. In particular, 16 
H7N3 isolates were isolated during the 2002 epidemic (no vaccination campaign in place); 11 isolates 
collected in 2003 from unvaccinated (4 viruses) and vaccinated flocks (7 viruses); and 10 H7N3 
isolates sampled from vaccinated farms during the 2004 epidemic were analysed, the latter were all 
available viruses isolated in 2004. Turkey sera were generated against representative H7N3 isolated 
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in 2002, 2003, and 2004 and cross HI tests conducted for the antigenic analysis. The haemagglutinin 
protein of the H7N3 isolates was sequenced and phylogenetic analysis was conducted to investigate 
the genetic basis of the viral antigenic profile. To investigate the impact of vaccinations on the 
evolutionary rate of HA gene of H7N3 viruses, an evolutionary analysis using Bayesian statistics was 
performed. The evolutionary rates of HA genes were estimated using Bayesian Evolutionary Analysis 
Sampling Trees (BEAST) version 1.7.1. Positive selection analyses were performed using PAML.  
The antigenic cartography was used to analyze cross HI data generated using homologous and 
heterologous turkey sera against representative H7N3 isolates. Results: Our results showed that the 
HA genes of these H7N3 isolates belong to the same genetic group along with other Eurasian H7 
lineage. However, our results demonstrated that there is a larger extent of genetic diversity among 
H7N3 isolates after vaccination than those during outbreaks. Computational analyses demonstrated 
that the evolutionary rate of the viruses after vaccination (1.1672 × 10-4 substitutions/nucleotide per 
year; standard error 9.3013 × 10-5) was about twice of those before vaccination (6.8569 × 10-5; 5.8367 
× 10-5). The antigenic cartography showed that these viruses were antigenically separated into two 
groups, one before and one after the vaccination campaign. Molecular analysis showed that viruses 
isolated after the implementation of vaccination acquired specific amino acid signatures: G133E (144, 
H3 numbering; antibody binding site A); A151T (160, H3 numbering; antibody binding site B), G177V 
(186, H3 numbering; antibody binding site B); Q201H (210, H3 numbering). Positive selection 
analysis demonstrated A151T was under positive selection. Conclusions: This study suggests that 
vaccination during 2002-2004 outbreaks affected H7N3 influenza evolution both antigenically and 
genetically. This is the first report on antigenic and genetic evolution of H7 LPAI viruses following the 
application of heterologous vaccination. Such findings may have impact on control strategies to 
combat AI infections in poultry based on vaccination. 

P1-108 

Genetic diversity in the internal genes of novel H7N9 influenza A viruses 
circulating in eastern China, 2013 

Q Xian*, C Lunbiao, Q Fangyuan, X Ke, G Xiling, Y Huiyan, Z Yefei, S Zhiyang, T Fenyang, Z Fengcai, 
Z Minghao, W Hua 

Key Laboratory of Enteric Pathogenic Microbiology (Ministry of Health), JiangsuProvincial Center for 
Disease Control and Prevention, Jiangsu, Nanjing, China 

Background: This study was intended to better understand the genetic origins and evolutionary 
patterns of H7N9 viruses circulating in eastern China. Materials and Methods: We conducted a 
phylogenetic analysis of whole genome sequences from 40 H7N9 influenza virus strains isolated from 
human, poultry and free market environments. Results: Phylogenetic analysis revealed substantial 
genetic diversity in the internal genes; 17 different genotypes were identified from the H7N9 virus 
isolates. Conclusions: Our findings revealed that the H7N9 viruses are undergoing dynamic evolution 
in eastern China. 

P1-109 

A comparison of rapid point-of-care tests for the detection of avian influenza 
A(H7N9) virus 

C Baas1,2, I Barr1,2, R Fouchier3, A Kelso1, A Hurt1,2* 

1World Health Organization Collaborating Centre for Reference and Research on Influenza, Victorian 
Infectious Diseases Reference Laboratory (VIDRL), Melbourne, Victoria, Australia; 2Monash 
University, School of Applied Sciences, Churchill, Victoria, Australia; 3Department of Viroscience, 
Erasmus MC, Rotterdam, Netherlands 
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Background: A(H7N9) avian influenza virus has caused at least 132 human cases and 37 deaths in 
China since its emergence in February/March 2013. This has led to significant concerns that it could 
in the future spread globally, causing the next influenza pandemic. Rapid testing and diagnosis of 
possible human influenza A(H7N9) virus infections are important diagnostic and public health tasks. 
An accurate diagnosis will allow the timely administration of antiviral therapy and may also enable 
quarantine of infected cases to prevent further spread of the virus. Point-of-care tests (POCTs) based 
on antigen detection are simple to use and are designed for use in a medical clinic or outpatient 
settings, enabling the rapid testing of patient specimens within 15 minutes. For public health purposes, 
it is important to determine whether POCTs can detect the novel influenza A(H7N9) virus, particularly 
as previous studies have found that some POCTs had poorer sensitivity in detecting avian influenza 
strains compared with circulating human seasonal influenza strains.  
Materials and Methods: We evaluated six widely available POCTs (SD Bioline, BD Directigen EZ, BD 
Veritor, Binax Now, Clearview and Quidel Sofia) for their ability to detect the avian influenza A(H7N9) 
virus A/Anhui/01/2013, compared with three other recent low pathogenic avian influenza A(H7) 
viruses and two A(H3N2) and two A(H1N1)pdm09 human seasonal influenza viruses. All viruses were 
cultured in Madin-Darby Canine Kidney cells, standardised to an infectivity titre of 1 x 106 tissue 
culture infectious dose50/mL (TCID50/mL) and then diluted in phosphate-buffered saline in half-log10 
dilutions. Real-time RT-PCR analysis was conducted on each virus dilution to determine a cycle 
threshold (Ct) value and RNA copy number. Each virus dilution was then tested in each POCT 
according to the manufacturer’s instructions and a limit of detection (LOD), based on either the 
TCID50/mL or the RNA copy number/µL, was determined. Four of the kits were read by eye, while two 
POCTs (Veritor and Sofia) utilised a mechanical reader. Results: Based on the TCID50/mL, the LOD 
of five of the six POCTs for the A/Anhui/01/2013 influenza A(H7N9) virus ranged from 1 x 105 to 1 x 
105.5 TCID50/mL, with the Sofia and Directigen EZ detecting virus at the lower limit. The Clearview 
POCT was unable to detect the A(H7N9) virus at any of the concentrations tested (1 x 106 TCID50/mL 
or lower). In comparison, the LOD of the POCTs for the other influenza A(H7) and seasonal viruses 
tested was generally better than that seen with the A/Anhui/01/2013 virus. Comparison of POCT 
LODs based on RNA copy number/µL showed similar results to those based on TCID50/mL for four of 
the kits (Binax Now, Clearview, Veritor and Sofia). These POCTs were less sensitive for the detection 
of the influenza A(H7N9) virus compared with the seasonal or other influenza A(H7) viruses. However, 
for the SD Bioline and the Directigen EZ tests, comparison of the LODs based on RNA copy 
number/µL showed that A(H7N9) was detected at a similar sensitivity to the other viruses. LODs 
based on RNA copy number/µL or Ct value allowed an estimate of the expected performance of the 
POCTs in detecting A(H7N9) virus in clinical samples. Comparison of the published matrix gene Ct 
values of clinical samples from patients with confirmed A(H7N9) infection suggested that five of the 
six POCTS would have detected only one of the four A(H7N9)-positive clinical specimens, with the 
other three specimens being outside the LOD of these assays. Conclusions: This study demonstrates 
that the sensitivity of at least four of the six evaluated POCTs is lower for the novel influenza A(H7N9) 
virus than for seasonal influenza viruses and the other avian influenza A(H7) viruses tested. 
Comparison with published Ct values for clinical specimens from A(H7N9) patients suggested that 
these POCTs may not detect the majority of A(H7N9) cases, particularly if samples are taken late in 
the course of disease. Therefore, real-time PCR remains the diagnostic test of choice for the testing 
of suspected A(H7N9) influenza cases. 

P1-110 

The emergence of the 2013 H7N9 and related viruses in China 

TTY Lam1,2, J Wang1,2, L Li1, Y Shen2, C Ma2, L Li1,2, CL Cheung2, J Zhou1,2, Y Chai2, H Liang2, R 
Chen1, Z Zheng1, Y Zhang1, Y Liu2, W Hong1, DK Smith1,2, M Peiris2, H Zhu1,2*, Y Guan1,2 

1Joint Influenza Research Center (SUMC/HKU), Shantou University Medical College, Shantou, 
China; 2Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong 
Kong, China 

Background: The novel H7N9 influenza A virus first detected in March 2013 has caused more than 
130 cases of human infection in China, resulting in 39 deaths. This virus is a reassortant of H7, N9 
and H9N2 avian influenza viruses and carries some amino acids linked to mammalian receptor 
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binding, raising concerns of a new pandemic. However, neither the source populations of the H7N9 
outbreak lineage nor the conditions for its genesis are fully understood. Materials and Methods: 
Following the initial reports of H7N9 influenza infection in humans, field surveillance was conducted 
during 4th-18th April in Zhejiang, Shandong and Guangdong provinces. Pairs of oropharyngeal and 
cloacal samples from chickens and other poultry, together with faecal and water samples from live 
poultry markets (LPMs), farms and wetlands were collected for virus isolation and whole genomic 
sequencing. H7, N9, N7 and H9N2 archived isolates, obtained during previous influenza surveillance 
between 2000-2013 in southern China, were also sequenced and phylogenetically analyzed to 
pinpoint the genesis of the H7N9 and a related H7N7 virus. The infectivity and pathology of H7N9 and 
H7N7 viruses were tested in a ferret model. Results: Through a combination of active surveillance, 
screening of virus archives, and evolutionary analyses, we found that H7 viruses have independently 
transferred from domestic ducks to chickens in China on at least two occasions. Subsequently they 
reassorted with enzootic H9N2 viruses to generate the H7N9 outbreak lineage, and a related but 
previously unrecognized H7N7 lineage. The H7N9 outbreak lineage has spread over a large 
geographic region and is prevalent in chickens at LPMs that appear to be the immediate source of 
human infections. In ferrets this virus caused a productive infection and pneumonia. Virus was shed 
via the nasal route and transmitted to physical contact and some airborne-exposed animals. Like the 
H7N9 virus, the H7N7 virus was also mainly isolated from chickens at LPMs and it could efficiently 
infect ferrets, be shed via the nasal and rectal routes, and cause severe pneumonia. Conclusions: 
These findings provide a clear picture showing how the current H7N9 human viruses emerged. 
Domestic ducks act as primary vectors to acquire and maintain diversified viruses from migratory 
birds, and facilitate different subtype combinations between H7 and N9 or N7 viruses and interspecies 
transmissions to chickens. After being introduced, the H7N9 or H7N7 viruses reassorted with enzootic 
H9N2 viruses and formed the current reassortant H7N9 or H7N7 viruses seen in chickens. This likely 
led to outbreaks in chickens, resulting in the rapid spread of the novel reassortant H7N9 virus through 
LPMs, which then became the source of human infections. Whether the H7N9 outbreak lineage will, 
or has, become enzootic in China needs further investigation. Our results also indicate that H7 viruses 
pose a broader threat than the current H7N9 virus. Continued prevalence of this family of H7 viruses 
in poultry could lead to further sporadic human infections, with an ongoing risk that the virus might 
acquire efficient human-to-human transmissibility. 

P1-111 

Virological characteristics and serological response of the human case of 
influenza due to novel avian-origin reassortant H7N9 virus in Taiwan 

PH Lin1, TL Chao1, SW Kuo4, JT Wang3, CC Hung3, HC Lin1, ZY Yang1, SY Ho2, CK Chang1, MS 
Huang1, HH Chen2, YC Chen3, HS Lai4, SY Chang1,2*, SC Chang3, PC Yang3

1Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University 
College of Medicine, Taipei, Taiwan; 2Department of Laboratory Medicine; National Taiwan University 
Hospital and National Taiwan University College of Medicine, Taipei, Taiwan; 3Department of Internal 
Medicine, National Taiwan University Hospital and National Taiwan University College of Medicine, 
Taipei, Taiwan; 4Department of Surgery, National Taiwan University Hospital and National Taiwan 
University College of Medicine, Taipei, Taiwan 

Background: On 24 April 2013, the first imported case of H7N9 infection was confirmed in Taiwan in a 
patient who returned from China on 9 April. We described the clinical course and viral dynamics in the 
airway and blood, and the viruses isolated from the airway were studied for resistance mutations to 
neuramindase inhibitors and receptor specificity. Materials and Methods: Serial respiratory and blood 
specimens were collected from the case patient to determine the H7N9 viral load with the use of real-
time RT-PCR, and the antibody titers in serial blood specimens were determined with the use of 
hemagglutination inhibition assay. The viruses isolated from the respiratory specimens were 
characterized for their ability to replicate in different cell lines and binding ability to α-2,3-linked orα-
2,6-linked sialic acid; and sequencing of the virus genes was performed. Results: Despite treatment 
with oseltamivir that was begun at a daily dose of 150 mg on 17 April, the patient developed 
progressive pneumonia with respiratory failure. A more than 1-log reduction of viral load in the sputum 
specimen was detected 5 days after the change of oseltamivir daily dose to 300 mg, when the viral 
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load increased by 50-fold in the throat swab specimen. When a guinea pig's erythrocytes were used 
to determine the antibody titers of the case patient, an increasing trend of antibody titer was observed 
against the viruses isolated from the sputum and throat swab specimens, < 1:10 on 20 April to 1:40 
and 1:80 on 7 May. The presence of R294K mutation that resulted in reduced susceptibility to 
oseltamivir and zanamivir was detected (IC50 > 50uM for oseltamivir; IC50 = 840 nM for peramivir). 
Two dominant virus populations were respectively amplified from in the upper and lower respiratory 
airways of the case patient and these viruses had a major difference at the residue 627 of PB2, with 
Lys-627 and Glu-627 respectively detected in the viruses isolated from sputum and throat swab 
specimens. These viruses exhibited similar binding affinity to both chicken and guinea pig's RBC with 
the use of hemagglutination assay. Conclusion: In this patient with progressive pneumonia due to 
H7N9, two dominant virus populations in the upper and lower respiratory airways was observed with a 
specific difference at the residue 627 of PB2. 

P1-113 

Distinguishing between market exposure and human-to-human transmission 
using H7N9 case data 

A Kucharski*, H Mills, A Pinsent, M Van Kerkhove, C Donnelly, S Riley 

MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease Epidemiology, 
School of Public Health, Imperial College London, London, United Kingdom 

Background: The most important characteristic of spillover influenza strains such as H7N9 and H5N1 
is R0, the average number of secondary human cases generated by each initial case. If R0 is less 
than 1, the virus will not cause a pandemic and its individual-level severity will only be of limited 
concern. The closer R0 is to 1, the lower the hurdle that must be overcome by the virus to be able to 
persist within the human population. Although the outbreak of an avian strain of H7N9 in humans in 
China raises many immediate questions for the public health community, the cessation of cases 
following the closure of live bird markets (LBMs) implies that LBMs were a source of infection and that 
R0 in humans is less than 1. Methods: To disentangle the role of market exposure and human-to-
human transmission in the generation of human H7N9 cases, we fitted a model of LBM exposure and 
onward human-to-human transmission to publically available case cluster data. We assumed cases 
on a given day could arise because of market exposure or as a result of previous human cases, and 
that the temporal pattern of market exposure was not fully known. Using this framework, we estimated 
the value of R0 and the change in market hazard over time in the three largest outbreaks thus far 
reported for H7N9 from China: Shanghai (33 cases), Zhejiang (46 cases) and Jiangsu (23 cases). 
Results: First, we used simulations to test whether our model could distinguish between human-to-
human and market transmission when the basic reproductive ratio was significantly larger than zero, 
but still less than one. If we knew the drop in market hazard date, but nothing else about the shape or 
magnitude of the hazard, we were able to obtain unbiased estimates of R0 from simulated case data. 
For the three largest outbreaks, we calibrated the market exposure portion of the model in the 
absence of human-to-human transmission, setting R0 =0  and estimating a stepwise market hazard 
with arbitrarily many steps. Fitting these hazard functions to the case data, we found that models with 
three or four steps provided the most parsimonious explanation. Next, we added human-to-human 
transmission to the market spillover model with a three-step hazard function and known date for a 
decrease in hazard. For Shanghai and Jiangsu, the model with human-to-human transmission had 
greater statistical support than the market hazard-only model, whereas both models had a similar 
level of statistical support for Zhejiang. Conclusions: This methodology can be applied to future 
outbreaks of H7N9 and give a useful upper bound for R0. The results illustrate how the ability to 
characterize the variation in market hazard over time can permit robust estimation of R0 from 
relatively small outbreaks. Changes in typical human behaviour between the first two clusters 
(Shanghai and Jiangsu) and the most recent cluster (Zhejiang) may reflect a decrease in the 
transmission of the virus because of a change in human behaviour. Our approach needs to be 
generalized to account for asymptomatic infection. 
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P1-115 

Novel avian-origin influenza A (H7N9) virus attaches to epithelium in both 
upper and lower respiratory tract of humans 

D van Riel*, LME Leijten, J Siegers, KR Short, MIJ Spronken, M de Graaf, EJA Schrauwen, RMA 
Fouchier, ADME Osterhaus, T Kuiken 

Department of Viroscience, Erasmus MC, Rotterdam, The Netherlands 

Background: In March 2013, an avian origin H7N9 virus emerged in China, causing severe 
pneumonia and acute respiratory distress syndrome in humans, with limited human-to-human 
transmission. Some of the human isolates contained a Q226L mutation in the HA, which is known to 
be associated with a switch in the receptor binding preference of HA from alpha-2,3-linked sialic acids 
to alpha-2,6- linked sialic acids. The receptor preference of influenza viruses is an important factor in 
the cell tropism. Previously, we studied the cell tropism of influenza viruses by attachment studies, 
which showed that the pattern of attachment is associated to both the pathogenesis and transmission 
efficiency. Viruses that transmit efficiently among humans (seasonal influenza viruses) attach 
abundantly to epithelial cells of the upper respiratory tract. Furthermore, viruses which cause a severe 
pneumonia (HPAI H5N1) attach to type II pneumocytes and alveolar macrophages in the alveoli. 
Therefore, the goal of this study was to determine the attachment pattern of A/Shanghai/1/13 or 
A/Anhui/1/13, the latter containing the Q226L mutation throughout the human respiratory tract. 
Materials and Methods: Human tissues from the nasal concha, trachea, bronchus, bronchiole, and 
alveoli were included to determine the attachment pattern of reassortant viruses consisting of seven 
gene segments of influenza virus A/PR/8/34 and the HA of either influenza virus A/Shanghai/1/13 or 
A/Anhui/1/13 using virus histochemistry. In addition, we determined the attachment pattern in the 
respiratory tract ferrets, mammals that are commonly used to study the pathogenesis of influenza. 
Results: In human respiratory tract tissues, both H7 viruses attached to tissues from the upper and 
lower respiratory tract. In the nasal turbinates, trachea, bronchi, and bronchioli the viruses attached to 
ciliated epithelial cells. In the alveoli, both viruses attached to type I and type II pneumocytes and 
alveolar macrophages. Interestingly, in the ferret respiratory tract, both H7 viruses attached to ciliated 
epithelial cells in the nasal turbinates, but rarely to ciliated epithelial cells of the trachea, bronchi and 
bronchioli. In the alveoli, both H7 viruses attached to type I and type II pneumocytes. Conclusion: The 
attachment pattern of these emerging H7 viruses in the human respiratory tract is different from the 
attachment pattern of other avian influenza viruses, which rarely attach to tissues of the upper 
respiratory tract. Interestingly, this pattern was independent of the Q226L mutation in the receptor 
binding site, as both viruses showed a similar pattern of attachment. The attachment pattern of H7 
viruses in the ferret respiratory tract differed from that in humans. With the caveat that virus 
attachment is only the first step in the virus replication cycle, these results suggest that the emerging 
H7N9 virus has the potential both to transmit efficiently among people and to cause severe 
pneumonia. 

P1-116 

Mild to moderate influenza A(H7N9) infections detected through China’s 
national influenza-like Illness sentinel surveillance system 

D Ip1*, Q Liao2, P Wu1, Z Gao3, B Cao4, L Feng2, X Xu5, H Jiang2, M Li2, J Bao3, J Zheng2, Q Zhang2, 
Z Chang2, Y Li2, J Yu2, F Liu2, J Wu1, B Cowling1, W Yang2, G Leung1, H Yu2

1School of Public Health, The University of Hong Kong, Hong Kong SAR, China; 2Chinese Center for 
Disease Control and Prevention, Beijing, China; 3Peking University People’s Hospital, Beijing, 
China; 4Capital Medical University, Beijing, China; 5Anhui Province Hospital, Hefei, China 
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Background: The “clinical iceberg” phenomenon, where there are usually many more infected cases 
than is apparent symptomatically and even less so registered in the clinical setting, is a common 
feature of influenza disease. While this is certainly true for interpandemic influenza and the 2009 
influenza A(H1N1) pandemic, this appeared to be less substantial for the Dutch A(H7N7) outbreak, 
and with A(H5N1) being an acknowledged exception. It remains unknown whether the “iceberg” 
applies to the influenza A(H7N9) virus that emerged in early 2013 in China. While the majority of 
laboratory-confirmed A(H7N9) cases presented with a severe clinical picture to a hospital, a small 
number of laboratory-confirmed cases have been identified through the sentinel influenza-like illness 
(ILI) surveillance system nationwide. The objective of our study was to describe the clinical 
characteristics of the complete case series of A(H7N9) cases as of May 15, 2013, that were identified 
through routine testing by the ILI sentinel surveillance system. Materials and Methods: ILI sentinel 
surveillance in China is conducted through a network of 554 hospitals across the country, with the 
total number of outpatient and/or emergency department visits and the number of patients fitting the 
WHO standard ILI case definition reported weekly online to the China CDC, and 10-15 
nasopharyngeal swabs collected from ILI patients each week for routine laboratory testing and 
subtyping. All A(H7N9) cases detected through the ILI surveillance system by May 15, 2013, were 
identified by cross-referencing the laboratory-confirmed A(H7N9) line list with the routine sentinel ILI 
surveillance system. Demographic and epidemiologic data were extracted from field investigation 
records, and clinical and laboratory data were obtained from medical chart review. Results: Five 
(3.8%) of a total of 130 laboratory-confirmed influenza A(H7N9) cases reported as of May 28, 2013, 
were detected through the routine ILI surveillance system. Four (80%) of them were male. Mean age 
was 13 (range = 2-26) years and none had any underlying medical condition. Exposure history, 
geographic location and timing of symptom onset were otherwise similar to the general cohort of all 
laboratory-confirmed cases to date. All patients experienced only mild or moderate disease with an 
uneventful course of recovery. Among them three (60%) were managed only as outpatients and all 
quickly recovered after 3-5 days, with nasopharyngeal swabs tested positive for A(H7N9) only after 
their full recovery. Two patients (40%) were hospitalized for treatment. One was a 4-year-old child 
from Shanghai who presented initially as an outpatient with fever and mild rhinorrhea to a routine 
sentinel clinic, and was admitted on the next day for oseltamivir treatment after his nasopharyngeal 
swab was tested positive for A(H7N9). The other was a 26-year-old man from Jiangsu who presented 
initially with fever and productive cough to a sentinel clinic, being given ceftazidime without 
improvement. He was admitted 4 days later with radiologic evidence of left-sided pneumonia, and 
started on oseltamivir and moxifloxacin. Both remained clinically stable with quick resolution of 
symptoms within 10 days. Conclusions: Our complete case series of A(H7N9) cases detected through 
the routine ILI surveillance system provide contrasting clinical presentations to the generally much 
more severe clinical picture of the majority of laboratory-confirmed A(H7N9) cases detected otherwise. 
Our findings provide indirect evidence of a substantial proportion of mild disease and support the 
existence of a “clinical iceberg” phenomenon in influenza A(H7N9) infections. For the clinician, our 
findings reinforce vigilance to the diverse presentation that can be associated with influenza A(H7N9) 
virus infections. Our results also suggest that large-scale community surveillance networks can be 
useful as a population-based sampling tool to enhance understanding of the full spectrum of disease, 
especially in the early phase of an evolving epidemic. 
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O-804 

The role of HIV in the household introduction and transmission of influenza in 
an urban setting, Nairobi, Kenya, 2008-2011 

M Judd1, G Emukule2*, H Njuguna2, M McMorrow3,4, G Arunga5, M Katz3, J Montgomery2,4, R 
Breiman1, J Mott2,4

1Emory University, Atlanta, Georgia, United States; 2Centers for Disease Control and Prevention, 
Nairobi, Kenya; 3Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 4US 
Public Health Service, Rockville, Maryland, United States; 5Kenya Medical Research Institute, Nairobi, 
Kenya 

Background: Little is known about how high HIV seroprevalence affects the transmission dynamics of 
influenza within household settings in sub-Saharan Africa. We used data gathered from a population-
based household and clinic surveillance system from 2008 through 2011 to examine the association 
between the HIV status of household members and their risk of introducing influenza to the home. We 
also examined the association between the HIV status of laboratory-confirmed influenza index cases 
in homes and the risk of their household contacts developing influenza-like illness (ILI). Materials and 
Methods: We analyzed respiratory illness data from a Kenya Medical Research Institute (KEMRI) and 
Centers for Disease Control and Prevention-Kenya (CDC-K) population-based infectious disease 
surveillance (PBIDS) site in Kibera informal settlement, Nairobi, Kenya, from 2008 through 2011. ILI in 
a household member was defined as reported or diagnosed cough or sore throat with fever ≥ 38.0°C. 
Nasopharyngeal and oropharyngeal specimens were tested by rRT-PCR for influenza viruses. Index 
cases of influenza in households were defined as influenza rRT-PCR–positive individuals, with onset 
at least two weeks after the last prior household case of ILI to ensure they were the first case of 
influenza in the household. The secondary attack rate (SAR) was defined as the proportion of 
household contacts who developed ILI within 14 days after the laboratory-confirmed influenza index 
case was identified. HIV status was assessed via home-based testing and counseling in 2008 or at 
the local study clinic from 2008-2011. Log-binomial models using generalized estimating equations 
(GEE) to account for household clustering evaluated the association between laboratory-confirmed 
influenza index case status in the home and HIV status of the household members, as well as the 
association between secondary ILI status of household contacts and the HIV status of the influenza 
index case in the home. Covariates considered for inclusion in the multivariate models included age 
group of household members, household size, and year of index case incidence. Results: We 
identified 176 households with a laboratory-confirmed influenza index case. Among 874 household 
contacts of the index cases, 72 (8%) developed ILI. In comparison to persons over age 18 years, 
index cases of influenza were more likely to be children aged < 2 years (aRR 4.78; 95%CI 3.18-7.17), 
2-4 years (aRR 3.35; 95%CI  2.20-5.09), and 5-17 years (aRR 2.56; 95%CI  1.78-3.67) when 
adjusted for HIV status, household size, and year of index case incidence. HIV status was not 
associated with influenza index case status among 1050 household members analyzed in the 
multivariate model (aRR1.34; 95%CI 0.68-2.66), when controlling for age group of the household 
member, household size, and year of index case incidence. However, the risk of developing ILI 
among 33 household contacts of HIV-positive index cases was more than twice the risk of developing 
ILI among 303 household contacts of HIV-negative index cases, when adjusted for age group of the 
household contacts (aRR 2.36; 95%CI 1.19-4.66). Additionally, the SAR was significantly greater in 
the 10 homes with an HIV-positive index case than in the 57 homes with an HIV-negative index case 
(19% vs 6%; P = .007).The association between the HIV status of index cases and secondary ILI 
case status was not modified by age of the index case. Conclusions: These results suggest that while 
children may be most likely to bring influenza into the homes in Kibera, HIV-positive influenza index 
cases may enhance transmission of influenza within the home. Prospective studies with larger sample 
sizes, laboratory confirmation of secondary cases, and additional measurement of 
immunosuppression and antiretroviral treatment are needed to further clarify the relationships 
between HIV and influenza. In addition to reducing disease burden in HIV-infected people, improving 
access and adherence to therapies for HIV and opportunistic infections may benefit the health of all 
people in areas of high HIV prevalence. Effective influenza vaccines are also needed to target HIV-
positive individuals. Finally, HIV status should be considered when modeling influenza transmission at 
the household level in a region with high HIV seroprevalence. 
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O-805 

Investigating risk factors for severe acute respiratory infection (SARI) and 
influenza hospitalisation in New Zealand 

MG Baker1*, QS Huang2, DA Williamson2,3,4, C Grant3,4, A Trenholme5, N Pierse1, T Wood2, N Turner4, 
S Roberts3, C McArthur3, C Wong5, S Taylor5, A Bissielo2, G Mackereth2, D Bandaranayake2, R Hall2, 
P Thomas6, R Webby6, D Gross7, J Duque7, MA Widdowson7; the SHIVERS investigation team 

1University of Otago, School of Medicine, Wellington, New Zealand; 2Institute of Environmental 
Science and Research, Wellington, New Zealand; 3Auckland District Health Board, Auckland, New 
Zealand; 4University of Auckland, Auckland, New Zealand; 5Counties Manukau District Health Board, 
Auckland, New Zealand; 6WHO Collaborating Centre, St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 7Centers for Disease Control and Prevention (CDC), Atlanta, 
Georgia, United States 

Background: The Southern Hemisphere Influenza and Vaccine Effectiveness Research and 
Surveillance (SHIVERS) Project was established in October 2011. The study operates in four 
hospitals that serve a population of 838,000 people in Auckland, New Zealand. There is a lack of 
knowledge about nonpharmaceutical interventions to reduce the population risk of influenza and other 
serious respiratory infections. One SHIVERS Project objective is to identify risk factors for influenza, 
particularly those that are modifiable. Materials and Methods: Year-round hospital-based surveillance 
is undertaken for:(i) severe acute respiratory infection (SARI) defined as onset of fever and cough 
within 7 days of hospitalisation, and (ii) respiratory infections caused by influenza and/or other 
respiratory pathogens. Data are collected from eligible patients using a standard case report form. 
Testing for respiratory pathogens is performed with nasopharyngeal swabs using a real-time 
polymerase chain reaction assay. Results: Between May and September 2012 (Southern Hemisphere 
winter), 4417 inpatients with suspected respiratory infections were assessed. Of these, 2023 (46%) 
met the SARI case definition, including 324 patients (23%) in whom influenza viruses were detected 
(70 influenza B, 122 A(H3N2), 93 A(H1N1)pdm09, and 41 A not subtyped). Both SARI and influenza 
hospitalisation rates were strongly associated with extremes of age, Māori and Pacific ethnicity, and 
residence within a more deprived neighbourhood. The overall SARI rate was 204/100,000 with peaks 
in those aged < 1 year (2722/100,000), 1 to 4 years (470/100,000) and 80+ years (821/100,000). The 
rate in Māori (315/100,000) and Pacific peoples (419/100,000) was markedly higher than in NZ 
European/others (152/100,000) and Asian peoples (98/100,000). The overall influenza rate was 
34/100,000 with peaks in those aged < 1 year (282/100,000), 1 to 4 years (63/100,000) and 80+ years 
(144/100,000). The rate in Māori (45/100,000) and Pacific peoples (93/100,000) was markedly higher 
than in NZ European/others (21/100,000) and Asian peoples (19/100,000). There was a marked 
social gradient with the influenza rate in the most deprived 30% of neighbourhoods (32/100,000), 
greatly exceeding that in the least deprived 30% (12/100,000). Poor housing conditions were 
commonly reported by SARI cases, including 46% (823/1772) who reported that their home was 
usually colder than they would like; 39% (554/1426) that they were so cold that they shivered inside 
during the last month; 29% (412/1426) that their home smelled mouldy or musty; 26% (461/1772) that 
there was mould on the walls in bedrooms or living areas of their home; and 31% (556/1768) tha 
tthere were damp walls in the bedrooms or living areas of their home .In addition, 23% (413/1771) 
lived in social housing, 36% (645/1772) were living with someone who smoked, and 11% (186/1759) 
were with someone who smoked in a house or car in the past 7 days. Exposure to household 
crowding (a bedroom deficit of one or more for the size of the household) was common. Almost two-
thirds (66%, 1161/1771) of the SARI cases reported contact with someone coughing and sneezing 
within the past 7 days, mostly at home (77%, 899/1161). Only 52 (3%, 52/1687) of the SARI cases 
had overseas travel within 7 days before hospital admission. Conclusions: Influenza is a common 
cause of severe respiratory disease in Auckland in the winter, affecting especially the very young, 
socially deprived and Polynesian ethnic groups. Adverse housing conditions, household crowding, 
and tobacco smoke exposure were found in many patients with SARI and influenza. A control 
population is needed to evaluate the importance of these potential risk factors and is being added to 
the SHIVERS study for its second year of operation. There may be potential to reduce the population 
risk of influenza and SARI, and health inequalities, through interventions to improve housing 
conditions and reduce household crowding. Understanding the role of such interventions is important 
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for developing evidence-based strategies to reduce the impact of both seasonal and pandemic 
influenza, particularly for the most vulnerable populations. 

O-806 

Pandemic H1N1 virus transmission and shedding dynamics in houses of index 
cases detected by active surveillance: the Ha Nam cohort 

A Fox1,2*, PQ Thai3, LQ Mai3, M Welkers4, NLK Hang3, LT Thanh3, NTT Yen3, TN Duong3, DD 
Thoang5, HTH Trang3, LNM Hoa1, J Farrar1,2, M de Jong4, H Wertheim1,2, NT Hien3, Peter Horby1,2

1Oxford University Clinical Research Unit and Wellcome Trust Major Overseas Programme, Hanoi, 
Vietnam; 2Center for Tropical Medicine, Nuffield Department of Clinical Medicine, University of Oxford, 
Oxford, United Kingdom; 3National Institute of Hygiene and Epidemiology, Hanoi, 
Vietnam; 4Amsterdam Medical Center, Amsterdam, Netherlands; 5Ha Nam Centre for Preventive 
Medicine, Ha Nam, Vietnam 

Background: Reliable estimates of influenza transmission and the underlying determinants, such as 
case infectiousness (virus shedding, symptoms) and demographics, and contact susceptibility and 
demographics, are required to develop interventions. Numerous H1N1 2009 pandemic transmission 
studies recruited houses after identifying cases presenting to health care facilities (case 
ascertainment design), but yielded variable estimates of secondary infection risk (SIR). We used a 
longitudinal household-based influenza surveillance study to obtain unbiased estimates of SIR and 
risk factors, and virus shedding dynamics. Methods: Participants were part of an influenza cohort 
study based in Ha Nam, Viet Nam. A total of 945 members of 270 randomly selected households 
have been enrolled since 2007 and under active surveillance for influenza-like illness (ILI) defined as 
temperature > 38ºC with cough, sneeze or running nose. The first pandemic H1N1 2009 case was 
detected in September 2009. Health workers examined all members of confirmed H1N1 case 
households. Nose and throat swabs were collected daily until 15 days after the last household case 
was detected, and used for diagnostic and quantitative real-time RT-PCR, and virus full virus genome 
sequencing and isolation. Mouth temperature, symptom score and antiviral use were recorded for 10 
days. HI assays were performed on paired pre- and postpandemic sera collected June 2009 and April 
2010. Household SIR was defined as the proportion of contacts with infection commencing 1-8 days 
after symptom onset in the index case. Results: Twenty-two index cases were detected in twenty 
households comprising 81 people. Sixty-eight of 69 that provided prepandemic blood had HI titers < 
10 against H1N1 2009 reference strain. The SIR in 59 contacts was 18.6% (95% CI 10.7–0.4%). Five 
(45%) of eleven infected contacts were asymptomatic. Virus sequences indicated that secondary 
infection occurred in the house. Index and secondary cases were evenly distributed between mothers 
(n = 9/20), sons (n = 11/21) and daughters (n = 10/19) but only 1 of 15 fathers was infected (index 
case). The proportion infected was higher for children (16/30, 53.3%) than adults (16/48, 33.3%). The 
median serial interval was 2 days. Three of six symptomatic secondary cases shed virus before 
symptoms developed. In most cases shedding peaked on day 2 of illness and ceased by day 7 to 9, 
and symptoms peaked on day 2 and ceased by day 8. The duration of shedding was similar across 
ages, in index and secondary cases, and in cases with and without symptoms or antiviral treatment, 
but the amount of virus shed was lower in asymptomatic. Symptom scores were similar across age 
groups. Significant risk factors for household transmission included wet cough in the index case (P 
=.002) but not viral load. Conclusions: This study examined pandemic H1N1 transmission in randomly 
selected households. Participants overwhelmingly lacked HI antibodies indicating susceptibility. Viral 
sequencing confirmed that transmission occurred within households. Unlike case ascertainment 
studies, index cases were similar to secondary cases suggesting that selection was unbiased, a 
relatively high proportion of cases were adults, and fathers were spared from infection, as in cohort 
studies in the 1950s and 1970s. Asymptomatic and presymptomatic shedding were relatively common 
but may contribute little to transmission, because only wet cough was significantly associated with 
transmission. Household cohort studies are resource intensive but may be worthwhile on a large scale 
because SIR estimates vary dramatically between case ascertainment studies. 
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O-807 

Severe influenza-associated lower respiratory tract infection in a high HIV-
prevalence setting-South Africa, 2009-2011 

C Cohen1,2, J Moyes1,2, S Tempia3,4, M Groom5,6, S Walaza1*, M Pretorius1, H Dawood7,8, M 
Chhagan9, S Haffejee10, E Variava11,12, K Kahn,13,14,15, A Tshangela1, Anne von Gottberg1,5,6, N 
Wolter1,5,6, AL Cohen3,4, B Kgokong1, M Venter1,16, SA Madhi1,5,6  

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the 
National Health Laboratory Service, Johannesburg, South Africa; 2School of Public Health, Faculty of 
Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 3Influenza Division, 
Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 4Influenza Programme, 
Centers for Disease Control and Prevention–South Africa, Pretoria, South Africa; 5Medical Research 
Council, Respiratory and Meningeal Pathogens Research Unit, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa; 6Department of Science and Technology/National 
Research Foundation: Vaccine Preventable Diseases; University of the Witwatersrand; 
Johannesburg; South Africa; 7School of Pathology, Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, South Africa; 7Department of Medicine, Pietermaritzburg Metropolitan 
Hospital, Pietermaritzburg, South Africa; 8Department of Medicine, University of KwaZulu Natal, 
KwaZulu Natal, South Africa; 9Department of Paediatrics, University of KwaZulu Natal, South Africa;  
10School of Pathology, University of KwaZulu Natal, KwaZulu Natal, South Africa; 11Department of 
Medicine, Klerksdorp Tshepong Hospital, North West Province, South Africa; 12Department of 
Medicine, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South 
Africa; 13MRC/Wits Rural Public Health and Health Transitions Research Unit (Agincourt), School of 
Public Health, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South 
Africa; 14Centre for Global Health Research, Umeå University, Umeå, Sweden; 15INDEPTH Network, 
Accra, Ghana; 16Zoonosis Research Unit, Department of Medical Virology, University of Pretoria, 
Pretoria, South Africa 

Background: Knowledge on influenza morbidity and mortality in HIV-infected individuals is limited. 
Influenza vaccination has been shown to be efficacious in HIV-infected adults in South Africa. While 
influenza vaccination is recommended for persons falling into established risk groups (including HIV) 
in South Africa, coverage is extremely low. We aimed to characterise the epidemiology of influenza-
associated acute lower respiratory-tract infection (ALRI) in HIV-infected and -uninfected individuals in 
South Africa. Methods: During 2009-2011, we prospectively enrolled patients hospitalised with ALRI 
(defined according to World Health Organisation case definitions). Using polymerase chain reaction, 
respiratory samples were tested for ten respiratory viruses and blood samples were tested for 
pneumococcal DNA. Influenza-associated ALRI incidence was estimated at one hospital. Results: 
Influenza was identified in 1056 (9%) of 11,925 patients enrolled. HIV infection status was available 
for 819 (78%) patients. The HIV prevalence among influenza-infected patients was 44% (358/819), 
ranging from 10% (16/164) in infants to 84% (212/251) in adults aged 25-44 years (P < .001). The 
overall age-adjusted incidence of influenza-associated hospitalisation for ALRI ranged between 49 
and 78 cases per 100,000 population from 2009-2011. The incidence was highest in children aged 0-
4 years (range 153-336/100,000 for 2009-2011) with highest incidence in those aged < 1 year (300-
469/100,000 for 2009-2011). Incidence was lowest in individuals aged 5-24 years (4-14/100,000 for 
2009-2011) and then increased in those aged ≥ 25 years (10-32/100,000 for 2009-2011).  The age-
adjusted incidence of influenza-associated hospitalisation for ALRI was 4-8 times greater in HIV-
infected (186-228/100,000) than HIV-uninfected (26-54/100,000) individuals. In multivariable analysis 
controlling for age, race and sex, HIV-infected patients, compared with HIV-uninfected patients, were 
more likely to have pneumococcal coinfection (11%, 37/345 vs 4%, 17/389; odds ratio [OR] 2.3, 95% 
confidence interval [95% CI] 1.0-5.0), influenza type B than type A (41%, 148/358 vs 29%, 133/461; 
OR 1.6, 95% CI 1.0-2.4) and longer hospitalisation duration (median [interquartile range]: 6 [4-8] vs 3 
days [1-6], P < .001). In multivariable analysis comparing patients who died with those who did not, 
HIV infection (OR 4.3, 95% CI 1.4-13.4), tuberculosis coinfection (OR 3.9, 95% CI 1.5-10.0), 
underlying medical conditions (OR 3.2, 95% CI 1.1-9.6), pneumococcal coinfection (OR 3.4, 95% CI 
1.2-9.4) and intensive-care admission (OR 15.4, 95% CI 1.1-208.0) were independent risk indicators 
for death. No influenza influenza-infected patient reported having received influenza vaccination. 
Conclusion: HIV-infected individuals experience substantially elevated incidence of influenza-
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associated hospitalisation, have increased risk of in-hospital mortality and should be prioritised to 
receive interventions to prevent influenza such as vaccination. 

O-808 

Variation in burden of influenza-associated hospitalization between 
two rural communities in India: results of a population-based study, 
2010-2012 

A Krishnan1, S Hirve2*, FS Dawood3, V Gupta4, P Lele2, S Broor1,4*, KE Lafond3, S Saha3, S Juvekar2, 
S Rai1, V Potdar5, R B Lal3, M Chadha5

1All India Institute of Medical Sciences, New Delhi, India; 2KEM Hospital Research Centre, Vadu, 
Pune, India; 3Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States; 4INCLEN Trust, New Delhi, India; 5National Institute of Virology, Pune, India 

Background: The global burden of influenza is increasingly recognized. However, data on influenza 
burden in India, the second most populous country, remain sparse. Due to India’s size and 
geographic, climatic, and sociocultural diversity, estimation of disease burden in India requires a 
multisite approach. We conducted a study to estimate burden of influenza-associated hospitalization 
in two rural communities in India using a standardized protocol for 3 consecutive years during 2010-
2012. Methods: Population-based surveillance for all acute medical hospitalizations was conducted at 
selected primary- and secondary-level health facilities serving the communities of two demographic 
surveillance sites (DSS) in Ballabgarh (pop. 89,187) and Vadu (pop. 120,586). Hospitalizations for 
trauma, elective surgery, and obstetric reasons were excluded. Enrolled patients had data collected 
on medical history and clinical course and had nasopharyngeal swabs collected within 24-48 hours of 
hospitalization for influenza virus testing by real-time reverse transcription polymerase chain reaction. 
Health care utilization surveys (HUS) were also conducted in both communities. Incidence rates of 
influenza-associated hospitalization were calculated using population denominators from DSS census 
data and adjusted for the proportion of hospitalizations reported on the HUS to occur at nonstudy 
facilities. Results: Based on the HUS, study facilities captured 55% of hospitalizations in the 
Ballabgarh population and 67% in Vadu. During 2010-2012, 6012 patients with acute medical illness 
were enrolled through facility-based surveillance, including 4276 from Vadu and 1736 from 
Ballabgarh. The median age of enrolled patients was similar in Ballabgarh and Vadu (25 vs 23.7 
years), but the proportion of patients with ≥ 1 underlying medical condition was higher in Ballabgarh 
than in Vadu (16.8% vs 1.9%). Also, the median time from symptom onset to hospitalization was 
higher among patients in Ballabgarh than in Vadu (4 vs 3 days). The proportion of patients with 
laboratory-confirmed influenza was higher in Vadu than Ballabgarh during all study years (21% vs 
5%, P < .05 in 2010; 18% vs 5%, P < .05 in 2011; 23% vs 5%, P < .05 in 2012). Influenza A and B 
viruses were detected among patients at both sites each year with a predominance of influenza 
A/H1N1pdm09 and B during 2010; A/H3N2 and B during 2011; and A/H1N1pdm09 and B during 
2012. Annual acute medical illness hospitalization rates were similar at both sites (Vadu: 101.3 to 
224.7 per 10,000; Ballabgarh: 86.0 to 126.2 per 10,000), whereas annual influenza-associated 
hospitalization rates were 5- to 9-fold higher in Vadu (20.3-51.6 per 10,000) compared with 
Ballabgarh (4.4-6.3 per 10,000). Peak monthly influenza virus detection coincided with the rainy 
seasons in both Vadu (July-September) and Ballabgarh (July-September), although the period of 
influenza virus detection was generally more prolonged in Vadu. Conclusions: Although influenza 
contributed to hospitalizations for acute medical illness annually in our study communities, rates of 
influenza-associated hospitalization varied substantially between communities. Differences in 
influenza-associated hospitalization rates between communities likely resulted from differences in 
virus circulation and possibly propensity to seek early care. Further analysis is warranted to evaluate 
factors that influence influenza virus circulation and hospitalization rates. This study was supported in 
part by cooperative agreement U01 IP000206 from the Centers for Disease Control and Prevention, 
Atlanta, Georgia, United States. 
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O-809 

Environmental correlates of H5N2 low pathogenicity avian influenza (LPAI) 
outbreak heterogeneity in domestic poultry in Italy, 2010-2012 

L Mughini-Gras1*, L Bonfanti1, P Mulatti1, I Monne1, V Guberti2, P Cordioli3, S Marangon1 

1Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro (Padua), Italy; 2Institute for 
Environmental Protection and Research, Ozzano dell'Emilia (Bologna), Italy; 3Istituto Zooprofilattico 
Sperimentale della Lombardia e dell'Emilia Romagna, Brescia, Italy 

Background: Since 1997, Italy has experienced recurrent incursions of H5N2 avian influenza (AI) 
viruses in different geographic areas and varying sectors of the domestic poultry industry despite 
significant prevention and control efforts implemented. This is likely to be influenced by dynamic 
interactions between poultry and the environment where these viruses circulate, including both biotic 
and abiotic factors, and these interactions may vary along ecologic gradients in a more or less 
structured way. Understanding such interactions would support us in generating hypotheses about 
possible ecologic pressures of H5N2 LPAI outbreak differentiation (heterogeneity) over time, space 
and affected poultry populations to identify possible control strategies that are also ecologically 
grounded. We referred to heterogeneity among outbreaks in eco-epidemiologic terms as the 
increased difference in their spatiotemporal and flock-related characteristics (ie, location and 
detection date of the affected flocks, flock type, number and species of birds therein), which may be 
associated with specific environmental variables able to disentangle the pattern of (dis)similarities 
among the outbreaks. Materials and Methods: Twenty-seven outbreaks of H5N2 LPAI were detected 
in domestic poultry in Italy between 2010 and 2012. Following a recently proposed analytic approach 
(Carrel MA, et al. Health Place. 2012;18:1122-1131), nonmetric multidimensional scaling (NMDS) was 
used as an ordination technique to explore the underlying pattern of (dis)similarities among the 27 
H5N2 LPAI outbreaks, and to further relate this pattern to a set of 35 environmental variables (about 
human, poultry and wild waterfowl population densities, elevation and land cover/use) hypothesized to 
be related to outbreak differentiationin a 10-km radius around each of the outbreaks. Firstly, the 
outbreaks were scaled using NMDS according to their spatiotemporal and flock-related 
characteristics, and then each of the environmental variables was aligned in the NMDS-ordinated 
space. We thus obtained NMDS scores, which reflected the amount of difference in the 
spatiotemporal and flock-related characteristics among the outbreaks. NMDS scores were then 
regressed on the environmental variables to study their association with the heterogeneity among the 
outbreaks: a positive correlation indicated that the environmental variable was associated with 
increased outbreak heterogeneity, whereas a negative correlation indicated that the environmental 
variable was associated with decreased outbreak heterogeneity (ie, outbreaks that are more similar to 
each other in ecologic dimension). Results: Most of the environmental variables had their axes of 
differentiation with the same alignment in the ordination space. Variables mostly associated with the 
ordination (as reflected by their larger R2) were those for densities of broiler and turkey breeders, 
ducks and geese, amounts of arable lands, permanent crops, maritime waters and maximum 
elevation. Outbreak heterogeneity was positively associated with increased densities of broiler and 
turkey breeders, ducks and geese, increased amounts of mine, dump and construction sites, 
permanent crops, scrub/herbaceous vegetation, maritime waters and maximum elevation, whereas it 
was negatively associated with increased amounts of arable lands and densities of poultry other than 
broilers, layers and turkeys. This means that where the positively associated variables were more 
represented, outbreaks tended to occur more unpredictably in time, space and affected poultry 
populations, and vice versa for the negatively associated variables. Conclusions: Although it was not 
possible to infer any relationship of causation, results indicated that the pattern of (dis)similarities 
among the H5N2 LPAI outbreaks entail an underlying structuring that might be the outcome of 
possible large-scale, environmental interactions in ecologic dimension. Exploring the distribution of AI 
viruses over time, space and affected poultry populations by investigating their fundamental 
environmental correlates through the combined application of multivariate data analysis and classical 
regression modelling may well complement traditional experiments and hypothesis testing as to frame 
a disease ecology perspective using, for instance, data obtained from ongoing surveillance activities. 
This allows the findings to be informed by hypotheses about how ecologic interactions among poultry 
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populations, viruses and their environments can be related to the observed patterns of AI infections, 
which in turn allows us to enhance any intervention by matching the specific (ecologically grounded) 
strategy. 

O-822 

The dynamics of pandemic and seasonal influenza viral shedding and clinical 
illness in naturally acquired infections 

L Lau1, V Fang1, K Chan2, D Ip1, M Peiris1,3, G Leung1, B Cowling1* 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Department of Microbiology, Li Ka Shing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, China; 3Centre for Influenza 
Research, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong Special 
Administrative Region, China 

Background: Understanding the dynamics of viral shedding associated with influenza virus infection is 
important. Viral shedding is generally accepted to be a proxy for infectiousness, thus the patterns of 
influenza viral shedding over time can inform national and international public health policies designed 
to mitigate and control outbreaks of interpandemic and pandemic influenza. Here we report the 
characteristics of viral shedding and illness in naturally acquired influenza virus infections among 
persons exposed to infection in households and tested by RT-PCR regardless of illness. Our report is 
an update of earlier data (Lau L, et al. J Infect Dis. 2010;201:1509-1516) now including cases of 
A(H1N1)pdm09 virus infection. Materials and Methods: Household transmission studies were 
conducted in Hong Kong, in which index cases were recruited from outpatient clinics and screened 
with a rapid antigen test. Those with a positive rapid test result, and their household contacts, were 
followed up for 7-10 days to identify secondary infections. All household contacts kept symptom 
diaries during follow-up, and provided nose and throat swabs at three-day intervals for testing by 
quantitative RT-PCR and quantitative viral culture. The present analysis focuses on PCR-confirmed 
influenza virus infections among the household contacts. Results: In total, 2899 individuals from 709 
households were recruited. NTS specimens were successfully collected from 1864 household 
contacts and 294 (16%) tested positive for the influenza virus by either RT-PCR or TCID50. In 2008 
and 2009, 135 and 126 secondary cases were identified, respectively, and between 2010 and 2012, 
33 secondary cases were identified. Over the five years, 17 cases were found to be positive for 
pandemic A(H1N1), 112 cases for seasonal A(H1N1), 80 cases for seasonal A(H3N2), and 68 cases 
for seasonal B virus infections. In addition, 17 positive cases could not be subtyped and were 
excluded from the analysis in this study. Febrile illness, or ILI, was reported in 31% to 53% of the 
cases. Confirmed infections were asymptomatic 6% to 19% of the time, and pauci-symptomatic 
confirmed infections reporting only one symptom made up 7% to 31% of infections according to 
subtype. Among the household contacts reporting at least two symptoms, peak mean viral shedding 
assessed by RT-PCR for influenza A(H1N1)pdm09, seasonal A(H1N1), and seasonal A(H3N2) were 
observed to peak on the day of ARI onset, or on the day following ARI onset. The pattern of viral 
shedding then steadily decreased, resolving to undetectable levels approximately 6 to 7 days after 
ARI onset. The pattern of viral shedding for influenza B cases differed, instead of a clear peak, viral 
shedding rose three to four days prior to ARI onset and persisted for 6 to 7 days. For seasonal 
influenza A(H1N1) and A(H3N2), the time of peak shedding was comparable, however the duration of 
shedding according  to TCID50 appeared shorter, 4 to 6 days instead of 9 to 10 days. Presymptomatic 
viral shedding was detected by RT-PCR in 20% to 37% of cases by subtype. The patterns of mean 
scores for respiratory signs and symptoms were largely comparable across all influenza A and B virus 
infections, peaking on the day of ARI onset and steadily decreasing over 3 to 6 days. Systemic signs 
and symptoms were observed to decline more rapidly than upper and lower respiratory symptoms, 
with lower respiratory symptoms appearing to be the most prolonged. Conclusions: This study 
provides a description of viral shedding dynamics in 132 cases of naturally acquired influenza virus 
infections spanning five years. The duration and patterns of viral shedding observed in these cases of 
influenza A(H1N1), A(H3N2) and A(H1N1)pdm09 virus infections were comparable, rapidly rising and 
peaking on the day of or on the day following illness onset before declining, whereas in cases of 
influenza B virus infection, viral shedding followed a different pattern. 
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O-823 

Divergent patterns of circulating influenza viruses in two regions of 
Northern India: When does equator not define hemisphere? 
P Koul1, S Broor2*, J Barnes3, C Smith3, M Shaw3, MM Ahmad2, S Saha3, M Chadha4, RB Lal3 

1Sher-i-Kashmir Institute of Medical Sciences, Srinagar, J&K, India; 2All India Institute of Medical 
Sciences, Delhi, India; 3Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 4National Institute of Virology, Pune, India 

Background: Distinct patterns of pandemic 2009A/H1N1 (pH1N1) influenza were observed recently in 
the two northern regions of India (500 km apart), with Srinagar having peaks of influenza activity in 
the winter season (Jan-Feb 2009) and the Delhi region in monsoon times (July-Aug 2010). We sought 
to reassess seasonality of influenza in these two cities in north India to better define the seasonality of 
influenza in this region, and allow better recommendation of timing of vaccinations best suited for 
these cities in India. Methods: A total of 4652 patients presenting with influenza-like illness in an 
outpatient facility at the tertiary care centers of SKIMS, Srinagar (n = 2126) or AIIMS, New Delhi (n = 
2526) were enrolled from January 2011 to December 2012. Nasopharyngeal swabs were tested by 
real-time PCR for seasonal and pandemic influenza viruses. Meteorologic parameters between Delhi 
and the Srinagar area were compared. Results: Influenza positivity was higher in Srinagar (375/2126; 
17.6%) than in Delhi (239/2526; 9.46%). Distinct seasonality and subtype patterns were observed in 
these two cities. Srinagar had peaks in January-March with predominant strains being A/H1N1pdm09 
in 2011 and A/H3N2 in 2012, followed by resurgence of A/H1N1pdm09 in November-December 2012. 
In contrast, Delhi had peak influenza circulation in July-September with co-circulation of A/H3N2 and 
influenza B in 2011 and A/H1N1pdm09 in 2012. For both years we observed that a co-circulating 
subtype in the Delhi area precedes that of the Srinagar area. In addition, influenza seasonality in 
Srinagar (34.09°N) matched the pattern observed in a temperate climate, whereas Delhi with 
monsoons in July-September, latitude of 28.66°N and just 500 km from Srinagar revealed influenza 
during summer months (July-September). Conclusions: Our data show that two regions in northern 
India have distinct influenza seasonality and circulating viruses. Thus India, though physically located 
in the northern hemisphere, has distinct seasonality related to the latitude location and environmental 
factors such as monsoons, temperature and humidity of the cities. While cities with temperate 
seasonality will benefit from vaccination in October-November, cities with peaks in the monsoon 
season in July-September will likely benefit from vaccination in May-June. Continued surveillance 
globally will help define regional differences in influenza seasonality and types and subtypes, as well 
as determine optimal periods to implement influenza vaccination programs among priority 
populations. Study supported in part by cooperative agreement 5U51IP 000333 from the Centers for 
Disease Control and Prevention and Indian Council of Medical Research, New Delhi, India.  

O-824 

Higher incidence of pandemic influenza natural infection in the third wave 
compared to the second wave in an adult community cohort in the UK 

S Sridhar1*, S Begom1, A Bermingham2, K Hoschler2, W Adamson3, W Carman3, MD Van Kerkhove4, 
A Lalvani1 

1Department of Respiratory Medicine, National Heart and Lung Institute, Imperial College London, 
Paddington, United Kingdom; 2Respiratory Virus Unit, Centre for Infections, Health Protection Agency, 
London, United Kingdom; 3West of Scotland Specialist Virology Centre, Glasgow, Scotland; 4MRC 
Centre for Outbreak Analysis and Modelling, Imperial College London, London, United Kingdom 

Background: Case-based population-level surveillance and cross-sectional serologic surveys used to 
estimate the incidence and patterns of influenza infection are limited by a lack of accurate 
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denominator data, the inability to account for subclinical infections, difficulties in distinguishing 
antibodies induced by natural infection or vaccination, and the use of samples often originating from 
high-risk groups. For these reasons, community-based longitudinal cohorts, following the same 
individuals over time, offer the ideal design to estimate the incidence of infection and spectrum of 
illness. However, studies of this design describing the 2009 H1N1 pandemic (H1N1pdm09) are 
reported only from Hong Kong, Singapore and Vietnam, and examine only the first two, but not the 
third, pandemic wave. We report results from a community-based longitudinal cohort study 
undertaken in England from 2009-11 comparing the epidemiology of natural infection over the second 
and third pandemic waves. Methods: A total of 342 healthy adults (> 18 years of age) recruited 
between September and November 2009 after the first UK pandemic wave were followed from 2009-
11. Samples were collected at the start and end of each influenza season. Infection was defined by a
four-fold rise in haemagglutination inhibition titre and/or detection of virus by RT-PCR in nasal swabs 
among unvaccinated individuals. Development of any symptoms was recorded on a Web-based 
questionnaire e-mailed every three weeks. Among infected individuals, symptoms associated with the 
illness episode were categorised as acute respiratory infection (ARI, episode with any symptoms), 
influenza-like illness (ILI, episode with fever plus cough or sore throat) and fever (recorded 
temperature ≥ 38°C) alone. Statistical analysis was undertaken using Stata with the chi-square test 
and the t test to compare proportions and means, respectively. Results: At recruitment, after the first 
pandemic wave, seroprevalence of H1N1pdm09 antibodies with HI titre ≥ 1:32 was 26% (95% CI 
21.39-31.19) with seroprevalence significantly higher in 18-25 year olds compared with older age 
groups. We calculated cumulative incidence of infection in our cohort over the first wave by 
subtracting published prepandemic age-specific seroprevalence for England. The overall cumulative 
incidence during the first wave was 12.74% (95% CI 7.1%-18.36%), 26.56% (95% CI 15.32%-
37.81%) among 18-25 year olds with no increase in older age groups. The incidence rate of natural 
infection during the third wave (August 2010-April 2011) was significantly higher (P = .02) compared 
with the second pandemic wave (September 2009-April 2010). Age-specific incidence rate was 
significantly higher (P = .01) in the third wave compared with the second wave among the 26-40 year 
olds (third wave: 25.35%, 95% CI 15.23-35.47; second wave: 10.91%, 95% CI 5.08-16.74) but not the 
other age groups. Multivariate logistic regression adjusting for sex and age found each doubling 
increase in baseline HI titres measured at the start of each influenza season was associated with a 
significant lowering in risk of infection (odds ratio 0.92; 95% CI 0.86-0.99; P = .04) during the third but 
not the second pandemic wave. During an illness episode, 20% of infected individuals reported fever 
or ILI, 17% visited their general practitioner and none visited a hospital. Conclusions: A community 
cohort study of healthy adults in the UK revealed a substantial proportion of subclinical pandemic 
H1N1 infection, significantly higher incidence of natural infection in the third versus second pandemic 
wave, and higher risk of infection during the third wave among individuals with lower preinfection 
antibody titres.  

O-825 

Comparative incidence and severity of infection with currently endemic human 
influenza A viruses: a longitudinal study 

S Riley1*, R Pereira2,3, K Kwok2, P Wu2, W Wei2, K Wu2, D Chu2,3, E Ma2,3, M Peiris2,3, B Cowling1 

1Imperial College London, London, United Kingdom; 2School of Public Health, Li KaShing Faculty of 
Medicine, The University of Hong Kong, Hong Kong Special Administrative Region, China; 3Centre for 
Influenza Research, Li KaShing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China 

Background: Novel strains of influenza emerge periodically into the human population with initial 
waves of infection characterised by increased incidence of infections and, sometimes, increased 
impact on morbidity and mortality. While the first wave of A(H1N1)pdm09 has been studied in detail in 
many countries, relatively little has been published on the postpandemic period. In addition, 
assessment of the severity of A(H1N1)pdm09 has been hampered by the lack of comparative data on 
seasonal influenza viruses. The objective of our study was to characterise the incidence and severity 
of infections with influenza A(H1N1)pdm09 and A(H3N2) viruses in the pandemic and postpandemic 
period. Materials and Methods: We collected four blood samples from a representative cohort of 
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individuals in Hong Kong before and after epidemics of A(H1N1)pdm09 and A(H3N2) in 2009-11. 
Serum from each individual was tested in parallel by hemagglutination inhibition assays against 
A/California/7/2009 (H1N1)pdm09 and A/Perth/16/2009-like (H3N2) using standard methods. We 
used the serologic data to estimate the incidence of influenza virus infections during each epidemic 
period, defining a seroconversion (indicating recent infection) as a 4-fold or greater rise in antibody 
titer against a specific virus across a period of time. We used population-level surveillance data to 
estimate the number of outpatient illnesses and excess respiratory deaths during each epidemic and 
thereby to characterize the severity profile of each virus. Results: We analysed quadruples of sera 
from 319 individuals who did not report potentially confounding vaccination histories between July 
2009 and December 2011, a period that included three influenza virus epidemics. Cumulative 
incidence of infection was very high among children in the first epidemic of A(H1N1)pdm09 as 
previously reported. There was a change in age distribution of infections with A(H1N1)pdm09 from the 
first to the second epidemic, with a similar age pattern of infections in the second epidemic of 
A(H1N1)pdm compared with the epidemic of A(H3N2). The risks of excess all-cause and respiratory 
mortality were higher for A(H3N2) than for A(H1N1)pdm09, with relative risks of 2.1 (1.4,3 .2) and 1.3 
(0.8, 1.9), respectively (95% confidence intervals). Conclusions: Despite a very high incidence of 
infection in children in 2009, the A(H1N1)pdm09 virus returned within a year to cause a second 
epidemic with substantial impact, implying that herd immunity among children may not be sufficient to 
prevent large epidemics. We have presented the most robust comparative estimates of infection-
based severity of the two currently endemic human strains of influenza A. Infection-based estimates 
of individual-level severity, both relative and absolute, have a role in the assessment of emerging 
strains and the optimization of vaccination programs, especially in resource-limited settings. 

O-826 

Evolution of an influenza pandemic in 13 countries on 5 continents monitored 
by protein microarray from neonatal screening blood spots 

E de Bruin1, JG Loeber1, A Meijer1*, G Martinez Castillo2, ML Granados Cepeda3, M Rosario Torres-
Sepúlveda4, GJC Borrajo5, M Caggana6, Y Giguere7, M Meyer8, M Fukushi9, AR Rama Devi10, I 
Khneisser11, L Vilarinho12, U von Dӧbeln13, T Torresani14, J Mackenzie15, I Zutt1, M Schipper1, LH 
Elvers1, MPG Koopmans1,16 

1Laboratory for Infectious Diseases and Perinatal Screening, Center for Infectious Disease Control, 
National Institute for Public Health and the Environment (RIVM), Bilthoven, Netherlands; 2Unidad de 
Genetica, Hospital Espanol, Centro de EstudiosNeonatales y Geneticos, Mexico State, 
Mexico; 3Instituto Nacional de Perinatologia, Mexico State, Mexico; 4Universidad Autónoma de Nuevo 
León, Departemento de Genética, Facultad de Medicina, Monterrey, Mexico; 5Fundacion Bioquimica 
Argentina, Progr. Detection de Errors Congenitos, Buenos Aires, Argentina; 6New York State 
Department of Health, Biggs Laboratory, Albany, United States; 7Réseau de MédécineGénetique de 
Québec, Québec, Canada; 8North West University, Potchefstroom Campus, Potchefstroom, South 
Africa; 9Sapporo City Institute of Public Health, Sapporo, Japan; 10Rainbow Children Hospital, 
Hyderabad, India; 11Neonatal Screening Laboratory, Medical Genetic Unit, Saint Joseph University, 
Beirut, Lebanon; 12National Laboratory for Neonatal Screening, Medical Genetics Institute, Porto, 
Portugal; 13Karolinska University Hospital Huddinge, Centre for Inherited Metabolic Disease, 
Stockholm, Sweden; 14UniversitätsKinderklinik, Zürich, Switzerland; 15Yorkhill Hospital, Scottish 
Newborn Screening Laboratory, Glasgow, United Kingdom; 16Department of Virology, Erasmus 
Medical Center, Rotterdam, Netherlands 

Background: In April 2009 a novel influenza virus, A(H1N1)pdm09, emerged from Mexico, and quickly 
spread all over the world causing a pandemic. It was estimated that the pandemic affected tens of 
millions of persons, but such estimates are difficult to obtain. Population-based serologic surveys can 
be helpful to get a better picture of the attack rate of an outbreak or widespread epidemic (pandemic). 
Comparative analysis of age-structured seroprevalence with notification based on clinical parameters 
has helped determine population impact across age groups. However, international comparison is 
challenging due to variability in laboratory methods. Therefore, we compared seroprevalence in 
women to a range of influenza virus subtypes by protein microarray, by measuring maternal 
antibodies in neonatal screening dried blood spots collected October 2008 through August 2010 in 13 
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countries on 5 continents. Materials and Methods: Heads of 15 neonatal screening laboratories 
agreed to participate and sent 10 randomly collected dried blood spot punches per week. All 10 dried 
blood spots were collected in a single tube per week and were fully anonymized, in concordance with 
policies of local ethical committees. Samples were stored at minus 20 degrees Celsius until testing, 
which was done by protein microarray as previously described (Koopmans M, et al. Clin Microbiol 
Infect. 2012;18:797) against 11 influenza virus type A haemagglutinin 1 (HA1) antigens of H-subtypes 
1, 2, 3, 5, 7 and 9. An international standard serum against A(H1N1)pdm09 (NIBSC) was used to 
harmonize test results throughout the study. Results: The proportion of sera with reactivity above cut-
off for the HA1 of influenza virus A/California/6/2009A(H1N1) pdm09 was 2% in the prepandemic 
period (samples collected before April 2009). This proportion ranged from 1%-7% in the early 
pandemic phase April 1st through June 11th when the pandemic alert was given. It ranged from 1%-
27% in the period June 12th through December 2009, and from 4%-64% in 2010. As expected, a 
gradual increase in the proportion of seropositives coinciding with reports of increased influenza-like 
illness activity was observed in late 2009 (autumn) in most countries from the Northern Hemisphere, 
whereas virtually no increase in seropositivity rate was observed in samples collected in India, 
Lebanon, and South Africa in 2009. Remarkably, the data from Mexico (2 sites) showed a similar no-
increase trend in 2009 despite high numbers of A(H1N1)pdm09 detections, whereas samples from 
Argentina reflected a high seropositivity rate starting July 2009. This was not explained by increased 
levels of antibodies to other seasonal influenza virus antigens, but seemed to reflect a preceding peak 
of A(H1N1)pdm09 virus detections in Argentina. The overall results showed good correlation with data 
from published serosurveys. Conclusions: We demonstrate that international comparative 
serosurveys can be performed in a highly standardized way through the use of prospectively collected 
neonatal screening dried blood spot samples and protein microarray. In addition, protein microarray 
allowed the use of a broad range of relevant antigens without impact on hands-on time and needed 
serum volume. Our data reflect the known trends for pandemic influenza A(H1N1)pdm09 in most 
countries with the exception of Mexico, where compared with virus detections a late rise in 
seroprevalence was observed in two sites. In contrast, our data suggest that Argentina had an early 
wave of pandemic influenza, starting June/July 2009. 

O-827 

Influenza seasonality in Madagascar: the mysterious African free-runner 

WJ Alonso1*, J Guillebaud2, C Viboud1, M Miller1, NH Razanajatovo2, A Orelle2, JM Heraud2 

1Fogarty International Center, National Institutes of Health, Bethesda, Maryland, United 
States; 2National Influenza Centre, Virology Unit, Institut Pasteur, Antananarivo, Madagascar 

Background: It has been proposed that nonenvironmental factors may dictate the seasonality of 
influenza in tropical settings where environmental forcing is limited, perhaps via population travel with 
regions that experience seasonal outbreaks. Madagascar is a particularly interesting case study 
because it is an island comprising a diversity of climatic zones, which may experience relatively 
limited external virus seeding relative to the continent. In this study, we aim to disentangle the 
contribution of environmental forcing and population travel on influenza transmission in Madagascar. 
We assess the association between influenza activity and local climate in Antananarivo 
(Madagascar's capital) and compare influenza activity patterns in countries in close proximity or with 
high connectivity to Madagascar. Materials and Methods: Influenza virus activity was based on 
laboratory testing of respiratory specimens contributed by sentinel health care centers participating in 
influenza-like-illness surveillance in Antananarivo. We compiled the weekly number of influenza A/H3, 
A/H1, A/H1N1pdm and B positive specimens for the period 2002 to 2012. We obtained similar data 
from WHO FluNet to study viral activity patterns in countries in the sub-Saharan African region and 
those contributing most foreign travelers to Madagascar (including France, Germany, and the 
Americas). Weekly climate indicators were compiled for the study period. Fourier analysis, Spearman 
cross-correlation and hierarchical clustering were used to assess statistical association between time 
series. Results: Viral detection in Antananarivo did not reveal a clear seasonal pattern, with an almost 
flat periodic annual signal with a slight trimodal pattern. Antananarivo generally experienced two 
influenza peaks in the year (roughly one in the middle of each semester), but those rarely coincided 
with winter peaks in the Northern or Southern Hemisphere. Overall in the interpandemic period, 
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influenza circulation in Antananarivo led viral activity in the Northern Hemisphere winter (in particular, 
France), and presented poor temporal matching with viral activity in other African countries. In 
contrast, the onset of widespread A/H1N1pdm virus activity in Antananarivo coincided with the timing 
of the second (and major) pandemic wave in the Northern Hemisphere countries in the fall of 2009, 
but this coincidence disappeared in the following years. Influenza detection was not associated with 
any climatologic signal in Antananarivo. Conclusions: Our analyses indicate that the timing of 
circulation of influenza strains in Antananarivo is not driven by seeding from countries that contribute 
the most intense travel volume to Madagascar, nor does it fall in the months with the most intense 
travel influx to the island. Influenza circulation in Antananarivo does not coincide with influenza 
seasonality in South Africa or with local climate factors either. Therefore, the intriguingly irregular 
circulation of influenza in Madagascar may obey unidentified internal factors that are highly 
stochastic, rather than "echo" patterns from more connected locales. This "free running" attitude 
opens fresh questions regarding the drivers of influenza seasonality in the tropics and confirms the 
importance of conducting robust year-round surveillance in this region to guide intervention strategies. 
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P1-119 

The Nicaraguan Influenza Birth Cohort Study: methods and results from the 
first year 

A Gordon1,2*, G Kuan3, N Sanchez4, S Ojeda4, R Lopez5, L Gresh4, E Harris2, A Balmaseda5 

1Division of Epidemiology and 2Division of Infectious Diseases and Vaccinology, School of Public 
Health, University of California, Berkeley, California, United States; 3Sócrates Flores Vivas Health 
Center, Ministry of Health, Managua, Nicaragua; 4Sustainable Sciences Institute, Managua, 
Nicaragua; 5National Center for Diagnosis and Reference, Ministry of Health, Managua, Nicaragua 

Background: Influenza is a major public health problem worldwide; however, relatively little is known 
about influenza in tropical regions, especially in very young children. Materials and Methods: In 
September 2011, the Nicaragua Influenza Birth Cohort Study was established in Managua, 
Nicaragua, to study the burden of influenza in infants and toddlers. The study design allows for the 
identification of repeat infections, characterization of the immune response, and investigation of 
determinants of disease severity. We plan to enroll infants into the study for three years, with 250 
infants recruited each year and followed until 2 years of age, for a total sample size of 750 infants. 
Approximately 21 newborns, aged 4 weeks or less, are enrolled in the study each month to maintain 
the age structure. Families of infants are contacted on a weekly basis by study personnel, and data 
on daily symptoms are collected using diary cards. Children are provided with all primary medical care 
through the study, and 189 variables are collected at each medical visit. All participants presenting 
with fever or reported fever are tested for influenza by RT-PCR. Respiratory samples are collected at 
the participant’s home in the event that the family does not bring the infant to the health center for a 
consultation. Yearly blood samples are collected beginning at 6 months of age to enable detection of 
asymptomatic influenza infections and to evaluate nutritional status. Socioeconomic, household risk 
factor, and breastfeeding data are collected at enrollment and on a yearly basis. Numerous 
information and communications technologies are employed to manage study data, track samples, 
and maintain quality control, including smartphones, tablets, barcodes, geographic information system 
(GIS), and scannable forms. Results: To date, acceptance into the study has been high (96.2%), and 
loss to follow-up/withdrawal has been low (6.5% per year). As of May 2012, 472 infants have been 
enrolled, with a median age at enrollment of 14 days. At enrollment, a majority of infants were 
breastfed (96.1%); however, only 48.6% were exclusively breastfed. The participants attended more 
than 5008 medical visits at the study health center. Among the 244 infants who participated in the first 
year of the study, the incidence of influenza was 15.0 cases per 100 child-years (95% CI: 9.9, 22.8). 
A majority of influenza infections occurred in infants aged 6 months and older. A total of 71 
participants were transferred to the hospital. Forty-four percent of the transfers to the hospital were for 
respiratory illness; one infant was transferred for bronchitis, one for bronchial hyperactivity and 29 for 
pneumonia. Two infants died of pneumonia. Conclusions: Infants in Nicaragua experience a high 
incidence of influenza with a majority of cases occurring in infants aged 6 months and older. This 
study will provide crucial information about the burden of influenza and the incidence and 
characteristics of sequential influenza infections in infants. 

P1-120 

Influenza virus infection in Kenya 

J Mokaya* 

University of Nairobi, School of Nursing, Nairobi, Kenya 

Background: The World Health Organization estimates that acute lower respiratory infections cause 
nearly four million deaths per year, a rate of more than 60 deaths/100,000 population. Rates are even 
higher in developing countries, where pneumonia is responsible for an estimated 10%-25% of all 
deaths among children under 5 years of age. Although influenza has been widely studied in 
developed countries, little is known about its epidemiology, seasonality and burden in developing 
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countries. Methods: A review of journal was done on papers for influenza virus infection in Kenya. A 
PubMed-based Web search was done on papers published before Jan 1, 2012. Results: The 2009 
pandemic influenza A (pH1N1) virus was responsible for at least 20,000 laboratory-confirmed deaths 
globally. The first recognized case of laboratory-confirmed pH1N1 in Kenya was identified on June 29, 
2009, and by September 2009 a majority of influenza cases in the country were caused by pH1N1. 
The rates for most viruses peaked from November to February. In one population-based study, of the 
2079 patients with tested swabs, infection with influenza virus was confirmed in 204 (10%); 176, 27 
and 1 were found to be RT-PCR–positive for influenza A virus only, influenza B virus only, and both 
influenza A and B viruses, respectively. The case fatality rate among admitted patients with PCR-
confirmed infection with influenza virus was 2.0%.The annual rate of hospitalization (per 100,000 
population) among patients with influenza ranged from 3-72 in different studies. The annual crude rate 
of hospitalization was highest in children < 1 year old (156 per 1000 children per year). Virus-positive 
hospitalization crude rates per 1000 child-years for children < 1 year old ranged from 2 to 35. The 
rates of RSV associated hospitalization were highest during November to February, with a minor 
increase in June. Conclusions: Respiratory viral infections, particularly RSV and AdV, were 
associated with high rates of illness and made up a substantial portion of respiratory infection. The 
rate of influenza-associated hospitalization was highest among children aged < 5 years. There are no 
adequate prevalence studies to conclude with figures. The magnitude of the disease prevalence 
needs to be studied with further research to reach those desperate patients.  

P1-121 

Update from the Consortium for the Standardization of Influenza 
Seroepidemiology (CONSISE) 

MD Van Kerkhove1*, OG Engelhardt2, J Wood3, Angus Nicoll4; CONSISE Steering Committee† 

1MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease Epidemiology, 
Imperial College London, London, United Kingdom; 2Division of Virology, National Institute for 
Biological Standards and Control, Hertfordshire, United Kingdom; 3Formerly of the Division of 
Virology, National Institute for Biological Standards and Control, Hertfordshire, United 
Kingdom;4European Centres for Disease Control, Stockholm, Sweden 

†Additional members of the Steering Committee include: Anthony Mounts, Wenqing Zhang from 
WHO; Eeva Broberg from ECDC, Jackie Katz and Tim Uyeki from US CDC; Karen Laurie from the 
WHO Collaborating Centre for Reference and Research on Influenza, Melbourne, Australia; Peter 
White and Steven Riley from the MRC Centre for Outbreak Analysis and Modelling, Imperial College 
London, UK; Benjamin Cowling and Malik Peiris from the University of Hong Kong, School of Public 
Health and Department of Community Medicine, Hong Kong; Katja Hoeschler  and Richard Pebody 
from Public Health England, London, UK; Peter Horby from the Oxford University Clinical Research 
Unit in Hanoi, Vietnam; Monique St-Laurent from Public Health Agency Canada; Marianne van der 
Sande from National Institute for Public Health and the Environment (RIVM) and Olav Hungnes from 
the Norwegian Institute of Public Health, Oslo, Norway 

Background: CONSISE, the Consortium for the Standardization of Influenza Seroepidemiology, is a 
global partnership to develop influenza investigation protocols and standardize seroepidemiology to 
inform health policy. This international partnership was formed in 2011 and was created out of a need, 
identified during the 2009 H1N1 pandemic, for timely seroepidemiologic data to better estimate 
pandemic virus infection severity and attack rates to inform policy decisions. Methods and Materials: 
CONSISE has developed into a consortium of two closely interlinked  working groups (Working Group 
1: Epidemiology and Working Group 2: Laboratory) and a steering committee composed of individuals 
from several organizations including the World Health Organization, the US Centers for Disease 
Control and Prevention, the European Centres for Disease Control, Public Health England (Formerly 
the UK Health Protection Agency), Imperial College London, the WHO Collaborating Centre for 
Reference and Research on Influenza (Melbourne, Australia), University of Hong Kong, Oxford 
University Clinical Research Unit in Hanoi, and Public Health Agency of Canada. CONSISE has held 
three international meetings (February 2011 in Ottawa, Canada; December 2011 in Stockholm, 
Sweden; and January 2013 in Hong Kong, SAR) and a fourth will be a satellite meeting immediately 
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preceding Options VIII in September 2013. Results: CONSISE’s work plan is divided into 
epidemiology and laboratory working groups.  The epidemiology working group is developing seven 
comprehensive epidemiologic, virologic and serologic investigation protocols that can be used in 
pandemic outbreak settings and for routine serologic collection during nonpandemic seasons. The 
epidemic/pandemic protocols under development include: 1) longitudinal cohort study of influenza 
virus infection during epidemic periods; 2) cross-sectional seroprevalence study of a novel influenza 
virus infection prior to- and postepidemic periods; 3) household transmission studies for pandemic 
influenza; 4) closed setting outbreak investigation protocol for pandemic influenza; 5) assessment of 
health care personnel in contact with infected influenza patients; a seasonal influenza protocol: 6) 
seroepidemiology of human influenza virus infection using residual sera/convenience samples for 
establishing baselines and/or monitoring trends over time; and a zoonotic influenza protocol; and 7) 
outbreak investigation of zoonotic influenza virus infection in humans exposed to a confirmed animal 
source of influenza virus. The protocols are specifically designed for influenza viruses, but may be 
adapted for other respiratory pathogens. Three of these protocols have recently been adapted for 
human novel coronavirus and for H7N9 investigations. The Laboratory Group has been working on a 
number of projects within the three themes identified at the Stockholm meeting: serologic assay 
standardization; quality assurance and assessment; and cooperation. As microneutralization (MN) 
assays using a two-day and a three-day format are both being used for influenza serology, they have 
been evaluated in a collaborative study of antibody to A(H1N1)pdm09 virus involving 14 laboratories 
from eight countries. Preliminary analysis concluded that there was no underlying reason why the two 
assay formats were not comparable. Further assays using H3N2 and H5N1 viruses are planned for 
the coming months. There are many differences in assay protocols for the haemagglutination 
inhibition (HI) serology assay, so HI assay protocols from different laboratories are being compared 
with a view to developing a consensus HI protocol. The next step will be a comparative evaluation of 
consensus HI protocol and local HI protocols. It is considered premature to implement an external 
quality assessment (EQA) scheme at the moment while standardised assay protocols are still being 
developed.  Laboratories are encouraged to evaluate the enzyme-linked lectin assay (ELLA) 
neuraminidase inhibition assay, which has been developed by Dr Maryna Eichelberger (FDA, USA). 
Conclusions: CONSISE is playing a role in public health evaluation and management of newly 
emerging respiratory agents and has been called upon for nCoV and novel influenza virus 
investigations. Our materials will be open access and shared on the Global Health Network 
(http://CONSISE.tghn.org/) Web site by summer 2013. Validation of the CONSISE influenza protocols 
is planned for late 2013 to early 2014. We seek additional members from public health agencies, 
academic institutions and other interested parties. 

P1-123 

Factors influencing infection by pandemic influenza A(H1N1)pdm09 over three 
epidemic waves in Singapore   

MIC Chen1,2, AR Cook1, WY Lim1, R Lin3, L Cui3, IG Barr4, A Kelso4, VT Chow5, YS Leo6, JP Hsu5, R 
Shaw4, S Chew6, JK Yap6, MC Phoon5, HWL Koh1, H Zheng1, L Tan1, VJ Lee1,6* 

1Saw Swee Hock School of Public Health, National University of Singapore and National University 
Health System, Singapore; 2Department of Clinical Epidemiology, Tan Tock Seng Hospital, 
Singapore; 3National Public Health Laboratory, Ministry of Health, Singapore; 4WHO Collaborating 
Centre for Reference and Research on Influenza, Melbourne, Australia; 5Department of Microbiology, 
Yong Loo Lin School of Medicine, National University Health System, National University of 
Singapore, Singapore; 6Department of Infectious Diseases, Tan Tock Seng Hospital, Singapore 

Background: Previous influenza pandemics had second and on occasion third waves in many 
countries that were at times more severe than the initial pandemic waves. Several questions about 
the epidemiology of successive epidemic waves remain unanswered―are individuals infected in the 
initial epidemic wave protected in subsequent waves? Are there changes in age distribution and other 
risk factors between epidemic waves? Do these risk factors explain the differences in infection rates 
across waves? It is therefore important to explore the epidemiology of H1N1pdm09 infections after the 
first epidemic wave. Materials and Methods: This study aimed to determine the seroepidemiology of 
successive waves of H1N1pdm09 infections in Singapore, and the overall risks for infection. We 
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performed a cohort study among 838 adults, with blood samples provided on recruitment and at 5 
additional points from 2009 to 2011 and tested by hemagglutination inhibition (HI) with 
A/California/7/2009 (H1N1pdm09). Surveys on key demographic and clinical information were 
conducted at regular intervals, and associations between seroconversion and these variables were 
investigated. Results: After the initial wave from June to September 2009, second and third waves 
occurred from November 2009 to February 2010, and April to June 2010, respectively. 
Seroconversion was 13.5% during the first wave and decreased to 6.2% and 6.8% in subsequent 
waves. After adjusting for effect of other covariates, participants had an overall lower odds of 
seroconversion in the second and third waves than the first wave. Across the three waves, the elderly 
and those with higher starting HI titres were at lower risk of seroconversion, while those with larger 
households were at greater risk. Females had significantly lower odds of seroconversion than males, 
and participants in larger households were associated with higher odds of seroconversion. Those with 
higher starting HI titres were also less likely to have an acute respiratory infection. Conclusions: The 
second and third waves in Singapore had lower serologic attack rates than the first wave. This may be 
due to the substantial number of individuals who were infected and developed immunity in the initial 
wave, and were hence less likely to be infected in subsequent waves, with the lower resultant force of 
infection on transmission of influenza in the population. The elderly and those with higher HI titres had 
lower risk while those in larger households had higher risk of seroconversion.  

P1-124 

A nation-wide study of the incidence of acute respiratory infections in 
Australia 

Y Chen1*, MD Kirk2

1ANU Medical School, The Australian National University, Canberra, Australia; 2National Centre for 
Epidemiology and Population Health, The Australian National University, Canberra, Australia 

Background: The sheer number of people infected with acute respiratory infections (ARI) in a given 
year means that the nonhealth impacts are significant, although the burden remains unknown. We 
estimate the incidence, and describe the epidemiology of ARI in the Australian community. Materials 
and Methods: In 2008-2009, 7578 people across Australia were surveyed about common illnesses. 
ARI was defined as a person experiencing cold or flu with at least 1 of the following symptoms: fever, 
chills, sore throat, running noise, or cough in the past 4 weeks. Period prevalence of ARI in the 4 
weeks prior to the survey was examined by season and state of residence. Incidence of ARI was 
obtained by weighting to the Australian population. We used Stata 12.1 to analysis data. Results: 
There were an estimated 68.9 million cases (95% CI 65.1-72.7 million) of ARI in Australia annually, 
equating to 3.2 (95% CI 3.0-3.4) episodes per person per year. Most cases occurred in winter with a 
4-week period prevalence of 34.3% (95% CI 31.4-37.2), following by autumn (24.9%, 95% CI 22.0-
27.8) and spring (24.6%, 95% CI 21.8-27.4). The incidence of ARI was highest in children and women 
of childbearing age. Incidence decreased with increasing age of survey respondent. Conclusion: ARI 
imposes a significant burden across Australia. Understanding the burden of ARI can assist in 
targeting interventions to reduce the incidence in certain groups. 
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P1-125 

Sentinel severe acute respiratory infection (SARI) surveillance in 10 provinces 
of China, December 2009-April 2013 

Z Peng* 

Division for Infectious Disease Control and Prevention, Chinese Center for Disease Control and 
Prevention, Beijing, China  

Background: In December 2009, a sentinel SARI surveillance for inpatients was initialized in 10 
sentinel hospitals, 4 of them located in the north of China and 6 of them located in the south of China. 
Materials and Methods: Inpatients who matched the SARI case definition were registered, and 
uniform case report form (CRF) information, including demographic, clinical symptoms, medical 
history, complications, treatment and outcomes, was collected. Respiratory specimens of the cases 
were collected and transferred to the influenza network laboratories to determine influenza subtype. 
We analyzed the surveillance data from December 2009 to April 2013. Results: A total of 5890 SARI 
cases were registered from December 2009 to April 2013 and had information collected. Of them, 551 
(10.7%; 551/5890) SARI cases were influenza positive. The age median of SARI cases and influenza-
positive cases was 12 and 29 years old, respectively. In terms of age of cases, 40.6% of SARI cases 
and 28.9% influenza-positive cases were under 5 years old, and 19.5% of SARI cases and 24.9% 
influenza-positive cases were ≥ 65 years old. The age distribution of SARI cases and influenza 
positive cases was different (P < .001). A majority of SARI cases (58.3%; 3433/5890) and influenza-
positive cases (58.8, 324/551) were male, and there was no statistical significance in gender 
distribution between SARI cases and influenza-positive cases (P = .128). Of 551 influenza-positive 
cases, 329 (59.7%) cases were flu A positive, and 171 (31.0%) cases were flu B positive. The most 
common medical histories of adult SARI cases were hypertension, coronary heart disease, diabetes, 
COPD and chronic bronchitis. The most common medical histories of adult SARI cases were asthma 
and cancer/tumor; about 95% of child SARI cases had no medical history. There was a total of 124 
fatal cases; of them, 22 cases were influenza positive, 80 (64.5%) deaths were in patients aged ≥ 65 
years, and only 5 (4.0%) deaths occurred in children under 5 years of age. Conclusions: For the 
SARI% and number of SARI cases and influenza-positive rate, there is a regular winter peak in the 4 
northern sentinel hospitals, which was similar with the findings of sentinel ILI surveillance. The highest 
burden of hospitalization for SARI cases and influenza- positive cases was in children under 5 years 
of age, but the highest burden of death for SARI cases and influenza-positive cases was in adults 
aged ≥ 65 years. Our findings could provide support for influenza vaccination policy.  
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P1-126 

Inferring influenza infection attack rate from seroprevalence data 

JT Wu1*, KSM Leung1, RAPM Perera2, DKW Chu2, CK Lee3, IFN Hung4, CK Lin3, SV Lo5,6, YL Lau7, 
GM Leung1, BJ Cowling1, JSM Peiris2,8 

1Department of Community Medicine and School of Public Health, Li KaShing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic of China; 
2Centre of Influenza Research and School of Public Health, Li KaShing Faculty of Medicine, The 
University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic of China; 
3Hong Kong Red Cross Blood Transfusion Service, Hospital Authority, Hong Kong Special 
Administrative Region, People’s Republic of China; 4Department of Medicine, Li KaShing Faculty of 
Medicine, The University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic 
of China; 5Hospital Authority, Hong Kong Special Administrative Region, People’s Republic of China; 
6Food and Health Bureau, Government of the Hong Kong Special Administrative Region, People’s 
Republic of China; 7Department of Paediatrics and Adolescent Medicine, Li KaShing Faculty of 
Medicine, The University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic 
of China; 8HKU-Pasteur Research Pole, Centre of Influenza Research and School of Public Health, Li 
KaShing Faculty of Medicine, The University of Hong Kong, Hong Kong Special Administrative 
Region, People’s Republic of China 

Background: Seroprevalence studies are crucial for estimating infection attack rate and disease 
severity in an epidemic such as influenza. These studies typically entail selecting a titer threshold for 
seropositivity (eg, microneutralization [MN] 1:40) and assuming the probability of seropositivity per 
infection (infection-seropositivity probability, ISP) among community infections is 100% or similar to 
that among clinically overt cases. Different thresholds applied to the same seroprevalence data may 
give different IAR estimates if serologic responses of clinical cases is not representative (eg, clinical 
cases have higher ISP). Materials and Methods: To illustrate this, we fitted a transmission model to 
the 2009 pandemic influenza A/H1N1 (pdmH1N1) hospitalization and seroprevalence data in Hong 
Kong. Results: We estimated that while almost all pdmH1N1 infections became MN1:20 seropositive, 
only 72%, 65%, 58% and 34% of infections among ages 3-12, 13-19, 20-29, 30-59, respectively, 
became MN1:40 seropositive, much lower than the 90%-100% observed among clinical cases. The 
fitted model was consistent with prevailing consensus on pdmH1N1 transmission characteristics (eg, 
initial reproductive number of 1.28 and mean generation time of 2.4 days), hence our ISP estimates 
were consistent with the transmission dynamics and temporal buildup of population-level immunity. 
Conclusions: Incidence of pdmH1N1 in Hong Kong and other countries might have been previously 
underestimated, especially among adults, due to overestimations of ISP. Because antibody kinetics 
among asymptomatic or mild community infections will likely be lacking during a pandemic, real-time 
seroprevalence studies should evaluate the consistency of IAR estimates across multiple thresholds 
to provide timely and robust estimates of disease burden and severity.      

P1-127 

Epidemiological and virological characteristics of influenza-like illness 
outbreaks during 2012/13 influenza season in the UK 

H Zhao1*, HK Green1, N Boddington1, J Ellis2, P Cabrey3,  C Kearns3, A Reynolds4, B Von Wissmann4, 
R Pebody1 

1Respiratory Diseases Department, Centre for Infectious Disease Surveillance and Control, Public 
Health England, Colindale, London, United Kingdom; 2Virus Reference Department, Microbiology 
Services – Colindale, Public Health England, Colindale, London, United Kingdom; 3Public Health 
Agency, Belfast, Northern Ireland, United Kingdom; 4Health Protection Scotland, Glasgow, Scotland, 
United Kingdom 
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Background: The UK has an established outbreak surveillance system for influenza-like illness (ILI) in 
closed settings to monitor activity of circulating influenza and other respiratory viruses. This abstract 
reports findings from the 2012/13 winter season and compares recent seasons in 20110/11 and 
2011/12. Materials and Methods: A respiratory disease outbreak is defined as two or more cases with 
acute respiratory infections occurring in an institution with onset time within 7 days of each other. ILI 
outbreak information collected include outbreak onset date, reporting date, outbreak setting type, 
affected population, severity of cases, laboratory test results, influenza vaccination–related 
information and antiviral use. Information was collected using a standard outbreak reporting form. 
Epidemiologic and virologic characteristics of outbreaks reported in the period from week 40/2012 to 
week 16/2013 were described in terms of time, location, setting and virus. Comparisons were made 
with other ILI surveillance systems and the previous two season’s data. Results: A total of 423 ILI 
outbreaks were reported during the data collection period between weeks 40/2012 and 16/2013 in the 
UK. Of these, 48.2% (204/423) occurred in care homes for the elderly, 39.2% (166/423) in schools, 
9.2% (39/423) in hospitals and the remaining 3.3% (14/423) in other settings. ILI outbreaks were first 
reported in week 41/2012 (early October 2012). The number of reported outbreaks started to increase 
notably from week 47/2012 with first peak observed in week 51/2012 with 61 outbreaks mainly from 
school settings dominated by influenza B infection, followed by a prolonged period of activity with a 
lower, second peak reported in week 11/2013 (mid-March 2013) with 39 outbreaks, mainly from care 
home settings, dominated by influenza A (mainly H3N2 subtype). Sixty-four outbreaks in care homes 
reported severe cases being hospitalised with 1-8 hospitalised cases per outbreak, and the median 
case hospitalisation ratio was 12.5% (range 2.7% to 100%). Thirty-six outbreaks reported associated 
fatal cases (22 of these outbreaks were due to influenza A), with fatal case numbers ranging from 1 to 
8 (case fatality ratio 0.5% to 11.1%). Of the 200 outbreaks with laboratory test information available, 
66% (132/200) were due to influenza A, 22% (44/200) influenza B, 4.5% (9/200) with both influenza A 
and B, and the remaining 7.5% (15/200) were due to other respiratory viruses (RSV, rhinovirus and 
hMPV). Influenza vaccine uptake varied in care home populations (median 86.5%, range 11.5% to 
100%) with information available from 165/204 care homes. Antiviral use information was recorded in 
76 outbreaks in care homes, with antivirals (mostly oseltamivir) used in 43 (57%) outbreaks. This 
season’s ILI outbreak pattern contrasts with outbreaks reported during the 2011/12 influenza season, 
which was dominated by influenza A(H3N2) and very low levels of influenza B activity. Activity of both 
co-circulating influenza A(H3) and B were higher in 2012/13 than that in 2011/12 season, and a much 
greater number of outbreaks were reported in 2012/13 (compared with 2011/12 (n = 174) for the 
same time period between week 40 and week 16 of both seasons. This season’s pattern is also 
different from the outbreaks observed in 2010/11 season when A(H1N1)pdm09 and influenza B were 
co-circulating with outbreaks reported, mostly (74%) from schools. Conclusions: An unusual two-wave 
and prolonged epidemic pattern in ILI outbreaks was observed in the UK during the 2012/13 season. 
This pattern was consistent with that observed from other epidemiologic and virologic surveillance 
systems. The late-season H3N2 activity in often highly vaccinated care home settings and AVs not 
used in significant proportion was similar to that observed during the 2011/12 season and may have 
resulted from a number of factors including poor response to vaccine and waning immunity in elderly. 
These findings suggest that ILI infection control measures including vaccination and antiviral use in 
closed settings need to be strengthened. These findings also support that outbreak surveillance is an 
integral part of the ILI surveillance system, providing important additional intelligence on influenza 
activity in the community. 

P1-128 

The second and third waves of A (H1N1)pdm09 virus attacks in Mongolia 

A Burmaa1, B Darmaa1, CH Urtnasan1, TS Naranzul1, CH Maitsetseg1, G Nyamaa1, N Bayasgalan1, A 
Ambaselmaa1, P Nymadawa1,2*  

1National Influenza Center, National Center of Communicable Diseases, Ulaanbaatar, Mongolia; 
2Mongolian Academy of Medical Sciences, Ulaanbaatar, Mongolia 

Background: Detailed analysis of pandemic influenza in every country of the globe will contribute to 
the understanding of the real nature of influenza pandemics. We have reported the first wave of the A 
(H1N1)pdm09 in Mongolia to the Options-VII, and an article based on it has been published 
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elsewhere (Nymadawa P, et al. IRV. 2011;5(suppl 1):163-165). Here, we report the descriptions of the 
2nd and 3rd waves of the pandemic A (H1N1)pdm09 in Mongolia. Materials and Methods: The 
epidemiologic and virologic data collected through the influenza sentinel surveillance system of 
National Influenza Center (NIC), Mongolia, were used for the analysis. For the epidemiologic analysis 
we used routine epidemiologic procedures, like calculation of weekly incidence rate of influenza-like 
illnesses (ILIs) per 10,000 population, tolerant limits based on the past 10 years’ morbidity, etc. 
Influenza viruses were detected in nasopharyngeal samples from ILI patients by rt-RT-PCR with 
Applied Biosystems Fast Real Time PCR System 7500 using primers and instructions supplied by the 
CDC, USA. Influenza viruses were isolated by inoculation of rt-RT-PCR-positive samples of MDCK 
cell culture according to the standard protocol. Results: After forty-four weeks’ interval from the end of 
the first wave, A (H1N1)pdm09 virus began to circulate from the 1st week of 2011. During the second 
wave of the pandemic, ILI activity was mild and it exceeded the upper threshold limit from the 1st to 4th 
week of 2011. Indeed, pandemic virus continued to be a causative agent in the community 
approximately ten weeks in total. The second wave of the pandemic lasted 2.8 times shorter in 
duration, peak morbidity was 3.2 times lower and outpatient visits were fewer by 2% in comparison to 
the first wave. Also virus spread was sporadic covering local communities. In the hospital-based 
sentinel sites 5406 patients were admitted with severe acute respiratory infections (SARIs) and there 
were 14 fatal cases (85.7% in children < 4 years old). The positive rate for influenza A (H1N1)pdm09 
in 2010/11 decreased by 56.5% and reached 24.2%. The 2011/12 influenza season was dominated 
by influenza A (H3N2) virus between February and April 2012, and thereafter influenza A (H1)pdm09 
virus was introduced simultaneously, causing the third wave of A (H1N1)pdm09 virus. The virus 
caused a relatively mild epidemic, not exceeding the threshold limit, and lasted approximately five 
weeks. During that period there were 1749 patients registered with SARI and 2 fatal cases due to 
SARI. In the third wave the positivity rate for A (H1N1)pdm09 virus was 8.0%. Conclusions: In 
Mongolia, the magnitude of  A (H1N1)pdm09 virus attacks decreased from the first to the subsequent 
waves. The first wave of A (H1N1)pdm09 virus attack was replaced by influenza B virus, but in the 
last two waves, pandemic virus was followed by A (H3N2) virus intensive circulation in the community. 

P1-129 

Analysis of potential changes in seriousness of influenza A and B viruses in 
Hong Kong from 2001 to 2011 

J Wong1*, E Goldstein2, P Wu1, D Ip1, J Wu1, G Leung1, B Cowling1 

1School of Public Health, Li KaShing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Center for Communicable Disease Dynamics, Department of 
Epidemiology, Harvard School of Public Health, Boston, Massachusetts 

Background: Continued monitoring of the seriousness of influenza viruses is a public health priority. 
The infection fatality risk (IFR), defined as the risk of death among people infected by a virus, is a 
useful measure of seriousness of influenza virus infections. When estimating excess influenza 
mortality via linear regression modeling, the regression coefficient for influenza activity is in theory 
directly proportional to the IFR. We investigated drifts over time in the regression coefficients for 
influenza activity to assess potential changes in the association between mortality rates and influenza 
activity in Hong Kong. Materials and Methods: We applied time series regression models to data on 
cardiorespiratory mortality rates in Hong Kong from 2001 through 2011. We used surveillance data on 
outpatient consultations for influenza-like illness, and laboratory detections of influenza 
types/subtypes to construct proxy measures of influenza activity (Wu P, et al. J Infect Dis. 2012). In 
the regression model we allowed the regression coefficients for influenza to drift over time, lagged by 
1 week to allow for a delay between infection and death, and adjusted for temperature and humidity. 
We selected specific potential change points in influenza A that occurred before and after at least 
three influenza seasons in our study period, namely A(H3N2) in 2005 and 2007, and A(H1N1) in 
2008, and used the Akaike Information Criteria as a measure of goodness-of-fit between models with 
different combinations of change points. Results: There were 14 influenza seasons in Hong Kong 
from 2001 through 2011(excluding the year 2003). The estimated regression coefficients for A(H3N2) 
remained constant in 2001-04, there was a substantial step increase at the beginning of 2005 and the 
coefficient remained fairly stable thereafter. The regression coefficients for A(H1N1) remained fairly 
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stable from 2001 through 2011, while there was a suggestion of an increase in the coefficient at the 
end of the period during the second epidemic wave of A(H1N1)pdm09 in 2011. The regression 
coefficient for influenza virus B slowly increased over time with no rapid changes. Conclusions: Our 
model suggested an increase in seriousness of A(H3N2) that could be associated with the 
appearance of the A/Fujian/411/2002(H3N2)-like virus. However, an apparent increase in the 
regression coefficient in A(H1N1)in early 2011 could be an artifactual change because the 
A(H1N1)pdm09 virus was associated with a higher cumulative incidence of infection in children than 
seasonal viruses. Ongoing monitoring of mortality and influenza activity could permit identification of 
future changes in seriousness of influenza virus infections. 

P1-130 

Epidemiological analysis of influenza-like illness (ILI) and severe acute 
respiratory infections (sARI) in Mongolia, 2007-2012 

A.Burmaa1, T Kamigaki2, B Darmaa1, P Nymadawa1,3, H Oshitani2*

1National Influenza Center, National Center of Communicable Diseases, Ulaanbaatar, Mongolia; 
2Department of Virology, Tohoku University Graduate School of Medicine, Sendai, Japan; 3Mongolian 
Academy of Medical Sciences, Ulaanbaatar, Mongolia 

Background: Mongolia’s Health Service started influenza surveillance in the 1970s when the country 
has experienced population growth and urbanization. Initially, surveillance included influenza-like-
illness (ILI) counts with some laboratory confirmation, which was conducted only in the capital city, 
Ulaanbaatar. Over time, this surveillance became more comprehensive by expanding ILI and sARI 
and has involved all aimags (provinces) of the country since 2009. We involved the surveillance data 
from 2007/08 to 2011/12 season because our surveillance data on ILI and sARI became more 
completed in the selected areas in that period. Materials and Methods: We studied the epidemiology 
of influenza through an analysis of both ILI and sARI surveillance data from the 2007/08 season to 
2011/12 season. Incidence rates of ILI and sARI were calculated as the proportion between the 
number of ILI and sARI and the total population in the areas covered by surveillance for each year. 
We calculated a tolerant limit by Serfling method (cyclic regression model) using nationwide data on 
ILI morbidity per 10,000 population from 2000 to 2011 year in Mongolia, and the peak period of 
influenza season is defined as an interval when the number of ILI cases exceed above the upper 
tolerant limit and a proportion of influenza virus positives exceed 15% or more. We used the real-time 
reverse transcriptase polymerase chain reaction (rtRT-PCR) assays for detecting influenza viruses 
according to the standard protocol developed by the Centers for Disease Control and Prevention 
(CDC), United States, and primers were provided by WHO Collaborating Centers. Results: During the 
five influenza seasons, there were 14.0 ILI and 0.8 sARI episodes per 100 populations per year on 
average. The highest ILI incidence of 22.2 was observed in 2009/10 season, which was 1.6 times 
higher than the average. The highest sARI incidence of 1.0 was also observed in the 2009/10 season, 
which was 1.3 fold higher than the average. Overall the ratio of sARI episodes to ILI episodes was 
calculated as 0.054. With age-stratified incidences of ILI and sARI, the highest incidence was 
observed among children aged 0-4 years. The number of ILI cases showed a clear seasonality 
generally peaking between December and February, except for the 2009/10 season when an early 
peak in October and November was observed, which was caused by A (H1N1)pdm09. In contrast, 
sARI incidence showed slightly different patterns from ILI. There were generally two peaks in each 
season; the first peak in October to December and the second one in January to February. During the 
study period at the selected sites, there were a total of 65,392 sARI hospitalization (7.8% of all 
hospitalizations) with 181 fatal cases (0.3% of all sARI hospitalization). Mainly fatal cases were 
registered during the epidemic period of each season. Children < 4 years old accounted for 77.1% of 
the hospitalized pneumonia and 84.0% of all mortality cases. Dominant influenza types/subtypes were 
also different year by year. Influenza B was dominantly detected in 2007/08 and 2011/12, influenza A 
(H3N2) was in 2010/11 while seasonal A (H1N1) was in 2008/09 season. In the 2009/10 season a 
predominant virus was A (H1N1)pdm09. Total positive rates of influenza were 2.2% in 2007/08, 4.2% 
in 2008/09, 25.6% in 2009/10, 10.5% in 2010/11 and 11.2% in 2011/12. Conclusions: Collecting 
epidemiologic surveillance data is needed to gauge the timing and peak of the influenza season and 
is an important pandemic preparedness activity. The recent pandemic A(H1N1)pdm09 influenza 
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outbreak has also highlighted the importance of timely surveillance data to monitor epidemiologic 
trends for guiding public health control measures. 

P1-131 

Investigation of human infections during H5N1 crow outbreaks in Jamshedpur, 
India  

BV Tandale*, SD Pawar, YK Gurav, SS Kode, SS Parkhi, AC Mishra 

National Institute of Virology, Pune, India 

Background: Highly pathogenic avian influenza (HPAI) H5N1 emerged in China in 2003. Since then, it 
caused 628 cases including 374 deaths (59.55%) as reported to the World Health Organization 
(WHO) as of 26 April 2013. H5N1 virus continues to pose a serious threat to global public health. In 
spite of many outbreaks since the first poultry outbreak in January 2006, India has not reported any 
confirmed human cases. However, neighboring Bangladesh has reported 7 cases and 1 death since 
2008. Importantly, H5N1 strains from Bangladesh are genetically similar to those isolated from West 
Bengal, Assam and Tripura states in India. Outbreak response activities during H5N1 poultry/wild bird 
outbreaks mainly focus on respiratory illnesses among occupational risk groups. Serosurveillance 
studies are usually undertaken following the confirmation of human H5N1 disease. These are mostly 
limited to detect asymptomatic infections among contacts of confirmed cases. There is limited 
literature on the need and usefulness of serosurveillance studies in the absence of laboratory-
confirmed clinical H5N1 disease. The similar efforts in India earlier did not yield any asymptomatic 
infections. In November 2011, an unusual high mortality among crows from Jamshedpur (Jharkhand) 
was confirmed as the H5N1 virus. Crow mortality was reported in Jamshedpur from 28th August 2011, 
peaked in September 2011 and continued until March 2012. Five poultry samples also showed the 
presence of H5N1 virus. The virus belonged to the 2.3.2.1 clade. However, no human illnesses were 
reported. The recent affliction of crows during the H5N1 virus outbreak implied an increased risk of 
human infections. This prompted us to explore the possibility of asymptomatic human infections during 
the recent H5N1 crow outbreaks in Jamshedpur, India. Materials and Methods: Serologic survey was 
undertaken between the 10th and 18th of March 2012, approximately 3-4 months of reported peak 
activity. Outbreak investigations confirmed H5N1 virus as the etiology in November 2011 with the 
infected poultry hypothesized to be the probable source. Occupational risk groups were investigated 
for exploring the possibility of asymptomatic infections and understanding the behaviors and practices 
likely to transmit infections. Sample-size calculation was not attempted as it was designed as an 
exploratory pilot study. The study protocol was approved by the institutional human ethics committee. 
Written informed consent was obtained from each study participant. A total of 128 human subjects 
involved in outbreak response activities were interviewed using the questionnaire for the list of 
activities undertaken and likely exposures. The occupational exposures were listed and categorized 
as either direct or indirect. The blood samples (5 mL) were collected in sterile evacuated gel tubes, 
centrifuged, sera separated and transported on cold-chain for storage at –20ºC until testing. Sera 
were screened for antibodies against HPAI H5N1 virus by hemagglutination inhibition (HAI) and 
microneutralization (MN) assays. HAI assay was performed using horse and turkey red blood cells as 
per the protocols recommended by World Health Organization. MN assays were undertaken in 
biosafety level 3 laboratories. HI and MN assays were performed using H5N1 virus similar to the 
2.3.2.1 clade obtained from the Centers for Disease Control, USA. Antibody titers of ≥ 1:40 for HAI and 
≥ 1:80 for MN assays were considered positive.Results: All veterinary (poultry) workers were exposed 
directly during the outbreak response procedures like slaughtering, defeathering and handling of dead 
crows or cleaning of infected premises. All of them reported use of personal protective equipment 
(PPE). All sera were negative for H5N1 specific antibodies by both HAI and MN assays. Conclusions: 
Asymptomatic human infections were not detected in occupational risk groups during H5N1 virus crow 
outbreaks. The use of PPE might have reduced the exposure risks. The serosurveillance studies 
need to be evaluated for early detection of infections during the poultry or wild bird outbreaks. 
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P1-132 

Use of real time RT-PCR to estimate influenza A (H3N2) virus shedding: 
Association of cyc 

M Sundaram1*, J Meece1, D McClure1, S Spencer2, J Clippard2, M Thompson2, E Belongia1 

1Marshfield Clinic Research Foundation, Marshfield, WI, United States; 2U.S. Centers for Disease 
Control and Prevention, Atlanta, GA, United States 

Background: Real-time reverse transcriptase polymerase chain reaction (rRT-PCR) is widely used for 
influenza diagnosis. Cycle threshold (Ct) values have been used as a proxy for the amount of 
influenza virus nucleic acid in a given respiratory sample. Ct values are inversely related to the 
amount of nucleic acid: low Ct value indicates a high viral load. However, Ct values are not 
standardized, and the relationship between Ct value and clinical characteristics of influenza is largely 
unknown. We performed an exploratory analysis to examine the association between Ct value and 
demographic or clinical characteristics among patients with influenza A (H3N2) infection who were 
enrolled in a vaccine effectiveness study during the 2011-12 and 2012-13 influenza seasons in 
Wisconsin. Materials and methods: Adults and children seeking outpatient care for acute respiratory 
illness lasting ≤ 7 days were prospectively enrolled, and combined nasal and oropharyngeal swabs 
were obtained from consenting individuals for influenza testing. Clinical and demographic data were 
obtained from the enrollment interview and medical record. Influenza was confirmed by RT-PCR using 
the LightCycler Real-Time PCR System (Roche Diagnostics); PCR primers and probes were provided 
by CDC. Samples with Ct value < 40 were defined as positive for influenza. A human RNase P gene 
primer and probe set was used as a positive control for the presence of human nucleic acid. Mean Ct 
values were compared by t-test or ANOVA. A linear regression model assessed clinical and 
demographic factors associated with higher Ct value. Influenza vaccination status was determined 
using a validated immunization registry, and participants who received one or more doses were 
considered vaccinated. The analysis was restricted to participants with a positive RT-PCR for 
influenza A (H3N2). Children < 2 years old were excluded because sample collection procedures 
differed in that age group. Results: There were 523 patients with influenza A (H3N2) infection in the 
analysis, including 159 enrolled in 2011-12 and 364 in 2012-13; 232 (44%) were men and the mean 
(±SE) age was 33.1 ± 1.1 years. The mean (±SE) Ct value was 26.6 ± 0.2. In univariate analyses, Ct 
values did not differ significantly by gender or self-rated general or current health status. Mean (±SE) 
Ct values were 24.8 ± 0.4 for children 2-8y, 27.5 ± 0.5 for children 9-18y, 27.3 ± 0.4 for adults 19-49y, 
27.5 ± 0.5 for adults 50-64y, and 25.4 ± 0.6 for adults ≥65y after controlling for interval from illness 
onset to swab date, termed “swab interval” (p < 0.0001). The mean (±SE) Ct value was 25.7 ± 0.3 for 
individuals with a swab interval 0-3 days and 28.5 ± 0.4 for a swab interval 4-7 after controlling for age 
group (p = < 0.0001). The mean (±SE) Ct value was 25.8 ± 0.3 among patients who were vaccinated, 
and 27.2 ± 0.3 among those not vaccinated, after controlling for age group and swab interval (p= 
0.001). This association was also seen after excluding 115 children under 9 years old (p = 0.008). In a 
linear regression model, Ct was associated with age group (β ±SE: 0.4 ± 0.2 for each increase in age 
group, p = 0.02), swab interval (β ±SE: 2.7 ± 0.5, p < 0.0001), receipt of influenza vaccine (β ±SE: -
1.6 ± 0.4, p = 0.0004), and male gender (β ±SE: -0.8 ± 0.5, p = 0.05). Conclusions: Lower Ct values 
(i.e., higher viral load) were associated with shorter swab intervals, consistent with other studies that 
have demonstrated reduced viral shedding over time. Lower Ct values were also associated with 
younger age, consistent with existing evidence that viral shedding is higher in children. In an 
unexpected finding, Ct values were significantly lower in persons who received at least one influenza 
vaccine after adjustment for potential confounders, suggesting greater shedding of virus nucleic acid 
in persons with vaccine failure compared to unvaccinated persons. The potential biological 
mechanism is unknown; this finding requires confirmation in other seasons and populations.  
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P1-133 

The immunogenicity of influenza A(H1N1)v pandemic virus studied in different 
models 

E Mukasheva*, E Burtseva, E Kirillova

DI Ivanovsky Institute of Virology, Moscow, Russia 

Background: The new influenza pandemic announced by WHO in 2009 was caused by the influenza 
A(H1N1)v virus, which resulted from multiple gene reassortment occurring between swine, avian and 
human viruses. Its antigenic structure was rather new for humans; thus studying the A(H1N1)v virus’s 
immunogenic properties is important for the spread control and specific prophylaxis, and mainly for 
the development of vaccines. The aim of this study was to access the immunogenic properties of 
pandemic influenza virus A (H1N1)v in different population groups. Materials and Methods: Several 
antigens were studied in the HI test: А/Brisbane/59/07 (H1N1), А/Brisbane/10/07 (H3N2), 
А/Perth/16/09 (H3N2), A/California/07/2009 (H1N1)v, В/Brisbane/60/2008-like (Victoria Lineage), 
В/Florida/4/2006-like (Yamagata Lineage) taken from Kit-WHO. Seven virus strains (various isolations 
of the Moscow 2009 (H1N1) pandemic virus) were studied in the microneutralisation assay: 
A/Moscow/IIV01;02;03;09;11;90;92/2009 (H1N1)swl. Monovalent pandemic vaccines included 
A/California/07/2009 (H1N1)v virus. Trivalent seasonal vaccine included А/Brisbane/59/07 (H1N1), 
А/Brisbane/10/07 (H3N2) and В/Brisbane/60/2008-like (Victoria Lineage) viruses. Comparative study 
of vaccines of different type (trivalent seasonal and monovalent pandemic ones) was performed on 
animal models. Three various vaccines were included into this investigation, which differed by their 
type (split or polymer-subunit) and HA content (15 µg or 5 µg). The rats were vaccinated three times 
in dose of 0.5 mL IM. The titers of specific antibodies were accessed in HI test and microneutralisation 
assay. Investigation of the population immunity with respect to pandemic A(H1N1)v virus was 
performed in four different age groups: 1) children vaccinated by seasonal trivalent vaccine before 
pandemic (2008-2009); 2) medical workers possessing a high risk to be infected during pandemic 
(2009); 3) patients with PCR-confirmed A(H1N1)v and with PCR-unconfirmed influenza, and also 
pregnant females (2009-2011); 4) schoolchildren and teachers of residential care after the first wave 
of pandemic (spring of 2010). Paired sera were studied in HI. Results: Specific antibodies to the 
pandemic influenza A (H1N1)v virus were found only in those rats that were vaccinated by 
monovalent pandemic vaccines. In rats vaccinated by the seasonal vaccines, only antibodies reactive 
with the vaccine composition strains A(H1N1), A(H3N2) and B virus, and no antibodies reactive with 
the pandemic A(H1N1)v virus, were found. The microneutralisation test revealed that the high titers of 
specific antibodies generated by the monovalent pandemic vaccine reduced the virus reproduction in 
MDCK cells. Results of HI test and microneutralisation assay differed with respect to detection of 
specific antibodies for pandemic A(H1N1)v virus in the compared groups. In children who were 
vaccinated with the seasonal vaccine, only the antibodies reactive with the seasonal strains were 
found, but not ones reactive with the pandemic strain even when high titers of seasonal A(H1N1) 
antibodies were detected. Only 10% of evaluated population of medical workers possessed 
antibodies to the A(H1N1)v virus at a protective level by the end of 2009. About 78% of assessed 
schoolchildren in a boarding school and 30% of teachers, which were in close contact during 
pandemic spreading, had antibodies to the pandemic strain by the spring of 2010; in paired sera 
increased levels of specific antibodies both to pandemic A(H1N1)v and seasonal A(H1N1) viruses 
were detected in the group of hospitalized patients infected with the A(H1N1)v virus. Conclusions: 
Immunogenicity of monovalent vaccines depended on their type, HA content and strain composition. 
The seasonal vaccine was not protective against pandemic A(H1N1)v virus infection. Monovalent 
pandemic vaccines had high immunogenicity resulting in production of specific antibodies that 
neutralized virus reproduction in MDCK cells. The buster effect of antibodies’ titer increasing in 
relation to a seasonal A(H1N1) virus after the infection with pandemic A(H1N1)v virus was also found. 
We detected decreased antibody titers in pregnant females.   
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P1-134 

Self-reported severity and impact of illness of influenza and noninfluenza 
acute respiratory illnesses among pregnant women in the United States, 
2010-12 

LZ Sokolow1,2, AlL Naleway3, D-K Li4, P Shifflett5, JR Ferber4, SB Reynolds2, R Odouli4, ML 
Henninger3, JL Williams6, S Ball5, S Bozeman5, SA Irving3, and MG Thompson1; The Pregnancy and 
Influenza Project Workgroup 

1Influenza Division, Centers for Disease Control and Prevention (CDC), Georgia, United States; 
2Battelle Memorial Institute, Atlanta, Georgia, United States; 3Center for Health Research, Kaiser 
Permanente Northwest, Portland, Oregon, United States; 4Division of Research, Kaiser Foundation 
Research Institute, Oakland, California, United States; 5Abt Associates, Inc, Cambridge, 
Massachusetts, United States; 6National Center on Birth Defects and Developmental Disabilities, 
CDC, Atlanta, Georgia, United States 

Background: Although pregnant women are at increased risk of complications from influenza virus 
illness, little is known about the clinical characteristics and severity of influenza illness among 
nonhospitalized pregnant women or about how influenza illness differs from noninfluenza acute 
respiratory illness (ARI) in pregnant women. Methods: The study took place in two metropolitan areas 
on the west coast of the United States over two influenza seasons (2010–2011 and 2011–2012). 
Eligible women were pregnant and attended at least one prenatal visit. Potential ARIs were identified 
by daily surveillance of medical visits (using ICD-9 codes 460–466 and 480–488) during both 
seasons and by weekly Internet- and/or telephone-based surveillance among a prospective cohort 
enrolled in the first season only. Respiratory specimens were collected using nasopharyngeal swabs 
from women reporting fever/feverishness/chills and cough within 7 days of illness onset and tested for 
influenza viruses using real-time reverse transcription polymerase chain reaction assay. At specimen 
collection, women rated the severity of 8 illness symptoms (0–3; absent to severe), and these were 
summed as a severity score (0–24). Women also rated the extent to which the illness interfered with 
their daily activities from 0 (unable to perform) to 9 (able to perform usual activities). Illness duration, 
duration of fever, and use of prescription or over-the-counter medications were assessed in a follow-
up phone interview 10–14 days after swab collection. Highest recorded temperature was taken from 
the follow-up interview, or from the medical record for visits that occurred during the illness. Chronic 
medical conditions, dispensed prescriptions, and subsequent medical encounters were extracted 
from medical records. Results: Of 292 women interviewed and swabbed, 100 (34%) tested positive 
for influenza (45 A[H1N1]pdm09, 33 A[H3N2], 1 influenza A unsubtyped, or 21 influenza B viruses) 
and 192 (66%) were influenza negative. These groups (influenza positive vs negative) did not differ in 
demographic characteristics or trimester of pregnancy; most women were in their second (43%) or 
third trimester (42%) at the time of illness. However, influenza-positive women were less likely than 
influenza-negative women to have a chronic medical condition (17% vs 30%; P < .05) and less likely 
to have a prepregnancy body mass index (BMI) ≥3 0 (15% vs 31% obese; P < .05). Women with 
influenza rated their symptoms as more severe (mean ± standard deviation = 14.1 ± 3.5) than those 
with noninfluenza ARI (12.7 ± 3.9) (P < .01); specifically, cough, myalgia, feverishness, and chills 
were rated as more severe for influenza illnesses (P < .05). Women with influenza were also less able 
to perform daily activities (3.1 ± 1.9 on a scale of 0–9) than women with noninfluenza ARI (4.2 ± 2.3) 
(P < .001). Differences between influenza and noninfluenza illnesses in symptom severity and 
interference with activities remain statistically significant after adjusting for site, season, age, chronic 
medical conditions, BMI, and days between illness onset and specimen collection. Most influenza 
illnesses (63%) were associated with a fever (≥ 100oF), compared with only 25% of noninfluenza ARI 
(P < .001). In a multivariate model, adjusting for site, age, season, chronic medical conditions, BMI, 
and days since illness onset, high fevers (≥ 102oF) were 8-fold more likely (adjusted odds ratio [AOR] 
= 8.09; 95% confidence interval = 3.32–19.55) and prolonged fevers (≥ 2 days) were twofold more 
likely (AOR = 2.61; 2.32–2.96) among women with influenza compared with noninfluenza ARI. The 
duration of illness, number of medical encounters, and number of antibiotics dispensed did not differ 
for influenza versus noninfluenza ARI. However, women with influenza were more likely to report 
using over-the-counter medication and antiviral medication (92% and 19%, respectively) than women 
with noninfluenza ARI (81% and 3%) (P < .05). Conclusions: Pregnant women with influenza 
described their illnesses as more severe and more disruptive to their daily activities than women with 
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noninfluenza ARIs. Most notably, influenza illnesses were substantially more likely to be associated 
with high and prolonged fevers, which is of particular concern given that febrile illnesses may 
increase the risks of adverse fetal outcomes. These findings highlight the need for all countries with 
influenza vaccine programs to vaccinate pregnant women, as recommended by the World Health 
Organization. 
 
 
P1-135 
 
New approaches to safety surveillance of seasonal trivalent influenza vaccine 
in pregnant women: experiences from FASTMum 2013 
 
A Regan1*, C Blyth2, S Taksdal3, D Mak3, P Richmond2, P Effler3  
 

1School of Pathology and Laboratory Medicine, University of Western Australia, Perth, Western 
Australia, Australia; 2School of Paediatrics and Child Health, University of Western Australia, Perth, 
Western Australia, Australia; 3Communicable Disease Control Directorate, Western Australia 
Department of Health, Perth, Western Australia, Australia 
 
Background: Pregnant women are at increased risk of morbidity and mortality due to serious 
influenza-related complications. Antenatal vaccinations with seasonal trivalent influenza vaccine (TIV) 
can reduce morbidity among pregnant women, and the available data suggest a protective effect 
among infants born to vaccinated mothers. For these reasons, in 2012, the World Health 
Organisation’s Strategic Advisory Group of Experts on Immunization stated that pregnant women are 
the highest priority for seasonal influenza vaccination. Influenza vaccination coverage rates among 
pregnant women remain low in a number of countries. One of the reasons for this low coverage may 
be related to pregnant women’s perceptions of influenza vaccination. Although the safety of influenza 
vaccination administration during pregnancy has been well established, half of antenatal patients who 
refuse vaccination cite safety concerns as their primary reason. Ongoing and timely safety 
surveillance could help reassure pregnant women and promote vaccine uptake. In 2013, the Western 
Australia Department of Health modified its TIV safety monitoring system FASTMum (Follow-up and 
Active Surveillance of TIV in Mums) to collect information regarding the safety of TIV in pregnant 
women using SMS technology. Materials and Methods: In Western Australia, seasonal antenatal 
influenza vaccinations are reported to the Western Australia Department of Health by vaccination 
providers. In 2013, SMS technology was introduced as a semiautomated, rapid method to capture 
adverse events following immunization in a timely manner. Of the 2203 antenatal vaccination reports 
received between 01 March and 15 May 2013, 1852 (84.1%) of these women consented to SMS 
follow-up and provided a mobile telephone number. One week post vaccination, the Western Australia 
Department of Health sent a SMS message to these women asking if they had experienced any 
reactions following the 2013 TIV. Women who responded “yes” to this message were followed-up with 
a telephone questionnaire. Results: On average, complete information regarding adverse events 
following TIV was obtained within one month (28 days) of vaccine administration. Of the 1425 women 
who responded to SMS in the first two months of influenza season, one in ten (10.8%) pregnant 
women reported a nonserious adverse event one week following receipt of the 2013 TIV. Of these 
women, 52 (3.6%) reported a local reaction at the site of injection, 29 (2.0%) reported fatigue, 28 
(2.0%) reported fever, 27 (1.9%) reported respiratory symptoms (eg, coughing, congestion, sneezing), 
and 24 (1.7%) reported headache. Of the 427 women who did not respond to SMS, 333 (88.0%) were 
followed-up with a telephone interview. With the exception of injection-site reaction, the rate of 
adverse events was consistent with that of women who responded to SMS. No serious reactions 
related to the influenza vaccine were identified. Conclusions: The results from FASTMum 2013 are 
promising and provide timely evidence of 2013 TIV safety in pregnant women in the early months of 
influenza vaccination season in the southern hemisphere. These results demonstrate the feasibility of 
using mobile phone technology to monitor vaccine safety in near real-time. Information resulting from 
this surveillance effort is important for addressing lingering concerns among providers and antenatal 
patients about the safety of influenza vaccine for pregnant women.  
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P1-136 
 
Epidemiology and clinical presentation of influenza types and subtypes among 
patients hospitalized with acute lower respiratory illness in South Africa, 2009-
2012 
 
A Cohen1*, F Treurnicht2, M Niewoudt2, O Hellferscee2, S Walaza2, S Madhi3,4, M Groome3,4, H 
Dawood5,6, E Variava7, K Kahn8,9,10, N Wolter2, A von Gottberg2, S Tempia1,2, M Venter2,11, C 
Cohen2,3; the SARI Network 
 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2Centre for Respiratory 
Diseases and Meningitis, National Institute for Communicable Diseases, Johannesburg, South Africa; 
3Schools of Public Health and Pathology, University of the Witwatersrand, Johannesburg, South 
Africa; 4Medical Research Council: Respiratory and, Meningeal Pathogens Research Unit, 
Johannesburg, South Africa; 5Pietermaritzburg Metropolitan Hospital Complex, Pietermaritzburg, 
South Africa; 6University of KwaZulu Natal, South Africa; 7Klerksdorp Tshepong Hospital, Klerksdorp, 
South Africa; 8MRC/Wits Rural Public Health and Health Transitions Research Unit (Agincourt), 
School of Public Health, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, 
South Africa; 9Umeå University, Umeå, Sweden; 10INDEPTH Network, Accra, Ghana; 11Zoonoses 
Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, South Africa 
 
Background: The frequency of types and subtypes of influenza viruses that circulate in humans varies 
each year. Clinical and epidemiologic differences between types and subtypes have been reported, 
for example, the younger age distribution of the first wave of 2009 pandemic influenza A(H1N1) strain 
[A(H1N1)pdm09] compared with previously circulating types and subtypes. However, reports are 
conflicting, and little or no data have emerged from Africa. We sought to compare the demographic 
and clinical characteristics, risk factors, and severity among case-patients hospitalized in South Africa 
with severe acute respiratory illness associated with (1) influenza A(H1N1)pdm09, influenza A(H3N2), 
and influenza B from 2009-2012, and (2) influenza A(H1N1)pdm09 in the first wave in 2009 and 
second wave in 2011. Materials and Methods: Children and adults of all ages with influenza-
confirmed severe acute respiratory illness (SARI) were identified through active, prospective, sentinel 
hospital-based surveillance system in four provinces in South Africa. Respiratory specimens were 
tested by multiplex real-time reverse transcription polymerase chain reaction (PCR) assay for 
influenza; influenza A–positive specimens were further subtyped by PCR. Blood specimens were 
tested by PCR for pneumococcus and HIV. Clinical and epidemiologic information was gathered by 
patient interview and medical record review. Multinomial and logistic multivariable regression models 
were used to identify factors associated with SARI caused by each influenza type and subtype and 
first and second wave of A(H1N1)pdm09, respectively. Results: From 2009 to 2012, 1238 (8.0%) of 
15,540 SARI patients tested positive for influenza. Of these, 463 (37.4%) were influenza A(H3N2), 
336 (27.1%) were influenza A(H1N1)pdm09, 419 (33.8%) were influenza B, and 20 (1.6%) were not 
subtyped. The predominant type or subtype each year was as follows: A(H3N2) (192/375, 51.2%) in 
2009, B (164/273, 60.1%) in 2010; A(H1N1)pdm09(139/361, 38.5%) in 2011; and B (105/204, 51.5%) 
in 2012; in addition, the first wave of influenza A(H1N1)pdm09 (159/375, 42.4%) occurred in 2009. 
Case-patients with influenza B were older than those with other types and subtypes (B median age 
23.7 years [5%-95%ile 0.2-63.2], A(H3N2) median age 2.8 years [5%-95%ile 0.2-64.6], A(H1N1) 
median age 5.1 years [5%-95%ile 0.3-60.6)]; P < .001 by Wilcoxon rank sum test). HIV testing results 
were available for 955 (77.1%) of influenza cases; of those, 399 (41.8%) tested positive. On 
univariate analysis, case-patients with influenza A(H1N1)pdm09 were less likely to be coinfected with 
any respiratory virus other than influenza (crude relative risk ratio [cRRR] 0.6; 95% CI 0.4-0.8). Case-
patients with influenza B were more likely than case-patients with influenza A(H3N2) to be HIV 
infected (cRRR 1.6, 95% CI 1.2-2.3) and hospitalized for ≥ 2 days (cRRR 1.9; 95% CI 1.4-2.6) 
compared with < 2 days). Multivariable logistic regression, controlling for year, found case-patients 
with influenza B were more likely to be HIV infected (aOR 1.4; 95% CI 1.01-1.8) than patients with 
influenza A. The median age of case-patients infected during the second influenza A(H1N1)pdm09 
wave was higher than those infected during the first influenza A(H1N1)pdm09 wave (2009 median 
age 3.6 years [5%-95%ile 0.3-59.0] vs 2011 median age 19.2 years [5-95%ile 0.2-59.0]; P < .001 by 
Wilcoxon rank sum test). In multivariable logistic regression, controlling for age and surveillance sites 
as categorical variables, case-patients infected during the second influenza A(H1N1)pdm09 wave 
were less likely to have pneumococcal coinfection (aOR 0.3; 95% CI 0.1-0.8) than case-patients 
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infected during the first pandemic wave. There was no difference in the case-fatality rate between 
types and subtypes nor between the first and second wave of A(H1N1)pdm09. Conclusions: Clinical 
disease in patients hospitalized with SARI in South Africa differed by infection with different influenza 
types and subtypes, particularly in regard to year, age distribution, and coinfection with HIV and 
pneumococcus. Patients with influenza B and the second wave of influenza A(H1N1)pdm09 were 
older. No increase in lethality was noted between the first and second waves of influenza 
A(H1N1)pdm09. Influenza B may be associated with HIV infection compared with influenza A. 
 
 
P1-139 
 
The burden of influenza in young Kenyan children 
 
M McMorrow1,2*, G Emukule3, H Njuguna3, G Bigogo3, J Montgomery2,3, J Duque1,4, M Widdowson1, J 
Mott2,3 
 

1Influenza Division, National Center for Immunization and Respiratory Diseases, Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States; 2US Public Health Service, Rockville, 
Maryland, United States; 3Kenya Medical Research Institute/Centers for Disease Control and 
Prevention-Kenya (KEMRI/CDC), Nairobi, Kenya; 4Battelle, Atlanta, Georgia, United States 
 
Background: Influenza-associated disease burden among children in sub-Saharan Africa is not well 
established. Annual estimates of influenza-associated hospitalizations in children from 2008-2011 in 
the US states of Oregon and Michigan ranged from 0.2-2.3 per 1000 children < 5 years old. Of US 
children with laboratory-confirmed influenza, only 28% of inpatients and 17% of outpatients were 
clinically diagnosed with influenza by their health care provider. Among 14 African countries during 
2006-2010,10% of children 0-4 years old hospitalized with severe acute respiratory illness (SARI) 
were influenza positive by rRT-PCR, but these surveillance data cannot assess the rates of disease 
needed to understand the burden of influenza. We estimated the burden of influenza in children < 5 
years old through population-based influenza-like illness (ILI) surveillance in 2 communities in Kenya:  
Kibera, an informal urban settlement of Nairobi, and Lwak, a rural community in western Kenya. 
Materials and Methods: From January 2008 to December 2012, household surveillance for ILI was 
conducted every 2 weeks to capture all persons with ILI in the household regardless of whether or 
where they sought care. The ILI case definition was temperature of ≥ 38°C plus cough or sore throat 
with onset in the past 7 days. Household surveillance was conducted weekly from September 2009 to 
January 2010 when the influenza A (H1N1)pdm09 strain was introduced. Information was also 
gathered on hospitalization from SARI in both sites, although laboratory confirmation of hospitalized 
patients was only available in Lwak. Nasopharyngeal and oropharyngeal specimens were obtained 
from patients who met the ILI or SARI case definition and attended the study outpatient clinic (both 
sites) or who met the SARI case definition and were admitted to the study hospital in Lwak. 
Specimens were tested by rRT-PCR for influenza. The case definition for SARI was based on a 
modified WHO Integrated Management of Childhood Illness (IMCI) severe pneumonia definition: 
cough or difficulty breathing with presence of a danger sign or oxygen saturation ≤ 90% on room air. 
Population-based rates of influenza-associated hospitalization, medically attended SARI (inpatient 
and outpatient), and medically attended ILI were calculated for children < 5 years. Crude rates were 
adjusted for health-seeking outside the study clinics, and the proportion of influenza-positive among 
sampled children was applied to those without influenza test results. Results: The average rate of 
influenza-associated hospitalization (inpatient SARI) was 3.6 (95% CI 2.3-75.5) per 1000 person-
years in children < 5 in Lwak. The average rate of influenza-associated medically attended SARI 
(inpatient and outpatient) in children < 5 was 13.6 (95% CI 10-18.5) per 1000 person-years in Lwak 
and 20.2 (95% CI 16.4-24.9) per 1000 person-years in Kibera. The average rate of influenza-
associated medically attended ILI in children < 5 was 67.5 (95% CI 59.9-76.1) per 1000 person-years 
in Lwak and 45.5 (95% CI 39.3-52.6) per 1000 person-years in Kibera. Few children who had 
laboratory-confirmed influenza were diagnosed with influenza by the treating clinician in the inpatient 
(0%) or outpatient (2.5%) settings. In addition, 55% of children in Lwak and 99% of children in Kibera 
meeting the SARI case definition were treated as outpatients. Outpatient influenza-associated SARI 
cases in Lwak and Kibera were as likely as hospitalized influenza-associated cases to be hypoxic (P 
= .48) and to be diagnosed with pneumonia (P = .11),  but hospitalized influenza-associated SARI 
cases were more likely to be diagnosed with malaria (P = .01). Conclusions: The burden of influenza-
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associated hospitalization in Kenyan children from 2008-2012 was 1.2-10 times higher than estimates 
of influenza-associated hospitalizations in the US states of Oregon and Michigan from 2008-2011. 
Many children who had an IMCI danger sign were not hospitalized and the SARI case definition 
applied was fairly stringent, which may indicate that the true burden of influenza-associated severe 
disease in Kenyan children is much higher than current estimates suggest. Few clinicians diagnosed 
children with influenza despite the presence of a global pandemic during the reporting period. 
Influenza-associated disease remains underrecognized in Kenyan children.   
 
 
P1-140 
 
Influenza-associated excess mortality model incorporating temperature data; 
Germany, 2001/02-2009/10 
 
U Buchholz*, B Greutélaers B, M an der Heiden  
 
Robert Koch Institute, Berlin, Germany 
 
Background: Excess mortality is being monitored through the European Mortality Monitoring (Euro 
MOMO) system. Recent discussions have taken place with the aim to develop models to calculate 
influenza-associated mortality (IAM) at three time points: (i) during the season, (ii) at the end of each 
season (using all-cause data), and (iii) two years after the season (when final cause-specific data are 
available). In addition to outcome-specific issues (all cause vs cause specific), the question how to 
include temperature and what kind of lag time has been controversial. Methods: We used cause-
specific, age group (0-64, 65-74, 75+), and week of death aggregated mortality data from 2001 until 
2010 obtained from the “Research Data Centre of the Statistical Offices of the Länder.” To simulate 
the difference between options (ii) and (iii), we calculated excess mortality for (a) deaths of any cause, 
(b) cardiovascular deaths (CAR), (c) respiratory deaths (RES), and (d) their sum. We parameterized 
the model as follows: indicator for influenza activity: (1) number of influenza cases reported through 
the mandatory notification system, and (2) temperature: weekly mean of four cities representing four 
geographical regions in Germany. For the model we used a penalized spline of the temperature with 4 
degrees of freedom to model its impact on mortality. In addition a sine/cosine curve simulated 
seasonality. We allowed a different parameter for the impact of influenza activity in each season. To 
investigate the need for possible lags between influenza and mortality we analysed case-based data 
on the interval from symptom onset to death (using data from the mandatory reporting system). 
Results: The variables sine/cosine and temperature fitted the course of the overall mortality very well. 
Heat waves, but not cold spells, were associated with excess mortality. The temperature splines 
showed a low in mortality between approximately 5°C and 15°C with a smaller rise below and a 
higher rise (≈ 10%-20% increase) above. For calculation of the interval from symptom onset to death, 
most data were from the pandemic season 2009/10. The mode was in the first week after symptom 
onset. In six of the nine seasons examined, including the pandemic season 2009/10, the model 
yielded negative, no or low (< 1000) numbers of influenza-associated excess deaths. In 2002/03, 
2004/05 and 2008/09, total numbers of IAM of any cause ranged between 11,700 and 19,400 deaths. 
Cardiovascular mortality attributed to approximately half, respiratory deaths to approximately a quarter 
of these, and their sum to about three quarters. Conclusions: In Germany, the association of 
temperature and overall mortality is generally well fitted by a penalized spline. However, cold spells do 
not seem to play a major confounding factor for the calculation of influenza-associated deaths. 
Statistically significant “negative” excess mortality as well as the role of RSV epidemics still needs to 
be tackled. Incorporation of a lag time does not seem to be necessary. Using all-cause deaths (as 
available immediately at season’s end) would “overestimate” cardiovascular + respiratory deaths by ≈ 
25%. 
 
 
 
 
 
 
 

52Epidemiology



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-141 
 
Results from the first five years of national sentinel surveillance for influenza 
in Kenya, July 2007-June 2012 
 
P Muthoka1, H Njuguna2, R Kalani1, G Emukule2, L Waiboci2, G Bigogo2, R Breiman2, J Mott2, M Katz2 
 
1Ministry of Public Health and Sanitation, Nairobi, Kenya; 2Centers for Disease Control-Kenya/Kenya 
Medical Research Institute, Nairobi, Kenya; 3Centers for Disease Control-Kenya/Kenya Medical 
Research Institute, Kisumu, Kenya 
 
Background: While seasonal influenza has been long known to cause morbidity and mortality in 
developed countries with temperate climates, recent studies have shown that influenza causes a 
significant burden of disease in countries throughout the tropics as well. In 2007, the Kenyan Ministry 
of Health, together with the Centers for Disease Control and Prevention-Kenya (CDC-K), established 
a national sentinel surveillance system for influenza to describe the epidemiology and burden of 
influenza in Kenya, to identify circulating influenza strains, and to provide an early warning system for 
pandemic influenza. Materials and Methods: We conducted surveillance for influenza-like illness (ILI) 
and severe acute respiratory illness (SARI) in 11 health care facilities in Kenya. For children < 5 years 
old with SARI, a modified version of the World Health Organization’s Integrated Management of 
Childhood Illness (IMCI) definition for pneumonia was used. For patients ≥ 5 years old, SARI was 
defined as axillary temperature ≥ 38°C plus cough, sore throat or shortness of breath. Hospitalization 
was a required for all SARI cases. We defined ILI as axillary temperature ≥ 38°C and cough or sore 
throat in an outpatient of any age. From July 2007-December 2011, at all 11 hospitals, for every 
person with SARI, and for the first three ILI patients per day at each site, a two-page questionnaire 
with questions about demographics, signs and symptoms, and exposures was administered, and a 
nasopharyngeal (NP) swab and oropharyngeal (OP) swab was obtained. From January 2012-June 
2012, surveillance was conducted at 9 hospitals only and was limited to SARI in all but 2 locations. 
Beginning in 2008, we conducted follow-up for SARI patients to determine final outcome (discharge or 
death). NP and OP swabs were placed into a single cryovial with viral transport medium, refrigerated 
at 2-8 degrees Celsius, and transported to the National Influenza Center (NIC) in Nairobi, where they 
were immediately placed in a –80 degrees Celsius freezer. At the NIC and the Kenya Medical 
Research Institute (KEMRI)/CDC-K laboratory, specimens were tested by real-time reverse 
transcriptase polymerase chain reaction (rtRT-PCR) for influenza A and influenza B. All specimens 
positive for influenza A were subtyped for seasonal H1, H3, H5, and (beginning in May 2009) pH1N1 
using rtRT-PCR. Results: From July 1, 2007, through June 30, 2012, we enrolled 21,467 SARI 
patients and 13,019 ILI patients. Of SARI and ILI patients, 44% and 47%, respectively, were female; 1 
year was the median age for both, and 91% of SARI patients and 88% of ILI patients were < 5 years 
old. Of SARI and ILI patients, 7% and 3%, respectively, had chronic illness; 62% and 75%, presented 
within 3 days of symptom onset; and 1% of all patients reported having been vaccinated against 
influenza in the past year. Overall, 10% of SARI cases were positive for influenza, compared with 
16% of ILI cases (P < .001). The highest percent positive for influenza occurred in 2009 (13% for 
SARI; 19% for ILI), when pandemic influenza A (H1N1) first circulated in Kenya. Influenza A 
comprised 81% of all influenza-positive specimens, and predominated in all years except for 2007. 
Influenza circulated year-round and was detected during every month of the five-year period, but 
influenza activity peaked during April-November of most years. We collected follow-up information for 
6641 patients. The case fatality ratio for all SARI patients was 2%. The percentage of SARI patients 
who died in the hospital and tested positive for influenza was lower than the percentage of patients 
discharged alive who had influenza (3% vs 9%, P = .015). Conclusions: During five years in Kenya, 
influenza was an important contributor to outpatient and inpatient respiratory illness and circulated 
throughout the year with peaks during the colder months. Most influenza-associated SARI and ILI 
cases were in children < 5 years old; interventions to reduce the burden of influenza, such as vaccine, 
should initially target this age group. 
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P1-142 
 
Characterization of the severe influenza infection cases in the Czech Republic 
during the epidemic season 2012/2013 
 
H Jirincova1, A Nagy1, M Havlickova1, O Dzupova2, J Kyncl1,3, K Herrmannova4, M Trojanek4, V 
Maresova4, L Novakova1  
 
1National Institute of Public Health, Centre for Epidemiology and Microbiology, Prague, Czech 
Republic; 2Third Faculty of Medicine, Department of Infectious Diseases, Hospital Na Bulovce, 
Charles University, Prague, Czech Republic; 3Third Faculty of Medicine, Department of Epidemiology, 
Charles University, Prague, Czech Republic; 4Second Faculty of Medicine, First Department of 
Infectious Diseases, Charles University, Prague, Czech Republic 
 
Background: Influenza A viruses represent one of the major global health problems in the human 
population. Clinical forms of infection vary from mild to severe and even life threatening. The virus is 
variable and genetically unstable. Currently, three subtypes of influenza A virus circulate in the human 
population: H3N2, H1N1 and since 2009 the so-called pandemic H1N1 (H1N1pdm). The objective of 
our study was to explore the genetic characteristic of the influenza A virus strains that caused severe 
clinical manifestation in the Czech Republic (CR) during the epidemic season 2012/2013. Materials 
and Methods: The epidemiologic and virologic surveillance system of influenza is active throughout 
the year and uses the European Union case definition for influenza. Data are collected weekly and 
analyzed at the national level. The A influenza strains studied were isolated on cell culture (Madin-
Darby canine kidney cells) from samples taken from patients with severe influenza-like illness (ILI) 
symptoms or from postmortem samples that were positive for H1N1pdm virus by RT-qPCR. The 
entire coding genomes of the representative group of H1N1pdm strains were sequenced, and the 
phylogenetic relationships between each of the genome segments were estimated. Subsequently, 
neighbour-joining or maximum likelihood trees were calculated for each genome segment using the 
PHYLIP 3.63 package. Trees were drawn by the TreeExplorer tool in the MEGA4 program. Results: A 
sudden increase in severe influenza cases has been registered in the CR since the end of 2012, with 
528 cases requiring intensive care, including 123 deaths. The morbidity gradually increased with the 
epidemic wave culmination in the 6th calendar week (CW). The incidence of severe ILI cases 
persisted from the 52nd CW of 2012 until the 12th CW of 2013. Most patients had at least one risk 
factor for severe influenza infection: cardiovascular disease, obesity, smoking, chronic pulmonary 
disease, diabetes mellitus, epilepsy and/or hematologic disease. From the etiologic point of view, the 
H1N1pdm subtype was confirmed in 60% of patients, H3N2 in 9% and influenza B (Yamagata 
lineage) in 7%. In 24% of cases the influenza A virus subtype could not be determined due to low 
sample positivity. As the H1N1pdm virus was the predominant strain, we presume that the majority of 
unsubtyped influenza A viruses also belonged to this subtype. Analysis of the H1 sequences of 24 
influenza A H1N1pdm isolates representing the 2012/2013 influenza season indicated high sequence 
similarity both at the nucleotide and amino acid level, with the 1310 H1 sequence as the most diverse. 
This was also reflected in the H1 phylogenetic tree, where all the 24 sequences belonged to the H1 
subclade 6 defined by the A/St.Petersburg/27/2011 reference strain. Currently, subclade 6, along with 
subclade 7, represents the predominating phylogenetic lineages of H1N1pdm influenza virus subtype 
in Europe. This group, along with H1N1pdm09 group 7, represents the currently predominating 
phylogenetic lineages of this influenza virus strain in Europe. Conclusions: The entire influenza 
season 2012/2013 in the CR was atypical regarding the number of severe cases requiring in-hospital 
and even intensive care, the death rate and the duration of the epidemic. Each of these was 
significantly higher than in previous seasons. The impact of this epidemic has been comparable with 
the pandemics in 2009/2010. Influenza H1N1pdm and unsubtyped influenza A viruses were found in 
almost all cases of influenza ICU patients. Most deaths were linked primarily to rapidly developing 
respiratory failure due to progressive pneumonitis, as previously described (Chowell G, et al. N Engl J 
Med. 2009;361:674-679). These complications caused by the H1N1pdm virus are difficult to explain 
because the virus is neither shown to have markedly increased virulence over other seasonal 
influenza viruses, nor is it a particularly strong cytokine inducer in vitro. The potential for increased 
pathogenicity could be a result of the combination of other genetic markers.The study was supported 
by grant IGA MZ CR NT/12493-3. 
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P1-143 

Epidemiological characteristics analysis for influenza-associated 
hospitalization in Jingzhou from 2006 to 2008 

Y Luo1, J Huang2, N Xiang1, Z Peng1* 

1Chinese Center for Disease Control and Prevention, Beijing, China; 2Jingzhou Center for Disease 
Control and Prevention, Jingzhou, China 

Background: We analyzed the epidemiologic characteristics of influenza-associated hospitalized 
patients in Jingzhou, Hubei province, from 2006 to 2008. Methods: We conducted a retrospective 
study for hospitalization cases admitted to all health facilities in Jingzhou urban area from 2006 to 
2008. Information from medical records were collected, based on the International Classification of 
Diseases, Tenth Revision codes for influenza-associated disease. We analyzed the epidemiologic 
characteristics and calculated the hospitalization rate.  Results: 38,020 hospitalization cases admitted 
to 27 medical facilities for influenza-associated disease were extracted from Jan 1, 2006 to Dec 31, 
2008. Our study showed that the mean annual hospitalization rate was 11‰, and increased year by 
year. The annual hospitalization rate was highest in the < 1-year-old group (335‰), and the ≥ 65-
year-old group reached the peak of the case fatality of influenza-associated disease (1.8%). There 
were a few more males with influenza-associated disease than females. While the influenza-
associated disease was present throughout the three years, cases were mostly in March, with a 
spring peak.  Conclusions: The influenza-associated hospitalized burden in the study area was 
relative high, especially in infants and elderly people, who would be the high-risk group. These 
findings highlight the need for more efforts on influenza prevention for both infants and elderly people. 

P1-144 

Viral and clinical risk factors for hospitalizations and severe pneumonia in 
children under 5 years in Western Kenya 

H Njuguna1*, B Nyawanda1, G Emukule1, G Bigogo1, M McMorrow2, J Mott1 

1Kenya Medical Research Institute/Centers for Disease Control and Prevention-Kenya (KEMRI/CDC), 
Nairobi, Kenya; 2Influenza Division, National Center for Immunization and Respiratory Diseases, 
Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: With the global expansion of vaccine use for bacterial respiratory pathogens, respiratory 
viruses, including influenza and respiratory syncytial virus (RSV), are a growing relative contributor to 
severe pneumonia. To reduce mortality in children, WHO introduced the Integrated Management of 
Childhood Illness (IMCI) guidelines that define pneumonia and severe pneumonia to assist health 
care providers in determining whether patients should be treated as outpatients or inpatients. 
However, countries in sub-Saharan Africa report poor compliance with IMCI guidelines undermining 
efforts to reduce child mortality. Poor IMCI compliance may also result in a significant burden of 
severe pneumonia that is not hospitalized. We sought to determine the proportion of children with 
severe pneumonia who were not hospitalized, and the contributions of influenza and RSV to both 
hospitalized and nonhospitalized severe pneumonia in western Kenya. Methods: Between Jan 2008 
and Dec 2012, we conducted population-based surveillance for inpatient and outpatient respiratory 
illness at Lwak Hospital. Children from this surveillance system aged < 5 years, and who met the IMCI 
case definition for pneumonia (cough or difficulty breathing with age-specific tachypnea) or a modified 
IMCI case definition for severe pneumonia (cough or difficulty breathing with hypoxia or one or more 
danger signs [lethargy/unconsciousness, unable to drink or breastfeed, vomiting everything and 
convulsions]) were included in this analysis. Nasopharyngeal and oropharyngeal specimens were 
collected and tested by rRT-PCR for influenza viruses during the entire study period, and for RSV 
during Jan 2008-Feb 2011. We described the distribution of influenza and RSV infection among 
tested hospitalized and nonhospitalized patients with severe pneumonia. We conducted bivariate and 
multivariate analyses using logistic regression analyses to evaluate i) if children with influenza or RSV 
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infections were at greater risk of hospitalization, and ii) if outpatients with influenza or RSV infections 
were at greater risk of severe disease. Multivariate analyses included possible confounders of HIV 
status, malaria status and low weight-for-age Z scores (< –2) if they were associated with primary 
outcomes at P < .2 in bivariate models. HIV, malaria, and low weight-for-age Z scores were included 
in the final model predicting hospitalizations; and malaria and low weight-for-age Z scores were 
included in the final model predicting severe pneumonia. Results were stratified by child’s age 
category (0-24 and 25-59 months). Results: Among 4314 children aged < 5 years with pneumonia, 
2280 (53%) were < 24 months and 2297 (53%) were males. Of the 4314 children, 3621 (84%) and 
693 (16%) were seen as outpatients and inpatients, respectively. In addition, 726/4314 (17%) had 
severe pneumonia of whom 414/726 (57%) were seen as outpatients. Among outpatients, 1118/3621 
(31%) and 660/2390 (28%) were tested for influenza and RSV, respectively. Of those tested, 85/1118 
(8%) had influenza infection (41/514 [8%] aged 0-23 mo and 44/604 [7%] aged 24-59 mo) and 
117/660 (18%) had RSV infection (65/306 [21%] aged 0-23 mo and 52/354 [15%] aged 24-59 mo). 
Among hospitalized patients, 241/693 (35%) and 183/594 (31%) were tested for influenza and RSV, 
respectively. Of those tested, 12/241 (5%) had influenza (8/141 [6%] 0-23 mo and 4/100 [4%] 24-59 
mo) and 46/183 (25%) had RSV (35/111 [32%] 0-23 mo and 11/72 [15%] 24-59 mo). Among 
outpatients with severe pneumonia, 122/414 (29%) were tested for influenza and 58/242 (24%) tested 
for RSV; 11/122 (9%) had influenza infection and 11/58 (19%) had RSV infection. In multivariate 
analysis, detection rates of influenza (aOR 0.58, P =.09, 95% CI 0.31-1.09) and RSV (aOR 1.18, P = 
.44, 95% CI 0.77-1.81) were not different between inpatients and outpatients, or among those with 
and without severe pneumonia (influenza aOR 0.81, P = .57, 95% CI 0.41-1.64) and (RSV aOR 1.11, 
P = .64, 95% CI 0.72-1.72). Of the 41 deaths occurring within one month of follow-up, 12 (29%) 
deaths had been seen as outpatients only, 5/12 (42%) of these deaths had at least 1 IMCI danger 
sign. Conclusions: A significant portion of persons with severe respiratory disease are not hospitalized 
in this context. Monitoring hospitalizations alone may underestimate respiratory viral contributions to 
severe respiratory disease. Over half of patients with severe pneumonia were seen as outpatients. 
Further adherence to IMCI standards for hospital admission might reduce morbidity and mortality due 
to respiratory disease. 
 
 
P1-145 
 
Risk factors for seropositivity to 2009 pandemic influenza A/H1N1 virus in the 
United States before and after the 2009 pandemic 
 
C Reed*, J Katz, V Veguilla, A Balish, K Hancock, A Fry 
 
Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States 
 
Background: Since its initial detection in April 2009, pandemic influenza A/H1N1pdm09 caused a 
global pandemic with widespread illness. Estimating the incidence of infection following the virus’ 
emergence and identifying factors associated with increased risk of infection are important to 
understanding the spread of H1N1pdm09. Clinical surveillance underestimates the community 
incidence of influenza, as it may not capture asymptomatic infections or many mild illnesses. In 
addition, surveillance among persons seeking medical care in outpatient or hospital-based settings 
may be biased by factors associated with the severity of illness or access to medical care. Population-
based serologic surveys can complement clinical surveillance and provide a fuller measure of the 
incidence of H1N1pdm09 infection over time and also identify risk factors for infection that are 
unbiased by the propensity to seek care. We conducted a series of cross-sectional serologic surveys 
in the United States to better understand the overall and age-specific incidence of infection with 
H1N1pdm09 following the spring and fall waves of the pandemic and to identify risk factors that may 
be associated with an increased risk of infection with H1N1pdm09. Materials and Methods:  We 
conducted three cross-sectional serologic surveys for pH1N1. Two of these surveys were among 
participants in the National Health and Nutrition Examination Survey (NHANES), an ongoing 
population-based survey conducted nationwide in the United States. We obtained a probability-based 
sample of banked serologic specimens from participants during each of two enrollment periods: the 
years 2007-08 prior to the pandemic, and the year 2010 following the spring and fall waves of the 
pandemic. An additional serosurvey was conducted using leftover serum specimens submitted to 
clinical laboratories from December 2009-January 2010 in ten US states, one from each of ten 
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geographic regions of the country. Each serum specimen was tested in triplicate using the 
hemagglutination inhibition (HI) assay against A/California/7/2009; a specimen was considered 
seropositive if the geometric mean HI titer was ≥ 40. The increase in seroprevalence was calculated 
as the difference in the proportion of participants seropositive for H1N1pdm09 between two surveys. 
For NHANES samples, titer results were linked to data collected for each participant, including 
demographic and social factors, medical history, access to health care, and a routine physical exam. 
For the 10-state sample, only patient age and date of collection were available. Results were 
analyzed in SUDAAN to accommodate the NHANES sampling frame and sample weights. Results: A 
total of 1142 NHANES participants were included from 2007-08 and 3334 participants from 2010. 
Prepandemic seropositivity varied by age, with the highest prevalence among adults over age 80 
years (28%; 95% CI: 13%–43%), and lowest in children aged < 12 years (1.0%; 95% CI: 0%–2.2%). 
After adjusting for age, persons born outside the US were less likely to have prepandemic cross-
reactive antibody to pH1N1 (OR = 0.38, 95% CI: 0.21–0.69), but there was little variation by other 
demographic or socioeconomic factors. An additional 2759 persons were included from ten states at 
the end of 2009. The age-adjusted increase in seroprevalence to pH1N1 from baseline to the end of 
2009 in the ten-state sample was 26.2% (95%CI: 23.5%–28.8%). The increase in seroprevalence was 
highest in children aged 5-17 years (52.7%; 95% CI: 46.6–58.8). Further analysis will include 
comparing titers and survey data among the second NHANES sample to identify subgroups with 
greater increases in seropositivity following the pandemic. In addition, while influenza vaccine status 
was not known for each participant, we will incorporate data on pH1N1 and seasonal vaccine 
coverage over the same time periods. Conclusions: Understanding better how an influenza pandemic 
affects the population and which subpopulations are at greater risk for infection informs future 
planning and prevention policies.  Approximately one-fourth of the US population, including half of 
children, developed seropositivity to H1N1pdm09 by the time activity waned. Ongoing analyses 
comparing increases in seropositivity by demographic and socioeconomic factors and underlying 
health history will identify additional factors associated with the risk of infection during the 2009 
pandemic in the United States.   
 
 
P1-146 
 
Antibody responses in a predominantly young cohort to naturally acquired 
influenza infection 
 
S-S Wong1, CM Oshansky2, T Jeevan1, I Tigner, Jr1, D Wang1, PL Roddam3,4,5, M.A Caniza1, JP 
DeVincenzo3,4,5,6, PG Thomas2, R Webby1* 
 

1Infectious Diseases, 2Departments of Immunology, St. Jude Children’s Research Hospital, Memphis 
Tennessee, United States, 3Departments of Pediatrics and 4Molecular Sciences, University of 
Tennessee School of Medicine, Memphis, Tennessee, United States,5Children’s Foundation 
Research Center, and 6Le Bonheur Children’s Hospital, Memphis, Tennessee, United States 
 
Background: Studies on the antibody responses during natural influenza virus infection in humans are 
lacking, especially in younger individuals. Here we present the pattern of antibody responses in a 
predominantly young cohort of influenza patients from two influenza seasons. Materials and Methods: 
We assessed the pattern of serologic and site-of-infection antibody responses to homologous and 
heterologous hemagglutinins by neutralization or enzyme-linked immunosorbent assays. Results: In 
the nasal compartment, influenza virus-specific IgA and IgG levels were detectable as early as on 
enrollment and showed age-specific trends in the antibody-isotype response, with a positive 
correlation between age and speed of response. Infants had a more robust influenza virus-specific 
IgA profile compared with IgG, whereas the inverse was true in older children and adults. We also 
identified a subset of individuals who seroconverted to the H3 hemagglutinin after infection with H1N1 
virus and vice versa, suggesting that influenza virus infection can induce a cross-subtype antibody 
response within the population. Conclusion: We showed the age-specific trends of influenza antibody 
responses during naturally acquired influenza virus infections in the serum and nasal compartments. 
 
 
 

57Epidemiology



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-147 
 
Influence of preexisting hemagglutination-inhibition titers against historical 
influenza strains on antibody response to inactivated trivalent influenza 
vaccine in adults 50-80 years of age 
 
DM Carter1*, CJ Lin2, MP Nowalk2, ME Sundaram3, T Friedrich4, CE Bloom1, RK Zimmerman2, and 
TM Ross1,5 
 
1Vaccine and Gene Therapy Institute of Florida, Port St. Lucie, Florida, United States; 2University of 
Pittsburgh Department of Family Health, Pittsburgh, Pennsylvania, United States; 3Marshfield Clinic 
Research Foundation, Marshfield, Wisconsin, United States; 4University of Wisconsin Department of 
Pathobiological Sciences, Madison, Wisconsin, United States; 5University of Pittsburgh Microbiology 
and Molecular Genetics, Pittsburgh, Pennsylvania, United States 

 
Background: A better understanding of the serologic response to influenza vaccination is needed due 
to concerns about the effectiveness of influenza vaccine in older persons and the phenomenon of 
higher antibody titers being produced in response to influenza strains encountered earlier in life. 
Methods: Antibody responses against the three viruses in the 2011-2012 trivalent influenza vaccine 
before (Day 0) and 21 days post vaccination (Day 21) were analyzed in 272 individuals 50-80 years 
old. Sera were tested for hemagglutination-inhibition activity at Days 0 and 21 against vaccine strains 
and at Day 0 against a panel of historical seasonal influenza strains. Seroprotection was defined as a 
titer of ≥ 1:40 and seroconversion as a 4-fold rise in titer from Day 0 to Day 21. Results: The 
proportion of subjects whose postvaccination titers were seroprotective at Day 0 and 21, respectively, 
was 37% versus 66% for A (H1N1), 29% versus 63% for A (H3N2), and 29% versus 42% for B. Tests 
for trend demonstrated that the percent of seroprotected subjects for each strain rose with an 
increasing number of seroprotective responses against historical strains (P < .01) for A (H1N1) and A 
(H3N2) but not B, among those seronegative at Day 0 for vaccine strains. In multivariable logistic 
regression analyses that controlled for age, sex, race, site and diabetes status, seroprotection at Day 
21 for the A strains was significantly more likely as the number of seroprotective responses against 
historical strains increased (A (H1N1) odds ratio [OR] 1.43, 95% confidence interval [CI] = 1.10-1.85; 
H3N2 OR = 1.29, 95% CI = 1.05-1.59; B OR = 1.28, 95% CI = 0.96-1.69). Likelihood of 
seroconversion was significantly higher with number of responses to historical strains for A (H3N2) 
only (OR = 1.23, 95% CI = 1.00-1.51). Seroconversion for all three strains was significantly less likely 
as Day 0 vaccine strain titers increased. Conclusion: Seroprotection against influenza increased as 
seroprotection to historical strains increased, with antigenic cross-reactivity demonstrated for 
influenza A.  
 
 
P1-148 
 
Age synchrony in seasonal variations of influenza and respiratory syncytial 
virus in a subtropical city 
 
L Yang1*, KH Chan2, KP Chan1, XL Wang1, PH Cao1, JSM Peiris1,3, CM Wong1 
 

1School of Public Health, The University of Hong Kong, Hong Kong Special Administrative Region, 
China; 2Department of Microbiology, The University of Hong Kong, Hong Kong Special Administrative 
Region, China; 3HKU - Pasteur Research Centre, Hong Kong Special Administrative Region, China 
 
Background: It is well known that influenza and respiratory syncytial virus (RSV) tend to infect more 
children and elderly than younger adults. However, it is not clear whether epidemic curves of 
influenza had different seasonal patterns across age groups. No such studies have been conducted 
so far in subtropical/tropical regions where the seasonality of these viruses still remains poorly 
understood. The potential interference effect of the 2009 influenza pandemic on seasonal fluctuations 
of other viruses is also unknown. Materials and Methods: A total of 7080, 1060 and 3540 cases tested 
positive for influenza A (subtyped into seasonal sH1N1, H3N2, and pandemic virus pH1N1), influenza 
B and respiratory syncytial virus (RSV), respectively, from 2004 to 2010 in Hong Kong Island. We 
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examined the weekly age-specific epidemic curves for the age groups of 0-4, 5-17, 18-64 and 65+ 
years. The synchrony and time lag across age groups were assessed by cross-correlation. Age-
specific proportions of specimens positive for each virus (positive proportion) were also compared 
between the 2009 pandemic for influenza H1N1 and the interpandemic period. Results: The epidemic 
curves of sH1N1, H3N2 and influenza B were highly synchronized across age groups during the 
interpandemic period, with the highest correlation coefficient consistently found at lag 0. A few 
exceptions were found, including a lead time of two weeks in the 5-17 age group for H3N2 and a lag 
time of one week in the 18-64 age group for influenza B. The 2009 pandemic period was 
characterized with decreased activity of most viruses other than pH1N1, compared with the 
interpandemic period. This change was found in all age groups with the exception of a small increase 
in RSV in the 0-4 age group. Highly synchronized virus activity was found in all age groups with 
pH1N1 and most age groups of H3N2 during the pandemic. But a lag of up to four weeks was 
observed in the 65+ age group with H3N2. RSV virus activity became more synchronized during the 
2009 pandemic, despite that no age synchrony was found in the interpandemic period. Conclusions: 
Influenza demonstrated a highly synchronized virus activity across age in the subtropics. Our findings 
of lower positive proportions and varied age synchrony in nonpandemic respiratory viruses during the 
2009 pandemic need further investigation.  
 
 
P1-149 
 
The association of benzodiazepines with influenza-related mortality  
 
N Georgina1*, N Jonathan1, S Robert2, M Puja1  
 
1University of Nottingham, Division of Epidemiology and Public Health, Nottingham, United Kingdom; 
2University College London, Wellcome Department of Imaging Neuroscience, London, United 
Kingdom 
 
Background: Influenza has a huge impact on morbidity and mortality worldwide. One potentially 
important strategy to reduce this is to determine whether commonly prescribed drugs modify the risk 
of acquiring and mortality from influenza infection. The benzodiazepines, a class of psychoactive 
drugs, have recently been suggested as having detrimental effects on immune response to infection, 
predisposing its users to increased risk of infection and mortality. This study aims to investigate 
whether benzodiazepines modify the risk of influenza-related mortality. Methods: Data from the 
Clinical Research Datalink (CPRD), a UK-based longitudinal database of anonymised computerised 
general practice patient records, were used. Data on patients diagnosed with influenza were extracted 
for 2010 and 2011. Death within 30 days of influenza diagnosis was considered as influenza-related 
mortality. Study subjects were considered to be exposed to benzodiazepines if they had ever had a 
benzodiazepine prescription. Crude Cox regression analysis has been conducted and the 
multivariable analyses are under way. Factors to be considered as potential confounders include age, 
sex, Charlson comorbidity index score, depression, psychosis, statins, opioids, corticosteroids, 
alcohol, smoking and deprivation. Results are presented as unadjusted hazard rates (HRs) and 95% 
confidence intervals (CIs). Results: Of the 256,641 study subjects with influenza, 173 (0.07%) died 
within 30 days of their influenza diagnosis. The use of benzodiazepines was associated with a nearly 
six-fold increase in influenza-related mortality (unadjusted HR 5.73; 95% CI 3.99-8.21). Conclusions: 
Preliminary unadjusted analysis suggests an association between benzodiazepines and increased 
mortality following influenza infection. Further adjusted analyses are being undertaken to determine 
the independent effect of this class of drugs on the risk of mortality from influenza. 
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P1-150 
 
Influenza surveillance network in Côte d’Ivoire from 2007 to 2011: what have 
we learned? 
 
D Coulibaly1*, H Kadjo Adjé2, AK N’gattia1, D Chérif1, B Kouakou2, Y Traoré1, A Ouattara2, DP 
Kouassi1, DK Ekra1, SN Dagnan1 
 
1National Institute of Public Hygiene, Abidjan, Côte d’Ivoire; 2Pasteur Institute, Abidjan, Côte d’Ivoire 

 
Background: In 2006, after the detection in poultry of several avian influenza outbreaks, caused by 
influenza A (H5N1) in Abidjan, the Ivorian economic capital, a sentinel surveillance of human 
influenza has been established in the Ivory Coast by the Ministry of Health, for case detection and the 
control of the disease. After five years of operation, marked, among other things, by the episode of 
the influenza pandemic of 2009, what conclusion can be drawn? The present work aims to assess the 
epidemiologic surveillance of influenza. Materials and Methods: A review of the data and documents 
(protocol and monitoring tools) of the influenza epidemiologic surveillance unit of the National Institute 
of Public Health, for 2007 to 2011, was performed. It was to collect information on the simplicity 
(organization, case definition), acceptability (participation rate and refusal completeness of 
information), responsiveness (time between receipt of information and response) and flexibility 
(monitoring of pandemic influenza) of the influenza epidemiologic surveillance system. Results: The 
influenza sentinel surveillance was made up of 19 sentinel sites including 11 ILI sites and 8 SARI 
sites. The algorithm sample of patients consisted of three levels of performance (recording, 
verification of clinical signs, nasal pharyngeal samples). ILI case definition was based on two items 
(date of onset and clinical signs), while for SARI, it was based on four items (onset, clinical and 
laboratory findings, age). Regarding the acceptability of the monitoring system, the participation rate 
was 95% (18/19 sites), the completeness of notification reports for three main variables (age, sex, 
vaccination status) was 100% for 12/19 (63.2%) sentinel sites in 2011. A total of 56 health care 
professionals were involved in the operation, consisting of 23 (41.1%) physicians, 16 (28.6%) nurses 
and 17 (30.4%) laboratory technicians. A total of 3914 nasopharyngeal samples  were collected, 
including 1328 (33.9%) in 2009, the year of the pandemic influenza occurrence. The ILI accounted for 
97.6% (n = 3820) and SARI 2.4% (n = 94). Among ILI, 994 (26%) samples were positive, including 
671 (67.5%) influenza A, 300 (30.2%) influenza B and 23 (2.3%) coinfection influenza A and B. 
Influenza A subtypes detected were H1N1 (12.7%, n = 85), H3N2 (29.7%, n = 199), and pH1N1 
(19.7%, n = 132). On the reactivity of the monitoring system, the response time (investigation, care) 
after the detection of the first cases of influenza A (H1N1) pdm was less than 24 hours. In addition to 
the seasonal flu, the network managed to adapt to the new influenza A (H1N1) pdm. Conclusions: 
The sentinel surveillance system for influenza allowed, during the five years, to confirm the circulation 
of influenza viruses in Côte d'Ivoire and the occurrence of severe acute respiratory infections related 
to these influenza viruses, and to detect the emergence of a new phenomenon such as influenza A 
(H1N1) pdm. This system was simple, fair, responsive and flexible. 
 
 
P1-151 
 
Comparative analysis of the epidemiological and clinical profiles of influenza 
infection due to pandemic H1N1 (2009), H1N1, H3N2 and B in Abidjan, Cote 
d’Ivoire, 2007-2010 
 
KA N'gattia1,2, D Coulibaly1*, AH Kadjo3, Y Traoré1,2, B Kouakou,3 PD Kouassi1,2, D Cherif, I Tiembré1,2 
 
1National Institute of Public Hygiene, Abidjan, Côte d'Ivoire; 2Université Felix Houphouet-Boigny, 
Abidjan, Côte d'Ivoire; 3Pasteur Institute, Abidjan, Côte d'Ivoire 
 
Background: Influenza infection, whatever the responsible virus, may have diverse epidemiologic and 
clinical characteristics. Following the detection of avian influenza outbreaks in Abidjan, Cote d’Ivoire, 
in April 2006, the Ministry of Health of Cote d’Ivoire set up a new influenza surveillance network in 
2007 to monitor influenza caused by highly pathogenic avian influenza A (H5N1) in addition to 
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seasonal strains. This study aimed to compare the epidemiologic and clinical profiles of influenza-
related infections with pH1N1, H1N1, H3N2, and B viruses within the Abidjan population. Materials 
and Methods: We conducted a review of the influenza surveillance network data from the National 
Institute of Public Hygiene (INHP) from 2007 to 2010. We considered data from 15 sentinel sites in 
Abidjan, which are part of the INHP influenza surveillance network. The proportions of 
socioepidemiologic characteristics and clinical symptoms were compared according to the different 
influenza viruses using the χ2 test. Differences in the epidemiologic and clinical profiles were 
determined by using simple linear regression and sequential logistic regression models. All data 
analyses were performed with Stata 12.0 software. Results: Influenza viruses were isolated from a 
total of 921 patients, of whom 60 (6.5%) tested positive for H1N1, 177 (19.2%) for H3N2, 34 (3.7%) 
for pH1N1, 392 (42.6%) for unsubtyped influenza A, and 258 (28.0%) for influenza B. The 
characteristics of patients who tested positive for unsubtyped influenza A strains were not evaluated. 
The proportion of patients 5-14 years of age (37.5%) affected by pH1N1 was significantly higher than 
those with influenza B (9.9%) (P < .05). The proportions of patients aged 5-14 and 45-64 were also 
significantly different according to the type and subtype of influenza viruses (P = .002 and P = .01, 
respectively). Compared with cases of influenza B, those infected with H1N1 were more likely to be 5-
14 years of age (P = .044) or 45-64 years of age (P < .000). Both the incidence of fever (T > 38°C) 
and the mean body temperature were higher in patients with H1N1 (P = .005 and P = .001, 
respectively) and lower in those with pH1N1  (P = .005; P = .001). The proportion of myalgia/arthralgia 
was also higher in patients with the B strain (55.4%) and lower with pH1N1 (18.2%) (P = .012). The 
age of patients was inversely associated with body temperature with influenza B virus (P < .05) and 
with the H3N2 virus (P < .05). Patients infected by pH1N1 strain were 10.5 times more likely to have a 
cough compared with those infected by influenza H1N1. Those infected with pH1N1 were also three 
times more likely to be aged 5-14 years compared with those with influenza B. The odds of being 
male and aged 15-44 years were 2.85 and 2.77, respectively, given infection with influenza B 
compared with H3N2. Compared with those infected with H1N1, patients with influenza B were 
approximately 8.2 times and 6.2 times more likely to respectively be 15-44 years of age and to have 
experienced a cough. Patients positively tested for H3N2 were 6.5 and 2.5 times more likely to have a 
cough and experience myalgia/arthralgia compared with those who tested positive for H1N1. 
Conclusions: In the Abidjan population, influenza viruses present different clinical and epidemiologic 
profiles in different age groups that were included in our data. Based on the current strains circulating, 
public health actions, such as vaccination campaigns, education and advice on measures to avoid 
influenza infection, should be targeted at the populations most at risk. Our study demonstrates the 
variability in symptoms of influenza patients, and it is likely that some cases may be misdiagnosed if 
clinicians strictly follow the recommended World Health Organization case definition of suspect 
influenza cases. Thus, in the context of an influenza infection, apyrexia and absence of cough should 
not lead clinicians to automatically exclude influenza. 
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P1-152 
 
Influenza-associated severe acute respiratory illness deaths in the WHO 
African Region:  a case-series from 8 countries 
 
M McMorrow1,2*, E Wemankoy3,  J Tshilobo4, G. Emukule5, J Mott2,5, H Njuguna5, L Wiaboci5, J 
Heraud6, S Rajatonirina6, N Razanajatovo6, M Chilombe7, D Everett7, R Heyderman7, A Barakat8, T 
Nyatanyi9, J Rukelibuga10, A Cohen2,11, C Cohen12, S Tempia11, J Thomas12, M Venter12, E 
Mwakapeje13, M Mponela14, J Lutwama15, J Duque1, K Lafond1, N Nzoussou1, T Williams1, M-A 
Widdowson1 
 

1Influenza Division, National Center for Immunization and Respiratory Diseases, Centers  for Disease 
Control and Prevention, Atlanta, Georgia, United States; 2US Public Health Service, Rockville, 
Maryland, United States; 3Kinshasa School of Public Health, Kinshasa, Democratic Republic of 
Congo; 4Centers for Disease Control and Prevention-Democratic Republic of Congo, Kinshasa, 
Democratic Republic of Congo; 5Kenya Medical Research Institute/Centers for Disease Control and 
Prevention-Kenya (KEMRI/CDC), Nairobi, Kenya; 6National Influenza Center, Institut Pasteur de 
Madagascar, Antananarivo, Madagascar; 7Malawi-Liverpool-Wellcome Trust Clinical Research 
Programme, Balantyre, Malawi; 8Institut National d ’ Hygiene, Rabat, Morocco; 9Division of Epidemic 
Infectious Diseases, Rwanda Biomedical Center, Kigali, Rwanda; 10Centers for Disease Control and 
Prevention-Rwanda, Kigali, Rwanda; 11Centers for Disease Control and Prevention-South Africa, 
Pretoria, South Africa; 12Centre for Respiratory Diseases and Meningitis, National Institute for 
Communicable Diseases, Johannesburg, South Africa; 13Ministry of Health and Social Welfare-
Tanzania, Dar es Salaam, Tanzania; 14Centers for Disease Control and Prevention-Tanzania, Dar es 
Salaam, Tanzania; 15Uganda Virus Research Institute, Entebbe, Uganda 
 
Background: Influenza virus infections cause 250,000 to 500,000 deaths each year. Global mortality 
from the 2009 H1N1 pandemic was estimated to be nearly 300,000 deaths in the first 12 months after 
virus introduction, and more than half of these deaths occurred in Southeast Asia and Africa. 
Surveillance from 2006-2010 in 14 African countries found that 8.9% of hospitalizations meeting the 
severe acute respiratory illness (SARI) case definition were positive for influenza. Specific data on 
influenza mortality are needed to help inform vaccine policy, but data on influenza deaths in the WHO 
African Region are extremely limited.   Hospital-based influenza surveillance has increased 
dramatically in Africa, and we aimed to assess if the current systems could provide insights into 
seasonal influenza mortality among persons hospitalized for SARI in Africa. Materials and Methods: 
From January to April 2013, representatives from 28 (59%) of the 46 WHO African Region Member 
States, including all 24 countries who reported data to WHO’s FluNet in 2012, were invited to 
participate in a review of influenza-associated deaths in the region. A standard template was provided 
to countries to report SARI surveillance data collected in 2009 through 2012. Collected variables 
included number enrolled, age, gender, pregnancy status, underlying medical conditions, results of 
influenza testing by rRT-PCR, results of testing for other respiratory c-infections and outcome of 
hospitalization (discharge or death). Results: Twenty-three (82%) of 28 countries provided information 
about their SARI surveillance. Of these, 11 (48%) did not collect outcomes data, 9 (38%) collected 
SARI mortality data systematically either prospectively or retrospectively, 2 (8%) received reports of 
SARI deaths from sentinel sites but not systematically, and 1 (4%) had less than 1 year of 
surveillance data. Of the 11 countries that collected mortality data, 8 (73%) provided data for this 
analysis: Democratic Republic of the Congo, Kenya, Madagascar, Malawi, Rwanda, South Africa, 
Tanzania and Uganda. From 2009-2012, in the 8 countries that reported SARI deaths, data were 
collected from 40,184 subjects meeting the SARI case definition and enrolled in routine surveillance, 
and a total of 1222 deaths were reported (SARI CFR = 3.2%, range by country  0.1-5.5%). Overall, 
37,722 SARI (93.9%) were tested for influenza and 3514 (9.3%, range by country 5.1%-41%) tested 
positive for influenza. A total of 1073 deaths were tested for influenza and 58 (5.4%) tested positive 
for an influenza-associated CFR of 1.7% (58/3514) compared with 3.0% (1015/34,208) of influenza-
negative SARI (P = .02). The median age of influenza-infected deaths was 32 years (interquartile 
range 1-56) compared with 28 years (interquartile range 1-44) in SARI deaths without influenza 
infection (P = .05). Information on underlying medical conditions was available for 801 (66%) of SARI 
deaths including 44 (76%) of 58 with influenza. Thirty-one (70%) of 44 influenza-positive deaths had 
an underlying medical condition, compared with 501 (66%) of 758 without detected influenza (P = 
.53). HIV status was reported for 580 deaths (47%) among whom 419 (72%) were HIV infected 
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including 23 (70%) of 33 influenza-associated deaths. Of the 256 deaths in women of childbearing 
age, pregnancy status was provided for 237 (93%) among whom 7 (3%) were pregnant at the time of 
death. None (0/7) of the pregnant women with SARI identified in routine surveillance who died were 
influenza infected. Conclusions: Although most countries in the WHO African Region are conducting 
SARI surveillance, few are systematically collecting data on outcomes of hospitalization, and available 
information on deaths is sparse and incomplete. Among deaths identified through routine SARI 
surveillance, more than 5% were influenza associated. There is considerable variation in the 
proportion of SARI cases who died by country and the proportion of SARI deaths with influenza. This 
may reflect differences in case definitions, criteria for hospitalization, quality of hospital care or the 
quality of surveillance. The low number of deaths in pregnant women is unexpected given their 
increased risk of influenza-associated death during the pandemic, and may reflect inadequate 
surveillance in antenatal clinics and maternity wards. Surveillance for influenza-associated deaths 
should be strengthened in Africa. 
 
 
P1-153 
 
Development of an online, real-time information retrieval system for influenza 
surveillance data collection and sharing in Mongolia 
 
P Nymadawa1,2*, J Batbold3, B Gantsooj2, A Burmaa2, B Darmaa2 
 

1Mongolian Academy of Medical Sciences, Ulaanbaatar, Mongolia; 2National Influenza Center, 
National Center of Communicable Diseases, Ministry of Health, Ulaanbaatar, Mongolia; 3Engineer-
Soft, LLC, Ulaanbaatar, Mongolia 
 
Background: Information gathering, analysis and utilization of the epidemiologic and virologic data 
from the influenza surveillance sites by traditional methods become challenging task for National 
Influenza Centers (NIC) in resource-poor countries with the increase of sentinel site numbers. Here, 
we report the results of development, testing and everyday utilization of a modern IT-based 
information retrieval system for influenza surveillance data collection and sharing in Mongolia. 
Materials and Methods: A software for influenza surveillance data collection and sharing for NIC, 
Mongolia has been developed named FIS (Flu Information System) and FluLab in January-March 
2010 on the platform MySQL and ORACLE 10g using programming tools PHP and Borland Delphi 7. 
Retrospective and current influenza surveillance data of Mongolia in NIC, Mongolia have been used 
for the testing and building up online open database. Results: A server with the FIS software at NIC, 
Mongolia has been established in April 2013 and trained the first 15 trainers for FIS. In April-May 
2010, 15 trainers have been formed 5 teams and visited all influenza sentinel surveillance sites 
(ISSSs) of NIC, Mongolia in the Capital City-Ulaanbaatar and 21 aimaks (provinces of Mongolia) and 
made an FIS and FluLab readiness assessment of 186 units: outpatient and hospital ISSSs, Province 
Health Departments and trained 370 epidemiologists and statisticians how to use FIS and FluLab and 
connected ISSSs’ computers to the NIC, Mongolia server negotiating with local internet server 
companies. After this broad testing of FIS software with all ISSSs, some refinements have been done 
to the software and in September 2010 NIC, Mongolia has organized a training for all responsible 
officers for FIS and FluLab in all ISSSs and NIC, Mongolia. From October 1, 2010, it has been started 
o-line electronic reporting of epidemiologic and collected sample data and feedback from/to ISSSs 
countrywide parallel with the old system (phone information and faxing) and begin to publish the 
weekly surveillance data real-time online in form of maps and graphics using NIC, Mongolia Web sote 
www.flu.mn in Mongolian and English parallel. It has been started also building a database back to 
the 40th week of 2008 week by week. This testing has been supported by monthly audioconferencing 
about the data quality and corrections using Skype. Starting October 2011 the reporting become only 
online and the system is now functioning well with online, real-time sharing of current weekly 
epidemiologic and virologic data and database covering weekly information since the 40th week of 
2008. Information sharing and surveillance data utilization have been improved enormously and the 
speed of communication and analysis have been promoted also greatly. Conclusions: Modern online 
information collection and sharing of influenza surveillance is possible with a relatively small 
investment and budget in resource-poor countries and the financial and technical returns are 
encouraging.   
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P2-435 
 
Quantifying the respective roles of exposure and susceptibility to H1N1pdm 
infection: a structural equation modeling approach 
 
Y Mansiaux1,2*, F Carrat1,2,3 

 

1Epidemiology, Information System, Modeling, UMR-S 707, University Paris 6-UPMC, Paris, France; 
2Inserm U707, Paris, France; 3Public Health Unit, Saint-Antoine Hospital, Paris, France 
 
Background: Infection with H1N1pdm influenza results from a complex combination of biological 
characteristics of the virus and the host, individual and collective behaviors, social interactions 
(exposure) and environmental context. Numerous studies have been published since 2009 to explore 
associations between H1N1pdm infection and some of these risk factors. However, none tried to 
quantify the respective roles of variables related to exposure such as risk perception or intensity of 
contacts, and individual susceptibility. Using data from the CoPanFlu study, a large, nationwide 
representative cohort dedicated to investigating risk factors of H1N1pdm infection, we used a 
structural regression framework to model causal relationships between observed and latent variables 
and infection with H1N1pdm influenza. Structural equation models have the advantage over 
regression models to estimate direct and indirect relationships between observed or latent variables, 
and to quantify their independent effect on the outcome, simultaneously. Materials and Methods: In 
the CoPanFlu study, enrolled households were actively followed over three consecutive winters 
between 2009 and 2012.Questionnaires exploring risk perception and intensity of contacts were 
administered yearly, and annual serologic collection allowing pre/post influenza HAI titration. We 
limited our analysis to the 2010-11 season during which H1N1pdm was circulating for the second year 
in France. A H1N1pdm infection was defined as either a positive H1N1pdm RT-PCR or a 
seroconversion (4-fold increase of HI titer) during the follow-up period. We hypothesized influenza 
infection to result from two unobserved phenomena, exposure to the virus and individual susceptibility 
to influenza infection. Exposure to H1N1pdm virus was modeled using 3 latent variables, contacts 
with individuals at risk (3 indicators), protective measures against infection taken by the individual and 
by the other subjects of the household (4 indicators), and perception of efficient measures to avoid 
being infected (3 indicators). Susceptibility to influenza infection was modeled with a single indicator, 
the preseasonal HAI titer. Factors associated with high preseasonal HAI titer such as influenza 
vaccination were also studied. As age has been shown to be a major determinant of influenza 
infection, associated with variable intensity of contacts and differential susceptibility, we divided our 
sample into 2 subpopulations, individuals aged less than 15 years (N = 220) and individuals aged 
between 15 and 50 years (N = 494). Standardized path coefficients (βstd ranging from –1 for a 
complete negative effect to 1 for a complete positive effect) were used to assess the relative effects of 
the variables within the structural model. Results: The susceptibility to influenza infection was 
positively and significantly associated with H1N1pdm infection with both populations (βstd = 0.39 for 
child model and βstd = 0.31 for adult model) and had the most important effect on H1N1pdm infection 
in the adult model. The latent variables “protective measures against infection taken by the individual 
and by the other subjects of the household” and “perception of efficient measures to avoid being 
infected” were negatively associated with H1N1pdm infection in the child model (βstd = –0.36 and βstd 
= –0.34) but were not significant in the adult model. Finally, the latent variable “contacts with 
individuals at risk” showed a nonsignificant positive standardized coefficient in the child model (βstd = 
0.31, P =.11) and a negative significant coefficient in the adult model (βstd = –0.26).  The preseasonal 
HAI titer was found to be associated with age and preseasonal pandemic vaccination in the adult 
model (βstd = –0.10 and βstd = 0.27, respectively). The proportion of total variation of the outcome (R2) 
for the adult and the child models were 0.170 and 0.415. Conclusions: Using a structural equation 
model approach, we showed that protective measures against infection, taken by individuals and by 
their household members, and the perception of efficient measures to avoid being infected, were 
important factors driving the risk of H1N1pdm infection in children. Susceptibility to the virus is the 
leading factor to explain H1N1pdm infection in adults; however, there is a great part of variability that 
remains unexplained and deserves further investigation. 
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P2-436 
 
An international laboratory comparative examination of influenza 2 day ELISA 
and 3 day hemagglutination consensus microneutralization assays conducted 
by the Consortium for the Standardization of Influenza Seroepidemiology 
(CONSISE) 
 
KL Laurie1*, J Katz2, M Peiris3, A Heath4, OG Engelhardt4, J Wood5, MD Van Kerkhove6, A Nicoll7; 
CONSISE Laboratory Working Group  
 

1WHO Collaborating Centre for Reference and Research on Influenza, Victorian Infectious Diseases 
Reference Laboratory, Melbourne, Australia; 2Centers for Disease Control and Prevention, Atlanta, 
United States; 3University of Hong Kong, Hong Kong; 4National Institute for Biological Standards and 
Control, Hertfordshire, United Kingdom; 5Formerly National Institute for Biological Standards and 
Control, Hertfordshire, United Kingdom; 6MRC Centre for Outbreak Analysis and Modelling, 
Department of Infectious Disease Epidemiology, Imperial College London, London,  United Kingdom; 
7European Centre for Disease Prevention and Control, Stockholm, Sweden 
 
Background: The Consortium for the Standardization of Influenza Seroepidemiology (CONSISE) is a 
global partnership formed in 2011 to develop influenza investigation protocols and standardize 
seroepidemiology to inform health policy. The activities of CONSISE are performed by two interactive 
working groups, laboratory and epidemiology. Following infection with novel influenza virus, most 
people develop specific antibodies that persist for months. Virus-specific antibodies are typically 
quantified using two main assays, the microneutralization (MN) assay and/or the hemagglutination 
inhibition (HI) assay. The MN assay is comprised of two main steps: an initial incubation of virus with 
antisera, followed by inoculation of a permissive cell line with the virus/antisera mix and detection of 
virus infection. For the purpose of seroepidemiology, two main detection protocols for the MN assay 
are conducted: the 2-day ELISA protocol and the 3-day red blood cell agglutination (HA) protocol. To 
enable serologic data to be compared and combined on emergence of a novel influenza virus, it is 
essential to understand the impact of MN protocol variation and reproducibility, and interlaboratory 
variability. Thus an international within-laboratory comparison of the 2-day ELISA and 3-day HA MN 
protocols, using A(H1N1)pdm09 virus vaccine strains, was performed by members of the CONSISE 
Laboratory Working Group. Materials and Methods: The 2-day ELISA protocol is published by the 
World Health Organization. Specific guidelines for the 3-day HA protocol have not been formerly 
defined, hence more laboratory-to-laboratory variation exists. Ten laboratories worldwide shared their 
protocols and from these submitted protocols, a 3-day HA consensus MN protocol was developed. 
Specific parameters were required for dilutions, calculations and incubation times for the 3-day HA 
MN assay. Cell culture conditions were recommended as those used routinely for each laboratory. 
Twelve laboratories from eight countries participated in the laboratory evaluation of the 2-day ELISA 
(WHO) and 3-day HA consensus protocols. All laboratories were required to perform both MN assays 
to enable a within-laboratory comparison of the protocols. The 2-day and 3-day assays were 
performed at least three times in each laboratory, on different days. Each laboratory provided their 
own wild-type or reassortant A(H1N1)pdm09 virus and panel of 10 human or animal sera with a 
spectrum of titres. Two International Standards for antibody to influenza A(H1N1)pdm09 were 
recommended for inclusion. Results: There were differences in the sensitivity of the assays between 
laboratories and between the MN assay methods. However, the ratio of titres between the 3-day and 
2-day assay was similar for the International Standard that was included in the study and the in-house 
serum samples. Overall, in most laboratories, there was good correlation between the results 
obtained using the two assay protocols. Conclusions: Our results indicate that the 2-day ELISA 
(WHO) and 3-day HA consensus protocols for MN assays may be considered interchangeable for 
assays of antibodies to the influenza A(H1N1)pdm09 virus. Further comparative evaluations of the 
MN assays are under way using A(H3N2) and A(H5N1) viruses and corresponding antisera. A 
standardised HI assay protocol is also under development and will be compared in 2014. 
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P2-437 
 
Influenza-like illness surveillance in the population of the United Kingdom 
during the 2012-13 season using telephone survey methodology 
 
C McCann1*, N Boddington1, N Panagiotopoulos2, K Hoschler3, H Zhao1, R Pebody1; Public Health 
England (PHE) Influenza Sero-Epidemiology Centre for Health Protection Research (CHPR) Project 
Steering Group 
 

1Public Health England, Respiratory Disease Department, Centre for Infectious Disease Surveillance 
and Control (CIDSC), London, United Kingdom; 2Public Health England, Statistics, Modelling and 
Economics Department, Centre for Infectious Disease Surveillance and Control (CIDSC), London, 
United Kingdom; 3Public Health England, Respiratory Virus Unit, Virus Reference Department, 
Microbiology Services, London, United Kingdom. 
 
Background: One of the key lessons learned during the 2009 influenza pandemic was the need to 
rapidly assess the severity of a novel influenza virus to inform optimal prevention and control 
activities. A number of influenza surveillance systems were used during the pandemic that relied on 
clinical and virologic data, derived primarily from patients in contact with the health care system. The 
relative mildness of the epidemic meant that many symptomatic cases did not seek medical care, 
creating uncertainty about the rates of influenza-like illness (ILI) attributable to the H1N1 virus in the 
population. Telephone surveys have been used in a number of countries as a surveillance tool to 
estimate ILI in the population. A telephone survey was conducted during the 2012-13 influenza 
season with the objective of developing a mechanism to collect epidemiologic information at key 
points during the season. The survey was also used to assess the willingness of participants to 
provide biological samples (serum, oral fluid and dried blood spot) for seroepidemiology and the 
development of new influenza assays. Materials and Methods: A population-based two-stage 
household telephone survey was conducted during the 2012-13 influenza season in England, 
Scotland and Wales. Quota sampling was used with quotas for gender, age, region and work status. 
Households were recruited using random digit dialling during November 2012 (preseason) and 
participants were recontacted during January-February 2013 (post peak). Information collected at 
baseline included demographic characteristics, chronic health conditions, pregnancy, influenza 
vaccination status, and household composition. In the postseason survey, influenza vaccination 
status was updated and participants asked whether they had experienced clinical symptoms such as 
fever and cough and whether they had sought any health care as a result. Data on demographic, 
vaccination and chronic disease characteristics of participants who took part in both surveys were 
compared to external national census data. Self-reported chronic health conditions were used to 
determine whether respondents were in one of the clinical risk–group categories that are targeted in 
seasonal influenza vaccination programmes. World Health Organization (WHO) and European Centre 
for Disease Control (ECDC) case definitions for ILI were used to categorise respondents’ ILI status 
using their self-reported clinical symptoms. Results: A total of 1203 participants and their household 
were recruited in the preseason survey that took place between 1 and 12 November 2012. During the 
postseason survey, which took place from 25 January-6 February 2013, 960 participants were 
successfully recontacted. Demographic characteristics of the study participants were comparable to 
census data; although males and the youngest age group (18-25 years) were slightly 
underrepresented. The seasonal influenza vaccination rate in those aged 65 years and older was 
76.9% and 57.1% in the under 65 years clinical risk groups; these estimates were comparable to the 
national vaccine coverage for these groups. The cumulative clinical attack rate for the WHO and 
ECDC ILI case definitions were 5.7% and 13.5%, respectively. The cumulative clinical attack rates in 
those aged 65 years and older were 2.9% and 9.2% for the WHO and ECDC ILI case definitions, 
respectively. Twenty percent of the WHO and 16.9% of the ECDC ILI cases reported that they visited 
their GP; 41.9% of the 1203 participants agreed to be further contacted regarding biological sampling. 
Conclusions: A population telephone survey conducted during the 2012-13 influenza season provided 
useful data on seasonal vaccination, ILI and health care–seeking behaviour from a sample that was 
broadly representative of the general population of England, Scotland and Wales. Over 40% of those 
surveyed were willing to provide biological samples that could be used to estimate seroprevalence 
and seroincidence rates for influenza viruses. Telephone survey methodology can be established as a 
routine annual system to provide key epidemiologic data during seasonal influenza. In the event of an 
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influenza pandemic, the system could be modified to provide timely data on the extent and severity of 
illness in the population, which in turn could be used to inform preventative and control measures. 
 
 
P2-438 
 
Influenza virus infection is associated with increased risk of death amongst 
patients hospitalized with confirmed pulmonary tuberculosis in South Africa 
 
S Walaza1,2*, S Tempia3, H Dawood4, E Variava5.6, J Moyes1,2, A Cohen3, N Wolter1, M Groome7, C 
von Mollendorf1,2, K Kahn8, M Pretorius1, M Venter1,9, S Madhi1,7, C Cohen1,2 

 
1National Institute for Communicable Diseases (NICD) of the National Health Laboratory Service 
(NHLS), Johannesburg, South Africa; 2School of Public Health, University of the Witwatersrand, 
Johannesburg, South Africa; 3US Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States and Pretoria, South Africa; 4Medical Research Council: Respiratory and Meningeal 
Pathogens Research Unit & Department of Science and Technology/National Research Foundation: 
Vaccine-Preventable Diseases, University of the Witwatersrand, Johannesburg, South Africa; 
5Tshepong Hospital, North West Province, South Africa; 6Faculty of Medicine, University of 
Witwatersrand, Johannesburg, South Africa; 7Pietermaritzburg Metropolitan Hospital Complex, 
KwaZulu-Natal, South Africa; 8MRC/Wits Rural Public Health and Health Transition Research Unit, 
Agincourt, South Africa; 9Zoonosis Research Unit, Department of Medical Virology, University of 
Pretoria, Pretoria, South Africa 
 
Background: Data on the association between influenza and tuberculosis are limited. Underlying 
tuberculosis infection may have contributed to the elevated mortality observed in young adults in the 
1918 influenza pandemic. We describe the characteristics of patients with laboratory-confirmed 
tuberculosis, influenza and tuberculosis-influenza coinfection among patients hospitalised with severe 
respiratory illness in South Africa. Materials and Methods: Patients hospitalized with severe 
respiratory illness were enrolled prospectively at 6 hospitals in 4 provinces in South Africa. 
Nasopharyngeal specimens were tested for influenza by reverse-transcription real-time polymerase 
chain reaction (RT-PCR). Tuberculosis testing was conducted as part of clinical management. A 
laboratory-confirmed tuberculosis case was defined as an individual with a result positive for 
Mycobacterium tuberculosis on microscopy, culture or PCR from GeneXpert test. An influenza case 
was defined as an individual with a positive PCR test for influenza. An influenza-tuberculosis 
coinfection case met criteria for both tuberculosis and influenza during the same admission. We 
implemented multivariable logistic and multinomial regression models to identify factors associated 
with (i) tuberculosis testing among enrolled patients; (ii) tuberculosis positivity among patients tested 
for tuberculosis; and (iii) tuberculosis single infection compared with influenza single infection or 
tuberculosis-influenza coinfection. Results: From February 2009 through December 2011, 13,603 
patients were enrolled and influenza testing was conducted on 13,351 (98%) cases. Influenza virus 
was detected in 1157 (9%) patients. An influenza subtype was obtained from 1143 (99%) positive 
samples. Of these, 379 (33%) were influenza A(H1N1)pdm09, 387 (34%) were influenza A(H3N2) 
and 377 (33%) were influenza B. On multivariable analysis controlling for age and site, testing for 
tuberculosis among all patients with severe respiratory illness was associated with HIV infection (aOR 
1.4, 95% CI 1.2-1.5), duration of symptoms ≥ 7 days (aOR 1.3, 95% CI 1.1-1.5), hospitalization > 7 
days, (aOR 1.3, 95% CI 1.2-1.4), and receiving antibiotic (aOR 2.1, 95% CI 1.6-2.7) or tuberculosis 
treatment (aOR 1.3, 95% CI 1.2-1.5) during current admission. Among patients with available 
tuberculosis and influenza results, 15% (612/4219) tested positive for tuberculosis. Of the 4219 
patients with available tuberculosis and influenza results, 3275 (78%) were negative for both 
pathogens, 571 (14%) were positive for tuberculosis alone, 332 (8%) were positive for influenza alone 
and 41 (1%) had influenza and tuberculosis coinfection. On multivariable analysis controlling for site, 
compared with tuberculosis-negative individuals, patients with tuberculosis were less likely to be 
coinfected with Streptococcus pneumoniae (aOR 0.5, 95% CI 0.3-0.8) and to receive oxygen therapy 
(aOR 0.7, 95% CI 0.5-0.8) and were more likely to be in the adult age groups (5-24 [aOR 2.0, 95% CI 
1.3-3.2] or 25-44 years [aOR 1.7, 95 CI 1.2-3.0] compared with < 5 years), to be started on 
tuberculosis treatment (aOR 4.3, 95% CI 3.4-5.4) and to be admitted for > 7 days (aOR 1.4, 95% CI 
1.1-1.7). On multivariable analysis adjusting for age, patients coinfected with tuberculosis and 
influenza compared with patients with tuberculosis only were less likely to present with symptoms > 7 
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days (adjusted relative risk ratio (aRRR) 0.5, 95% CI 0.2-0.9) and were at increased risk of death 
(aRRR 3.1, 95% CI 1.1-8.9). On stratified multivariable analysis by duration of symptoms compared 
with those with tuberculosis only, individuals coinfected with both influenza and tuberculosis with 
symptoms for ≥ 7 days had an increased risk of death (aRRR 6.03, 95% CI 1.6-23.0) but not for those 
< 7 days (aRRR 0.6, 95% CI 0.1-4.9). The increased mortality was not seen in patients coinfected 
with tuberculosis and respiratory viruses other than influenza. Conclusions: Tuberculosis and 
influenza coinfection compared with tuberculosis single infection was associated with increased risk of 
death, particularly in individuals with symptoms ≥ 7 days. If confirmed in other studies and settings, 
this supports active provision of influenza vaccination and prioritisation for antivirals for patients 
hospitalized with tuberculosis. 
 
 
P2-439 
 
The epidemiology of severe influenza infection in England―the impact in the 
post-pandemic era 
 
NL Boddington*, R Pebody; UK Severe Influenza Surveillance System Steering Group 
 
Respiratory Diseases Department, Centre for Infectious Disease Surveillance and Control, Public 
Health England, Colindale, London, United Kingdom  
 
Background: The UK Severe Influenza Surveillance System (USISS), established in 2010, is a Web-
based scheme to collect surveillance data on hospitalised influenza cases from a sentinel network of 
NHS Acute hospital trusts in England. The system aims to monitor the impact of influenza on the 
population and describe the epidemiology of severe influenza in time, place and person. This abstract 
describes the impact and severity of influenza in the postpandemic era as determined by this scheme 
for the three influenza seasons from 2010 to 2013. Materials and Methods: The voluntary sentinel 
network consisted of up to 36 hospital trusts, recruited using stratified random sampling by hospital 
trust type, size and region. A case was defined as any person who was hospitalised and had 
laboratory-confirmed influenza A (H1 or H3) or B infection. Each participating sentinel hospital 
submitted a weekly aggregate report of all cases admitted the previous week, by age group and 
influenza type, at any level of care. Each hospital trust also submitted individual level data on any 
confirmed influenza cases admitted to intensive care units (ICUs)/high dependency units (HDUs) the 
previous week. Data are collected through a Web-based, secure platform. Data from week 40 2010 to 
week 13 2011 was compared with data from week 40 2011 to week 20 2012 and week 40 2012 to 
week 20 2013 for this analysis. Results: Twenty-three of 168 (13.7%) hospital trusts from across 
England participated during 2010/11, 36 of 170 (21.2%) in 2011/12 and 32 of 158 (20.3%) in 2012/13. 
The influenza seasons following the 2009 pandemic have been dominated by different subtypes. In 
2010/11 the dominant subtype was influenza A/H1N1pdm09 (1262/1681 total hospitalised influenza 
cases, 75.1% of hospital admissions in 2010/11). The 2011/12 season was dominated by influenza A 
(473/543, 87.1%), specifically either influenza A not subtyped (283/543, 52.1%) or influenza A/H3N2 
(190/543, 35.0%). The 2012/13 season was dominated by both influenza B (479/1341, 35.7%) and 
influenza A/H3N2 (364/1341, 27.1%). For all influenza types, the age groups most affected were 15-
44 year olds in 2010-11 (739/1681, 44.0% of hospital admissions in 2010/11), 0-4 and 15-44 year 
olds in 2011/12 (157/543, 28.9% and 154/543, 28.4% respectively) and 2012/13 (326/1341, 24.3% 
and 392/1341, 29.2% respectively). In 2010/11, 14.1% (237/1,681) of hospitalised cases were 
admitted to ICUs/HDUs, 8.5% (46/543) in 2011/12 and 12.5% (167/1,341) in 2012/13. A greater 
proportion of H1N1pdm09 cases were admitted to ICUs/HDUs (16.3% in 2010/11, 95% CI: 14.3-18.4, 
22.5% in 2012/13, 95% CI: 16.5-28.6) compared with influenza B (5.5%, 95% CI: 3.2-7.8, P < .05 in 
2010/11 and 10.9%, 95% CI: 8.1-13.6, P < .05 in 2012/13), and H3N2 in 2012/13 (11.1%, 95% CI: 
7.9-14.4, P < .05). Individual-level data were available for ICU/HDU admissions in 2011/12 and 
2012/13; 65.2% of ICU/HDU cases reported an underlying risk factor in 2011/12 and 60.8% in 
2012/13. The most common risk factors among the cases admitted to the ICU/HDU were chronic 
respiratory disease including asthma (18/46 cases in 2011/12 and 41/167 in 2012/13), chronic 
neurologic diseases (7/46 cases in 2011/12 and 17/167 in 2012/13) and chronic heart disease (5/46 
cases in 2011/12 and 20/167 in 2012/13). Conclusions: An unexpected and large impact of influenza 
A/H1N1pdm09 was observed in 2010/11. However, the subsequent seasons also demonstrated 
significant impact and severity of influenza A/H3N2 and influenza B. As during the pandemic, chronic 
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respiratory and neurologic diseases were the most frequently reported underlying clinical risk factors 
in cases of severe influenza.  
 
 
P2-440 
 
Homologous and heterologous antibody titer rises after influenza virus 
infections  
 
G Freeman1*, R Pereira2, V Fang1, D Ip1, G Leung1, M Peiris1,2, B Cowling1 
 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Centre for Influenza Research, Li Ka Shing Faculty of 
Medicine, The University of Hong Kong, Hong Kong Special Administrative Region, China 
 
Background: Most influenza virus infections are associated with mild disease. One approach to 
estimate the occurrence of influenza virus infections in individuals is via repeated measurement of 
humoral antibody titers. The traditional criterion for infection during a period of influenza activity is a 
four-fold or greater rise in antibody titers across that period. We investigated the characteristics of 
antibody rises following confirmed influenza virus infections to assess the accuracy of this criterion 
and its sources of variation. Materials and Methods: We used data on participants in a Hong Kong 
community-based study who had influenza virus infection confirmed by RT-PCR, and had both 
baseline and convalescent antibody titers measured by hemagglutination inhibition and viral 
microneutralization assays against influenza A(H1N1), A(H3N2) and B viruses. Multivariate models 
were fitted in a Bayesian framework to characterize the distribution of changes in antibody titers 
following influenza virus infections. Results: In 76 subjects, homologous antibody titers rose by 
geometric means of 3.89 to 16.14 after infection for all three influenza virus types considered, with 
geometric standard deviations between 2.58 and 6.17 around the geometric means. Significant rises 
in antibody titers against A(H1N1)pdm09 were observed for seasonal A(H1N1) virus infections and 
vice versa. The most closely correlated titer rises were those for influenza A(H3N2) virus, followed by 
HI titers for A(H1N1)pdm09 and seasonal A(H1N1). Antibody titers for A(H1N1)pdm09 measured by 
viral microneutralization rose 3.1 (95% CrI: 1.0–9.5) times as much for those under 40 years of age 
relative to those older than 40 following infection by A(H1N1)pdm09 virus. Oseltamivir treatment was 
associated with lower rises in A(H1N1)pdm09 antibody titers by hemagglutination inhibition and viral 
microneutralization assays following A(H1N1)pdm09 virus infection. Conclusions: Rises in antibody 
titers following infection vary depending on age and the laboratory test used. The patterns in boosting 
of antibody titers following influenza virus infection could be taken into account to improve estimates 
of cumulative incidence of infection in seroepidemiologic studies. 
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P2-441 
 
The incidence, aetiology and epidemiology of acute lower respiratory tract 
infection amongst children aged < 5 years in a high HIV prevalence setting, 
2009-2012 
 
C Cohen1,2, S Walaza1,2, J Moyes1,2, M Groom3,4, S Tempia5,6, M Pretorius1, H Dawood7, M Chhagan8, 
F Naby8, S Haffejee9, E Variava10,11, K Kahn,12,13,14, A Tshangela1, A von Gottberg1,3,4, N Wolter1,3,4, 
AL Cohen5,6, B Kgokong1, M Venter1,15, SA Madhi1,3,4  
 
1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the 
National Health Laboratory Service, Johannesburg, South Africa; 2School of Public Health, Faculty of 
Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 3Medical Research 
Council, Respiratory and Meningeal Pathogens Research Unit, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa; 4Department of Science and Technology/National 
Research Foundation: Vaccine Preventable Diseases; University of the Witwatersrand; 
Johannesburg; South Africa; 5Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 6Influenza Programme, Centers for Disease Control and Prevention–South 
Africa, Pretoria, South Africa; 7Department of Medicine, Pietermaritzburg Metropolitan Hospital, 
Pietermaritzburg, South Africa and Department of Medicine, University of KwaZulu Natal, South Africa 
8Department of Paediatrics, University of KwaZulu Natal, South Africa; 9School of Pathology, 
University of KwaZulu Natal, South Africa; 10Department of Medicine, Klerksdorp Tshepong Hospital, 
Klerksdorp, South Africa; 11Department of Medicine, Faculty of Health Sciences, University of 
the Witwatersrand, Johannesburg, South Africa; 12MRC/Wits Rural Public Health and Health 
Transitions Research Unit (Agincourt), School of Public Health, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa; 13Centre for Global Health Research, Umeå 
University, Umeå, Sweden; 14INDEPTH Network, Accra, Ghana; 15Zoonosis Research Unit, 
Department of Medical Virology, University of Pretoria, Pretoria, South Africa 
 
Background: Data on the epidemiology of acute lower respiratory tract infection (ALRI) and the 
contribution of influenza amongst HIV-infected and -uninfected children from Africa are limited. We 
aimed to describe the incidence, aetiology and factors associated with death among HIV-infected and 
-uninfected children aged < 5 years hospitalised with ALRI in South Africa from 2009-2012. Methods: 
Children aged < 5 years with ALRI were enrolled through active surveillance at 4 sites in 4 of the 9 
South African provinces. Epidemiologic and clinical data were collected. Respiratory specimens were 
tested for the presence of influenza and 9 other respiratory viruses by multiplex real-time reverse-
transcription polymerase chain reaction (PCR). Blood specimens were tested for Streptococcus 
pneumoniae by quantitative real-time PCR detecting the lytA gene. HIV testing was by ELISA for 
children aged > 18 months and PCR for those ≤ 18 months. Testing for tuberculosis by microscopy 
and/or culture and/or GeneXpert polymerase chain reaction was performed as part of routine care for 
some children. Cumulative annual incidence per 100,000 person-years was estimated at one site with 
available population denominators. Results: We enrolled 8722 children aged < 5 years with ALRI from 
2009-2012; 64% (5602/8722) were aged < 1 year and 57% (5014/8721) were male. The overall HIV 
prevalence among tested children was 12% (700/5931). Among tested children, 26% (2217/8391) 
tested positive for respiratory syncytial virus (RSV), 7% (613/8392) for influenza and 4% (226/6441) 
for pneumococcus. Only 13% (1119/8722) were tested for tuberculosis and among these, 10% 
(107/1119) had laboratory-confirmed tuberculosis. Two percent (146/8633) of children with available 
information were started on tuberculosis treatment. The influenza detection rate was similar in HIV-
infected (7%, 49/684) and HIV-uninfected (7%, 361/5136) children (odds ratio [OR] 1.0, 95% 
confidence interval [CI] 0.7-1.4). Pneumococcus was more commonly detected in HIV-infected 
children (7%, 41/623 HIV infected vs 3%, 47/1831 HIV uninfected; OR 2.0, 95% CI 1.4-2.9) and RSV 
was less common in HIV-infected children (13%, 88/684 HIV infected vs 27% 1408/5135 HIV 
uninfected; OR 0.4, 95% CI 0.3-05). The incidence of hospitalisation for ALRI was highest in children 
aged < 1 year (range 8283/100,000 population in 2010 to 10,258/100,000 in 2011). HIV-infected 
children aged <,5 years experienced up to 3 times greater incidence of ALRI than HIV-uninfected 
children (age-adjusted relative risk [aRR] 3.4, 95% CI 3.1-3.7 in 2009; aRR 2.5, 95% CI 2.2-2.8 in 
2010; and aRR 1.3, 95% CI 1.2-1.5 in 2011). In multivariate analysis, compared with children without 
HIV infection who were hospitalised with ALRI, HIV-infected children were more likely to have 
respiratory symptoms for ≥ 2 days prior to admission (OR 1.4, 95% CI 1.1-1.7), require oxygen (OR 
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1.1, 95% CI 1.1-1.8), be hospitalised for longer (OR 1.5, 95% CI 1.1-2.0 2-7 days; OR 3.5, 95% CI 
2.6-4.8 > 7 days compared with < 2 days) and to die (OR 3.9, 95% CI 2.3-6.4). In contrast, they were 
less likely to be infected with RSV (OR 0.5, 95% CI 0.4-0.6). The case-fatality ratio was 8 times 
greater amongst HIV-infected (7%, 47/690) compared with HIV-uninfected (1%, 46/5204) children (P 
<.001). In multivariable analysis controlling for year and site, HIV infection (OR 4.2, 95% CI 2.5-7.0), 
pneumococcal coinfection (OR 2.6, 95% CI 1.1-6.1), receipt of mechanical ventilation (OR 8.7, 95% 
CI 3.4-22.2) and receipt of oxygen (OR 26.0, 95% CI 1.7-53.4) were independently associated with 
death; death was significantly less likely to occur in children testing RSV positive (OR 0.4, 95% CI 0.2-
0.9). Conclusions: Among children aged < 5 years in South Africa with ALRI, HIV infection was 
associated with substantially increased risk of death. RSV and influenza were the first and second 
most common viral aetiologies detected. HIV-infected children were less likely than HIV-uninfected 
children to test RSV positive, and mortality was lower in RSV-infected than -uninfected children. 
Influenza was not associated with HIV-infection status or mortality. 
 
 
P2-442 
 
The epidemiology of severe acute respiratory illness amongst hospitalized 
HIV-infected and -uninfected older children and adults aged ≥ 5 years―South 
Africa, 2009-2012 
 
C Cohen1,2, S Walaza1,2, J Moyes1,2, M Groom3,4, S Tempia5,6, M Pretorius1, H Dawood,7,8, S 
Haffejee9, E Variava10,11, K Kahn,12,13,14, A Tshangela1, A von Gottberg1,3,4, N Wolter1,3,4, AL Cohen5,6, 
B Kgokong1, M Venter1,15, SA Madhi1,3,4  
 
1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the 
National Health Laboratory Service, Johannesburg, South Africa; 2School of Public Health, Faculty of 
Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 3Medical Research 
Council, Respiratory and Meningeal Pathogens Research Unit, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa; 4Department of Science and Technology/National 
Research Foundation: Vaccine Preventable Diseases; University of the Witwatersrand; 
Johannesburg; South Africa; 5Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 6Influenza Programme, Centers for Disease Control and Prevention–South 
Africa, Pretoria, South Africa; 7Department of Medicine, Pietermaritzburg Metropolitan Hospital, 
Pietermaritzburg, South Africa; 8Department of Medicine, University of KwaZulu Natal, South Africa 
9School of Pathology, University of KwaZulu Natal, South Africa; 10Department of Medicine, 
Klerksdorp Tshepong Hospital, Klerksdorp, South Africa; 11Department of Medicine, Faculty of 
Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 12MRC/Wits 
Rural Public Health and Health Transitions Research Unit (Agincourt), School of Public Health, 
Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 13Centre for 
Global Health Research, Umeå University, Umeå, Sweden; 14INDEPTH Network, Accra, Ghana; 
15Zoonosis Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, South 
Africa 
 
Background: There are few published studies describing the epidemiology of severe acute respiratory 
illness (SARI) among older children and adults from high HIV-prevalence settings in Sub-Saharan 
Africa. We aimed to describe the incidence, aetiology and factors associated with death among HIV-
infected and -uninfected individuals aged ≥ 5 years hospitalised with SARI in South Africa from 2009 
through 2012. Methods: Individuals aged ≥ 5 years with SARI were enrolled through active 
surveillance at 4 sites in 4 of the 9 provinces of South Africa. Epidemiologic and clinical data were 
collected. Respiratory specimens were tested for influenza and 9 other respiratory viruses by 
multiplex real-time reverse-transcription polymerase chain reaction (PCR). Blood specimens were 
tested for Streptococcus pneumoniae by quantitative real-time PCR detecting the lytA gene. Testing 
for tuberculosis by microscopy and/or culture and/or GeneXpert PCR was performed as part of routine 
care. Cumulative annual incidence per 100,000 person-years was estimated at one site with available 
population denominators. Results: We enrolled 7191 individuals aged ≥ 5 years with SARI from 2009-
2012. The HIV prevalence was 74% (4666/6339) among individuals with known HIV status. The 
annual  incidence of SARI hospitalisation among individuals of all ages ranged from 388-619/100,000 
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population during the study period and was highest in individuals aged 45-64 years (640-
1285/100,000). HIV-infected individuals experienced a 13-19 times greater incidence of SARI than 
HIV-uninfected individuals (P < .001). Among individuals tested for respiratory pathogens, 9% 
(620/7065) tested positive for influenza and 9% (570/6632) for pneumococcus. Only 46% (3308/7191) 
of patients had specimens submitted for tuberculosis testing among whom 11% (372/3308) tested 
positive for tuberculosis. Ten percent (688/7171) of patients were started on tuberculosis treatment 
during the current admission.  The influenza detection rate was lower in HIV-infected (8%, 350/4605) 
than HIV-uninfected (11%, 185/1649) individuals (odds ratio [OR] 0.7, 95% confidence interval [CI] 
0.5-0.8). Pneumococcus was more commonly detected in HIV-infected individuals (10%, 475/4537 
HIV infected vs 4%, 62/1614 HIV-uninfected; OR 2.9, 95% CI 2.2-3.8). Based on multivariable 
analysis, among patients hospitalized with SARI, compared with patients without HIV infection, HIV-
infected patients were more likely to receive tuberculosis treatment on admission (adjusted odds ratio 
[aOR] 3.1, 95% CI 2.2-4.3) and have pneumococcal infection (aOR 2.3, 95% CI 1.7-3.1) and less 
likely to be infected with influenza (aOR 0.7, 95% CI 0.5-0.8). HIV-infected individuals were also more 
likely to have symptoms for > 2 days prior to admission (aOR 1.6, 95% CI 1.3-1.9), receive antibiotics 
on admission (aOR 2.5, 95% CI 1.7-3.7), be hospitalised for longer (2-7 days: aOR 1.5, 95% CI 1.2-
2.0; > 7 days: aOR 2.9, 95% CI 2.3-3.7; compared with < 2 days) and die (aOR 1.7, 95% CI 1.3-2.3). 
The case-fatality ratio was 1.5 times greater among HIV-infected (8%, 351/4610) compared with HIV-
uninfected (5%, 85/1653) individuals (P = .001). In multivariable analysis, independent risk indicators 
for death included HIV infection (OR 1.8, 95% CI 1.4-2.5), age group ≥ 25 years (25-44 years: OR 1.5, 
95% CI 1.0-2.3; 45-64 years: OR 2.8, 95% CI 1.8-4.2; and ≥ 65 years: OR 4.3, 95% CI 2.5-7.2) 
compared with 5-24 years, starting tuberculosis treatment during admission (OR 1.8, 95% CI 1.4-2.4), 
having respiratory symptoms for ≥ 2 days (OR 1.5, 95% CI 1.1-2.1), admission to intensive care (OR 
9.6, 95% CI 1.9-49.1) and receiving oxygen therapy (OR 2.6, 95% CI 2.1-3.2). Conclusions: We 
observed a high HIV prevalence (> 70%) among patients aged ≥ 5 years hospitalised with SARI. 
Influenza was identified in 9% of all hospitalisations. HIV-infected older children and adults 
hospitalised with SARI in South Africa were more likely to test positive for pneumococcus and to be 
started on tuberculosis treatment and less likely to test positive for influenza than HIV-uninfected 
individuals. The incidence of SARI hospitalisation and in-hospital mortality was elevated in HIV-
infected compared with HIV-uninfected older children and adults. The odds of in-hospital mortality 
increased with increasing age. Improved access to highly active antiretroviral therapy for HIV-infected 
older children and adults may assist in reducing the high burden of hospitalisations and mortality.  
 
 
P2-443 
 
Global seasonal patterns in human influenza A (H5N1) incidence 
 
M Mathur1*, RB Patel1, T Ukeyi2, Y Xiao3, Y Gillaspie1, N Khazeni1,4 

 

1Division of Pulmonary and Critical Care Medicine, Stanford University Medical Center, Stanford, 
California, United States; 2Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 3Department of Languages, Literatures, and Cultures, University of South 
Carolina, Columbia, South Carolina, United States; 4Center for Health Policy and Center for Primary 
Care and Outcomes Research, Stanford University, Stanford, California, United States 
 
Background: Influenza A (H5N1) has a documented case-fatality proportion of 60% in humans and 
the potential to become a worldwide pandemic if mutations improve human-to-human transmissibility. 
Despite abundant research on seasonal patterns in annual epidemic influenza strains, it is unknown 
whether similar patterns exist in human influenza A (H5N1). Such knowledge would allow targeted 
use of resources to surveil, screen, and quarantine at-risk individuals. Thus, we set out to characterize 
global seasonal patterns of A (H5N1) in humans. Materials and Methods: We performed an 
exhaustive literature review of A (H5N1) infection in humans published in all languages from the first 
case report in December 1997 to April 2013. We reviewed multiple databases, including PubMed, 
Google Scholar, Scopus, and the World Health Organization (WHO) Global Alert and Response 
entries. We included all articles reporting data on either 1) a human case with confirmed A (H5N1) 
infection as defined by WHO criteria, or 2) a human case with suspected A (H5N1) infection amid a 
cluster of confirmed cases. Two independent reviewers (RBP and MM) assessed each article against 
a predefined set of inclusion criteria; a third reviewer (NK) resolved disagreements. We abstracted a 
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predefined set of variables from each study, including month, year, country, and mortality. We further 
classified cases by season (summer: June-August; fall: September-November; winter: December-
February; spring: March-May) and by hemisphere (northern vs equatorial). We used Poisson 
regression to predict changes in case incidence as a function of season and hemisphere (northern vs 
equatorial). As a post-hoc analysis to investigate a possible contribution of climate to seasonal 
changes in case incidence, we performed similar regression analyses after grouping countries 
according to the Köppen-Geiger climate classification, which incorporates three dimensions of 
climate: main climate (equatorial, arid, warm temperate, snow, polar), precipitation, and temperature. 
The five climate groups we created were 1) Thailand, Viet Nam, Myanmar, Laos, Cambodia, 
Bangladesh, and Nigeria; 2) Indonesia; 3) China and Hong Kong; 4) Egypt, Iraq, Azerbaijan, Pakistan, 
and Djibouti; and 5) Turkey. Results: We identified 571 cases of human influenza A (H5N1) between 
December 1997 and April 2013. Cases occurred in 16 countries, primarily in Southeast Asia and the 
Middle East. Case incidence was higher in winter (n = 234; P < .0001), spring (n = 176; P < .0001), 
and fall (n = 83; P =.03)  than in summer (n = 57). Seventy-five percent of all cases occurred in winter 
and spring combined. Additionally, there were significant interactions with hemisphere; the winter and 
spring peaks in case incidence were more dramatic in the northern hemisphere versus equatorial 
countries (P = .0001 and P = .002, respectively, for northern*winter and northern*spring interactions). 
The winter and spring peaks in case incidence replicated across all five climate groups, although 
climate showed several significant interactions with season. Conclusions: Influenza A (H5N1) 
incidence is nearly three times higher in winter and spring combined than in fall and summer 
combined; these patterns are robust across varied climatic groups. Our findings in humans mirror 
previous research on seropositivity patterns in avian vectors, which are in turn associated with 
migration patterns of wild birds and may contribute to the strong seasonal incidence pattern among 
human cases. Our results are also consistent with prior research showing that cold and dry conditions 
characterizing winter climates improve influenza virus transmission in animal models. In light of our 
findings, preferentially increasing surveillance and resource deployment during winter and spring 
months may be an effective strategy to curb influenza A (H5N1) mortality in resource-limited settings. 
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P2-444 
 
Epidemiological characteristics of hospitalizations associated with circulating 
seasonal influenza strains: pooled analysis from the “Global Influenza Hospital 
Surveillance Network” (GIHSN) 
 
J Puig-Barberà1*, A Tormos1,2, A Sominina3, P Vanhems4, M Ciblak5, A Natividad Sancho1, A Buigues 
Vila1, S Martínez-Úbeda1, E. Burtseva6; the GIHSN Group 
 
1Centro Superior de Investigación en Salud Pública (CSISP), Valencia, Spain; 2Sanofi Pasteur, Lyon, 
France; 3Research Institute of Influenza, St. Petersburg, Russian Federation; 4Groupement 
Hospitalier Edouard Herriot, Lyon, France; 5National Influenza Reference Laboratory Capp-Istanbul, 
Istanbul, Turkey; 6DI Ivanovsky Institute of Virology, Moscow, Russian Federation; 7 D.I. Ivanovsky 
Institute of Virology, Moscow, Russian Federation 
 
The GIHSN Group members (Global Influenza Hospital Surveillance Network): E Burtseva, Moscow, 
Russian Federation; S Trushakova, Moscow, Russian Federation; L Kolobukhina, Moscow, Russian 
Federation; A Sominina, St. Petersburg, Russian Federation; K Stolyarov, St. Petersburg, Russian 
Federation; J Puig-Barberà, Valencia, Spain; J Barrenengoa, Castellón, Spain; R Larrea González 
Castellón, Spain; R Limón Ramírez, Vila-real, Spain; M Tortajada Girbés, Valencia, Spain; C 
Carratalá Munuera, Alicante, Spain; V Gil Guillén, Elda, Spain; O Launay, Paris, France; F Carrat, 
Paris, France; X Duval, Paris, France; D Postil, Limoges, France; C Merle de Boever, Montpellier, 
France; P Vanhems, Lyon, France; M Ciblak, Istanbul, Turkey; S Badur, Istanbul, Turkey; S Ünal, 
Ankara, Turkey; M Durusu, Ankara, Turkey; F Aktaş, Ankara, Turkey; E Çakır Edis-Leyla Fındık, 
Edirne, Turkey; G Aydın, Istanbul, Turkey; S Borekci, Istanbul, Turkey; M Hacımustafaoğlu, Bursa, 
Turkey; S Şimşek Yavuz, Istanbul, Turkey; A Şensoy, Istanbul, Turkey; S Gencer, Istanbul, Turkey; S 
Özer, Istanbul, Turkey. 
 
Background: The predominant circulating strains and level of severity of influenza epidemics vary 
between years and between countries. High-quality surveillance networks are relevant tools to put in 
place to control and have an overview of influenza epidemics. During the 2012-2013 influenza 
season, the GIHSN network comprised 21 hospitals in the world. With a broad regional 
representativeness and a platform of international public-private partnerships, it will lead to a better 
understanding and knowledge of influenza epidemiology. The GIHSN, with its expected sustainability 
over sequential influenza seasons and standardization of data collection, has for its main objective to 
evaluate the burden of severe influenza disease, defined as hospitalization related to community-
acquired influenza or complications following influenza infection, and to quantify the distribution of 
different influenza strains among severe cases. Materials and Methods: Core documents were 
created to compile the essential elements of the influenza epidemiologic research project. All sites 
followed homogenously these documents in terms of the purpose of the study, design, target 
population, data and variables needed, to have uniformed data to allow for the pooled analysis. This 
multicentre prospective epidemiologic surveillance study in Spain (5 hospitals), France (5 hospitals), 
Turkey (7 hospitals), and Moscow (1 hospital) and St. Petersburg (3 hospitals) regions in the Russian 
Federation was conducted during the main influenza season. Hospitalized patients of all ages 
presenting with influenza like-illness (ILI) within 7 days between the onset of symptoms and admission 
were swabbed. Patients were first enrolled if they were hospitalized in the previous 48 hours, and 
presented an admission diagnosis possibly associated with an influenza infection. Positives for 
influenza were rea- time reverse transcription polymerase chain reaction (RT-PCR) positive for 
influenza A (H3N2), or A (H1N1)pdm09, or B. Patient characteristics between positives and negatives 
for influenza were compared using chi-square tests. A P value < .05 was considered statistically 
significant. Graphic representations were produced for pooled results of the distribution of respiratory 
viruses across the defined influenza season, influenza-associated hospitalizations across age groups, 
and the disease attributable to each strain of the influenza virus. All data management and analysis 
were performed with Stata version 12. Results: Of the 8078 patients screened, 4922 were eligible and 
tested, 1015 (28%) were positive for influenza, 297 (8.3%) were positive for other respiratory viruses, 
and 2270 (63%) were negative. Influenza A (H1N1)pdm09 was dominant (n = 555; 56%), followed by 
influenza B (n = 273; 27%) and influenza A (H3N2) (n = 172; 17%). Influenza B was most common in 
Spain and France in the persons older than age 65, compared with influenza A H1N1pdm09 that 
predominated in younger people in the Russian Federation and Turkey. The age group most affected 
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by influenza this season were patients 18 to 50 years old. The flu season started globally mid-January 
with a peak extending from week 5 to week 8 and ending around week 16, 2013. Sociodemographic 
characteristics such as age, the number of chronic conditions, and smoking habits were significantly 
different between positives and negatives, with a P value of < .001. Conclusions: Influenza 
H1N1pdm09 was highly circulating this season in younger persons in Eastern Europe and Central 
Asia, and influenza B was present mostly in the elderly in northern and southwest Europe. There was 
peak at a later appearance for influenza B compared with influenza H1N1pdm09. More investigation 
is needed to further assess the risks of being hospitalized due to influenza. However, the data 
represented from this network provide robust comparisons between positives and negatives for 
influenza, and epidemiologic data provide a global overview of the influenza season 2012-2013. 
Increased sample size within this network will allow for more accurate and representative data. 
Nevertheless, this study has shown that a multicentre hospital-based study is feasible, and 
maintaining a homogenous practice across sites through strong coordination and support ensures the 
quality of pooling of data. Funding: This network activity is partly funded by Sanofi Pasteur. 
 
 
P2-445 
 
Influenza A(H1N1)pdm09 fatal cases in women of reproductive age: risk 
determinants and virological assessment 
 
MLA Oliveira1*, SM Carney1, V Valente2, V Saraceni2, DF Salles1, N Fintelmann1, CH Azeredo1, T 
Andrade1, JAC Costa1, GR Sá1, R Rohloff3, MM Siqueira1 
 

1Laboratory of Respiratory Viruses, National Influenza Centre/WHO, Oswaldo Cruz Foundation, 
Fiocruz, Rio de Janeiro, Brazil; 2Epidemiological Surveillance Team, Health Secretariat of Rio de 
Janeiro, Rio de Janeiro, Brazil; 3Municipal Hospital Fernando Magalhães, Rio de Janeiro, Brazil 
 
Background: Pregnant women have a higher risk for severe disease and death as a consequence of 
influenza infection. We studied the risk factors and virologic features of influenza 
A(H1N1)pdm09(H1N1p) associated with fatal cases among women of reproductive age from Rio de 
Janeiro (April 2009-December 2010), a scenario that is still poorly explored in Brazil. Materials and 
Methods: The study population comprised 826 women of reproductive age (15-44 years) from which 
41 progressed to death. Clinical specimens (oro-nasal swabs) as well as demographic/clinical 
/epidemiologic information were collected by the Epidemiological Surveillance Team/Rio de Janeiro, 
using a nationally standardized questionnaire. After RNA extraction, influenza detection was 
performed using real-time RT-PCR (CDC protocol). Polymorphisms at positions HA222 and NA275 
were identified by pyrosequencing (Deyde VM, et al. Antimicrob Agents Chemother. 2010;54:1102). 
Descriptive, bivariate analyses (chi-square/Fisher exact test and t test for means) and multiple logistic 
regressions (considering variables of epidemiologic relevance/plausibility) were carried out and 
considered significant when P < .05. Results: Among the 826 studied women, the mean (± SD) age 
was 27.8 (± 7.7) years and 57.5% were pregnant. The mean per capita income was US$ 321.52 (± 
254.73). Approximately 62.1% presented dyspnea and about a third of sample (30.2%) reported any 
comorbidity, such as cardio- or pneumopathy, renal disease, metabolic disorders or 
immunodeficiency. About 60.0% showed any abnormality as the X-ray result, most frequently an 
interstitial infiltrate (73.9%). Influenza A(H1N1)pdm09 infection was detected in 23 (60.5%) and 309 
(44.1%) of fatal and nonfatal cases, respectively (P = .035). Infected pregnant women were about 3 
times more likely to progress to death than those not infected (68.4% vs 43.2%; AOR = 3.2, 95% CI 
1.1-9.7). Among flu cases, deaths were significantly associated with dyspnea (94.6% vs 62.1%; P = 
.002), the presence of any comorbidity (32.7% vs 31.3%; P = .043), metabolic disorders (5.5% vs 
4.5%; P = .021), a lower per capita income (US$ 217.07 ± 112.96 vs 353.61 ± 260.55; P < .001) and a 
longer time from symptom onset and hospitalization (4.6 ± 3.0 vs 2.7 ± 3.0; P = .010). The last, a risk 
determinant for a fatal outcome in pregnant (4.0 ± 2.8 vs 2.5 ± 2.9 days, P = .011). Among infected 
nonpregnant women, the presence of any comorbidity was identified as an independent risk factor for 
death (AOR = 6.9; 1.9-28.8, P = .002). Polymorphisms at HA position 222(G/N) were significantly 
associated with progression to death in both categories (P < .001). Finally, mutation H275Y, 
associated with antiviral resistance, was not detected in our sample. Conclusions: These findings 
underline the fatal role of influenza A(H1N1)pdm09 infections among pregnancy. Routine vaccination 
and early usage of NAIs must be stressed, as it is critical to circumvent further complications and 
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progression to death by influenza among this risk category. Also, our figures corroborate previous 
findings on the low frequency of NAI resistance and the association between D222G mutation and 
severe/fatal disease. Financial support: Carlos Chagas Filho Foundation for Research endowment for 
Rio de Janeiro (FAPERJ), process n. 111.802/2012; Science and Technology Department (DECIT), 
Ministry of Health and National Counsel of Technological and Scientific Development (CNPq), Brazil.  
 
 
P2-446 
 
Hospitalization fatality risk of influenza A(H1N1pdm09): a systematic review  
 
J Wong1*, P Wu1, H Kelly2,3, D Ip1, J Wu1, G Leung1, B Cowling1 
 

1School of Public Health, Li KaShing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Victorian Infectious Diseases Reference Laboratory, North 
Melbourne, Victoria, Australia; 3National Centre for Epidemiology and Population Health, Australian 
National University, Canberra, Australian Capital Territory, Australia 
 
Background: During the 2009 influenza pandemic, uncertainty surrounding the seriousness of human 
infections with the H1N1pdm09 virus hindered the calibration of the public health response. One 
measure of seriousness is the hospitalization fatality risk (HFR), defined as the probability of mortality 
among cases of H1N1pdm09 that required hospitalization for medical reasons. The objective of our 
study was to review published data on the HFR of H1N1pdm09. Materials and Methods: We searched 
for relevant studies in PubMed, MEDLINE and EMBASE. Studies that reported population-based 
estimates of the HFR or sufficient data to retrieve a HFR in the first year of the pandemic were 
included. We excluded studies that reported estimates of the HFR in population subgroups such as 
pregnant women or those at higher risk of severe outcome if infected (eg, individuals with underlying 
chronic diseases). Results: We included 103 estimates of the HFR from 101 published studies, 
reporting a total of 82,133 hospitalized cases and 3743 deaths. Only 7% of the studies were 
published within the calendar year of 2009. In total, our analysis was based on reports from 43 
countries or regions in every continent except Antarctica. We identified heterogeneity in published 
HFR estimates, with estimates of the risk of death ranging from 0% to 48% in individual studies. The 
point estimates of the HFR increased substantially with age, with estimates ranging from 0% to 5% in 
children compared with 14% to 27% in the elderly. Patients with underlying health conditions had an 
increased risk of death if hospitalized. Conclusions: There was some variability in published estimates 
of the HFR, but much less variability than we found in our review of published estimates of the case 
fatality risk (Wong J, et al. Epidemiol 2013). The HFR of H1N1pdm09 increased with age and in 
persons with underlying health conditions. Lower HFR in children could be due to reduced 
seriousness of infection or a lower threshold for admitting children. Early in the next pandemic, 
estimation of the HFR may provide a reasonable picture of seriousness of infection and thereby 
inform risk assessment of the severity of the pandemic strain. 
 
 
P2-447 
 
Latitude gradients and climate associations of influenza-like illness in 
Vietnam 
 
PQ Thai1,2*, M Choisy2,3, TN Duong1, VD Thiem1, NT Yen1, NT Hien1, MF Boni4,5, P Horby2,4 

 
1National Institute of Hygiene and Epidemiology, Hanoi, Viet Nam; 2Wellcome Trust Major Overseas 
Programme, Oxford University Clinical Research Unit, Hanoi, Viet Nam; 3Institute of Research for 
Development in Viet Nam, Hanoi, Viet Nam; 4Centre for Tropical Medicine, Nuffield Department of 
Clinical Medicine, University of Oxford, Oxford, United Kingdom; 5Wellcome Trust Major Overseas 
Programme, Oxford University Clinical Research Unit, Ho Chi Minh City, Viet Nam 
 
Background: Climatic factors have been shown, both from ecologic and experimental studies, to play 
a substantial role in driving the epidemiology of influenza-like-illness (ILI). Absolute humidity (AH) has 
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been identified to play a particularly important role in temperate countries. Here we studied potential 
climatic drivers of ILI epidemiology in Vietnam (latitudinal range, 8° to 24°N), substantial climatic 
diversity, and a large population (90 million). Our study focused specifically on the seasonality (annual 
periodicity) of ILI. Materials and Methods: ILI notifications to the Ministry of Health were aggregated by 
month (from January 1993 to December 2011) and province. Estimated commune population sizes 
were derived from the General Statistical Office of Vietnam. Monthly (from January 1993 to December 
2011) average min, mean and max temperatures, absolute and relative humidity, sunshine and 
rainfall in 68 climatic stations were obtained from the Vietnam Institute of Meteorology, Hydrology and 
Environment. Estimated global monthly values for the above climatic variables by 2.5° x 2.5° pixel 
were obtained from the NCEP/NCAR project. ILI time series for each province were detrended, 
centered, reduced and square-root transformed. Annual periodicities were quantified from the value of 
the Fourier spectrum at the period of 1 year. Climatic variables that separated into difference 
threshold cutoff (varying from the minimal to the maximal value of the variable) were entered in a 
regression tree analysis to identify those that best explain the observed ILI seasonality. A seasonally 
forced SEIR model was developed in which the seasonality of the forcing on the transmission can be 
controlled independently of its variance. Results: During the 18-year study period, 26,023,574 cases 
of ILI were reported. ILI reporting incidence for the whole country showed a larger peak from 
September to November, and a smaller one from February to April. The seasonality of ILI increases 
from south to north, parallel to the gradient observed for certain climatic variables. Regression-tree 
analysis showed a strong influence of temperature and humidity with the seasonality of AH explaining 
most of the variance in ILI seasonality. The relationship between seasonality of AH and seasonality of 
ILI epidemiology revealed a threshold effect that is also predicted by the SEIR model. This suggests 
that the nonlinearity of the transmission process is responsible for this threshold effect. Extrapolation 
of these results to a global climate surface of the annual periodicity of AH predicts the spatial 
distribution of seasonal versus nonseasonal ILI epidemiology that is in agreement with previously 
published results. Conclusions: Our analyses have demonstrated that the periodicity of AH in Vietnam 
may play a role in driving the seasonality of ILI. These results may be applicable to other countries. 
 
 
P2-448 
 
An outbreak with mixed infection of influenza A/H3N2 and pandemic H1N1 in 
Alappuzha district of the state of Kerala, India 
 
B Anukumar1*, S Peter1, VM Srijith1, VA Potdar2, MS Chadha2 

 
1National Institute of Virology, Kerala Unit, Government TD Medical College Hospital, Alappuzha, 
Kerala, India; 2Influenza Group, National Institute of Virology, Pune, India 
 
Background: In late June and July 2011, an upsurge in patients with influenza-like illness (ILI) was 
reported from peripheral hospitals in Alappuzha district of Kerala state. An investigation was carried 
out to determine the causative agents. Methods: Investigations were carried out in the outpatient 
departments of sentinel hospitals. Using the World Health Organization case definition for ILI, 204 
patients with ILI were identified and their nasal/throat swabs were collected. Real-time RT-PCR–
based diagnosis was performed to detect influenza type A and B, and their subtypes. Madin-Darby 
Canine Kidney cell line was used for virus isolation. Haemagglutinin (HA) and neuraminidase (NA) 
genes of isolated influenza viruses were sequenced and phylogenetic analysis was carried out. 
Results: Of 204 specimens tested, 102 (50%) were influenza A PCR positive. PCR subtyping results 
revealed that 96 (94.11%) influenza A positive samples were influenza A/H3N2 and six (5.89%) were 
A (H1N1) pdm09. All the influenza A negative samples were also negative for type B. Phylogenetic 
analysis of eight A/H3N2 isolates showed that seven of these were genetically related to 
A/Victoria/361/2011/H3N2, which was the 2012-2013 northern hemisphere vaccine component, and 
one isolate showed 99.04% identity with A/Perth/16/2009, which was the 2010-2012 northern 
hemisphere vaccine component. These isolates acquired amino acid substitutions K158N, N189K, 
and T212A as in A/Victoria/361/2011. Further, the isolates showed amino acid substitutions N145S, 
A198S and V223I and formed clade 3 of the Victoria group. Genetic characterization of four A (H1N1) 
pdm09 isolates indicated that the viruses predominantly clustered with A/California/07/2009 (2010-
2013 northern hemisphere vaccine strain) in clade 7, which is globally the most widely circulating 
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clade. A (H1N1) pdm09 isolates were also screened for the H274Y mutation in the NA gene and all 
were sensitive to oseltamivir. Seven influenza A/H3N2 isolates were studied for the presence of 
substitutions at positions R118K, E119Q, D151E, R152K, R224K, E227D, E276D, R292K, N294S, 
and ∆244-247, and all isolates remained sensitive to oseltamivir. Conclusions: From this investigation, 
we conclude that influenza type A (H3N2) was the etiologic agent of the outbreak, and pandemic 
H1N1 virus co-circulated during the ILI outbreak in Alappuzha district. No substantial differences in 
the sequences were noticed in either A/H3N2 or A (H1N1) pdm09. Both viruses was found to be 
sensitive to oseltamivir. 
 
 
P2-449 
 
Risk factors for hospitalization with influenza-associated severe acute 
respiratory illness in 2012, South Africa 
 
J Moyes1,2*, A Cohen3, S Tempia3, S Walaza1,2, H Dawood4, F Naby4, E Variava5,6, C von 
Mollendorf1,2, M Pretorius1, M Venter1,7, C Cohen1,2 
 

1National Institute for Communicable Diseases of the National Health Laboratory Service, 
Johannesburg, South Africa; 2School of Public Health, University of the Witwatersrand, 
Johannesburg, South Africa; 3US Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States, and Pretoria, South Africa; 4Pietermaritzburg Metropolitan Hospital Complex, KwaZulu-
Natal, South Africa; 5Tshepong Hospital, North West Province, South Africa; 6Faculty of Medicine, 
University of Witwatersrand, Johannesburg, South Africa; 7Zoonosis Research Unit, Department of 
Medical Virology, University of Pretoria, Pretoria, South Africa  
 
Background: There are few data on the risk factors for severe influenza infection in high HIV 
prevalence settings such as South Africa. Data describing risk factors for severe disease will assist in 
allocation of resources such as vaccines and antiviral drugs. In addition, clinical risk factors will be of 
value to doctors treating severe acute respiratory illness (SARI). Influenza vaccination is available for 
HIV-infected patients, children, and older adults in the public health system in South Africa; however, 
coverage remains low. We aimed to describe the factors associated with severe influenza infection by 
comparing the characteristics of influenza-positive patients with outpatient influenza-like-illness (ILI) to 
influenza-positive patients hospitalized with SARI in South Africa. Methods: Patients with ILI and SARI 
were enrolled at two outpatient clinics and two hospitals in similar geographic areas as part of an 
active, prospective sentinel surveillance programme for respiratory viruses. Patients fitting clinical 
case definitions (standard World Health Organisation defined case definitions) were systematically 
enrolled. Respiratory specimens were tested by multiplex real-time reverse transcription polymerase 
chain reaction (PCR) assay for respiratory viruses: influenza, adenovirus, enterovirus, rhinovirus, 
parainfluenza 1-3, human metapneumovirus, and respiratory syncytial virus. HIV results were 
obtained from medical records, voluntary counselling and testing or anonymized testing as part of the 
surveillance programme. Children under 18 months of age were screened by HIV enzyme-linked 
immunosorbent assay and confirmed by PCR if positive. Variables considered as risk factors for 
influenza-related SARI included the following: HIV infection, any underlying chronic illness (other than 
HIV infection), age and coinfection with other respiratory viruses. Influenza-positive patients with ILI 
were compared with patients admitted to hospital with influenza-related SARI using logistic regression 
analysis. Results: During the 2012 influenza season from the beginning of June 2012 to the end of 
October 2012, 1045 patients with SARI and 914 patients with ILI were enrolled. Influenza testing 
results were available for 93% (1816/1959) of patients. The detection rate for influenza was 9% 
(90/953) in SARI patients and 23% (196/863) in ILI patients (P < .001). The HIV prevalence in patients 
with influenza-associated SARI and available data on HIV status was 48% (30/62) compared with 
38% (56/146) in patients with influenza-associated ILI (P = .2). On univariate analysis, underlying 
illness (excluding HIV) (odds ratio [OR]: 4.2; 95% confidence interval (CI): 2.2-7.9), HIV infection (OR: 
1.5; 95% CI: 0.9-2.7), rhinovirus coinfection (OR: 3.5; 95% CI: 1.3-9.6) and age (reference age 3-5 
years: age ≤ 2 OR 4.1, 95% CI: 2.6-6.4; age 6-15 OR 0.4, 95% CI: 0.2-0.7; age 16-55 OR 2.4, 95% 
CI: 1.6-3.5; age ≥ 56 OR 7.2, 95% CI: 4.3-12.2) were associated with influenza-associated SARI. In 
the multivariable model, HIV infection (OR: 2.9; 95% CI: 1.2-7.1) and age remained associated with 
SARI (reference age 3-5 years: age ≤ 2 OR 6.7, 95% CI: 1.6-28.7; age ≥ 56 OR 8.4, 95% CI: 1.0-
46.6). Conclusions: Among patients with respiratory influenza infection in South Africa, very young 
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age, older age and HIV infection are risk factors for SARI compared with milder ILI. These data 
support calls for improvement in coverage of influenza vaccination in HIV-infected people, infants and 
the elderly. 
 
 
P2-450 
 
Hospital surveillance for severe acute respiratory infections (SARI) in nine 
countries in the WHO European Region―risk factors for a severe outcome 
 
T Meerhoff1, A Simaku2, D Ulqinaku2, L Torosyan3, N Gribkova4, V Shimanovich5, G Chakhunashvili6, 
I Karseladze6, A Kuatbaeva7, K Kasymbekova8, D Otorbaeva9, E Lupulescu10, O Popovici11, E 
Smorodintseva12, A Sominina12,  Holubka13, O Onyshchenko13, D Gross14, C Brown14* 
 
1Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands; 2Institute of Public Health, 
Tirana, Albania; 3State Hygiene and Anti-epidemic Inspectorate, Yerevan, Armenia; 4Scientific and 
Research Institute of Epidemiology and Microbiology, Minsk, Belarus; 5Republican Center 
for Hygiene, Epidemiology and Public Health, Minsk, Belarus; 6National Centre for Disease Control 
and Public Health, Tbilisi, Georgia; 7Scientifical-Practical Center of Sanitary and Epidemiological 
Expertise and Monitoring, Almaty, Kazakhstan; 8National Virological Laboratory, Department of the 
State Sanitary and Epidemiological Surveillance, Ministry of Health of Kyrgyz Republic, Bishkek, 
Kyrgyzstan; 9Department of State Sanitary Epidemiological Surveillance, Bishkek, Kyrgyzstan; 
10Cantacuzino Institute, National Reference Centre for Influenza, Bucharest, Romania; 11National 
Institute of Public Health, National Centre for Communicable Diseases Surveillance and Control, 
Bucharest, Romania; 12National Influenza Centre at the Research Institute of Influenza, St. 
Petersburg, Russian Federation; 13LV Gromashevskyi Institute of Epidemiology and Infectious 
Diseases, Kiev, Ukraine; 14WHO Regional Office for Europe, Copenhagen, Denmark 
 
Background: One of the gaps in influenza surveillance that was highlighted by the emergence of the 
influenza A(H1N1)pdm09 virus was the need for influenza surveillance systems that routinely monitor 
severe influenza to compare the severity of different influenza seasons, to monitor high-risk groups 
and to track viruses causing severe disease. Sentinel hospital surveillance for severe acute 
respiratory infection (SARI) has recently been established in countries in the WHO European region. 
Case-based SARI data are presented here with the objective to describe characteristics of SARI 
cases and to investigate the association between risk factors and a severe outcome in influenza-
positive cases. Materials and Methods: All countries collecting case-based data on SARI patients 
between 2009 and 2012 were invited to participate in the study. For inclusion, as a minimum, data on 
age, sex, clinical symptoms, presence and specification of underlying conditions, and influenza 
(sub)type test results were required. Information on SARI case-definition(s) applied in the hospitals 
and sampling protocols for collecting respiratory specimens from patients were also collected. 
Descriptive analysis was performed to investigate the patient characteristics for not tested, negative 
and influenza-positive SARI cases. For countries that collected additional data on severity (ICU 
admission, death), we assessed the association between possible risk factors (ie, age, sex, 
underlying conditions, influenza subtype) and a severe outcome (ICU admission or death). Bivariate 
analysis was performed to identify factors associated with ICU admission or death. All variables 
associated with a severe outcome in the bivariate analyses at a significance level of P < .15 are 
included in a multivariate logistic regression analysis to identify factors independently associated with 
ICU admission or death. A factor is defined significant when P < .05.Results: Nine countries (Albania, 
Armenia, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Romania, Russian Federation and Ukraine) 
fulfilled the inclusion criteria. Between 2009 and 2012, a total of 13,301 SARI cases were reported. 
The percentage of children aged 0-14 years ranged from 23.5% to 85.7% for the different countries. 
Data on ICU and death were available for five countries. Preliminary bivariate analysis indicated that 
the following factors were significantly associated with death vs nondeath: age > 15+ (OR = 7.01; 
2.09-23.53), presence of underlying conditions (OR = 6.29; 2.15-18.37), being immune-compromised 
(OR = 3.00; 1.17-7.69), presence of liver conditions (OR = 4.59 (1.47-14.38) and influenza 
A(H1N1)pdm09 infection (OR = 16.43; 2.19-123.30) vs influenza A(H3N2). In the multivariate analysis 
using logistic regression, the preliminary results indicate that 1) influenza A(H1N1)pdm09 virus was 
significantly associated with death, and 2) immune-compromised status may also be an independent 
risk factor (P = .05). Conclusions: The establishment of sentinel SARI surveillance in hospitals is a 
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first step toward monitoring influenza-related severe acute respiratory disease and is a promising 
system to obtain information on high-risk groups and to track the viruses that cause severe disease. 
Although the SARI data collection in the region is not identical (possible bias in age, sampling and 
health care use) and reports of ICU admission and death are available for part of the countries only, 
we have a better understanding of the role of influenza at the severe spectrum of the disease. 
Preliminary results indicate that influenza A(H1N1)pdm09 and being immune compromised are 
independent risk factors for death. Nine countries contributed data for this study, the majority of which 
are low-middle income countries with low vaccination uptake and antiviral use. Information on risk 
factors will help in targeting and prioritizing vulnerable populations for vaccination and antiviral 
treatment in these countries and may be useful for other countries in the European region.  
 
 
P2-452 
 
Rate of decline of antibody titres to influenza A/California/7/2009 (H1N1) by 
haemagglutination inhibition and virus neutralization assays in a cohort of 
seroconverting adults in Singapore 
 
JP Hsu1*, XH Zhao2, MI Chen2,3, AR Cook2,4,5,6, VJ Lee2,7, WY Lim2, L Tan2, MC Phoon1, CL Tan8, YS 
Leo8, VT Chow1 

 

1Department of Microbiology, Yong Loo Lin School of Medicine, National University of Singapore, 
Singapore; 2Saw Swee Hock School of Public Health, National University of Singapore, Singapore; 
3Clinical Epidemiology, Tan TockSeng Hospital, Singapore; 4Program in Health Services and Systems 
Research, Duke-NUS Graduate Medical School Singapore, Singapore; 5Yale-NUS College, National 
University of Singapore, Singapore; 6Department of Statistics and Applied Probability, National 
University of Singapore, Singapore;n7Biodefence Centre, Singapore Armed Forces, Singapore; 
8Communicable Disease Centre, Tan TockSeng Hospital, Singapore  
 
Background: The rate of decline of antibody titres to influenza following infection can affect results 
from serosurveys, and population level decline in such titres may explain the pattern of repeat 
epidemics observed in pdmH1N1 influenza A. We describe changes in antibody titres in a cohort of 
adults who seroconverted during the initial wave of pdmH1N1 infections in Singapore. Materials and 
Methods: We followed up a cohort who seroconverted (≥ 4-fold increase in haemagglutination 
inhibition (HI) titres to A/California/7/2009 H1N1) during a seroincidence study in 2009 and obtained 2 
additional blood samples in April 2010 and September 2010, which were assayed for antibodies to 
A/California/7/2009 H1N1 by both HI and virus microneutralization (MN) assays along with the sample 
from 2009 with the highest HI titres (between Aug and Oct 2009). We analysed pairwise mean fold 
change in titres and the proportion with HI titres ≥ 40 at the three time points; for MN, a cutoff point of 
≥ 160 was used as this best correlated with a HI titre of 40 in our assays. We also fitted a multinomial 
probit regression model to titre distributions to explore if the rate of decline differed by demographic 
variables like age and gender. Results: After excluding 2 participants with a ≥ 4-fold increase in titres 
(on both HI and MN), we had 65 participants who contributed 3 samples each; 63 (97%) and 49 
(75%) of these had a decrease in HI and MN titres, respectively, from the 2009 sample to the last 
sample in 2010. Titres by both assays decreased significantly, and in 6 individuals aged 55 and older, 
the decrease was significantly greater than in those aged below 55. The posterior means of the 
sampling period 2 effect were estimated as –3.42 (95% Credible interval [CrI], –4.33 to –2.61) and –
1.99 (95% CrI, –2.72 to –1.30) by HI and MN assays, respectively; for period 3 these were –3.88 
(95% CrI, –4.86 to –3.01) and –1.99 (95% CrI, –3.38 to –1.87), respectively. Older individuals had 
more rapid decline in measurable antibodies: mean –1.22 (95% CrI, –2.95 to 0.42) and –3.30 (95% 
CrI, –5.21 to –1.50) for sampling periods 2 and 3 in subjects aged ≥ 55 by HI assay; –2.80 (95% CrI, –
4.30 to –1.33) and –2.56 (95% CrI, –4.03 to –1.12) by MN assay. Statistically discernible differences 
in gender over the sampling periods were observed by HI assays only: –1.43 (95% CrI, –2.40 to –
0.52) and –1.35 (95% CrI, –2.33 to –0.40) for sampling periods 2 and 3, respectively, for female 
relative to males. While 71% and 72% had titres ≥ 40 and ≥ 160 by HI and MN in 2009, this had 
decreased to 14% and 37% by September 2010. Conclusions: After 1 year, only 14% individuals with 
serologically ascertained pdmH1N1 infection had the traditionally accepted seroprotective HI titres of 
≥ 40. The drop in titres was more marked by HI than MN, with implications for serologic studies. The 
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significance for reinfection is uncertain, but the rapid decline may explain the multiple infection waves 
observed. There was also evidence that titres decreased more rapidly in older individuals. 
 
 
P2-453 
 
Predictive value of telenursing complaints in influenza surveillance: a 
prospective cohort study in Sweden 
 
T Timpka1,2,3,*, A Spreco2,3, Ö Dahlström4, O Eriksson3, EA Gursky5, J Ekberg1,2, E Blomqvist3, M 
Strömgren6, D Karlsson3, H Eriksson3, JM Nyce7, J Hinkula8, E Holm6 

 
1Department of Public Health, Östergötland County Council, Linköping, Sweden; 2Department of 
Medical and Health Sciences, Linköping University, Linköping, Sweden; 3Department of Computer 
and Information Science, Linköping University, Linköping, Sweden; 4Linnaeus Centre HEAD, 
Department of Behavioural Sciences, Linköping University, Linköping, Sweden; 5National Strategies 
Support Directorate, ANSER/Analytic Services Inc, Arlington, Virginia, United States; 6Department of 
Social and Economic Geography, Umeå University, Umeå, Sweden; 7Department of Anthropology, 
Ball State University, Muncie, Indiana, United States; 8Department of Clinical and Experimental 
Medicine, Linköping University, Linköping, Sweden 
 
Background: Data source alternatives to mandated reporting by microbiologic laboratories and 
sentinel physician practices have been sought to improve the timely detection of influenza outbreaks. 
This study examines the use of data from calls to telenursing services as population-level predictors 
of influenza outbreaks and their progression. It employs data from the Swedish telenursing service 
Healthcare Direct/1177 and an electronic health data repository covering an entire county population. 
Specifically, the aim is to examine which grouping of telenursing chief complaints is most strongly 
correlated with influenza case rates and to assess the prospective epidemiologic performance of this 
grouping as predictors of influenza activity. Materials and Methods: Data from two influenza seasons 
(2007-08 and 2008-09) were collected in Östergötland county (population 427,000), Sweden, to 
determine which telenursing chief complaint grouping had the largest correlation with influenza case 
rates and offered the longest lead time. The best performing alerting threshold for this grouping was 
established using receiver operating characteristics curves. This influenza activity prediction (IAP) 
grouping and threshold were prospectively evaluated using data from three subsequent seasons 
(2009-10 to 2011-12). Correlations with influenza case rates were calculated and estimates of the 
area under curve (AUC) and positive predictive value (PPV) were computed as performance 
indicators. To denote the strength of correlations, limit values were applied as suggested by the 
Cohen Scale (small, medium and large effect sizes defined as 0.10, 0.30, and 0.50, respectively). The 
limits for interpreting the AUC were set to 0.90, 0.80, and 0.70, denoting very strong (outstanding), 
strong (excellent), and acceptable discriminatory performance, respectively. Results: The grouping of 
chief complaints with the largest correlation strength on a daily basis (r = 0.66; P < .001) and longest 
lead time (14 days) to influenza case rates in the retrospective data was fever (child, adult) and 
syncope. On a weekly basis, the strength of the correlation was larger (r = 0.91; P < .001), while the 
lead time remained at 2 weeks. The alerting threshold was determined to a moving average of 0.9 
calls/day/100,000 above the baseline level. The strength of the correlation between telenursing call 
rates for the IAP grouping and influenza case rates was in the prospective evaluation, on a daily 
basis, slightly smaller than observed in the retrospective analysis but still large (r = 0.59; P < .001). 
The correlation strength was smaller during the first part of the period including the pandemic 
outbreak in 2009 (r = 0.56; P < .001) than in the second part of the period including only seasonal 
outbreaks (r = 0.64; P < .001). Similarly, the weekly correlation strength was smaller than observed 
from the retrospective data (r = 0.80; P < .001). Also here it was smaller during the first part of the 
evaluation period covering the pandemic outbreak (r = 0.76; P < .001) than in the later part including 
only seasonal outbreaks (r = 0.86; P < .001). The AUC for the 14-day predictions on a daily basis was 
0.87 (PPV = 0.75) for the entire prospective evaluation period; the specificity was 0.88 and the 
sensitivity was 0.67. The performance was acceptable for the part of the evaluation period including 
the 2009 pandemic outbreak (AUC = 0.84; PPV = 0.58), while it was strong (AUC = 0.89; PPV = 0.93) 
for the remaining period including only seasonal outbreaks. On a weekly basis, the AUC was strong 
0.81 (PPV = 0.90) for the entire prospective evaluation period; the specificity was 0.94 and the 
sensitivity was 0.68. Also on a weekly basis, the performance of predictions was acceptable for the 
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pandemic outbreak (AUC = 0.78; PPV = 0.79) and strong for the seasonal outbreaks (AUC = 0.83; 
PPV = 1.00). Conclusions: The telenursing complaints fever and syncope showed in a prospective 
evaluation large strengths for correlations with influenza case rates and strong discriminatory 
performance in predicting seasonal influenza outbreaks. The telenursing surveillance method 
achieved poorer results during the 2009 pandemic outbreak when health behaviors did not follow 
anticipated patterns. We recommend use of telenursing data in surveillance of seasonal influenza. 

P2-454 

Age-specific differences in influenza virus type and subtype distribution in 12 
European countries, 2012-2013 

E Broberg*, J Beauté, P Zucs-Scholler1; European Influenza Surveillance Network 

European Centre for Disease Prevention and Control, Stockholm, Sweden 

Background: Limited surveillance data on hospitalised cases of laboratory-confirmed influenza 
suggest that the distribution of seasonal influenza virus types and subtypes differs between age 
groups. It is unclear if this also applies to influenza cases seeking primary care. The European 
Influenza Surveillance Network (EISN) is based on sentinel surveillance networks in each of the 29 
participating countries. It routinely reports data on influenza-like illness (ILI) and acute respiratory 
infection (ARI) by age group, but these data are aggregate and thus not linked to any virologic 
information. Conversely, EISN laboratories do not routinely report patient age for the clinical sentinel 
specimens testing positive for influenza. The aim of this study was therefore to find out if the influenza 
virus type and subtype distribution differs between age groups and what implications this could have 
from the public health perspective. A more strategic objective was to explore if this data collection and 
analysis add value to our understanding of influenza epidemiology in Europe and should be 
considered as an additional element of routine surveillance to, for example, better target the 
vaccination campaigns. Methods: Toward the end of the 2012-2013 influenza season, all EISN 
laboratories were asked to submit a disaggregate subset of their data for this season to the European 
Centre for Disease Prevention and Control (ECDC). The variables were limited to reporting week, 
patient age, and influenza type and subtype. The age groups analysed were 0-4, 5-14, 15-64 and ≥ 
65 years of age. The data were cleaned and variables unified between different countries. The main 
analysis was the comparison of the subtypes in different age groups, between countries and at 
European level. Results: Twelve of 29 EISN member states (accounting for 36% of the EU 
population), reported patient age, influenza virus type and subtype for 7872 positive specimens. 
France and Spain contributed 64% of all reported specimens. The positivity rate of the samples varied 
across countries, ranging from 19% to 72%.However, the distribution of positive samples by 
(sub)types remained similar across most countries. In cases 5-14 years of age, 75% tested positive 
for influenza B virus, whereas all other age groups had an even distribution of influenza A and B 
viruses in 2012-2013. Among the influenza A viruses subtyped, A(H1N1)pdm09 viruses dominated 
over A(H3N2) viruses in all cases up to 64 years of age (68% vs 32%), whereas in those aged 65 
years and above, A(H3N2) viruses dominated (63% vs 37%). Conclusions: This study is the first 
cross-European study analysing the influenza type and subtype distribution across age groups. The 
study corroborates previous findings of differences in distribution of subtypes across age groups and 
warrants further analysis specifically between the two influenza B virus lineages. In the 2012-2013 
influenza season, the B viruses were dominating in school-aged children, whereas all other age 
groups had an even distribution of influenza A and B viruses. This could be an indication of different 
transmission dynamics in different populations, possibly due to differences in age-specific population 
immunity based on previous infection or vaccination. These are likely explanations that should be 
further explored seroepidemiologically and by taking vaccination status into account. Obviously, also 
health-seeking behaviour may have caused a bias toward children being tested more often. Based on 
the results of the study, the ECDC will further explore the possibility of end-of-season collection of this 
type of disaggregate detection data, as this may support the targeting of the vaccination campaigns to 
specific age-groups. 
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P2-455 

Molecular epidemiology and serological characterization of influenza virus 
infection in Nepal 

BP Upadhyay1*, S Adhikari1, G Shakya1, K Baral2, SK Shrestha3, TP Shah1, S Dangol1, P Ghimire4, 
MR Banjara4 

1National Public Health Laboratory, Kathmandu, Nepal; 2Patan Academy of Health Sciences, Lalitpur, 
Nepal; 3Walter Reed/AFRIMS Research Unit, Kathmandu, Nepal; 4Central Department of 
Microbiology, Kirtipur, Tribhuvan University, Kathmandu, Nepal 

Background: A cross-sectional study in 2012, based at the National Influenza Center Nepal, was 
carried out with the objective to characterize the circulating influenza viruses in Nepal. Methods: A 
total of 1536 throat swab specimens, obtained from patients with influenza-like Illness (ILI) at National 
Influenza Surveillance Network (NISN) sentinel hospitals, were transported to the National Influenza 
Center, maintaining reverse cold chain, within 48 hours. Viral RNA was extracted using the QIAmp 
viral RNA kit. Polymerase chain reaction assay (PCR) was performed following CDC real-time PCR 
protocol for detection and characterization of the influenza virus. Randomly selected 10% of PCR-
positive specimens were subjected to virus isolation in a Madin Darby Canine Kidney (MDCK) cell line 
and characterized by haemagglutination inhibition assay. Results: Of the 1536 throat swab specimens 
collected from ILI cases, influenza viruses were detected in 890 (57.9%) specimens. Influenza A 
infection was detected in 176/1536 (11.4%) cases, of which 174/1536 (11.3%) were influenza A 
(H1N1) pdm 09 and 2/1536 (0.1 %) were influenza A/H3 subtype. Influenza B was detected in 
664/1536 (43.2%) cases. Influenza A (H1N1) pdm09 and influenza B coinfection was observed in 
50/1536 (3.2%) cases. Influenza A (H1N1) pdm 09, A/H3 and B virus were antigenically similar to the 
novel influenza A/California/07/2009-like (H1N1) V type viruses, A/Victoria/361/2011 (H3N2) viruses, 
and B/Brisbane/60/2008 and B/Wisconsin/1/2010 viruses, respectively. Although sporadic cases of 
influenza were observed throughout the year, the peak was observed during July to November. The 
highest numbers of influenza A (H1N1) pdm09 and influenza B were found in September and in 
children (< 15 years of age). Conclusions: All types of influenza viruses are in circulation in Nepal, 
with the peak during July-November. Comparison of genetic patterns of influenza virus in consecutive 
years is necessary to link viral genetic changes and seasonal outbreak of influenza viruses in Nepal.  

P2-456 

Risk factors associated with hospitalized severe acute respiratory illness 
(SARI) in rural South Africa—2009-2012 

T Ao1, C Kabudula2,3, J Moyes4, P Mee2,3,5, K Kahn2,3,5, C Cohen4, A Cohen1,6 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2Medical Research 
Council/Wits University Rural Public Health and Health Transitions Research Unit (Agincourt), School 
of Public Health, Faculty of Health Science, University of the Witwatersrand, Johannesburg, South 
Africa; 3International Network for the Demographic Evaluation of Populations and Their Health 
Network, Accra, Ghana; 4Centre for Respiratory Disease and Meningitis, National Institute for 
Communicable Diseases, Johannesburg, South Africa; 5Umeå Centre for Global Health Research, 
Division of Epidemiology and Global Health, Department of Public Health and Clinical Medicine, 
Umeå University, Umeå, Sweden; 6Centers for Disease Control and Prevention–South Africa, 
Pretoria, South Africa 

Background: Although severe acute respiratory illness (SARI) is the leading cause of death among 
children under five years of age worldwide, little is known about the epidemiology of SARI in parts of 
rural sub-Saharan Africa. In 2009, prospective hospital-based SARI surveillance began in South 
Africa to estimate disease burden in adults and children. Combining data from this surveillance 
system and the existing Agincourt health and demographic surveillance system (HDSS) in the same 
catchment area, we investigated risk factors for hospitalization for SARI in rural South Africa. 
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Materials and Methods: We conducted a case-control study. Cases were defined as hospitalized 
patients who lived in the Agincourt HDSS area and met SARI screening and enrollment criteria at 
Mapulaneng and Matikwana hospitals, Mpumalanga Province, 2009-2012. We matched SARI cases 
to their records in the HDSS using record linkage analysis algorithms. For each case, ten HDSS 
controls were randomly selected without replacement, matched by age group (< 5 years and ≥ 5 
years) and village of residence. The HDSS database contains basic demographic variables and 
household characteristics, including socioeconomic status (SES) quintiles created from principal 
components analysis based on household assets in 2009 (households with the least assets are in the 
1st quintile; those with the most in the 5th). To identify risk factors associated with hospitalized SARI, 
we conducted multivariable conditional logistic regression stratified by age group and adjusted by 
village of residence. Results: Of the 2215 hospitalized SARI patients at the two hospitals, we 
identified 258 (12%) who were registered in the HDSS. These patients did not differ significantly from 
those who were not found in the HDSS except for hospital site. Most HDSS-cases sought care at 
Matikwana Hospital (n = 209; 81%), whereas non-HDSS cases were evenly distributed between 
Mapulaneng Hospital (n = 938; 48%) and Matikwana Hospital (n = 958; 49%). Influenza virus was 
detected by polymerase chain reaction in 9.1% of all SARI patients (n = 202) and 9.3% of matched 
cases (n = 24). In bivariate analysis for age group < 5 years, male sex was significantly associated 
with hospitalization with SARI (OR = 1.5, 95% confidence interval [CI] = 1.0–2.1). Compared with 
those in the 1st SES quintile, participants in higher quintiles had higher odds of being a case (3rd 
quintile OR = 3.0, 95% CI = 1.1–8.4; 4th quintile OR = 2.7, 95% CI  0.9–7.5; 5th quintile OR = 3.3, 95% 
CI = 1.2–8.9), and being enrolled in a crèche or preschool was associated with a lower odds of being 
a case (OR = 0.5, 95% CI = 0.3–0.9). In multivariable analysis for this age group, high SES quintile 
(OR for 5th quintile = 4.3, 95% CI = 1.2–15.0) and crèche or preschool enrollment (OR = 0.3, 95% CI = 
0.1–0.6) remained independently associated with being a case. In bivariate analysis for age group ≥ 5 
years, male sex was associated with lower odds of being a case (OR = 0.5, 95% CI = 0.4–0.8), as 
was being a refugee from Mozambique post-1992 compared with not being a refugee (OR = 0.3, 95% 
CI = 0.1–0.7). Having 1–10 cattle at home compared with having no cattle was associated with 
increased odds of being a case (OR = 2.8, 95% CI = 1.3–5.7), as was belonging to the 4th SES 
quintile compared with the 1st SES quintile (OR = 4.7, 95% CI = 1.3–17.4). In multivariable analysis 
for this age group, only belonging to the 4th SES quintile remained significantly associated with being 
a case (OR = 4.5, 95% CI = 1.2–16.9). Conclusions: Risk factors for SARI hospitalization are similar 
for adults and children in rural South Africa. Possible explanations for the lower odds of SARI 
hospitalization observed among children in crèches and preschools might be higher vaccination 
coverage or access to hospitals. For both age groups, the association with higher SES may suggest 
better access to hospitals among those with more assets. Influenza is an important etiology of SARI in 
rural South Africa among all ages. To better guide public health recommendations to reduce the 
burden of SARI and influenza, future research should elucidate the associations observed with 
preschool enrollment and SES in this population. 
 
 
P2-457 
 
Influenza virus occurrence in asymptomatic and symptomatic patients during 
pandemic and postpandemic period in Sao Paulo, Brazil 
 
A Perosa*, T Melchior, C Camargo, N Bellei 
 
Clinical Virology Laboratory, Sao Paulo Federal University, Sao Paulo, Brazil 
 
Background: Influenza A(H1N1)pdm09 had a major impact on global health, causing thousands of 
deaths in 2009. Facing the pandemic situation, the transmission control measures were not 
completely effective in preventing the spread of the disease. Knowledge about the infection aspects 
and the different profiles of clinical presentation is crucial for effectiveness of these measures during a 
pandemic. This study aimed to analyze the occurrence of influenza virus in asymptomatic and 
symptomatic individuals at a tertiary hospital of Sao Paulo city, Brazil, in the pandemic and 
postpandemic period. Materials and Methods: Nasal swab samples from children with respiratory 
symptoms, their caregivers asymptomatic at attendance, asymptomatic HIV-infected patients and 
asymptomatic health care workers were collected during the months of influenza circulation in 2009, 
2010 and 2011. These samples were tested for influenza A and B by CDC real-time RT-PCR. 
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Results: Twenty-seven children (27%; 27/100) and 194 adults (64.7%; 194/300) were vaccinated 
against influenza in the year of sample collection. Of the tested samples, 21.3% (85/400) were 
influenza positive; 86% (73/85) were influenza A and 14% (12/85) were influenza B. The influenza 
rate in symptomatic children was 46% (46/100) and in asymptomatic adults was 13% (39/300). The 
chance of an unvaccinated child who was five years or older of having influenza was 4.8 times greater 
than an unvaccinated child under five years old. HIV-infected patients with influenza infection had an 
average CD4 count statistically lower (354.2 cells/mm3) than noninfluenza patients (533.8 cells/mm3). 
Of the caregivers who had contact with an influenza-positive child, 23.9% (11/46) were also infected 
with influenza, and the highest rate (34.8%; 8/23) occurred in 2009. Influenza A(H1N1)pdm09 
detection progressively decreased and influenza B detection increased over the postpandemic years. 
Conclusions: Asymptomatic influenza detection was higher in caregivers of symptomatic children, 
followed by HIV-positive patients. Annual vaccination was associated with a lower frequency of virus 
infection, both in asymptomatic adults and in symptomatic children. 
 
 
P2-459 
 
The asymptomatic fraction of influenza virus infections: a systematic review 
 
N Leung*, L Lau, D Ip, B Cowling 
 
School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China 
 
Background: Influenza virus infections lead to a wide range of clinical manifestations, from severe 
pneumonia to subclinical or even asymptomatic disease. There has been substantial controversy over 
the proportion of influenza virus infections that are asymptomatic, referred to as the asymptomatic 
fraction (AF). Knowledge on the AF, variation in the AF in certain groups, and the potential 
infectiousness of asymptomatic cases are extremely important in designing public health control 
strategies such as contact tracing and quarantine, and in estimating the burden of disease. Materials 
and Methods: We conducted a systematic review to assess and summarize the AF of influenza virus 
infections. Laboratory-confirmed influenza infection is defined by an infection confirmed by RT-PCR or 
viral culture in respiratory specimens, or serologic evidence of recent infection indicated by a 4-fold or 
greater rise in antibody titer in paired sera. The AF is defined as the proportion of influenza-infected 
individuals who experienced no symptomatic illness. Results: After reviewing 407 titles and abstracts, 
we identified 39 articles, the majority (80%) of which were reported after the H1N1 pandemic in 2009. 
Studies were classified into 5 categories: cross-sectional studies of general population or high-risk 
groups (8), community-based transmission studies (15), case-control studies of outbreaks (10), 
randomized-control trials of interventions (4), and healthy volunteer challenge studies (2). In cross-
sectional studies, sera from the general population or high-risk groups (eg, health care workers 
[HCW], schoolchildren, military) were collected to determine seroconversion, and the AF was 
estimated to be between 0%-93%. In community-based transmission studies, the AF was estimated to 
be between 8%-30%. There was also evidence that peak viral shedding was similar between 
symptomatic and asymptomatic infected individuals, although the duration of shedding was shorter for 
asymptomatic individuals. Cohort studies in other high-risk groups (eg, HCW and travelers) tended to 
give a much higher estimate of AF. For case-control studies of outbreaks in schools and ships, the AF 
was estimated to be between 1%-59%. Randomized controlled trials of pharmaceutical intervention 
showed evidence that, although the use of antivirals as prophylaxis would not prevent influenza 
infection as reflected by seroconversion, the AF in the group given antiviral prophylaxis was higher 
than in the placebo group. In volunteer challenge studies, the AF was approximately 30%. 
Conclusions: Approximately 8%-30% of influenza virus infection are estimated to be asymptomatic 
from community-based household transmission studies and volunteer challenge studies. Estimates of 
the AF are affected by the study designs, and the definitions of infection and symptomatic illness. 
Community-based household transmission studies and volunteer challenge studies may have one 
advantage over other study designs of being able to study the infectiousness of asymptomatic 
individuals. 
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P2-460 
 
The study of heterosubtypic neutralising antibody responses against H5N1 
influenza viruses in human subjects using a comparative serology approach 
 
E Molesti1, F Ferrara1*, G Lapini2, E Montomoli2, N Temperton1 
 

1Viral Pseudotype Unit, Medway School of Pharmacy, University of Kent, Chatham Maritime, Kent, 
United Kingdom; 2Department of Physiopathology, Experimental Medicine and Public Health, 
University of Siena, Siena, Italy 
 
Background: The continuous rapid genetic and antigenic evolution of H5 subtype influenza viruses 
has major implications for the sensitivity of serologic assays and can limit the efficacy of prepandemic 
human vaccines and the ability to undertake effective serosurveillance in susceptible populations. 
Materials and Methods: A panel of serum samples collected from the Italian population between 1992 
and 2007 and previously found to be positive for antibodies against H5N1 as determined by serial 
radial hemolysis (SRH) were evaluated using pseudotype-based neutralisation assays (PPN) in 
combination with haemagglutination-inhibition (HI) assays using a clade 1 and a clade 2 H5N1 
serologic antigen. Results: Sixty-eight human sera were evaluated for their ability to neutralize 
A/Vietnam/1194/04 H5 and A/chicken/Italy/13474/99 H7 pseudotypes. IC50 neutralizing antibody 
titres against the Group 1 A/Viet Nam/1194/04 H5 pseudotypes ranged from < 40 (cut-off) to 1:5120-
10240. Seven of 68 (10.3%) sera were found to be negative against A/Vietnam/1194/04 pseudotypes. 
IC50 neutralizing antibody titres against the Group 2 A/chicken/Italy/13474/99 H7 pseudotype ranged 
from < 40 (cut-off) to 1:160-320. Forty-seven of 68 (69.1%) sera were found to be negative against 
A/chicken/Italy/13474/99 H7. Conclusions: From the results obtained it can be concluded that the 
pseudotype assay can efficiently measure cross-reactive antibody responses that are not detected by 
the HI assay. It is postulated that these responses are directed against epitopes on the HA2 stalk. All 
three serologic assays (PPN, SRH, HI) measure antibodies with different (functional) overlapping 
specificities, contributing to a comprehensive analysis of humoral immunity to influenza viruses. 
 
 
P2-461 
 
Comparison of two influenza seasons (2011-12 vs 2012-13) in Georgia 
 
A Machablishvili, O Tarkhan-Mouravi*, Kh Zakhashvili, P Imnadze, I Karseladze 
 
National Center for Disease Control and Public Health, Tbilisi, Georgia 
 
Background: Influenza is one of the main causes of acute respiratory illness among humans 
worldwide. Routine influenza surveillance plays an important role in determining influenza seasonal 
activity, trends and the severity of each season. For this purpose, ILI and SARI surveillance has been 
conducted in Georgia since 2009. Based on these surveillance data in this study, we compared two 
influenza seasons, 2011-12 versus 2012-13. Materials and Methods: For the purpose of the study, the 
following information has been used: 2011-12 and 2012-13 influenza seasons ILI/SARI weekly reports 
from sentinel sites and virologic data (rRT-PCR was performed for influenza virus detection in 
combined nasal and pharyngeal swabs). Laboratory investigation was conducted at the National 
Influenza Center. Received data were analysed using SPSS. Results: During the 2011-2012 season, 
distribution of ILI cases by age group were as follows: 0-4 years – 36.9%; 5-14 y – 30.8%; 15-29 y – 
9.9%; 30-64 y –10.7%; > 65 y – 11.4%. The ILI referral rate was highest on week 11. SARI 
admissions were highest during week 10. There were five laboratory-confirmed fatal cases. A total of 
1070 specimens were tested, of which 246 were found positive: 34 – A/H1p; 188 – A/H3; 22 – B; 
there were 2 cases of coinfection with A/H1p and A/H3. All fatal cases were associated with A/H3. 
Virologic detection peak was reached in March 2012. Both influenza A subtypes, H1p and H3, 
circulated simultaneously; however, A/H3 was the dominant virus for season 2011-2012 in Georgia. 
During the 2012-2013 season, distribution of ILI cases by age group were as follows: 0-4 years – 
33.6%; 5-14 y – 35.3%; 15-29 y – 13.5%; 30-64 y –14.3%; > 65 y – 3.7%. ILI and SARI referral rates 
were highest on week 7. Of 1331 collected samples, 332 were found positive for influenza A/H1p and 
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106 for influenza B. Virologic detection peak was reached in mid-February 2013. Influenza A/H1p was 
the dominant virus in January and February, while influenza B mostly circulated in March and April 
during the 2012-2013 season. Twenty-nine laboratory-confirmed fatal cases due to A/H1p were 
reported during the 2012-2013 season. Age of the fatal cases ranged from 2 to 75 years; most deaths 
(23 cases; 79.3%) were in the 30-64 year age group. Conclusions: Influenza seasons 2011-2012 and 
2012-2013 were caused by different influenza viruses: A/H1p and A/H3(mostly) for the previous 
season and A/H1p and influenza B virus for the last season. Presumably, the severity of the last 
season can be explained by the dominant circulation of the A/H1p influenza virus compared with the 
2011-2012 season.  
 
 
P2-462 
 
Perinatal outcomes and children’s health after prenatal exposure to influenza 
and influenza vaccination 
 
S Mjaaland1*, SE Håberg1, S Schjølberg1, K Tambs1, A-S Øyen1,2, O Hungnes1, F Oftung1, KK Lie1, L 
Næss1, R Cox3, P Magnus1, L Trogstad1 
 

1Norwegian Institute of Public Health, Oslo, Norway; 2Nic Waals Institute, Lovisenberg Hospital, Oslo, 
Norway; 3The Influenza Centre at the University of Bergen, Bergen, Norway 
 
Background: In Norway, a cohort of pregnant women and their children, the Norwegian Influenza 
Pregnancy Cohort (NorFlu), was established during the influenza A H1N1pdm09 pandemic. The 
cohort comprises about 3200 mother and child pairs, 2600 with biological samples from mother 
(serum and peripheral blood cells) and cord blood. Information on immunization, health and diseases 
is available from questionnaire data and national health registries. These resources enable us to 
study perinatal outcomes and children’s mental and cognitive development, as well as risk factors for 
severe influenza in pregnancy and the effect on children’s immune response after prenatal exposure 
to influenza A H1N1pdm09 virus infection or influenza immunization. Materials and Methods: NorFlu 
questionnaires cover exposure to vaccination, influenza infection and antiviral medication as well as 
maternal and child development and health. Follow-up questionnaires at 6, 18 and 36 months have 
been collected so far, and long-term follow-up is planned. Cohort data are linked to national health 
registries for selected outcomes and exposures: the Medical Birth Registry of Norway on perinatal 
health, the Norwegian Patient Registry on childhood developmental disorders and maternal health 
outcomes, the Norwegian Immunisation Register for vaccination data and the Surveillance System for 
Infectious Diseases for data on confirmed maternal influenza infection. Clinical assessment of a 
sample of 3-year-old children (N = 600) focusing on developmental health and immune status will be 
performed starting October 2013. Information on prenatal exposure to immunization and infection will 
be established through immunologic analyses of maternal and cord blood at birth, maternal and child 
blood after 3-5 years, as well as questionnaire and register data. Outcomes will be studied according 
to four maternal exposure groups: 1) vaccinated and infected, 2) only vaccinated, 3) only infected, 
and 4) neither vaccinated nor infected. The possibility of using cellular immune responses as 
biomarkers for infection and vaccination status will be explored. Results: Preliminary results revealed 
that 15% of the women had influenza during pregnancy, and 6 of the mothers were hospitalized due 
to influenza (1.5%). According to self-reports, 74% were “pretty sick” or “very sick” and 85% were sick 
for more than three days (average of 11 days). In addition, 57% were vaccinated against influenza 
(Pandemrix) and 2% used influenza medication. Protective HI titers were found in 40% of the blood 
samples from the mother. When comparing vaccinated versus nonvaccinated, no differences in length 
of gestation and birth weight were found. Conclusions: Short and long-term consequences of 
exposure to influenza in utero clearly need to be clarified, as do the potential modifying effects of 
vaccination or antiviral treatment. The relative importance of antibody-mediated compared with cell-
mediated immunity in the protection against influenza is unclear. Furthermore, the impact of the 
specific immunologic challenges in pregnancy on women's immunologic response to influenza 
infection is largely unknown. Providing unique data including maternal and fetal biological samples, 
NorFlu has the potential to contribute significantly to increasing our knowledge in all these areas. 
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P2-463 
 
Estimates of immunity and infection in the Netherlands over the influenza 
A/2009 (H1N1) pandemic by analysis of cross-sectional protein microarray 
data 
 
D te Beest, E de Bruin, M Koopmans, M van Boven* 
 
Centre for Infectious Disease Control, National Institute for Public Health and the Environment, 
Bilthoven, Netherlands 
 
Background: Yearly epidemics of influenza A differ greatly in size and in the age distribution of cases. 
This is true for influenza A pandemics caused by novel or reappearing subtypes as well, and can be 
traced to varying levels of preexisting immunity for the strain that is seeding an epidemic or pandemic. 
Although a fair amount is known about the infection attack rates during the A/H1N1 pandemic of 
2009, quantitative estimates of the levels of preexisting  immunity are largely lacking. Materials and 
Methods: We estimated patterns of immunity and infection by analysis of two cross-sectional 
population-based serologic surveys carried out before and after the influenza A/H1N1 pandemic of 
2009. Samples were analysed using hemagglutination inhibition assay and a protein microarray test 
using hemagglutinin (HA1) of a range of human and avian viruses as antigen. Estimates of 
preexisting immunity and infection attack rates were obtained using mixed-model mixture analyses in 
which the mixing distributions identified susceptible, immune, and recently infected persons. Results: 
The results indicate that levels of preexisting immunity were low in children aged 5-9 years (3%) and 
very high in adults (80%). Conversely, infection attack rates were high in children 5-9 years (64%) and 
very low in adults. The microarray and hemagglutination inhibition data yielded comparable estimates 
of the infection attack rates, but only the microarray data enabled estimation of the age-specific levels 
of immunity, due to its higher sensitivity at low antibody concentrations. We validated the results by 
analysis in two- and higher-dimensional mixture models using a range of human and avian antigens. 
Conclusions: Levels of preexisting immunity were high and young children were the main driver of the 
recent H1N1 pandemic. Overall levels of heterosubtypic antibody cross-reactivity were high. Our 
results offer insight into the complex evolutionary dynamics of influenza A and have potential 
implications for vaccine design. 
 
 
P2-464 
 
Estimating the protective effect of hemagglutination-inhibition antibody 
against pandemic influenza A(H1N1) infections 
 
JT Wu1*, KSM Leung1, RAPM Perera2, TK Tsang1, CK Lee3, CK Lin3, JSM Peiris2,4 

 

1Department of Community Medicine and School of Public Health, Li KaShing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic of China; 
2Centre of Influenza Research and School of Public Health, Li KaShing Faculty of Medicine, The 
University of Hong Kong, Hong Kong Special Administrative Region, People’s Republic of China; 
3Hong Kong Red Cross Blood Transfusion Service, Hospital Authority, Hong Kong Special 
Administrative Region, People’s Republic of China; 4HKU-Pasteur Research Pole, Centre of Influenza 
Research and School of Public Health, Li KaShing Faculty of Medicine, The University of Hong Kong, 
Hong Kong Special Administrative Region, People’s Republic of China 
 
Background: Hemagglutination-inhibition (HI) antibody level has been used as the main correlate for 
protection against influenza infections for decades. Conventionally, an HI antibody titer of 1:40 is 
associated with a 50% reduction in susceptibility against influenza infections. Materials and Methods: 
We analyzed 8745 longitudinal serum samples collected from 1737 blood donors (5 samples per 
donor on average) in Hong Kong between June 2009 and Dec 2011 to estimate the association 
between HI antibody titer levels and susceptibility to pandemic influenza A/H1N1 (pdmH1N1) 
infections. Specifically, the presence of donors who were infected more than once during this period 
allowed estimation of the protective effect of not only the absolute HI antibody titer levels but also the 
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level of HI titer rises incurred from previous infections. We approximated the temporal distribution of 
pdmH1N1 infections by the product of the weekly number of influenza-like illnesses (ILIs) registered 
by ILI surveillance and the proportion of ILI specimens that were lab-confirmed to be pdmH1N1. We 
developed an age-stratified survival analysis model to estimate the infection attack rates of pdmH1N1 
in 2009-2011 and the protective effect of pdmH1N1-specific HI antibodies. Results: Individuals who 
had an HI antibody titer of 1:40 after 2-, 4-, and 8-fold titer rises were 34%, 47% and 62% less 
susceptible, respectively, than those who were seronegative. Individuals who had an HI antibody titer 
of 1:20, 1:40, 1:80 and > 1:80 after a 4-fold titer rise were 27%, 47%, 66% and 82% less susceptible 
than those who were seronegative. The infection attack rates among ages 20-29, 30-39, and 40-59 
were 34%, 21%, and 22% in the 1st wave (June 2009 - May 2010) and 25%, 21%, and 20% in the 2nd 
wave (June 2010 - Dec 2011). Conclusions: HI antibody titer level is a strong protection correlate for 
influenza infections. In addition, the level of HI titer rises previously incurred is also an important 
correlate, especially when the HI titer level has significantly dropped due to antibody waning. 

89Epidemiology



Policy and Risk Communication

Oral Abstracts

90



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

O-810 

Influenza vaccines and influenza antiviral drugs in Africa: 
are they available and do guidelines for their use exist? 

J Duque1,2, ML McMorrow1, AL Cohen1,3*

1Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United States; 2Battelle, 
Atlanta, United States; 3Centers for Disease Control, South Africa 

Background: Influenza is preventable through vaccination. Persons in Africa may be at increased risk 
of influenza-related health complications because of untreated comorbidities and limited access to 
health care. The World Health Organization reports that only 2 of the 54 countries in Africa have 
access to influenza vaccine, yet anecdotal evidence points to the marketing of influenza vaccine more 
widely. Little is known about the availability and use of influenza vaccine and factors affecting 
decision-making regarding its use in Africa. Materials and Methods: We distributed a self-administered 
questionnaire to key influenza experts working in Africa. This cross-sectional questionnaire was 
available in hard copy and electronic format in English and French. Questionnaires were distributed in 
person or by email between January 2012 and January 2013. When survey responses from the same 
area did not match, the response from the representative of the Ministry of Health or equivalent was 
considered valid. If there was no clear valid response, we tried to determine a valid response through 
personal communication with an in-country influenza expert. Results: We contacted influenza experts 
working in 40 countries, of which 31 (78%) completed the survey. There were 2 or more respondents 
for each of 12 of the 31 respondent countries (39%). A representative from La Réunion also 
completed the survey. Of the 31 countries surveyed, 16 (52%) reported the availability of seasonal 
influenza vaccine: 6 in the private sector only (Democratic Republic of Congo, Senegal, Togo, 
Uganda, Zambia, and Zimbabwe) and 9 in both private and public sectors (Cameroon, Côte d’Ivoire, 
Egypt, Kenya, Madagascar, Mauritius, Morocco, Republic of Congo, and South Africa). La Réunion 
also reported the availability of vaccine in both private and public sectors. Six countries reported using 
the Southern Hemisphere vaccine and 4 the Northern Hemisphere; for 6, the vaccine composition 
was unknown. La Réunion also reported using the Southern Hemisphere vaccine. Vaccine coverage 
data were only available for 4/16 (25%) countries that reported the availability of seasonal influenza 
vaccine and ranged from <0.5% to 2% of the population. Among the 17 countries that reported having 
any influenza vaccine, 5 (Côte d’Ivoire, Egypt, Ghana, Mauritius, and Morocco) reported having a 
national policy: 5 target healthcare workers, 4 target young children, 4 target the elderly, 4 target 
persons with underlying medical conditions, 3 target pregnant women, and one targets pilgrims going 
to Hajj. Six (67%) of the 9 respondents for countries without influenza vaccine who felt national 
decision-makers would be willing to introduce the vaccine said the country would do so within the next 
4 years. These same respondents ranked a demonstration of public health burden within the country 
and availability of international funding as most important in influencing decision-makers to introduce 
and promote the use of the influenza vaccine. Evidence that illness and death can be prevented by 
influenza vaccination and evidence of a cost benefit to the national health system were also 
considered important, but did not rank as high. Of the 31 respondent countries, 23 (74%) reported 
purchasing and/or receiving pandemic influenza vaccine in or after 2009, and 19 (83%) of these 
reported using these vaccines. Four countries (Kenya, Mali, Senegal and South Africa) and La 
Réunion reported conducting influenza vaccine research in the years 2002 and/or 2013. Finally, 19 
(65%) of the 31 respondent countries reported the availability of antiviral drugs to treat influenza: 9 in 
both the public and private sector, 6 in the public sector only, and 4 in the private sector only. La 
Réunion also reported the availability of antiviral drugs in both the private and public sectors. 
Cameroon, Egypt, Ghana, and South Africa reported having national guidelines for the use of these 
antiviral drugs. Conclusion: Influenza vaccine was available in nearly two thirds of the African 
countries surveyed, but coverage estimates remain largely unknown. Describing the local burden of 
disease and identifying funding will be essential to encourage these countries to use influenza 
vaccine more widely. 
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O-811 

Rapid knowledge translation during the 2009 influenza pandemic 

E Cheuk 

National Collaborating Centre for Infectious Diseases, Winnipeg, Manitoba, Canada 

Background: The emergence of a novel influenza A (H1N1) viral strain originating in swine resulted in 
intense research activities and publication of a large volume of literature during the 2009 pandemic. 
The mandate of the National Collaborating Centre for Infectious Diseases (NCCID) is to protect the 
health of Canadians by encouraging and facilitating the integration of evidence and emerging 
research on infectious diseases to inform public health programs and policy. To help public health 
practitioners manage this exploration of research information and close the gap in knowledge related 
to the public health pandemic response, NCCID launched a weekly publication in November 2009, the 
Purple Paper, to make findings from pH1N1 peer-reviewed research articles accessible to public 
health practitioners and policymakers in a timely manner. In addition to summarizing and 
contextualizing research findings for the Canadian situation, this rapid knowledge translation initiative 
maintained flexibility in its approach and content in order to address the evolving need information 
local public health information as the pandemic unfolded. This presentation will describe the 
methodology used to conduct rapid knowledge translation during the 2009 influenza pandemic and 
discuss how this approach may be adapted for other infectious disease-related public health 
emergencies. Materials and Methods: A National Center for Biotechnology Information (NCBI) daily 
citation email alert was set up using broad pH1N1-related search terms to be as inclusive as possible 
in the capture of relevant publications. At the end of each week, a PubMed search of pH1N1 citations 
was carried out to ensure no publications were missed. The filtering procedure consisted of first 
excluding non-peer-reviewed publications and giving priority to publications about the following public 
health topics: epidemiology of pH1N1, community mitigation strategies, infection prevention and 
control, vaccine and vaccine-related issues, and biological aspects of the pH1N1 virus that could 
affect the public health response to the pandemic. Although not a major focus, papers on clinical 
aspects of the disease were included on a case-by-case basis. The methodology and relevance of 
selected studies were scored based on preset criteria. Every issue of the newsletter was externally 
reviewed before dissemination. Results: Fourteen issues of the Purple Paper were published between 
November 2009 and March 2010. Of more than 1100 publications that were captured by the literature 
search over the same period of time, information from 91 relevant articles were synthesized for the 
Purple Papers. As the pandemic evolved, the type of information that appeared in the Purple Papers 
also evolved. A “pandemic response debrief mini-series” that gathered feedback from local public 
health practitioners about their jurisdiction’s pandemic response was introduced in the 9th issue in 
February 2010 to provide a conduit for information-sharing among practitioners across the country. 
This ad-hoc mechanism for communication identified gaps in knowledge and opportunities for training 
in the best practices for public health emergencies, while highlighting areas that warranted further 
investigation. Conclusion: The Purple Paper was the NCCID’s first attempt to extend its role in 
knowledge translation during a public health emergency. The NCCID remained fluid during the 
second wave of the 2009 influenza A (H1N1) pandemic in order to address the changing information 
needs on the frontlines of public health. In addition to synthesizing the much needed information from 
research literature, the Purple Paper provided an open channel of communication among frontline 
practitioners for sharing their pandemic response experiences. This rapid knowledge translation 
mechanism could be adapted for other infectious disease emergencies in public health. 
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O-812 

Communicating influenza antivirals’ stockpiling strategies across Europe: a 
quantitative and qualitative study 

F Bouder1*, D Way2, R. Löfstedt3 

1Maastricht University, Maastricht, The Netherlands; 2King’s College London, London, United 
Kingdom; 3King’s College London, London, United Kingdom 

Background: The world is subject to seasonal influenza epidemics and pandemics. In recent years 
high profile occurrences—H5N1 (“bird flu”) and H1N1 (“swine flu”)—have attracted considerable 
attention among experts and lay audiences. Recent worries about outbreaks of a new H7N9 strain of 
bird flu in East Asia and its spread to other continents show the importance of understanding how 
influenza policy responses are shaped and developed as well as the extent to which these policies 
can be harmonized. In addition to preventive vaccination, many European governments have 
pandemic contingency plans that involve the use of influenza antivirals to combat the spread and 
mitigate the severity of the infection. Such antivirals include oseltamivir (Tamiflu) and zanamivir 
(Relenza). Yet, unlike the use of seasonal flu vaccines, the prescription and stockpiling of antivirals as 
a risk-reduction strategy remains largely understudied. Material and Methods: This paper presents the 
first results of a study of the pros and cons of European governments antiviral stockpiling strategies to 
combat influenza. The project was developed in 2012-2013 and concentrated on weighing the benefit 
and risks of existing approaches, how they are assessed by governments and what are their 
implications in terms of risk communication to patients and public trust. The research team conducted 
elite interviews of key regulatory actors in five European countries (France, Germany, The 
Netherlands, Sweden, and United Kingdom), as well as an opinion survey targeting a large 
representative sample (age, gender, ethnicity, employment, etc) of 5648 respondents from across 
Europe, including: France (n = 1061), Germany (n = 1008), The Netherlands (n = 1010), Spain 
(n = 504), Sweden (n = 1,051), and the United Kingdom (n = 1014). In order to make European 
transnational comparisons possible, the survey contained 16 closed and/or open questions that can 
also be directly compared to studies conducted in the United States by Löfstedt et al. (2012) and 
Chrakraborty and Löfstedt (2012). The draft questionnaire, initiated at Maastricht University, was 
developed together with cognitive psychologists at Dialogik, Stuttgart University, who received 
informal input from medical experts and the survey data from the country. Studies was collected and 
collated by Ipsos MORI, a UK polling agency. In addition, the European survey included an 
investigation of the public’s views of flu outbreaks, and results of this specific line of investigation will 
be discussed in a separate article. Results: The paper reviews the range of antiviral stockpiling 
strategies adopted in the five European countries from the perspective of risk policy and risk 
communication; evaluates the possible impact of these strategies on public perception, behavior and 
compliance; presents an analysis of and suggest improvements to the risk communication of the 
different strategies, with a view to building rather than destroying trust among critical actors (industry, 
government and patients). Conclusions: Patients have a poor knowledge of institutional sources of 
information. They have a poor understanding of the benefits and risks of antiviral treatments. As a 
result, their trust in institutions is fragile and they are likely to stop treatment when a safety issue is 
raised. Therefore, the main conclusion is that much needed improvements should be based on taking 
risk communication on board as well as introducing “reasoned transparency” initiatives to build 
institutional trust and help patients make better risk decisions. 
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O-813 

Where backyard poultry producers seek help for sick poultry: implications for 
avian influenza prevention in Bangladesh 

NA Rimi1*, R Sultana1, KI Ahmed1, E Azziz-Baumgartner2, N Nahar1, ES Gurley1, SP. Luby1,2,3 

1icddr,b, Dhaka, Bangladesh; 2Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, 
United States; 3 Stanford University, Stanford, California, United States 

Background: In Bangladesh, backyard poultry raisers lack awareness of avian influenza and 
infrequently follow government recommendations for prevention. Optimal communication through 
accessible channels can inform rural poultry raisers about avian influenza and its prevention. This 
study aimed to identify appropriate communication channels to reach backyard poultry raisers and to 
explore knowledge and perceptions of poultry healthcare providers at the village level. Methods: 
During June-August 2009 in two Bangladeshi districts, we conducted in-depth and short interviews: 
70 with backyard poultry raisers and six with local veterinary medicine sellers in two villages, and five 
with government veterinary professionals at the sub-district and union levels (the lowest government 
administrative unit). Results: Most (86% [60/70]) raisers sought care for their backyard poultry at the 
local medicine sellers, 14% only used home remedies and none sought care from government 
veterinary professionals. Some local medicine sellers had shops in the village market where raisers 
went with poultry health problems and others visited rural households to provide poultry healthcare 
services. The majority (4/6) of the medicine sellers did not have formal training on veterinary 
medicine. Medicine sellers either did not know about avian influenza or considered avian influenza to 
be a disease common among commercial but not backyard poultry. The government veterinary 
professionals had degrees in veterinary medicine and elaborate knowledge about avian influenza and 
its prevention based on their training and/or experience with avian influenza prevention and control. 
The government professionals had their offices at the sub-district or union level and reported that they 
did not have the staffing to reach the backyard raisers at the village level and lacked adequate supply 
of medicines. Conclusion: The local medicine sellers play an important role in providing healthcare to 
backyard poultry in villages and are an accessible information source for the rural raisers. Integration 
of these local medicine sellers in the government’s avian influenza control programs is a potentially 
useful approach to increase rural raisers’ awareness about avian influenza that should be evaluated. 

O-814 

The World Health Organization Battle against Respiratory Viruses (BRaVe) 
initiative: bridge science and policy to foster innovative therapies to tackle 
viral respiratory infections 

A Legand 

World Health Organization, Pandemic and Epidemic Department 

Background: Acute respiratory infections kill an estimated 3.9 million people annually and in 
developing countries comprise the leading cause of mortality in children younger than 5 years of age. 
In recent studies, investigators have demonstrated that an important share of respiratory infections is 
caused by viruses. Depending on the setting and population, up to at least half of respiratory 
infections are viral in origin. Preceding RVIs may hold the key to events predisposing the patient to 
secondary bacterial infections and may precipitate factors affecting other organ systems. In addition 
to the effect of common RVIs on annual infection rates, emerging respiratory viruses (eg, the SARS 
coronavirus, the novel coronavirus MERS-CoV, and, most recently, the avian influenza A [H7N9]) 
virus) represent threats to global health. The potential effect of RVIs on mortality and morbidity and in 
terms of healthcare systems remains underappreciated. Globally, RVIs are either treated 
inappropriately or never treated. Although progress has been made in reducing pneumonia mortality, 
current initiatives do not address the contribution of RVIs to the burden of disease and do not include 
steps to mitigate it. The notion that RVIs can be treated successfully is relatively new to the medical 
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community. There is a need to articulate new global approaches and foster an accelerated path to the 
discovery, development, and implementation of therapeutic and management strategies. Materials 
and Methods: The development of an integrated research framework and response initiative, 
designated the Battle against Respiratory Viruses (BRaVe), was conceived to address these needs 
with input from partner organizations and non-WHO experts and has become a cross-cutting effort 
within WHO. Two informal technical consultations were held by WHO, with support from the 
Fondation Mérieux and the Wellcome Trust, to identify key knowledge gaps and research needs and 
tools to address these gaps. More than 60 persons attended, representing academic investigators, 
the pharmaceutical industry, funders, clinicians, public health decision-makers, WHO staff, and 
others. This led to the development of a research agenda for  BRaVe and a call to action to various 
stakeholders. The aims of the research agenda are to (1) identify specific research priorities for RVIs 
to address over the next 5 to 10 years; (2) provide a framework for resource allocation that addresses 
public health, operation, and social science-related needs in under-resourced countries; (3) facilitate 
interactions and collaboration among basic science and clinical investigators in both public and 
private sectors, as well as public health experts and representatives from funding organizations and 
the pharmaceutical industry; and (4) monitor the progress made in filling knowledge gaps to facilitate 
the development of new evidence-based policies. Results: Building on the current momentum, WHO 
proposes to create a global forum or “think-tank” to prioritize gaps in knowledge and needs and 
develop workable solutions. This think-tank would benefit from the input of a variety of stakeholders 
beyond the usual players and scientific silos and from the exchange of ideas from multiple sectors. As 
currently envisioned, this forum would be at least a 3-year initiative to address 3 key topics in parallel: 
new antiviral treatments for viral respiratory infections; innate and adaptive immune responses in the 
pathogenesis of disease; and optimization of clinical management, diagnostics, and public health 
strategies, especially in low-resource settings. Conclusion: WHO calls for a change in the paradigm 
for approaching viral respiratory diseases from pathogen-specific interventions to multi-stakeholder 
engagement to shape the future. The increased awareness and coordination among stakeholders will 
effectively link public health communities around a single major cross-cutting issue, and accelerate 
progress toward innovative solutions while addressing the major issue of respiratory viral infections.  

O-815 
Herald 1918 pandemic waves: importance for contemporary pandemic 
response strategies 

L Simonsen1,2, Go Chowell2,3, V Andreasen4, J Barry5, D Olson6, W Alonso2*, M Miller2, Cécile Viboud2 

1Department of Global Health, George Washington University, Washington, DC, United 
States; 2Fogarty International Center, National Institutes of Health; 3School of Human Evolution and 
Social Change, Arizona State University, Tempe, Arizona, United States; 4Roskilde University, 
Denmark; 5Tulane University, School of Public Health and Tropical Medicine; 6New York City 
Department of Health and Mental Hygiene, New York, New York, United States  

Background: Over the last decade, epidemiologists, demographers, medical historians, and virologists 
have put a considerable amount of effort into studying the 1918 “Spanish” influenza pandemic, the 
most devastating pandemic in modern history, with a mortality estimated at 2% of the global 
population. A key question has been whether the unusual outbreaks of influenza-like illnesses 
between February and August in 1918 in many regions of the world could be considered the first 
manifestation of the pandemic—a “harbinger” of the lethal pandemic in autumn of that year. Here we 
review the evidence supporting the occurrence of mild herald 1918 pandemic waves and discuss the 
policy implications of our findings for pandemic preparedness. Methods and Findings: We reviewed 
clinical descriptions of influenza-like-illness outbreaks occurring in the spring and summer of 1918 in 
Europe and the United States; analyzed historic mortality time series data from national statistics, 
church and graveyard records from Europe, the Americas, and Asia; and incorporated evidence from 
recently uncovered virological data on the 1918 pandemic virus. Results: We found that unusual 
respiratory outbreaks in the spring and summer of 1918 were characterized by a brief episode of 
febrile illness and a high infection rate, with occasionally a more severe clinical picture that included 
severe respiratory distress, fulminating pneumonia, and death. In New York City, Copenhagen, and 
Mexico City, these outbreaks were relatively mild but characterized by the signature pandemic age 
pattern, with an increased number of deaths among young adults, which set the wave apart from 
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typical seasonal influenza. Senior populations in Europe and the United States were spared 
pandemic-related mortality; however, this was not the case in more remote settings in Latin America. 
Senior sparing may have been a result of childhood exposure to a 1918-like virus that protected those 
born before 1870, but only in geographical settings that were well connected at the time. A final piece 
of epidemiological evidence is provided by illness data from US and British populations indicating 
moderate to high clinical protection between successive pandemic waves. Specifically, the spring 
wave provided 35% to 94% protection against clinical illness during the fall wave (56%–89% 
protection against death), suggesting that the pathogens responsible for the spring and fall waves 
were similar enough to convey immunity. Finally, retrospective virological findings in autopsy 
specimens from US soldiers who died of pneumonia during May and August 1918 corroborate the 
notion that nearly identical influenza viruses circulated in the spring/summer and fall of 1918 in 
Europe and North America. Conclusions: Taken together, epidemiological, clinical, and virological 
evidence consistently support the occurrence of a relatively mild but highly transmissible pandemic 
herald wave during the spring/summer of 1918 characterized by an unusually high mortality among 
young adults that otherwise provided immunological protection during the lethal autumn wave. Based 
on historical evidence, we conclude that a prudent pandemic response is critical during the first year 
in which a novel pandemic virus is in circulation, even when early epidemiological data indicate low 
severity. The robust public health response to the 2009 pandemic is a case in point, in that the 
possibility of subsequent waves of increasing severity had to be taken into account in risk mitigation 
planning, even though this threat never fully materialized. 
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P1-155 

Review of influenza vaccine efficacy and effectiveness in China 

S Zhou, Y Song, M Shang, J McFarland 

Centers for Disease Control and Prevention, China-U.S. Cooperative Program on Emerging and Re-
emerging Infectious Diseases, Beijing, China 

Background: Seasonal influenza vaccine use in China has several decades of history, but more use 
started in 1998. However, influenza vaccination coverage is still around 1%, which is far behind 
developed countries. Data on post-marketing influenza vaccine efficacy/effectiveness in China are 
incomplete, and this paucity of domestic data might influence policies and result in low vaccine 
coverage. It’s vital to assess all such data in both Chinese and English to describe influenza vaccine 
efficacy/effectiveness in China to inform a national vaccination policy. Broad inclusion criteria were 
used to conduct a comprehensive review of studies related to influenza vaccine efficacy/effectiveness 
in China. Materials and Methods: We searched the CNKI (China National Knowledge Infrastructure) 
database for Chinese articles and Pubmed, Embase, Global Health, CINAHL, WHOLIS, Web of 
Science, LILACS for English articles before 2012 November. The main search strategy was 
“‘influenza vaccine’ AND ‘efficacy OR effectiveness’ AND ‘China’.” Eligibility criteria included original 
data, human subjects, related to currently used influenza vaccine, data from mainland China, single 
vaccination, and protection rate or other necessary data to calculate vaccine efficacy or effectiveness. 
We extracted data from final eligible articles on study period, influenza season, site, design, vaccine, 
participants, outcome, and protection rate. We analyzed influenza vaccine protection rate by vaccine 
type, study design, and populations. Results: We identified 4880 publications in total, discarded 
duplicates, and had 4771 publications. After a primary scan, 395 qualified for full text review, of which 
56 articles (50 Chinese, 6 English) were eligible to have data extracted. Among them, 41 articles 
studied only seasonal influenza vaccine, 13 only 2009 pandemic vaccine, and 2 both. In the 43 
seasonal influenza vaccine articles, there were 5 randomized control trials (RCT, all Chinese) in 4 
discrete influenza seasons and 38 observational studies (4 English and 34 Chinese) in influenza 
seasons from 1996-2012, except 1998-1999. Only 2 articles (1 English and 1 Chinese) used 
laboratory-confirmed influenza as the outcome, and both were observational studies. The English 
language article reported effectiveness in 6- to 59-month-year-old children at 47% (95% CI, 35.30-
55.89) in 2009-2010, and 56% (95% CI, 41.78-67.04) in 2010-2011. The Chinese article looked at all 
ages in 2009-2010, but found no significant protection (P = .319). Of 5 RCT articles, 2 articles 
reported efficacy in healthy children aged 6-35 months (48% against ILI) and 3- to 12-year-old 
children (69% against clinically diagnosed influenza (ICHPPC-2-defined) respectively. One hospital-
based study looked at the efficacy in 3- to 14-year-old children (38% against common cold). Three 
articles reported efficacy in adults aged 20-60 years, 18-39 years, and 20-50 years (67%, 73%, and 
73% against ILI, respectively). One article reported efficacy against ILI in adults aged 60 years and 
older at 69%. In other observational studies, 23 articles reported effectiveness against ILI in children 
(aged 6 months to 18 years), median at 55%; 6 articles reported effectiveness against ILI in 18- to 60-
year-old adults, median at 65%; 25 articles reported effectiveness against ILI in adults over 60 years 
old, median at 49%. Five articles reported ineffective protection against ILI in HCWs. All 15 articles 
with 2009 pandemic influenza vaccine data were observational studies (2 English and 13 Chinese). 
Laboratory-confirmed influenza protection rates were reported in 3 articles in school-aged children at 
57%, 87%, and 100%, respectively, and 1 article in 6- to 59-month-old children at 47%. Only 1 
Chinese article looked at the effectiveness in pregnant women (40% against ILI). Conclusions: 41 of 
43 seasonal influenza vaccine articles used clinical symptoms as an outcome. Only 2 used laboratory-
confirmed influenza, one showed moderate protection for children, and the other one showed no 
protection for all ages combined. Influenza vaccine efficacy/effectiveness studies should have 
laboratory-confirmed influenza as an endpoint because ILI and other clinical symptoms are too 
difficult to measure reliably and also because they can be caused by agents other than influenza. To 
inform a national influenza policy in China, ongoing studies in different high-risk populations, 
especially pregnant women, children, HCW, and elderly using laboratory-confirmed influenza as the 
outcome are needed.  
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Influenza-related knowledge, attitudes, and practices among pregnant women: 
a cross-sectional study in Suzhou, China 

LL Chen1*, J Zhang1, RQ Zu 2, BL Lu1, SZ Zhou3, M Shang3, C Liu1, RS Zha1, FY Tang2, J McFarland3 

1Suzhou Center for Disease Prevention and Control, Suzhou, China; 2Jiangsu Provincial Center for 
Disease Prevention and Control, Nanjing, China; 3Centers for Disease Control and Prevention, 
Beijing, China  

Background: WHO recommends that pregnant women receive influenza vaccination. However, few 
pregnant women are vaccinated against influenza in China. The factors that may be responsible for 
this low vaccination rate include pregnant women’s attitudes towards influenza vaccination, vaccine 
availability at antenatal clinics, the cost of the vaccine, advice offered pregnant women by their 
physicians. We surveyed pregnant women regarding their knowledge, attitudes, and practices (KAP) 
regarding influence in order to gain evidence for use in interventions designed to increase the rate of 
influenza vaccination in pregnant women. Materials and Methods: We used a multi-stage cluster 
sampling method to recruit pregnant women at different stages of pregnancy for this cross-sectional 
study in Suzhou, Jiangsu Province, in 2012. The questions were designed to determine their 
knowledge of influenza effects and symptoms, transmission routes and prevention methods; influenza 
vaccine protection and its effects in adults and in the fetus, vaccine cost, doctors’ advice and the other 
factors that might influence the decision to get a vaccination; where and how respondents wished to 
get information about influenza and its vaccine. For quality control, we trained the interviewers and 
supervised the implementation of the survey. We did a pilot study and used repeated but restructured 
questions to test the questionnaire’s reliability. We analyzed the data using SAS 9.2 software. 
Results: A total of 1673 pregnant women, in all stages of pregnancy and from both urban and rural 
settings were recruited and completed the questionnaire. The average age of respondents was 26.5 ± 
4.2 years. The detailed study results are as follows. Influenza illness KAPs: 1017 of 1673 (60%) 
respondents knew of the seriousness of influenza, but 836 (50%) were not aware of its routes of 
transmission. Additionally, 1153 women (69%) thought that contracting influenza during pregnancy 
would be harmful to the baby, but they did not know how it would harm the baby. Only 30% of 
respondents knew that pregnant women were at increased risk for severe illness and death during the 
influenza A (H1N1) pandemic in 2009. Influenza vaccination KAP: Compared with women with 
limited/no (illiterate) education, those with a high level of education were more likely to know that an 
influenza vaccine was available for pregnant women (P < .05). Additionally, 239 (14.3%) respondents 
responded correctly regarding the time of year when they should be vaccinated against influenza. We 
found that 654 (39.1%) women knew the correct vaccination frequency, but only 115 (6.9%) knew 
they be vaccination before becoming pregnant. Interestingly, only 9.9% of respondents believed that 
pregnancy increases the risk of acquiring an influenza infection. Respondents reported that they 
would be more likely to allow vaccination if they were not pregnant (P < .05), with.91.5% reporting 
they would refuse influenza vaccination because they felt it might harm the unborn baby. Assessment 
of possible interventions: Among pregnant women who were inclined to receive an influenza vaccine, 
the main reasons for acceptance were high vaccine efficacy for themselves (67.3%), professional 
medical recommendations (69.0%) and information regarding safety and high efficacy for their unborn 
children (69.7%). Conclusion: We identified several important gaps in influenza and vaccine-related 
KAPs among pregnant women in China. Acceptance of influenza vaccination during pregnancy and 
knowledge of vaccine-related risks for pregnant women and their unborn children were low. We 
recommend more education for pregnant women regarding personal health behaviors for preventing 
influenza infection, as well as the benefits of influenza vaccine for both pregnant women and their 
children. Education of health care workers is an essential component of increasing acceptance of 
vaccination among pregnant women because of their influence in vaccine-related decision-making. 
More basic influenza-related information should be provided through mass media to make it easily 
accessible by the general public. 
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Health literacy of influenza prevention in Taiwan—a scale development 

YM Chou*, YJ Lin, CC Chang, YC Yang, CH Yang, SM Chou 

Centers for Disease Control, Ministry of Health and Welfare, Taipei, Republic of China (Taiwan) 

Background: In 1990, the concept of health literacy was created in the United States to examine 
people’s ability to utilize medical recourses and comprehend doctor’s advice regarding chronic 
diseases. The WHO, US HHS, and IOM defined health literacy as “The degree to which individuals 
have the capacity to obtain, process and understand basic health information and service needed to 
make appropriate health decisions.” In the field of infectious diseases, health literacy studies are rare, 
with the exception of studies on HIV carriers. Taiwan has an influenza vaccination program that 
began in 1998, and began to stockpile influenza antivirals since the emergence of avian influenza 
virus A (H5N1) in 2003. During the H1N1 novel influenza pandemic in 2009, Taiwan launched the 
H1N1 influenza vaccination program on November 1, hoping to create herd immunity. However; 
inoculation decreased following the death of a 7- year-old boy 1 month after being inoculated with the 
H1N1 influenza vaccine. This study tries to implement the concepts and elements of health literacy 
into influenza prevention that led to the development of this scale. We used a qualitative method to 
develop our scale which would serve our specific purpose since there is no existing scale that would 
cater to our study. We took a bottom-up approach in the development of the scale for health literacy in 
influenza prevention. Thus, with the qualitative method and bottom-up approach, the scale we 
developed can become a tool to assess the public’s ability to understand and interpret influenza 
prevention messages. Materials and Methods: We reviewed literature and held study groups in order 
to establish the knowhow and the definition of health literacy’s role in influenza prevention. In addition 
to making decisions on the context, pattern, and question types, we conducted 4 focus groups 
consisting of experts, mass media, and 2 opinion leader groups. The purpose of the focus groups was 
to check the applicability of the scale used to develop the questions. Researchers first developed the 
draft scale, allowed the 4 focus group symposiums to discuss the preliminary scale, then researchers 
classified and analyzed the scale through transcribed texts of the focus group sessions. Lastly, the 
scale was reviewed by 6 experts, and revised to be the final scale. Results: In our study, we set up a 
structure for health literacy in influenza prevention, which included the operative definition “the degree 
to which people have the capacity to obtain, understand and apply basic health information and utilize 
services, with subjects both over the age of 18 and have completed at least junior high school 
education”. The scale framework is set up based on the 3 levels of prevention and with the5 
preventative points of health protection, symptom conscientious, diagnosis, treatment, and self-care in 
mind. We want to test one’s ability to obtain, understand, apply and use basic health information and 
services. Because this scale was developed to test ability, every question has a correct answer, thus 
can be scored easily. Additionally, due to time constraints, the question difficulty was low and there 
were no open ended questions. The final scale developed, through the analysis of the data collected 
from focus groups, scale analysis, and behavior survey, was finalized to be formed from 7 categories 
and 22 questions. Conclusion: Through our focus group symposiums we found that gaps exist 
between influenza prevention information provided by the government and the amount received and 
understood by the public. This study identified a potential area to apply the concept of health literacy, 
with special focus on infectious disease prevention. Although this study was developed initially to test 
health literacy in regards to influenza prevention, it needs to be further assessed and tested for the 
usability in other applications. 
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The use of focus group interviews to evaluate China’s risk communication on 
H7N9 avian influenza in 2013 

R Li1*, R Xie2, M Frost1, M Klingler3, Q Mao2,4 

1US Centers for Disease Control and Prevention China Office, Beijing, China; 2Chinese Center for 
Health Education, Beijing, China; 3Emory University, Atlanta, Georgia, United States; 4National Health 
and Family Planning Commission, Beijing, China 

Background: The first human cases of the novel avian influenza A H7N9 virus were identified in 
February and March 2013 in China. As of May 27, 2013, the accumulated nationwide number of 
H7N9 human cases reached 130, including 37 dead and 76 patients who had recovered (China 
National Health and Family Planning Commission). In order to assess the effects of the risk 
communication work conducted by Chinese health authorities, we conducted nine focus group 
interviews with residents recruited from communities in Beijing, Zhejiang and Gansu provinces. These 
three study locations represent areas with low case numbers, high case numbers and no identified 
cases, respectively. Materials and Methods: Three focus group interviews of 10 participants each 
were conducted in all three study locations. A well trained moderator from the Chinese Center for 
Health Education ran the focus groups with the same pre-drafted and tested moderator guide. The 
interviews were recorded into audio files; additionally notes were taken on site by two note takers. 
Results: In general, each of the 90 focus group participants were satisfied with the communication 
work carried out by the Chinese health authorities during the H7N9 outbreak. Compared with the risk 
communication during the 2003 SARS outbreak, the participants expressed their great appreciation 
for the more transparent, open and timely communication in this H7N9 outbreak. The participants’ 
questions of highest concern were: How to prevent this disease? What is the source of this disease? 
What are the routes of transmission? What medicines are effective to cure this disease? The top five 
most trusted information channels were China CDC, National Health and Family Planning 
Commission, the local health authorities, national level media and the WHO. Although some of the 
participants stated that they prefer to get information from Weibo (the Chinese version of Twitter), they 
were quick to add that they only trust credentialed Weibo accounts for their H7N9 information. The 
information that the focus group participants found the most useful included: public health 
recommendations on prevention, updated epidemiological data particularly as related to the patients’ 
occupations and the geographic distribution of the cases, treatment effectiveness and the official 
statement regarding lack of evidence on human to human transmission of H7N9. Some of the 
participants stated that they used these indicators to judge their susceptibility and the severity of the 
outbreak. An overwhelming majority of the participants felt less concerned about this outbreak 
because they were able to get the official daily epidemiological data updates from TV, newspaper and 
websites. All of the participants could recall at least one of the public health recommendations. The 
majority of them indicated they have followed the recommendations such as frequently washing their 
hands, opening the windows to air the room, staying away from crowded public places and avoiding 
contact with live poultry. Although the bulk of the participants indicated that they received information 
from health authorities affirming that thoroughly cooked poultry products are safe to eat, many still 
admit that they have stopped consuming poultry products or sharply decreased their consumption 
amount since the media coverage reporting the H7N9 outbreak on April 1, 2013. A few of the 
participants expressed that they still have concerns that have not yet been addressed, such as if 
keeping pet birds at home is safe. Conclusion: China effectively utilized risk communications 
principles during the H7N9 avian influenza outbreak by releasing timely information through multiple 
trustworthy channels. This information has met the needs of the public and guided their behavior. 
Although at this point the source of this novel avian influenza outbreak remains a mystery, the 
Chinese public is highly satisfied with the health authority’s communication work. They trust the 
government has been transparent about the epidemic data and has effectively handled the outbreak 
of this disease. 
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P1-160 

Increasing influenza vaccination in health care workers: which policies work in 
Europe? 

PR Blank1,2*, G Kovács3, R Kipshakbaev4, M Leleka5, TD Szucs2 

1Institute of Social and Preventive Medicine, University of Zurich, Zurich, Switzerland; 2Institute of 
Pharmaceutical Medicine (ECPM), University of Basel, Basel, Switzerland: 3Syreon Research 
Institute, Budapest, Hungary; 4Republican Center AIDS, Ministry of Health of Kazakhstan, Astana, 
Kazakhstan; 5Department of Pharmaceutical Disciplines Horbachevsky Ternopil, State Medical 
University, Ternopil, Ukraine 

Background: Health care facility–associated infections are a major threat to patient safety and health 
outcomes. Seasonal influenza vaccination coverage rates (VCRs) among health care workers 
(HCWs) remain low in Europe, despite strong recommendations. The objective of this study was to 
determine the essential elements of European influenza vaccination policies that could help to 
increase VCRs among HCWs. Methods: Influenza vaccination policies (2008-2012) of 15 European 
countries were assessed. Data on existing policies were collected via European National Vaccine 
Industry Groups and from individual country experts. Analysis of the 15 national immunization policies 
focused on four main categories: 1) management of vaccination programs; 2) role and responsibilities 
of HCWs in vaccination programs; 3) role of information/communication campaigns; and 4) ease of 
access to vaccines. Spearman correlation coefficients (rho) of single or sets of two policy elements 
with HCWs’ VCRs were calculated. Results: The results of this study identified several policy 
elements that might help to increase influenza vaccination uptake among HCWs. In eleven countries, 
teaching about influenza vaccination is included in the curriculum in medical schools. Countries with 
this policy generally showed higher influenza VCRs among HCWs than countries that did not include 
influenza vaccination education in medical schools (rho = 0.464; P = .082). This was the only stand-
alone policy with a P value < 0.1. Despite a small sample size, correlations of sets of two policy 
elements were calculated, which assessed interaction between policy elements. Not all combinations 
showed a significant impact on vaccination behavior. Policy elements with the most influence on HCW 
VCRs included combinations with annual influenza vaccination awareness campaigns via radio/TV 
(rho = 0.535; P = .04), campaigns via press/media conference (rho = 0.540; P = .038), or with 
campaigns via flyers/folders in medical waiting rooms (rho = 0.524; P = .045). In addition, various 
combinations of health care policy elements that led to increases in VCRs (P < 0.1) included influenza 
vaccination recommendations specifically targeting HCWs, dedicated objectives for HCWs to achieve 
in vaccinating patients against influenza, annual monitoring of VCRs, the reimbursement of HCW 
vaccination costs and media activities such as radio, flyers/folders in medical waiting rooms, and 
press/media conferences. Conclusions: Several elements of influenza vaccination policies could be 
combined in a multifaceted approach at the national level to improve HCW influenza VCRs to reduce 
the risk of health care–associated infection both for HCWs and their vulnerable patients. These 
include strong national vaccination recommendations, influenza education in medical schools, and 
information on annual influenza vaccination via the media. 
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P1-161 

Intentions to perform nonpharmaceutical protective behaviors during influenza 
outbreaks: a cross-sectional study of a representative sample of the Swedish 
adult population 

T Timpka1,2*, A Spreco2, Ö Dahlström3, O Eriksson2, EA Gursky4, J Ekberg1,2, M Strömgren5, D 
Karlsson2, J Hinkula6, E Holm5 

1Department of Public Health, Östergötland County Council, Linköping, Sweden; 2Department of 
Medical and Health Sciences, Linköping University, Linköping, Sweden; 3Linnaeus Centre HEAD, 
Department of Behavioural Sciences, Linköping University, Linköping, Sweden; 4National Strategies 
Support Directorate, ANSER/Analytic Services Inc, Arlington, Virginia, United States; 5Department of 
Social and Economic Geography, Umeå University, Umeå, Sweden; 6Department of Clinical and 
Experimental Medicine, Linköping University, Linköping, Sweden 

Background: Failure to monitor the beliefs and attitudes of the public has been identified as a 
weakness in European preparedness strategies to mitigate infectious disease outbreaks. We set out 
to examine whether intentions to improve personal hygiene and increase social distancing during 
influenza outbreaks can be explained by trust in official information, perceptions of threat and the 
ability to cope as examined by protection motivation theory (PMT), self-reported assessments of 
health, and sociodemographic factors. Materials and Methods: The study used a cross-sectional 
design to analyze associations between intended protective behaviors and items in a theoretical 
model of explanatory factors. A random sample of 1,011 persons ranging between 20 and 90 years of 
age was drawn from the Swedish national population register. A telephone survey was carried out 
during the first quarter of 2012. Individuals agreeing to participate were asked to complete a paper-
based survey, prior to the call, querying for sociodemographic data and data elements from the SF-8 
self-reported health questionnaire. The remaining data were collected in the interview. Behavioral 
intentions were assessed by items asking whether the respondent would try to carry out a protective 
behavior in accordance with the PMT. The protective behaviors were restricted to two categories: 
increased personal hygiene (use of disinfectants and other hand wash products; frequent washing of 
hands when having touched common objects, such as door knobs) and social distancing (staying 
home from work or school; avoiding use of public transportation). For each endpoint, uni- and 
multivariate logistic regression analyses were applied using the items in the model as explanatory 
variables. These included trust in official information, variables corresponding to PMT items (threat 
appraisal items and the coping appraisal items), variables representing the SF-8 summary items, and 
sociodemographic characteristics (age, gender, educational level, living with partner, living with child, 
and employment). Results: Two-hundred and fifty-four persons in the total population sample 
(n = 1011) could not be reached by a telephone call. Of the 757 persons reached, 443 provided a 
complete response, leading to a 59% response rate to the telephone survey and a 44% participation 
rate with regard to the total sample. Every second respondent (50.0%) reported high trust in official 
information about influenza. Regarding social distancing measures, 9% of the respondents scored 
strong agreement with the stated intention to stay home when not ill during seasonal influenza 
outbreaks, and 11% scored strong agreement with this intent during pandemic outbreaks. Twenty-
three percent of the respondents intended to avoid use of public transportation during a seasonal 
outbreak, while 29% of the respondents scored strong agreement with this intention during a 
pandemic outbreak. Regarding measures related to personal hygiene, 77% of the respondents scored 
strong agreement with the stated intention to use hand wash products during seasonal outbreaks, 
while 85% of the respondents reported this intention for pandemic outbreaks. Regarding the intention 
to frequently wash hands, 46% reported strong agreement in association to seasonal influenza 
outbreaks and 60% in association to pandemics. Multivariate models revealing coping appraisal as 
the dominant explanatory factor for behavior showed strong discriminatory performance for staying 
home while not ill (seasonal outbreaks AUC 0.85 (95% CI 0.82;0.89), pandemic outbreaks AUC 0.82 
(95% CI 0.77;0.85)) and acceptable performance with regard to avoiding public transportation (AUC 
0.78 (0.74;0.82), AUC 0.77 (0.72;0.82)), using hand wash products (AUC 0.70 (0.65;0.75), AUC 0.76 
(0.71;0.80)), and frequently washing hands (AUC 0.71 (0.66;0.76), AUC 0.75 (0.71;0.80)). 
Conclusions: We observed a relatively high trust in official recommendations and a higher prevalence 
of intentions to improve personal hygiene than to increase social distancing in association to influenza 
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outbreaks. Coping appraisal was the dominant factor found to explain the observed behavioral 
intentions. Threat-affect played a relatively small role in lay decision-making, despite uncertainties 
associated to narcolepsy cases surrounding a recent mass vaccination campaign. Developing 
interventions that support the general population’s efforts to perform self-protective behaviors during 
outbreaks, and longitudinal studies of such behaviors across several influenza seasons are also 
warranted in European countries. 

P1-162 

Banning the slaughter of poultry in live bird markets: crisis or chance to 
change? 

T-H Tung1, M-F Yang1, C-C King2*

1Department of Public Health, College of Public Health, National Taiwan University, Taipei, Taiwan, 
Republic of China; 2Institute of Epidemiology and Preventive Medicine, College of Public Health, 
National Taiwan University, Taipei, Taiwan, Republic of China 

Background: Live-bird markets (LBMs) can provide unavoidable opportunities for contact between 
humans and animals. Many consumers accustomed to buying fresh poultry and selecting the 
chickens they like the most, especially in Taiwan, Hong Kong, and China. However, LBMs have been 
considered the most important origin of novel avian influenza viruses (AIVs) since the first highly 
pathogenic avian influenza A/H5N1 outbreak occurred in Hong Kong in 1997. Therefore, closure of 
LBMs is the key to successful influenza control. On April 25, 2013, one day after the first human H7N9 
case was identified, the government of Taiwan announced a ban on slaughtering live poultry. This 
study was designed to (1) compare differences between support and opposition to this policy among 
LBM workers, and (2) find the best channel for informing LBM workers about their risks of infection. 
Materials and Methods: A face-to-face survey of 34 LBMs was conducted from May 10 to May 16, 
2013. The questionnaire covered (1) occupational history; (2) knowledge of disease, risk perception, 
and attitudes; and (3) viewpoints on the H7N9 epidemic in China and the banning of poultry slaughter. 
Results: We administered 80 questionnaires and had an 80% response rate. The mean age of 
respondents was 53.4 ± 10.91 years. Additionally, 53.7% of the respondents were female, 48.8% had 
a primary education or lower, and most (95%, 76/80) had been working as LBMs for more than 10 
years. Traditional media, such as TV or newspapers, were their main sources of information (93.8%, 
75/80); only 17.5% used such novel media as the internet or a mobile phone. Most of the respondents 
(92.5%, 74/80) did not trust the government as a source of information, and only 25% believed what 
professionals said. Surprisingly, 85.7% (54/63) of respondents did not think this ban was necessary to 
prevent and control AI. A significant proportion of those opposed to this measure considered refusing 
to follow the new policy (92.6% [50/54], P = .0018), believing that electronic slaughtering kept them 
safe (92.7% [51/55], P < .001) and protected consumers (98.1% [52/53], P < .001). Moreover, 93.6% 
of them thought the AIV H7N9 outbreak would not occur in Taiwan. Additionally, 80% of respondents 
said that their revenue has decreased more than 50% and that they were not willing to follow the new 
policy (P = .006). The government offer of a subsidy of US $3000 dollars did not motivate them to use 
electronic slaughtering techniques (P = .08), although those who trusted the government indicated 
they would cooperate with the government policy (P = .02). We also obtained important qualitative 
information for further improvement. Although most LBM workers felt uncomfortable about banning 
poultry slaughter in LBMs, some of them did follow government policies because of trust. Therefore, 
winning trust from those who are affected is the key to implementing policies successfully. This ban 
has caused some LBM workers to become unemployed, which has created family problems. 
However, traditional media can play an important role in explaining the influenza risk factors and 
providing public health education. Unfortunately, hearing TV reports in Taiwan about the growing 
number of H7N9 cases and deaths in China every day only made Taiwanese listeners become afraid 
of losing business in the LBM and led them to refuse to follow government policies. In fact, the LBM 
workers thought the government should pay more attention to surveillance and control in poultry 
farms rather than focusing on end point surveillance in LBMs. Conclusions: We would like to make the 
following recommendations: (1) the government should fully understand LBM workers’ concerns and 
be willing to address them during policy planning; (2) media must fulfill their social responsibility to 
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provide the best public education possible regarding to the current scientific findings for novel H7N9 
viruses and their modes of transmission; and (3) policies should be continuously evaluated for timely 
improvement. Future research directions should involve cross-country/area comparisons among 
Taiwan, Vietnam, Hong Kong, and China. 

P1-163 

Influenza awareness and vaccine advocacy in the Asia-Pacific region: the role 
of the Asia-Pacific Alliance for the Control of Influenza (APACI) 

LC Jennings1*, PKS Chan2, DW Smith3 

1Canterbury Health Laboratories and the University of Otago, Christchurch, New Zealand; 
2Department of Microbiology, Chinese University of Hong Kong, Hong Kong SAR, China; 3Division of 
Microbiology and Infectious Diseases, PathWest QEII Medical Centre and School of Pathology and 
Laboratory Medicine, Faculty of Medicine, Dentistry and Health Sciences, University of Western 
Australia, Perth, Australia 

Awareness of the burden of influenza is increasing in the Asia-Pacific region; however, there is no 
consensus on the best way to prevent and treat the disease and ensure policies for the use of 
seasonal influenza vaccines, specific treatments, and effective communication strategies are in place. 
The APACI was established in 2002, with a mission to reduce the burden of disease within the Asia-
Pacific region. The changing influenza landscape following the 2009 pandemic required APACI to 
move from an informal structure to a company limited by guarantee and registered in Hong Kong as a 
not-for-profit organization in April 2011. It has a vision to be a lead organization on influenza 
education in the Asia-Pacific region, with a set of objectives which complement those of the World 
Health Organization’s (WHO) Global Influenza Programme. One of the goals of APACI is to facilitate 
the development of an influenza foundation (or similar group) in every Asia-Pacific country, and over 
time, for each of these foundations to be interlinked, utilizing a comprehensive communication and 
education program. Influenza foundations have been established in India (IFI), Thailand (IFT) and 
Indonesia (IIF), while linkages with similar organizations or activities exist with Australia, China, Hong 
Kong, Korea, New Zealand, and the Philippines. Each of these nine countries has a representative 
that forms the APACI membership. In 2012, APACI, in partnership with the IFT and Thailand 
Department of Disease Control, held the First Asia-Pacific Influenza Summit meeting, followed by the 
First Asia-Pacific Forum on the Antiviral Treatment of Influenza in Bangkok, Thailand, to encourage 
regional discussion on influenza control. Additional APACI education initiatives have involved the 
development of a website (www.apaci.asia), an online regional newsletter “Influenza” (formerly “Asian 
Focus”), a regular media bulletin, translated influenza resources (available online), and collaborative 
research projects. APACI will continue to foster the development of new alliances and support 
existing alliances to promote influenza awareness in the region. 

P1-164 

Informing future policy for influenza vaccination programs in sub-Saharan 
Africa: forging a path for decision-making.  

D Diop1,2*, M Lattanzi3, E Montomoli2, J Ortiz4, R Clemens5, C Sokhna1, J Victor4 

1Institut de Recherche pour le Développement, Dakar, Senegal; 2University of Siena Medical School, 
Siena, Italy; 3Novartis Vaccines and Diagnostics, Siena, Italy; 4PATH, Seattle, Washington, United 
States; 5Takeda International, Zurich, Switzerland  

Background: New Global Burden of Disease estimates attribute nearly 2% of all-cause mortality 
during the first five years of life to influenza. Of influenza deaths, 99% are estimated to occur in low 
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and middle income countries. Effective influenza vaccines have been available for decades, but their 
use in sub-Saharan Africa has been limited; only South Africa includes influenza vaccine in its 
National Immunization Program. The objective of this study was to assess the process that would be 
necessary for decision-making for programmatic introduction of influenza vaccine in countries in sub-
Saharan Africa and to identify potential solutions to the specific challenges such countries would face 
during the decision-making process. Materials and Methods: We conducted surveys of national and 
international vaccine policy makers and influenza and influenza vaccine thought leaders for this study. 
We also interviewed a South African policy maker to understand the specific process that was used to 
evaluate influenza vaccines in South Africa and to understand how such deliberations could inform 
vaccine policy decision-making in other sub-Saharan African countries. Surveys and interviews 
gathered data from respondents regarding the key minimal information that would be needed in order 
to consider introduction of an influenza vaccination program. Strategies and processes at the global 
level which may assist in accelerating decision-making and/or policy implementation were also 
queried. We synthesized and analyzed these data to inform a strategy for influenza vaccine policy 
consideration in the sub-Saharan African context. Results: In order to implement influenza vaccination 
programs in their countries, policy-makers in sub-Saharan Africa stated that they required regional or 
sub-regional data on each of the following: influenza disease burden, vaccine effectiveness and 
safety, the potential programmatic impact on cold chain capacity, and program sustainability. In South 
Africa, the National Department of Health has launched an influenza vaccination campaign in the 
public health sector, targeting groups at higher risk for severe disease. South Africa, largely 
temperate, has an influenza season falling in the southern hemisphere winter. Therefore, vaccines 
are recommended to be administered sufficiently early before the season. The decision-making 
process used in South Africa emphasizes the importance of adequate influenza surveillance data to 
support policy decisions. Tropical Africa may experience less distinct influenza seasonality. This, 
along with often-limited or non-existent influenza surveillance, provides a challenge to informing 
optimal timing of immunization. Lack of surveillance data has also left questions regarding risk groups 
and disease burden largely unanswered. Many diverse international organizations (governmental, 
non-governmental, and academic) are contributing data which might inform sub-Saharan influenza 
vaccination strategies. UN agencies can provide technical assistance for annual influenza vaccine 
delivery and immunization. Sub-Saharan African countries have limited expertise with data on 
influenza epidemiology and with influenza vaccines. Such regional capacity must be strengthened if 
countries are to make the best evidence-based decisions about influenza vaccine use and to maintain 
a sense of program ownership. A regionalization of efforts would be the most realistic and feasible 
approach for future influenza vaccine policy consideration as it would leverage individual country 
strengths and capacities. The pathway for influenza vaccine introduction in sub-Saharan Africa could 
be as follows: strengthening laboratory capacity and influenza surveillance; conduct of research 
studies, such as burden studies, in a few key countries; improved communication of data; 
development of policy strategies; building vaccine production capacity; identification of financing and 
development of political will; and reliance on well-informed technical advisory committees. Additional 
concerns regarding influenza vaccine implementation included capacity to administer vaccine outside 
of existing routine immunization systems, program sustainability, and the importance of local and 
regional program control. Conclusion: Influenza historically has been perceived as a mild disease that 
is uncommon in sub-Saharan Africa. Public health authorities have generally not considered influenza 
vaccine a high priority. Occasionally, local epidemics or global pandemics have drawn policy-makers’ 
attention. Successful introduction of sustained influenza vaccination into the region will require 
adherence to a clear plan that includes strong evidence-based decision-making processes, evidence 
of operational feasibility, and assurances of sustainability. 
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O-816 

Focal adhesion kinase regulates efficient influenza A virus entry and RNA 
replication 

H Elbahesh*, T Cline, T Baranovich, E Govorkova, S Schultz-Cherry, C Russell 

St Jude Children’s Research Hospital, Department of Infectious Diseases, Memphis, Tennessee, 
United States 

Introduction: Virion internalization is dependent on host-cell signaling cascades induced by viral 
attachment to extracellular receptors that mediate viral entry. Phosphatidylinositol 3-kinase (PI3K) is 
activated by various stimuli through multiple pathways, including receptor tyrosine kinases. Integrin-
mediated PI3K signaling is dependent on focal adhesion kinase (FAK), a cytoplasmic tyrosine kinase 
that is a major component of focal adhesion complexes associated with the actin cytoskeleton. 
Activation of PI3K by influenza A virus (IAV) attachment is required for efficient IAV entry and 
infection. FAK activation leads to Y397 phosphorylation, which serves as a binding site for Src 
kinases PLCγ and PI3K that in turn mediate maximal FAK activation through Y576/577 
phosphorylation. Active FAK phosphorylates paxillin-Y118 to affect actin reorganization. The role of 
FAK in virus entry was reported for Kaposi sarcoma herpes virus (KSHV) and herpes simplex virus 1 
(HSV-1) and the antiviral response to other viruses but not for influenza virus. Therefore, we 
investigated the role of FAK during influenza virus infection. Materials and Methods: Viruses and cells: 
egg-grown PR8 (A/Puerto Rico/8/34), X31 (A/Aichi/2/1968-X31), CA (A/CA/04/2009), CAmad, (mouse-
adapted CA), WSN (A/WSN/1933), and NC (A/New Caledonia/20/1999) virus stocks and culture 
supernatants were stored at −80°C until used. Yields were measured as TCID50 in MDCK cells. 
MDCK and A549 cells were grown in MEM and F12K media, respectively. Normal bronchial epithelial 
(NHBE) cells were grown in transwell inserts and cultured in air-liquid interface (ALI) media. A549-
FAK-WT and A549-FAK-KD cells were generated by stable overexpression of wild-type or kinase-
dead FAK, respectively. Confocal microscopy: cells were pretreated with FAK or PI3K inhibitors for 2 
hours and infected with influenza virus at MOI 5 in the presence or absence of inhibitor. Cells were 
fixed in 4% paraformaldehyde, permeabilized with 0.1% Triton-X 100, and blocked with 5% horse 
serum in PBS. Primary and AlexaFluor-conjugated secondary antibodies were diluted in blocking 
buffer. SDS-PAGE and Western blotting: A549 whole-cell extracts were harvested in RIPA buffer. Cell 
extract proteins were separated by SDS-PAGE. For Western blotting, proteins were transferred to 
nitrocellulose membranes, probed with specific primary antibodies and HRP-labeled secondary 
antibodies. ELISA: Levels of FAK-pY397 and AKT-pS473 in mock-infected or influenza virus infected 
were detected by ELISA (Invitrogen) according to the manufacturer's protocol. Quantitative RT-PCR 
of influenza RNA species: total RNA was isolated from infected A549 cells and cDNA complementary 
to the 3 viral RNA species were synthesized using NP-specific primers with unrelated nucleotide tags 
for cDNA synthesis. First-strand synthesis system for RT-PCR kit was used according to 
manufacturer’s instructions. Human GAPDH was used to normalize viral gene levels. Results: We 
observed that viral attachment to sialic acid was required for efficient PI3K-dependent FAK-Y397 
phosphorylation; this correlated with Y118 phosphorylation of the FAK effector protein paxillin. FAK 
inhibitor treatment resulted in a dose-dependent reduction of viral titers, which was also confirmed in 
inhibitor-treated NHBE cells. Additionally, A549 cells overexpressing a kinase-dead FAK mutant 
produced lower titers compared with cells overexpressing wild-type FAK (FAK-WT). Virus infectivity 
and NP expression at 24 hpi were also reduced in FAK inhibitor-treated cells. We observed minimal 
localization of virus with early endosomes in the presence of FAK inhibitor that also resulted in virion 
accumulation at the periphery of cells. Neither FAK-pY397 inhibition nor FAK-KD overexpression 
affected cortical actin or microtubules but did affect the actin meshwork and stress fibers. Finally, 
although inhibition of FAK-pY397 had little effect on RNA synthesis between 0.5 and 8 hpi, it 
significantly reduced influenza vRNA, cRNA, and mRNA synthesis between 8 and 20 hpi. 
Conclusions: This study highlights novel regulatory roles of FAK in both influenza virus entry and RNA 
replication. Our data suggest that FAK links receptor-mediated PI3K signaling to influenza virus-
induced actin reorganization and endosomal sorting. Independent of its role on entry, FAK also 
regulates influenza RNA synthesis at later times of infection. Importantly, this suggests that inhibiting 
FAK activation could be a novel antiviral approach to influenza virus infection, one that is also being 
investigated in the field of cancer therapy. 
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O-817 

Airborne transmission in ferrets is associated with a change in glycan receptor 
specificity of an α2,3 sialic acid-specific 2009 pandemic influenza A virus 

S Lakdawala1, A Shih1, A Jayaraman2, E Lamirande1, C Hanson1, I Moore1, H Kenney1, M Paskel1, R 
Sasisekharan2, K Subbarao1* 

1National Institutes of Health, Bethesda, Maryland, United States; 2Singapore-MIT Alliance for 
Research and Technology, MIT, Cambridge, Massachusetts, United States 

Background: Influenza A viruses of animal origin pose a pandemic threat to humans when they are 
able to replicate efficiently and transmit between humans by respiratory droplets. Infection by 
influenza viruses is mediated via binding of the viral hemagglutinin (HA) glycoprotein to terminally 
attached α2,3 or α2,6-linked sialic acid (SA)-containing complex glycans on airway epithelial cells. 
Receptor binding specificity is an important determinant of host-range restriction and transmission of 
influenza viruses. Avian influenza viruses generally bind to glycan receptors terminating in α2,3-linked 
SA, whereas human-adapted viruses predominantly bind to glycan receptors terminating in α2,6-
linked SA. In the human respiratory tract, the epithelium of the trachea primarily expresses α2,6 SA, 
whereas the lung contains both α2,3 and α2,6 SA. Ferrets, a well-established animal model for 
influenza, have SA distribution similar to humans, whereas mice predominantly express α2,3 SA and 
little α2,6 SA. The HA of human influenza viruses preferentially binds to glycans composed of α2,6-
linked SA terminally attached to long oligosaccharide branches comprising at least 3 sugars (“long” 
α2,6 SA) that are predominantly distributed on the apical surfaces of the human and ferret respiratory 
tract. Materials and Methods: We studied the 2009 pandemic H1N1 (pH1N1) virus that predominantly 
binds α2,6 SA, replicates well in the upper and lower respiratory tract of ferrets, and is highly 
transmissible in humans and ferrets. To determine the importance of receptor specificity in tissue 
tropism and transmissibility, we generated distinct pH1N1 viruses with amino acid changes in the HA 
to alter receptor-binding preference. One virus contained two mutations designed to increase binding 
to α2,6 SA (α2,6 pH1N1) and the second virus had four mutations designed to switch binding 
preference from α2,6 to α2,3 SA (α2,3 pH1N1). The replication of the viruses was compared in 
mouse and ferret models, and respiratory droplet transmission was evaluated in the ferret model. 
Results: Despite the predominance of α2,3 SA in mice, all three viruses replicated to high titers, 
achieving a peak on day 1 or 3 postinfection, with declining titers on day 7. No significant difference 
was observed among the α2,3 pH1N1, wild-type pH1N1, and α2,6 pH1N1 viruses. The median 
mouse lethal doses for all three viruses were similar. Replication of all viruses was also similar in the 
respiratory tract of ferrets, and the viruses infected the same cell types in the ferret lung. Typically 
α2,3 influenza A viruses show inefficient airborne transmission in ferrets. Surprisingly, both the α2,3 
pH1N1 and α2,6 pH1N1 viruses transmitted equally well by respiratory droplet in ferrets. Airborne 
transmission of the α2,3 pH1N1 virus was associated with reversion of an engineered mutation at 
position 222 in the receptor binding site of the HA, whereas the other three engineered changes 
remained unaltered. This reversion occurred in the upper and lower respiratory tract of ferrets but not 
in lung homogenates of infected mice. Biochemically, the mutation at residue 222 in the α2,3 pH1N1 
virus led to a substantial increase in its binding to long α2,6 SA, without altering its binding to α2,3 SA. 
Conclusions: A change in receptor preference from α2,6 to α2,3 SA does not alter the virulence of the 
pH1N1 virus in mice or replication in the upper and lower respiratory tract of mice or ferrets. Our 
results demonstrated that influenza viruses can adapt within a single passage in ferrets to acquire the 
property of respiratory droplet transmission. These findings provide biologic evidence that association 
with long α2,6 SA is one of the important determinants of respiratory droplet transmission in ferrets. 
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O-818 

The cell-surface mucin MUC1 is a potential receptor for influenza A virus 
infection 

J McAuley1*, C MacKenzie-Kludas1, R Allen1, M McGuckin2, L Brown1 

1Department of Microbiology and Immunology, The University of Melbourne, Melbourne, Victoria, 
Australia; 2Mater Medical Research Institute, South Brisbane Queenland, Australia 

Background: Influenza A virus (IAV) is a highly contagious zoonotic pathogen. IAV predominantly 
infect target epithelia through sialic acid (Sia)-dependent binding, although Sia-independent infection 
does occur. However, Sia are only small carbohydrate moieties and do not fully explain the entire 
narrative of viral binding and entry to a host cell. Importantly, a definitive receptor for influenza virus 
infection has yet to be described. The lipid envelope of the influenza virion contains 2 virus-encoded 
glycoproteins, hemagglutinin (HA) and neuraminidase (NA), that protrude from the virion surface. The 
influenza HA is involved in attachment of the virus to terminal Sia of glycoproteins on the cell surface 
to initiate entry. Receptor engagement by HA triggers uptake of the virus by endocytosis. However, 
how the signal of viral binding is transmitted across the plasma membrane to initiate the formation of 
endosomes at the binding site is not understood. Cell surface (cs-) mucins consist of a large, 
extracellular, O-glycosylated polypeptide backbone that extends 200-500nm above the apical surface. 
Cs-mucin glycosylated branches terminate in Sia and the entire extracellular glycoprotein structure 
maintains a dominant presence at the apical surface of epithelial cells. Additionally, the cs-mucins 
contain a transmembrane domain enabling extracellular domain shedding and a short cytoplasmic tail 
capable of triggering epithelial signalling cascades in response to microbial binding. Imparting a 
capacity to carry cargo into the cell, the cs-mucin extracellular domain is constantly internalized by 
clathrin-mediated endocytosis for recycling. We hypothesized that cs-mucins mediate IAV 
internalisation into host cells and that upon binding, cytoplasmic tail signalling induces endosome 
formation. Materials and Methods: Human lung-derived type II epithelial cells (A549) were infected 
with the laboratory IAV strain A/Puerto Rico/8/34 (PR8) and were monitored for evidence of cs-mucin 
and PR8 co-localization using confocal microscopy. Alteration to cs-mucin expression levels during 
the course of infection was determined using flow cytometry and confocal methods. siRNA 
technologies, were also used to diminish the capacity of A549 cells to produce the cs-mucin MUC1 
and the rate of viral entry into cells determined. To confirm the potential for MUC1 to bind and aid 
internalization with the virions, PR8 was co-incubated with recombinant MUC1 and the mixture added 
to siRNA treated cells. The ability for the MUC1-bound PR8 to infect was then re-examined. Results: 
Colocalization of PR8 and MUC1 occurred at the surface of infected cells as visualized by confocal 
microscopy, but neither MUC13 nor MUC16 co-localized with the virus. All cells infected with PR8 
also expressed MUC1 but the reverse was not true. In addition, cells increased cs-mucin expression 
during the course of infection, with MUC16 showing the most marked increase over time. 
Interestingly, heightened MUC16 expression occurred most prominently in cells neighbouring infected 
cells. We utilized siRNA technology to temporarily knock down MUC1 expression by A549 cells and 
examined the effects on viral invasion and subsequent replication kinetics. Flow cytometry showed 
cells diminished in their ability to express MUC1 were not infected by the virus, and cell supernatants 
assayed for the number of plaque forming units/mL revealed slower replication kinetics than for 
untreated cells. MUC1-bound PR8 mixtures were able to rescue the ability to infect siRNA treated 
cells. Conclusions: These findings provide the first definition of a likely candidate for a specific sialic 
acid-expressing cell-surface receptor that mediates endocytic entry of IAV into the epithelium of the 
host. We are now rigorously exploring the mechanisms of viral attachment to cs-mucin MUC1 and its 
subsequent entry into the cell. We are also further exploring the influence of MUC13 and MUC16 
expression by lung epithelia during infection. This research will open up novel avenues for research 
into the contribution of these receptors as important effector molecules in the dynamic mucosal barrier 
to infection. This work and J McAuley’s attendance at the conference is supported by funding from 
NHMRC Program Grant 567122. 
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O-819 

Properties and prevalence of neuraminidases of human H3N2 influenza 
viruses that bind sialic acid via their catalytic site 

S Wharton*, Y Lin, E Christodoulou, S Martin, P Collins, R Daniels, J McCauley 

MRC National Institute for Medical Research, Mill Hill, London, United Kingdom 

Background: The haemagglutinin (HA) glycoproteins of human H3N2 influenza viruses isolated since 
2005 exhibit poor binding to sialic acid–containing receptor analogues and these viruses are unable to 
agglutinate turkey erythrocytes. Possibly as a way to compensate for this poor HA binding, the 
neuraminidase (NA) genes of many of these H3N2 viruses have acquired mutations that result in 
viruses being able to bind to cells via the catalytic site of this glycoprotein. This is distinct from the HB 
haemagglutination site previously reported to be present in the neuraminidases of many avian 
viruses. This binding via the neuraminidase has complicated the interpretation of antigenic 
characterisation of viruses as determined by haemagglutination-inhibition assays, as it can lead to 
artificially low titres. Materials and Methods: Viruses were obtained from the WHO Collaborating 
Centre for Reference and Research on Influenza, National Institute for Medical Research, Mill Hill, 
London, UK. The growth characteristics of the various influenza viruses were determined by plaque 
assays. NA binding was determined by haemadsorption assays and the kinetic parameters were 
determined with baculovirus expressed NA using MUNANA as substrate. Results: Viruses that bind 
via their NA were found to be more likely to be selected for during propagation in MDCK cells as 
opposed to MDCK-SIAT cells that have greater levels of receptors. They carried mutations that 
resulted in amino acid substitutions at either of two positions around the catalytic site: residues 151 or 
148 (N2 numbering). These 2 groups of mutants had distinct enzymatic properties determined using 
NA expressed using a baculovirus system. Mutant NA proteins with substitutions at residue 151 
mutants had greatly reduced enzymatic activity. Virus preparations with this amino acid substitution 
always also contained a significant proportion of wild type virus possibly because it is needed as a 
helper virus in cell culture. The 148 mutation, which results in the loss of a conserved carbohydrate 
attachment site, gave NA that had very similar kinetic properties to wild type. In culture these viruses 
could be propagated in the absence of wild-type virus. Therefore although the 151 mutant viruses 
may be debilitated in their growth properties the 148 mutant viruses seem to be as viable as wild type 
and are able to propagate in a wider range of cells types. Conclusions: These observations illustrate 
another way for influenza virus to alter its receptor binding properties and therefore potentially its 
tropism. It also reinforces the concept that viruses can readily mutate, not only in eggs but also upon 
passaging in tissue culture cell cultures. 

O-820 

Host-specific differences in membrane fusion activity of H1N1 influenza A 
viruses 

J Baumann*, N Monougu, H D Klenk, M Matrosovich 

Institute of Virology, Philipps University, Marburg, Germany 

Background: The repeated introduction of animal influenza A viruses into human population highlights 
the necessity to understand which viral properties contribute to interspecies transmission. Viral HA-
mediated recognition of sialic acid receptors in a new host species is well known to be essential for 
the transmission. Less is known about the potential role of the membrane fusion activity of the HA. To 
address this question, we compared fusogenic properties of H1N1 Eurasian avian-like swine influenza 
viruses isolated in 1970s-1980s in Europe with properties of putative avian precursors of these 
viruses. Pandemic and seasonal human influenza viruses were also tested for a comparison. 
Materials and Methods: The HA-mediated membrane fusion activity of the viruses was characterized 
using high-sensitivity hemolysis assay. To study pH dependency of viral cell entry, we determined 
inhibition of viral infection in MDCK cells by lysosomotropic agent ammonium chloride, which 
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interferes with the acidification of low pH cellular compartments. Stability of the viruses at low pH was 
studied by incubating them at a pH between 5.0 and 7.0 for 15 min and titrating remaining infectivity in 
MDCK cells. HA sequences were determined by reverse transcription and PCR amplification of viral 
RNA followed by Sanger didesoxy terminator sequencing. The effects of amino acid substitutions on 
the HA membrane fusion activity was studied using the pCAGGS-HA plasmid containing the HA gene 
of A/duck/Bavaria/1/77 (H1N1) virus modified by site-directed mutagenesis. Fusion activity of modified 
HAs was tested by expessing them in HeLa cells and subsequent detection of polykaryon formation at 
low pH. Results: We found that the pH optimum of the HA-mediated membrane fusion of H1N1 swine 
influenza viruses was 0.2 to 0.5 pH units higher than the pH optimum of avian and human viruses. 
Swine viruses were less sensitive to neutralization by ammonium chloride than avian and human 
viruses (IC50%: 1.5- 2.5 mM of NH4Cl for swine viruses, 0.6-1.0 mM NH4Cl for avian and human 
viruses). By contrast, swine viruses were more sensitive than avian viruses to inactivation in low pH 
buffers. To identify amino acids responsible for the observed differences between Eurasian avian-like 
swine viruses and their putative avian precursors, we compared viral HA sequences and found 8 host-
specific amino acid differences. We introduced the swine-virus-like amino acids into the avian HA 
(A/duck/Bavaria/1/77) and compared membrane fusion activity of the mutants. Two of the mutations 
tested, T393S and S457F, were found to raise the pH of HA-mediated fusion of the avian HA by 0.2 
pH units. Conclusion: Our studies revealed that HAs of avian and human H1N1 viruses have lower pH 
optimum of membrane fusion activity and are more stable at low pH than closely related swine 
viruses. Alteration of these properties occurred soon after the introduction of an avian virus into pigs 
in Europe, suggesting that fusion-related characteristics of the HA can represent a host-range factor 
restricting interspecies transmission of influenza viruses.  

O-821 

A statistical strategy to identify recombinant viral ribonucleoprotein of avian, 
human, and swine influenza A viruses with elevated polymerase activity 

AWH Chin1, BD Greenbaum2, OTW Li1, RJ Webby3, LLM Poon1* 

1Centre of Influenza Research & School of Public Health, the University of Hong Kong, Pokfulam, Hong 
Kong; 2The Simons Center for Systems Biology, Institute for Advanced Study, Princeton, United 
States; 3Department of Infectious Diseases, Division Virology, St. Jude Children's Research Hospital, 
Memphis, TN, United States 

Background: The segmented genome of influenza virus makes it possible for reassortment of gene 
segments when co-infection of different virus strains occurs in the same host. Apart from the 1918 
pandemic H1N1 virus, where the origin is controversial, the subsequent 3 influenza pandemic strains 
contain polymerase subunits reassorted from strains of various origins. Both the 1957 H2N2 and 1968 
H3N2 pandemic viruses contain PB2 and PA of human origin reassorted with PB1 of avian origin. The 
pandemic H1N1/2009 strain contains polymerase genes originated from the North American triple-
reassortant swine lineage, of which the PB2 and PA genes are of avian origin and the PB1 gene is of 
human origin. It is possible that, in addition to acquiring a novel HA or/and NA surface protein, a virus 
with polymerase subunits of different origins may have an increased pandemic potential. Thus it is 
necessary to develop a more systematic strategy to analyze chimeric polymerase complexes with 
genes from multiple sources. Here, we applied statistical methods to analyze the polymerase activities 
of reassorted vRNPs originated from 3 strains of different origins. In particular, we aimed at testing the 
feasibility of using this strategy to determine whether temperature, the origin of single subunit of vRNP 
and/or interactions between subunits of vRNP affect the polymerase activity. Materials and Methods: In 
this study, we reconstituted chimeric vRNPs with 3 different viral strains isolated from avian, human and 
swine hosts. We wanted to identify the effect of the origin of single vRNP subunit or interactions 
between different subunit on polymerase activity. Eighty-one chimeric vRNPs were reconstituted in 
293T cells at different temperatures. Polymerase activity was determined by luciferase reporter assay, 
and statistical strategy was applied to identify the single vRNP subunit effect or the interactions between 
different subunits. Results: It was found that PB2, PB1, NP, PB2-PB1 interaction, PB2-PA interaction 
and PB1-NP interaction had significant effect on polymerase activity at 37oC, and several single 
subunits and interactions were identified to lead to elevation of polymerase activity. Furthermore, we 
applied a 27-run fractional factorial design to obtain a subset of 27 chimeric vRNPs from the 81 
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combinations of vRNPs. A 27-run (34-1) fractional factorial design was applied as a model to select a 
subset of 27 chimeric vRNPs out of the 81 combinations. With this fractional factorial design, a total of 
24 different subsets of data could be selected. It was found that the average rank on the significance of 
single subunit effect and 2-factor interactions of the 24 subsets of fractional factorial designs is similar to 
the rank in the 81-combination full factorial design. This suggests that, by running an experiment with a 
fractional factorial design, it is possible to capture the major factors or interaction effects that would be 
observed from the results generated from the full factorial design. Conclusion: This approach can be 
used to identify the major single subunits or interactions that affect the polymerase activity. In addition, 
the use of fractional factorial design can obtain reliable results without the need to experimentally 
reproduce all possible vRNP combinations. 

113Virology and Viral Receptors



Virology and Viral Receptors

Poster Abstracts

114



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-167 

Studies on the receptor-binding properties of influenza viruses H1N1 to sialic 
acid 

AA Matos-Patron1*, G Ayora-Talavera1, W Barclay2 

1CIR Biomedicas Dr. Hideyo Noguchi, Laboratorio de Virología, Mérida, Yucatán, México; 2Imperial 
College London, Faculty of Medicine, Division of Infectious Disease, London, United Kingdom 

Background: In April 2009, a new influenza A H1N1 circulated among the population worldwide, 
generating the first pandemic of the 21st century. At the time of the emergence of the influenza 
A(H1N1)pdm09 in early 2009, two other influenza A viruses had been circulating in humans, the 
H3N2 viruses, AH3, and the seasonal H1N1 viruses, AH1. In the following years it has become 
apparent that the AH1 viruses were displaced but the H3N2 viruses were not. The extinction of one 
subtype by another during a pandemic was previously suggested to be due to short-lived 
transcending cross-subtype immunity. A hypothesis recently made for the extinction of the AH1 virus 
after A(H1N1)pdm09 appearance is the generation of neutralizing antibodies against conserved 
regions of HA or NA. However, it is interesting to note that in coinfections in ferrets aimed at 
generating potential reassortants between influenza A subtypes, only pure A(H1N1)pdm viruses were 
recovered, suggesting that the new virus could outcompete the old ones even in naive animals. In 
influenza AH1 virus, amino acids at position 190 and 225 of HA affect replication and transmission. 
Both the new pdmH1 and the seasonal AH1 viruses that circulated until 2008 have 190D and 225D, 
but other amino acid differences between the two viruses may confer differences in sialic acid binding. 
The aim was to evaluate the hypothesis of whether the displacement of the AH1 virus might be 
associated with a lower affinity for the sialic acid receptor in the human respiratory tract and to 
describe the replacement phenomenon in an in vitro system. Materials and Methods: To assess 
differences in growth kinetics, HAE cells were individually infected with three viruses: (H1N1)pdm09, 
AH1and AH3 at an MOI = 0.0001. Viruses were harvested from the apical surface every 12 h post 
infection and viral titres were obtained by plaque assay in MDCK cells. In addition, viruses were 
evaluated in competition assays in HAE cells: (H1N1)pdm09 vs AH1; (H1N1)pdm09 vs AH3 and AH1 
vs AH3 at a defined ratio of 50:50. At 0, 12, 24, 48 and 72 h post infection, viruses were collected 
from the apical surface and plaqued on MDCK cells to assay for viral titres. In addition, to determine 
the virus ratio in each mix, collected viruses in each time point were plaqued in MDCK cells and 
isolated by picking 30 visible plaques. From each grown plaque an RNA extraction was performed 
and a fragment of the hemagglutinin gene of (H1N1)pdm09, AH1 and AH3 was amplify by RT-PCR. 
Results: From the single HAE cells infection, it was observed that at 12 h post infection 
the(H1N1)pdm09 and the AH3 viruses replicated with similar titres while the AH1 didn’t show viral 
growth. Although at 24 h post infection the viral growth for the three viruses was similar, further at 72 
h the AH1 virus showed important decrease in viral titre (2.83 x 105PFU/mL) compared with 
(H1N1)pdm09 (3.33 x 107PFU/mL) and AH3 (1.82E x 107PFU/mL). In competition assays, at 12 and 
24 h post infection, the two combinations containing the AH1 showed slightly higher titres than the mix 
containing the (H1N1)pdm09/AH3. However, at 48 and 72 h, the combination (H1N1)pdm09/AH3 
showed increased viral titres than the two combinations containing the seasonal AH1 virus. From the 
RT-PCR analysis, at 24 h post infection, the 70% of analysed plaques from the mix 
(H1N1)pdm09/AH1 amplified for the AH1 and the remaining 30% amplified HA for both viruses. In 
contrast, in the mix AH1/AH3, 46% of the plaques were positive for AH1 and 40% plaques were 
positive for both viruses. Conclusions: Individual infections with (H1N1)pdm09 and AH3 viruses 
showed high titres and similar kinetics; however, the AH1 replicates at lower titres. During 
simultaneous infections, virus combinations containing the AH1 showed lower titres than 
(H1N1)pdm09 vs AH3. These results suggest that AH1 viruses appear to have a more stringent 
preference for α-2,6 SA than the newly emerged pdmH1. Also, competition for receptors may 
contribute to the subtype replacement during a pandemic. 
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P1-168 

Viral scission factors: M2-mediated influenza virus budding 

A Martyna1, A Atkins1, M Badham1, R Lamb2, J Rossman1,* 

1School of Biosciences, University of Kent, Canterbury, United Kingdom; 2Howard Hughes Medical 
Institute, Northwestern University, Evanston, Illinois, United States 

Background: Although many of the interactions required for influenza virus assembly have been 
determined, the molecular machinery needed to complete the budding process has only recently been 
elucidated. We recently determined that the influenza virus M2 protein contains an amphipathic helix 
(AH) that is capable of altering membrane curvature and causing membrane scission. These studies 
uncovered a novel and essential role for the M2 protein in mediating virus budding; however, there 
remain many unanswered questions about the M2 protein and the process of influenza virus budding. 
Materials and Methods: M2-mediated budding was investigated in vitro using giant unilamellar 
vesicles (GUVs) formed by electroformation and visualized by confocal microscopy. Full-length M2 
protein was purified following baculovirus expression and incorporated into GUVs. Alternatively, 
peptides corresponding to the wild-type M2 AH, or incorporating M2 AH mutations, were chemically 
synthesised and added to preformed GUVs. Single GUV imaging was used to calculate the 
biophysical properties of M2-mediated budding. Peptides were synthesised using the amino acid 
sequences of the A/Udorn/72 and A/California/09 strains of influenza virus. The effects of additional 
viral proteins on M2-mediated budding were determined using SUPER-templates and giant plasma 
membrane vesicles (GPMVs) generated from transfected HEK-293T cells. M2 mutations were 
introduced into the influenza virus genome using reverse genetics and the replication of the 
recombinant viruses assessed. Results: Investigation into the role of the M2 protein showed that the 
protein possesses a well-conserved amphipathic helix that is capable of altering membrane curvature 
in a cholesterol-dependent manner. In GUVs containing reduced levels of cholesterol, such as would 
be found at the neck of a budding virion, we saw that M2 caused positive membrane curvature and 
scission, a process that is dependent on the M2 amphipathic helix. By imaging single M2 AH peptide-
treated GUVs in real time, we were able to calculate the kinetics and biophysical properties of M2-
mediated budding. Using reverse genetics to recover influenza virus containing a mutated 
amphipathic helix, we saw that the M2 amphipathic helix is necessary for membrane scission and for 
the release of budding virions. Further results using SUPER-templates and GPMVs showed that 
additional viral proteins are capable of modifying membrane curvature and function to define and 
initiate the budding event, whereas the M2 protein mediates membrane scission and completes the 
budding process. Conclusions: Our results showed that the M2 protein is capable of altering 
membrane curvature in a cholesterol-dependent manner, serving an essential role during influenza 
virus budding by mediating membrane scission. The activity of the M2 protein is modified by 
expression of additional influenza virus proteins that define the site of assembly and enable the 
process of viral budding to proceed with maximal efficiency. 

P1-169 

The binding avidity of human H3N2 viruses to α2,6-sialic acid linked receptors 
has decreased during the evolution of the HA gene in viruses isolated from 
2000 onward  

Y Lin*, X Xiong*, S Wharton, S Martin, P Coombs, S Vachieria, E Christodoulou, P Walker, J Skehel, 
S Gamblin, A Hay, R Daniels, J McCauley 

MRC National Institute for Medical Research, London, United Kingdom 

Background: Since their emergence in 1968, influenza A (H3N2) viruses have undergone 
considerable genetic and antigenic evolution, and this has been found to be associated with changes 
in receptor-binding properties. The H3N2 viruses circulating from 1968 to 1972 had a similar pattern 
of binding to avian strains. However, H3N2 viruses isolated after 1975 were no longer able to bind to 
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sialic acid α2-3Gal specific gangliosides. H3N2 viruses isolated since the early 1990s lost the ability to 
agglutinate chicken RBCs. More recently, most H3N2 viruses circulating from 2002 onward can no 
longer be efficiently isolated from and replicate in embryonated eggs. In addition, the majority of H3N2 
viruses isolated from 2005 were unable to agglutinate turkey RBCs via the haemagglutinin (HA), and 
had poor growth properties in Madin-Darby canine kidney (MDCK) cell cultures. The isolation rates 
were increased by using MDCK-SIAT1 (SIAT) cells, which had been made to stably overexpress the 
α2,6-linked sialic acid receptors, compared with MDCK cells. However, little is known about the 
molecular basis for the altered receptor-binding specificity and affinity as a result of the evolution of 
H3N2 viruses from 2000 onward. In this study, the binding specificity and affinity of representative 
human H3N2 viruses from 2000 were measured and the relationship with amino acid changes in H3 
HA are discussed. Materials and Methods: Viruses used in this study were from stocks held in our 
laboratory, and recombinant viruses were generated by reverse genetics. Virus binding to receptor 
analogues was measured using surface biolayer interferometry (BLI). For crystallographic studies, HA 
was expressed in insect cells and purified by affinity chromatography. HA crystals diffracted to 1.85 Å 
and the structure was solved using molecular replacement. Results: Sequence analyses of HAs from 
viruses isolated between 2001 and 2010 showed that a series of substitutions around receptor-
binding site had occurred: W222R and G225D around 2001; Q156H, S189N, V226I and S227P from 
2003; S193F and D225N from 2004; and K158N and N189K from 2009. The avidity of H3N2 viruses 
for the human receptor analogue, α2,6-sialyllactosamine, as measured by surface BLI, decreased 
overtime with a 4-fold reduction between 1968 and 2001 and then a further estimated 200-fold 
reduction in binding over the period of 2001-2004. By 2010, viruses failed to bind to human receptor 
analogue under standard assay conditions, but some very limited binding could be detected at 
increased virus concentrations. The binding affinity of RG/Finland/486/2004, which had the 
substitution D225N on HA, was significantly decreased and the virus lost the ability to bind to turkey 
RBCs. Serial passaging of viruses with the D225N substitution in MDCK cells or eggs gave rise to 
substitutions around the receptor-binding site, and these viruses had significantly increased binding to 
receptor analogues and could agglutinate turkey RBCs. The crystal structures of HA-receptor 
analogue complexes formed with HAs from viruses isolated in 2004 and 2005 have been determined 
and compared with the H3HA 1968 structure. The structural study confirmed that substitutions in the 
receptor-binding site, particularly at residues 222, 225 or 226, altered the interactions between the HA 
and the sialic acid receptor. Conclusions: Following the evolution of the HA gene, the binding avidity 
of human H3N2 viruses to α2,6-sialic acid linked receptors has decreased since 2000, which caused 
difficulties in virus propagation in vitro as well as in antigenic analysis. Amino acid substitutions at 
HA1 position 225 correlate with recent changes in affinity for human receptor and is responsible for 
the loss of the ability to bind to turkey RBCs. 

P1-170 

Tropism of human and influenza virus infection in the human respiratory tract 
using ex vivo tissues 

R Chan1, M Chan1, T Walther2, S Haslam3, G Air4, M Peiris1, J Nicholls2* 

1School of Public Heath and 2Department of Pathology, Hong Kong University, Pok Fu Lam, Hong 
Kong SAR; 3Division of Molecular Biosciences, Faculty of Natural Sciences, Biochemistry Building, 
Imperial College London, South Kensington Campus, London, United Kingdom; 4Department of 
Biochemistry & Molecular Biology, University of Oklahoma Health Sciences Center, Oklahoma City, 
Oklahoma, United States. 

Background: Influenza is an infection primarily of the respiratory tract, and infection ranges from the 
upper regions (nasopharynx) and conducting airways to the lung parenchyma. This tropism has an 
impact on a determination of disease severity and transmission, with infection of the alveolar epithelial 
cells leading to cell death and respiratory distress but infection of the upper airways enhancing the 
possibility of transmission from human to human. Previous investigations using lectin binding data 
proposed that avian viruses with a α2-3 binding preference would infect the lower respiratory tract but 
human viruses with a α2-6 binding preference would infect the upper respiratory tract, leading to 
enhanced transmission. We have previously utilized fresh tissue samples from the nasopharynx, 
bronchus and lung and infected these tissues with avian and human viruses in order to study infection 
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and innate tissue responses. Over a 4-year period we collected and analyzed the infection of a wide 
range of influenza viruses, including the recent H7N9 strains from China, in order to re-evaluate 
whether this tropism paradigm required revisiting. Materials and Methods: Ex vivo culture of human 
bronchus and lungs was performed as previously published using 3 human H1N1 isolates, 2 
H1N1pdm isolates, 8 H3N2 isolates, 2 H5N1 isolates, 5 H9N2 isolates, 5 H1N1 swine isolates, 2 
H1N2 swine isolates, 1 H5N8 avian isolate, 3 H7N7 isolates and the 2 recent H7N9 isolates from 
mainland China that have caused recent cases of human disease. 27 of these isolates had glycan 
array performed in order to determine binding preference to α2-6 or α2-3 sialylated N and O-glycans. 
The tissues were obtained from patients undergoing surgical biopsy or resection for pathological 
diagnosis, and consent had been given for the use of these tissues for influenza research. The 
tissues were infected with influenza virus with a titer of 106 50% tissue culture infectious doses 
(TCID50)/mL, a titer similar to that used previously for 1 h at 37°C. The bronchial mucosa was placed 
on a surgical sponge with its apical epithelial surface upwards in a 12 well plate, while the lung 
parenchyma was placed into the 12 well plate directly with 1.5 mL of culture medium. The increasing 
virus titers along the time course provided evidence of productive virus replication. Bronchial and lung 
tissues were also subjected to mass spectrometric analysis in order to determine glycans present in 
these tissues that might be potential receptors for different influenza virus strains. Results: A total of 
113 bronchial and 185 lung samples were infected between 2008 and 2012 and 3 bronchial and lung 
samples were infected in 2013. Apart from 2 swine viruses (A/Swine/Hong Kong/4167/1999 and 
A/Swine/Hong Kong/915/2004), all viruses tested showed replication in the lung, with an efficiency of 
replicating ranging from 25%-100%. Sialidase treatment abolished infection in the H1N1pdm and 
H5N1 infected tissues. In the bronchial explants, apart from A/Swine/Hong Kong/NS29/2009 all 
viruses showed replication ranging from 21-100%. In particular we found that the recent H7N9 strains 
had a very efficient degree of replication in the lung and bronchus with extensive infection in ciliated 
and non-ciliated cells in the bronchus and type 2 pneumocytes in the lung. There was also limited 
H5N1 replication in bronchial epithelium. Mass spectrometry and lectin histochemistry showed that 
both α2-6 and α2-3 sialylated glycans were present in the bronchial tissues. Conclusions: When a 
large number of viruses and samples was studied it appears that the distinction of bronchus versus 
lung tropism for influenza may be less evident as previously published and viral or host factors apart 
from haemagglutinin affinity for α2-6 or α2-3 sialic acid. 

P1-171 

Analysis of influenza C virus possessing substitutions in its CM2 
transmembrane region 

Y Muraki1*, T Okuwa1, T Noda2, T Himeda1, S Hongo3, Y Ohara1

1Department of Microbiology, Kanazawa Medical University School of Medicine, Ishikawa, Japan; 
2Division of Virology, Department of Microbiology and Immunology, Institute of Medical Science, 
University of Tokyo, Tokyo, Japan; 3Department of Infectious Diseases, Yamagata University Faculty 
of Medicine, Yamagata, Japan 

Background: CM2, the second membrane protein of influenza C virus, consists of 115 amino acids 
and is encoded by the RNA segment 6 (M gene) of the virus. Although the biochemical characteristics 
and properties as an ion channel of CM2 have been exclusively examined so far, the role(s) of CM2 in 
virus replication remained to be clarified. Recent studies using virus-like particles (VLPs) lacking CM2, 
and recombinant viruses and VLPs possessing mutations at the CM2 posttranslational modification 
sites have indicated that CM2 is involved in uncoating and packaging processes. However, the 
specific roles of CM2 extracellular, transmembrane (TM) and cytoplasmic domains in virus replication 
still remain to be determined. In the present study, to study the effect(s) of CM2 TM domain on virus 
replication, we generated a recombinant influenza C virus (rCHC), in which the CM2 TM domain is 
substituted to the TM domain of Haemagglutinin-Esterase-Fusion (HEF) glycoprotein of the influenza 
C virus, and analysed the virus growth, virus morphology, and virus proteins synthesized in virus-
infected cells and incorporated into virions. Materials and Methods: Reverse genetics: The mutant M 
gene cDNA, in which the 69 nucleotides (positions 872 to 940) of C/Ann Arbor/1/50 M gene was 
replaced with the 78 nucleotides (positions 1900 to 1977) of C/Ann Arbor/1/50 HEF gene, was PCR-
amplified and cloned into the Pol I vector, generating pPolI/M-CHC. To generate a recombinant virus, 
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rCHC, the pPolI/M-CHC was transfected into 293T cells together with the other Pol I plasmids and 
virus-protein expressing plasmids. Analysis of virus-infected cells: HMV-II cells infected with 
recombinants were pulse-labeled and chased, and then immunoprecipitated with antibodies against 
virus proteins. For membrane flotation analysis, the infected cells were fractionated through sucrose 
equilibrium ultracentrifugation and then subjected to immunoprecipitation. To detect cell-surface virus 
proteins, cells were biotinylated and precipitated with streptavidin-agarose, followed by Western 
blotting. Analysis of viruses: The virions grown in HMV-II cells and eggs were purified by 
ultracentrifugation through 30% sucrose, and then subjected to Western blotting or electron 
microscopy. Results: 1) The rCHC virus grew less efficiently than did the recombinant wild-type (rWT) 
virus. 2) The mutant CM2 protein synthesized in the rCHC-infected cells was matured slightly slower 
than was the authentic CM2, but the amount of CM2 expressed on the rCHC-infected cells was 
comparable to that on the rWT-infected cells. 3) Pulse-chase experiment of virus-infected cells 
showed that the affinity of M1 to the plasma membrane in rCHC-infected cells was lower than that in 
rWT-infected cells, although there was no apparent difference in the affinity of HEF between the two 
cell populations. 4) The ratio of M1 to HEF in the rCHC virions was lower than that in the rWT virions, 
whereas the ratio of CM2 to HEF in the rCHC virions was higher than that in the rWT virions. 5) The 
rCHC virions mainly exhibited pleomorphic short-rod forms, whereas most of the rWT virions were 
long filamentous particles. Conclusions: The reduced M1 affinity to the plasma membrane of the 
rCHC-infected cells correlated with the reduced amount of M1 in the rCHC virions. Thus, the HEF TM 
domain inserted into CM2 appeared to affect the ratio of M1 and CM2 in the virions, leading to the 
differences in the morphology and replication of the viruses. This finding is reminiscent of our previous 
observation that the influenza C virus morphology was affected by M1 affinity to the membrane. 

P1-172 

Characterization of influenza A viruses with different amino acid residues at 
PB2-627 

AWH Chin1*, LLM Poon1 

1Centre of Influenza Research & School of Public Health, The University of Hong Kong, Hong Kong, 
China 

Background: Viral ribonucleoprotein (vRNP) of influenza A virus is responsible for transcription and 
replication of the viral genome. Residue 627 of one of its subunit, PB2, has been shown to have 
significant effect on host specificity, polymerase activity and viral replication. The majority of avian 
influenza viruses carry a glutamic acid (E) at PB2-627, while most of the human influenza viruses 
identified before emergence of 2009 H1N1 pandemic carry a lysine (K). The amino acid change 
E627K in PB2 is believed to favor avian virus adapting in mammalian hosts. Although glutamic acid 
and lysine are commonly found at PB2-627 in nature, some other amino acids are also possible at 
this residue. For example, some avian viruses possess valine and some human viruses possess 
arginine at this residue. However, the effects of these less frequent amino acids at PB2-627 are not 
fully understood. Furthermore, the possibility of emergence of virus with other amino acids at PB2-627 
cannot be excluded. This prompted us to generate and characterize the recombinant viruses with a 
random amino acid mutation at this position. Materials and Methods: Degenerated primers were 
designed to generate random amino acid mutations at residue 627 of the PB2 gene in A/PR/8/1934 
(PR8). Recombinant PR8 viruses with random mutations at this position were generated by reverse 
genetics techniques in 293T cells. The recombinant viruses generated were inoculated in the 
mammalian system (MDCK cells) or the avian system (10-day-old embryonated chicken eggs). The 
viruses harvested were plaque purified and the amino acids at PB2-627 were identified by DNA 
sequencing. The polymerase activities of vRNPs with different amino acids at PB2-627 were 
compared and the growth kinetics of the recombinant viruses were also determined in mammalian 
and avian cells. The virulence of the recombinant viruses were compared in balb/c mice. Results: 
Sequencing result of the recombinant viruses revealed that amino acids at PB2-627 are not restricted 
to those isolated from nature. It was observed that the recombinant viruses derived from the avian 
system behaved differently from those derived from the mammalian system in polymerase activity 
assay and in vitro growth kinetics assay. The recombinant viruses derived in the avian system 
generally had lower polymerase activity and slower growth rate than the wild-type virus in mammalian 
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cells. On the other hand, some recombinant viruses derived in the mammalian system had low 
polymerase activity and slow growth in avian cells. Although all the recombinant viruses with different 
amino acids at PB2-627 replicated in mammalian cells, the virulence of the recombinant viruses in 
mice vary. It was found that recombinant viruses with isoleucine at PB2-627 led to more significant 
weight loss and higher mortality in mice than the recombinant viruses with the avian marker at PB2-
627, albeit lower than wild-type virus. Conclusions: This study demonstrated that the amino acid 
identity at PB2-627 is not exclusive to glutamic acid and lysine. Introducing other unnatural amino 
acid mutations at this position can also lead to viable viruses in mammalian and avian cells. Some of 
these novel amino acid mutations may also lead to highly virulent virus in mammals. Although the 
mechanism leading to the role of PB2-627 is yet to be elucidated, more understanding on the effect of 
this residue on the viral polymerase can surely contribute to the evaluation of the pandemic potential 
of any novel virus that may emerge in the future. 

P1-173 

Influenza B viruses in swine: virus tropism in swine respiratory organ explant 
cultures 

CHT Bui1*, JM Nicholls2, JS Malik Peiris1, MCW Chan1, RWY Chan1

1Centre of Influenza Research and School of Public Health, 2Department of Pathology, Li Ka Shing 
Faculty of Medicine, The University of Hong Kong, Pokfulam, Hong Kong 

Background: Swine has been considered an animal reservoir of pandemic influenza A virus (IAV), for 
example, the 2009 H1N1 pandemic virus, swine is acting as a “mixing vessel” for the reassortment of 
swine, human and avian IAVs. Certain influenza B virus (IBV) strains were also found to be readily 
infecting piglets as early as in 1969. However, tissue tropism of IBV in swine is understudied, at least 
in 2000s, mainly due to the misconception that IBV causes milder disease than IAV. IBV has in fact 
circulated in many parts of the world causing regular seasonal epidemics in humans with mortality 
rates sometimes higher than that in IAV seasons. Here, our research group hypothesizes that swine 
could be a neglected host of IBV, apart from human and seal, due to the previous infectivity of IBV in 
this animal, as well as the fact that swine has close contact with human and possesses a similar sialic 
acid (influenza virus receptor) distribution profile as the human respiratory tract. We aim to examine 
the characteristics of IBV tissue tropism using swine tracheal and lung explant models, and risk 
assess swine susceptibility to a panel of IBV strains from both Yamagata and Victoria lineages of 
different years. Materials and Methods: The tracheal and lung explants were prepared from fresh 
swine respiratory organs from approximately 6-month-old pigs, and cultured with maximal similarity to 
the in vivo conditions. A panel of IBV strains, from both Yamagata and Victoria lineages and from 
different years, were used to infect the tissue explants at 37oC or 39oC according to the original 
physiological temperature of the tissue. The virus replication efficiencies were evaluated through 
viral titration and immunohistochemistry of the collected supernatant and formalin-fixed tissue 
explants respectively at 1, 24, 48 and 72 h postinfection. Seasonal IAVs (H1N1 - A/OK/447/08 
and H3N2 - A/OK/370/05) were used as controls. Results: Most of the tested IBVs showed 
productive replication in the swine lung explants. Swine tracheal explants, on the other hand, 
supported the replication of limited IBV strains. Most of these IBVs belong to the Victoria lineage, 
which spread across the years from 2005 to 2011. IBVs that could replicate in swine lung explants 
reached their maxima at 48 hpi or sometimes later. This is comparatively slower than the 
replication rates of seasonal IAVs (H1N1 & H3N2) used in the study, which usually showed 
significant increase at 24 hpi with still increasing virus yields at 48 hpi in some cases. However, the 
overall increase in titres between the IBVs and seasonal IAVs were similar. In swine tracheal 
explants, both IBVs and seasonal IAVs showed limited replications with similar trends of having 
maxima being reached at 24 hpi. Conclusions: The successful replication of IBVs in swine explants 
cultures indicates the possible susceptibility of swine to IBV and provides the essential basis for 
further investigation on the likelihood for swine to be an animal reservoir of the virus, as well as the 
threat it may pose to humans. Continuous studies on the replication kinetics of a greater number of 
IBVs in swine explant cultures across a wider range of years, countries and lineages will probably be 
our future target.  
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P1-174 

The human AXL receptor tyrosine kinase is a novel bifunctional receptor for 
influenza A virus 

H-L Chien1, W-C Su2, K-S Jeng1, MMC Lai1,2,3*

1Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan; 2Research Center for Emerging 
Viruses, China Medical University, Taichung, Taiwan; and 3Center of Infectious Disease and Signaling 
Research, National Cheng Kung University, Tainan, Taiwan 

Virus binding to a cell surface receptor and subsequent entry into host cells are critical steps 
determining viral species specificity and organ tropism. However, there are few therapeutics that can 
target virus entry. Influenza virus A (IAV) is known to use sialic acid-containing molecules as a 
primary receptor. In addition, it has also been demonstrated to use C-type lectin receptors (CLRs), 
such as DC-SIGN, L-SIGN, SIGN-R1, MMR, and MGL, molecules as alternative receptors. These 
molecules may expand the tissue specificity of IAV infection. By using an RNAi (interfering RNA) 
library screening to search for cellular factors required for influenza virus infection and replication, we 
have identified a cell surface molecule AXL as a cellular factor required for virus infection. AXL is a 
member of the TAM (Tyro 3, AXL, Mer) protein family, and is a receptor tyrosine kinase (RTK), which 
is a single-pass type 1 transmembrane protein. We found that IAV replication was suppressed by 
knockdown of AXL in A549 cells and enhanced by overexpression of AXL in 293 cells, indicating a 
positive role for AXL in IAV infection. Furthermore, treatment with a polyclonal antibody against AXL 
during virus binding stage (first 20 minutes), but not at the later stage, completely blocked virus 
infection, even in the presence of sialic acid receptors. Under the same condition, the sialidase 
treatment completely blocked IAV infection despite the presence of AXL. The IAV binding to the cell 
surface was decreased by knockdown of AXL using specific shRNAs targeting to AXL. The IAV 
infection induced transient AXL phosphorylation, and inhibition of AXL kinase activity by a specific 
inhibitor leads to impaired IAV uptake into cells. Taken together, our findings indicated that AXL 
serves as a virus receptor in conjunction with sialic acid, for IAV at least in some cell types. We further 
used co-immunoprecipitation assay to show that AXL binds with the viral envelope proteins 
neuraminidase (NA), matrix protein 2 (M2) and, to a lesser extent, hemagglutinin (HA). Paradoxically, 
over-expression of AXL reduced the extracellular virus titer by trapping the newly generated viral 
particles on the cell surface. This property is reminiscent of the sialic acid receptor. In conclusion, AXL 
is a novel dual-function receptor for IAV in some cell types. It offers a new target for antiviral therapy. 

P1-175 

Receptor binding studies of 2009 H1N1 pandemic emergence 

D Benton*, S Martin, S Wharton, R Daniels, J McCauley 

MRC National Institute for Medical Research, London, United Kingdom 

Introduction: 2009 H1N1 pandemic viruses arose from a reassortment of a triple reassortant classical 
swine virus with an avian-like Eurasian swine virus. This reassortment gave rise to a novel 
combination of haemagglutinin (HA) and neuraminidase (NA), with the HA coming from classical 
swine and the NA from Eurasian swine. The HA and NA are likely to be major factors in determining 
the transmissibility, and therefore pandemic potential, of these viruses. Triple reassortant classical 
swine viruses had arisen previously from a reassortment of a classical swine H1N1 virus with a 
seasonal human H3N2 and an avian H1N1, forming an H3N2 virus, which then reassorted back with 
a classical swine H1N1 forming H1N1, H1N2, and H3N1 viruses. These triple reassortant viruses led 
to a number of sporadic zoonoses in the years leading up to the 2009 pandemic; however, these 
viruses were not found to spread from human to human. These studies aim to determine the factors 
necessary in the HA and NA for the emergence of the 2009 pandemic. The HA in the early pandemic 
viruses harbour a number of conserved substitutions when compared with the H1 HA of classical 
swine viruses. A number of these residues are located in positions that have been previously shown 
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to affect HA receptor binding. Materials and Methods: Biophysical receptor analogue binding assays 
were used to determine virus receptor binding characteristics. These assays are based on an Octet 
RED system (ForteBio). The assays measure the binding of virus to sialoglycopolymers bearing 
trisaccharide receptor analogues 3-Sialyl-N-acetyllactosamine (3-SLN) or 6-Sialyl-N-
acetyllactosamine (6-SLN). Assays measure virus binding to a range of different biosensor sugar 
loadings to a constant concentration of virus (normalized by solid-phase NP ELISA). The extrapolated 
saturation point of binding is then plotted against relative sugar loading, allowing a measure of relative 
virus avidity. Modified binding assays have also been carried out to measure the relative balance of 
HA and NA activity. Results: A number of common substitutions around the HA receptor binding site 
were identified after sequence alignments of classical swine and early pandemic strains. These 
substitutions were introduced into viruses both of a triple reassortant classical swine and early 
pandemic lineage by reverse genetics. These viruses were then used in receptor analogue binding 
assays. Both triple reassortant and pandemic H1N1 viruses were found to bind to α2,6 linked sialic 
acid strongly with no detectable binding to α2,3 linked sialic acid. There was little difference in the 
binding of these two separate lineages. A number of substitutions were found to alter the relative α2,6 
linked sialic acid avidity. Assays were carried out to measure the relative HA/NA balance of pandemic 
and triple reassortant H1N1 viruses to ascertain the importance of the novel combination of HA and 
NA seen in the 2009 pandemic. Conclusion: These studies allow better understanding of the factors 
underlying HA receptor binding as well as HA/NA balance, which allowed the emergence of the 2009 
H1N1 pandemic.  

P1-176 

Hemagglutinin receptor specificity and structural analyses of aerosol 
transmissible H5N1 viruses 

RP de Vries1*, X Zhu2, R McBride1, A Hanson4, A Rigter3, G Zhong4, R Xu2, W Yu2, Y Kawaoka4-7, 
CAM de Haan3, IA Wilson2, 8, JC Paulson1, 2 

1Departments of Cell and Molecular Biology and 2Integrative Structural and Computational Biology, 
The Scripps Research Institute, San Diego, California, United States; 3Virology Division, Department 
of Infectious Diseases & Immunology, Faculty of Veterinary Medicine, Utrecht University, Utrecht, The 
Netherlands; 4Department of Pathobiological Sciences, School of Veterinary Medicine, University of 
Wisconsin-Madison, Madison, Wisconsin, United States; 5ERATO Infection-Induced Host Responses 
Project, Japan Science and Technology Agency, Saitama, Japan; 6Division of Virology, Department of 
Microbiology and Immunology, Institute of Medical Science, University of Tokyo, Tokyo, Japan; 
7Department of Special Pathogens, International Research Center for Infectious Diseases, Institute of 
Medical Science, University of Tokyo, Minato-ku, Tokyo, Japan; 8Skaggs Institute for Chemical 
Biology, The Scripps Research Institute, San Diego, California, United States 

Background: 5N1 is a highly pathogenic virus for poultry and endemic in several countries; although 
human infections are sporadic, they are accompanied with a high mortality. It is well documented that 
avian viruses primarily recognize α2,3 sialic acid receptors (avian type) and human viruses recognize 
α2,6 receptors (human type). Moreover, recent studies suggest that binding to α2,6 sialosides is a 
perquisite for aerosol transmission in ferret models and is a risk factor for transmission in humans. To 
date H5N1 viruses have not acquired human-type receptor specificity, raising interest in what it would 
take for this to happen. Recently 3 reports showed that H5N1 viruses with HA mutations that shift 
receptor specificity from avian type to human type are able to achieve aerosol transmission in ferrets 
(LM Chen, et al. Virology.  2012;422:105; S Herfst, et al. Science. 2012;336:1534;M Imai, et al. 
Nature. 2012;486:420). In 2 cases, receptor specificity was determined using assays that assess a 
binary specificity for human (α2,6) or avian (α2,3) type specificity (S Herfst, et al. Science. 
2012;336:1534;M Imai, et al. Nature. 2012;486:420), while the third was determined by glycan array 
analyses that assess differential binding to sialic acid containing glycans that occur on the human 
airway. Here we employ glycan array analysis to assess the fine receptor specificities of the 2 other 
transmissible H5N1 viruses, including all of the intermediate mutants in the receptor domain and stalk 
region that were found to be required for transmission (S Herfst, et al. Science. 2012;336:1534;M 
Imai, et al. Nature. 2012;486:420). Materials and Methods: We used the A/Vietnam/1203/04 (VN1203) 
H5 mutants in the Cal/04 background as inactivated whole viruses and created recombinant soluble 
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trimeric HA proteins for VN1203 and A/Indonsia/5/05 (INDO5). We applied these viruses and 
hemagglutinins to a sialoside glycan array created to asses influenza a viruses receptor binding 
specificity containing 58 glycan structures (CM Nycholat, et al. Angew Chem Int Ed Engl. 
2012;51:4860). To determine the effect of the stalk mutations on the stability of the viruses; we 
incubated these at 50°C with over time and analyzed their ability to agglutinate turkey erythrocytes 
and growth in MDCK cells. Finally, we crystallized the VN1203 hemagglutinin with or without the stalk 
mutations. Results: We found that both virus and recombinant hemagglutinins containing Q226L 
G228S or N224K Q226L show a shift in receptor binding from α2,3 to α2,6 sialosides. The loss of the 
carbohydrate at position 158 on the head of the hemagglutinin strengthens this effect. The stalk 
mutations, however, did not affect receptor binding. Importantly the 2 mutant H5 HAs exhibit a slightly 
different receptor binding profile. For example the VN1203 seems to prefer linear structures, whereas 
INDO5 prefers N-linked glycans. Furthermore, for all mutants we observed residual α2,3 sialoside 
specificity, which is not seen for fully human-adapted viruses. We were able to show that the stalk 
mutation in INDO05 indeed introduces extra stability; however, we did not observe a structural 
determinant for this effect, whereas the crystals structures obtained for VN1203 with or without the 
T318I mutation where nearly identical. Conclusions: Acquisition of α2,6 sialoside binding for H5N1 
viruses to become aerosol transmissible in mammals can be achieved by a different sets of amino 
acid substitutions. Both viruses analyzed in this study showed predominant binding to α2,6 sialosides, 
but exhibited different fine specificities. Although the specificities of the 3 transmissible viruses overlap 
(LM Chen, et al. Virology.  2012;422:105; S Herfst, et al. Science. 2012;336:1534;M Imai, et al. 
Nature. 2012;486:420), it is not clear if binding to a single type of glycan or multiple glycans is 
required for effective transmission in ferrets. Expanded glycan array libraries comprising glycans 
present on mammalian airway cells are needed to systematically evaluate receptor determinants 
required by influenza for aerosol transmission.   

P1-177 

The effect of cholesterol on cytokine expression in human lung epithelial cell 
and macrophage infected with 2009 pandemic influenza A virus 

HW Wang1, SC Hsu1, YH Chang1, SY Chang1,2, CN Lee1,2* and CL Kao.1,2* 

1Graduate Institute of Clinical Laboratory Sciences and Medical Biotechnology, College of Medicine, 
National Taiwan University, Taipei, Taiwan; 2Department of Laboratory Medicine, National Taiwan 
University Hospital, Taipei, Taiwan 

Background: Nowadays obesity is considered as a chronic disease. Pandemic H1N1 (pH1N1) 
influenza virus had caused worldwide panic in 2009, and many statistics suggested that obesity may 
be one of the risk factors associated with higher mortality. Most of the deaths were caused by 
cytokine storm, and the effect of a high-concentration cholesterol environment on influenza virus 
infection is still unknown. Therefore, in this study we intend to explore the role of cholesterol in 2009 
pH1N1 infection in human lung epithelial cell and macrophage. Materials and Methods: The pH1N1 
virus strain used was isolated in the Virology Lab of the National Taiwan University Hospital in 2009 
and propagated in MDCK cell in MEM containing 2 μg/ml TPCK-Trypsin. A549 and U937 cells were 
cultured in DMEM and RPMI-1640 medium, respectively. Cholesterol was dissolved in absolute 
ethanol before passing through a 0.22 μm filter. In immunofluorescence assay for sialic acid 
expression, cells were fixed with 10% formalin and stained with MAA-Avidin, Anti-biotin Cy3, and 
SNA-FITC. In addition, anti-F4/80 antibody was used to confirm that the U937 was induced to 
macrophage-like cell. In a cell toxicity assay, MTT was used to observe cell viability in A549 and 
MDCK, trypan blue exclusion assay used for U937. The mRNA expression of cytokines was 
measured by real-time qPCR using SYBR green system. Results: Virus growth curve showed no 
significant difference between growth in culture medium containing 0.04 mM and 0.08 mM cholesterol 
in MDCK. Cell toxicity assay showed that over 70% of MDCK and A549 survived, and no significant 
change was observed in U937 after treating with high concentration of cholesterol. The monoclonal 
antibody against F4/80, a macrophage-specific marker, was used to confirm that U937 was induced to 
macrophage-like cell. In immunofluorescence, we found that the expression of alpha 2,3- and alpha 
2,6-linked sialic acid in MDCK and A549 was higher at high concentration of cholesterol. Higher 
expression of HA was observed, and significantly higher mRNA expression of IFN-beta, TNF-alpha, 
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and IL-6 in MDCK cells infected with pH1N1 at high concentration of cholesterol. The expression of 
cytokines in A549 and macrophage-like cells also had dose-dependent results. We also observed that 
the expression of cytokines was suppressed when treating with lovastatin, a drug that inhibits 
cholesterol synthesis. Conclusion: In this study we demonstrated more expression of sialic acid in 
cells at high concentration of cholesterol and observed a significantly higher expression of cytokines 
and HA in MDCK infected with pH1N1. For A549 and U937 macrophage-like cell we also obtained 
some significant results. 

P1-178 

Assembly restrictions on the evolution of the influenza neuraminidase 
transmembrane domain and its impact on viral propagation 

D da Silva, J Nordholm, D Dou, R Daniels* 

Center for Biomembrane Research, Department of Biochemistry and Biophysics, Stockholm 
University, SE-106 91 Stockholm, Sweden 

Background: The signal anchor sequence of influenza neuraminidase functions both as a targeting 
sequence to the endoplasmic reticulum and as a transmembrane domain (TMD) that dictates the 
topology and trafficking of the protein. As such, the TMD must maintain its hydrophobicity and 
appropriate length to perform these functions that ultimately enable neuraminidase to contribute to 
viral spreading. Materials and Methods: The contribution of the neuraminidase TMD to the production 
of functional neuraminidase was evaluated in a transfection-based system. These results were 
combined with a bioinformatic approach that assessed the hydrophobicity and residue positioning of 
the neuraminidase TMDs over time, subtype, species (swine and human) and region (North American 
and Eurasian). This analysis was complimented with an experimental system (GALLEX) in E. coli that 
can monitor TMD associations, which enabled the mechanism of the neuraminidase TMD assembly to 
be determined and explained how the TMD contributes to the maturation of neuraminidase. Based on 
these results, genetic rescue viruses were generated with specific neuraminidase TMDs and the 
resulting effect on viral propagation was assessed in MDCK cells. Results: The TMD from subtype 1 
neuraminidase (N1) is required for the production of functional N1. This is because the TMD is 
necessary to stabilize the stalk domain by tethering it to the membrane in a tetrameric conformation 
that matches the oligomeric state of the enzymatic head domain. The tetrameric assembly of the N1 
TMDs were found to be dictated by key polar residues on the polar faces of what appears to be an 
amphipathic helix. This likely explains why the human subtype 1 neuraminidase TMDs have become 
less and less hydrophobic since 1918. Most intriguingly, the TMDs from the recent pandemic H1N1 
strain of swine origin are the least hydrophobic to date, and this property could be used to track the 
Eurasian swine decent of the neuraminidase gene segment, suggesting that the TMD may in fact be a 
previously overlooked determinant. To test this possibility, several specific N1 TMD chimera viruses 
were generated. In various independent generations of the specific TMDs that we analyzed, additional 
mutational selection occurred only in the neuraminidase TMD that either increased or decreased the 
TMD hydrophobicity in a predictable manner that had an effect on viral propagation. Conclusions: The 
N1 TMD contributes to the assembly process by tethering the stalk to the membrane in a tetrameric 
conformation that is based on the polar characteristics in its amphipathic helix. The counter evolution 
of the N1 TMDs against the very feature that defines them, their hydrophobicity, and the ability to 
track the Eurasian origin of the N1 segment in pandemic H1N1 strain of swine origin highly suggests 
this is an overlooked determinant. Supporting this notion is the observation in our lab that only specific 
and characteristically predictable N1 TMD chimera viruses can be produced by recombinant genetics, 
further exemplifying the selective pressure on this potential key determinant.  
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P1-179 

The increased pH threshold of the influenza virus HA fusion activation affects 
virus infectivity and efficiency of live and inactivated influenza vaccines 

J Romanova1*, B Krenn1, M Wolschek1, S Nakowitsch1, E Romanovskaya-Romanko2 

1Green Hills Biotechnology AG, Vienna, Austria; 2 Influenza Research Institute, St. Petersburg, Russia 

Background: Influenza viruses enter the host cell via receptor-mediated endocytosis and deliver the 
viral genome to the cytoplasm by means of the fusion of viral and endosomal membranes. The 
threshold pH at which the hemagglutinin (HA) of influenza virus undergoes irreversible conformational 
change that is necessary for fusion is strain specific. Whereas for human influenza viruses, this 
modification takes place at a pH range of 5.1-5.4, avian viruses undergo conformational change at a 
pH of 5.6-6.0. The  long term cultivation of human influenza viruses in chicken embryos or mammalian 
continuous cell lines often leads to HA mutations increasing the pH  value of the HA conformational 
change, making HA less resistant to low pH and heating. We investigated the impact of HA stability on 
the virus infectivity, immunogenicity of live influenza candidate vaccines, and HA antigen content in 
the inactivated influenza vaccine preparations. Materials and Methods: Human influenza viruses of 
different subtypes and avian highly pathogenic viruses were used in the study. The pH threshold of 
the HA activation was measured in the hemolysis assay with human erythrocytes. Virus stability was 
estimated toward a low pH and an elevated temperature. Virus infectivity in mouse upper respiratory 
tract was determined by mouse ID50 titration. Viral uptake by the mouse respiratory epithelial cells 
was estimated using immunohistochemical staining. Virus immunogenicity was evaluated in ferrets 
after intranasal immunization. The total protein content was measured by Bradford assay. The 
quantity of immunocompetent HA antigen in inactivated purified virus preparations was determined by 
a single radial immunodiffusion assay. The mutation (K58I) was introduced by site directed 
mutagenesis. Results: We found that the H3N2 egg-derived viruses A/Brisbane/10/07, IVR147 and 
A/Uruguay/716/07 recommended by the WHO for vaccine production already showed decreased virus 
stability to an acidic pH and elevated temperature when compared to antigenically similar primary 
isolates. This phenotype was caused by HA1 (A138S, L194P) and HA2 (D160N) substitutions 
increasing the pH threshold (by 0.2-0.6 pH units) of the HA conformational change. The subsequent 
propagation of egg-derived H1N1 and H3N2 seed viruses in MDCK and Vero cells induced HA2 N50K 
(H1N1) and D160E (H3N2) mutations thereby improving virus growth, but further decreasing the virus 
stability.  We showed that these mutations dramatically decreased the immunogenicity of live 
influenza vaccine candidates in ferrets. In addition, we demonstrated, that viruses with the low pH 
threshold of HA fusion have certain advantage during production of inactivated vaccine batches 
yielding the higher HA antigen content. Moreover, since all studied highly pathogenic avian influenza 
viruses are characterized by an elevated pH range of the HA conformational change, we assumed 
that low efficiency of H5N1 vaccines might be also explained by the unstable nature of their HAs. To 
prove this, we implemented a single amino acid substitution K58I, known to decrease the pH of HA 
fusion, into the HA2 subunit of the A/Vietnam/1203/04 (H5N1) virus containing attenuated cleavage 
site. Resulted mutant virus acquired increased stability toward a low pH and an elevated temperature, 
displayed 30 times higher infectivity in the mouse upper respiratory tract, as determined by ID50 
titration, and provided a better viral uptake by the mouse respiratory epithelial cells, as demonstrated 
by immunohistochemical staining. Conclusions: The threshold pH of the influenza virus HA fusion 
activation is an important host range factor and has a great impact on the efficiency of live and 
inactivated influenza vaccines by reducing virus stability, immunogenicity, and the HA antigen 
content. 
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P1-180 

Hemagglutinin receptor binding preferences of seasonal and pandemic H1N1 
influenza A viruses in Taiwan 

YF Wang1,2, CF Chang3, CY Chi1,4, JR Wang1,2,3,5, IJ Su1,5*

1Division of Infectious Disease and Vaccinology, National Health Research Institutes, Taiwan; 2Center 
of Infectious Disease and Signaling Research, 3Department of Medical Laboratory Science and 
Biotechnology, 4Department of Pediatrics, 5Department of Pathology, Medical College, National 
Cheng Kung University, Taiwan  

Background: Influenza virus infection is initiated by virus attachment to cell-surface sialoside receptor 
via influenza hemagglutinin (HA). The carbohydrate binding specificities have been found to be 
different among avian and human influenza A viruses and may affect the tissue tropism and 
transmission. Numerous reports have demonstrated that amino acids of the receptor binding domain 
of HA protein contribute to its relative binding affinities for α2-3 or α2-6 linked receptors. In April 2009, 
the first outbreak of pandemic influenza H1N1 in Mexico spread rapidly across the world via human-
to-human transmission. Our sequence analysis revealed numerous amino acid variations in receptor 
binding sites between pandemic and seasonal H1N1 viruses. Materials and Methods: To investigate 
whether pandemic H1N1 viruses display different receptor binding specificity from seasonal H1N1, we 
compared the carbohydrate binding specificity of seasonal H1N1 influenza and the 2009 pandemic 
H1N1 strains that was isolated from Taiwan during 2000 to 2010 by using a high-throughput 
carbohydrate solution array. Results: Seasonal H1N1 accepted not only α2,6 sialylated glycans but 
also α2,3 sialylated glycans. However, some of the 2009 pandemic H1N1 viruses were predominantly 
bound to α2,3 sialylated glycans, and the viruses isolated in 2010 had changed the binding profiles 
from 2009, revealing the virus adaptation in the human population. These results indicated a distinct 
carbohydrate binding repertoire between seasonal H1N1 and the 2009 pandemic H1N1 viruses. 
Conclusions: This study provided not only systematic analysis of receptor binding specificities for 
influenza A clinical isolates, but also useful information to monitor the antigenic shift of influenza 
viruses. These findings may help us understand influenza virus infection and transmission. 

P1-181 

Genetic variants of influenza A (H1N1) pdm09 virus circulating in Kenya, 2010 
to 2011 

S Mukunzi1*, W Bulimo1, R Achilla1, M Wadegu1, J Majanja1, B Opot1, F Osuna1, J Muthoni1, J Njiri1, J 
Mwangi1, K Kibet1, S Ocholla1, E Wurapa1 

1United States Army Medical Research Unit-Kenya (USAMRU-K), Nairobi, Kenya. 

Background: Since the emergence followed by rapid global spread to cause the 2009 pandemic, 
influenza A (H1N1)pdm09 viruses remained predominant among human influenza viruses that 
circulated in Kenya during the 2010-2011 season. In this study we sought to determine genetic 
variation amongst influenza A (H1N1) pdm09 viruses isolated in Kenya during the postpandemic 
period with reference to prototype influenza A/California/7/2009 strain and others obtained elsewhere 
during the same period. Materials and Methods: A total of 30 influenza A (H1N1) pdm09 isolates 
obtained from nasopharyngeal specimens (NP) and received from USAMRU-K’s sentinel surveillance 
network covering the whole of Kenya were analyzed. Virus HA1 subunit of hemagglutinin gene 
segment was amplified by RT-PCR and nucleotide sequences determined followed by conversion of 
the sequences to amino acid code before performing phylogenetic analyses. Results: The study 
showed all Kenyan isolates had 6 parallel amino acid substitutions when compared with the prototype 
A/California/07/2009 vaccine reference strain. These included P83S, D97N, S185T, S203T, I321V, 
and E374K. Additionally, there were further mutations that occurred stochastically in individual 
isolates. Most of these changes, however, did not affect virus antigenic sites; except the P83S amino 
acid substitution at site Cb and a few other changes at sites Ca1, Sa, and Sb in individual isolates. 
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None of the amino acid changes in the Kenyan isolates resulted in either gain or loss of N-
glycosylation motif in the viruses. Phylogenetic analyses showed all Kenyan isolates clustered closely 
but separately from the vaccine strain. Conclusions: This study show that influenza A (H1N1) pdm09 
viruses which circulated in Kenya during the 2010-2011 season had genetic changes in the HA1 of 
hemagglutinin gene segment not seen in the seasons A/California/07/2009 WHO vaccine strain 
recommendation. Most of these changes, however, did not affect the virus antigenic and glycosylation 
sites and therefore did not significantly alter the virus antigenic properties. This findings are in 
agreement with those from similar studies carried elsewhere and support the decision by WHO to 
retain A/California/07/2009 as the vaccine strain component for influenza A (H1N1)pdm09 viruses for 
the 2011-2012 season. 

P1-182 

Solving the complexities of influenza A virus infection of macrophages: 
macrophage galactose-type lectin can mediate virus attachment and entry 

S Londrigan1*, W Ng1, S Liong1, M Tate1, A Brooks1, P Reading1,2 

1Microbiology and Immunology Department, University of Melbourne, Parkville, Victoria, Australia; 
2WHO Collaborating Centre for Reference and Research on Influenza, Victorian Infectious Diseases 
Reference Laboratory, North Melbourne, Victoria, Australia 

Background: Infectious entry of influenza A virus (IAV) into macrophages (MΦ) represents an early 
event in recognition of the virus by the innate immune system. There is evidence to suggest that MΦ 
contribute to innate defence by limiting the release of newly synthesised IAV particles from infected 
cells through abortive replication, a “dead end” route of infection. However, MΦ have been reported to 
support productive infection and release of viral particles following exposure to some highly 
pathogenic IAV. In addition, seasonal IAV strains show marked differences in their ability to infect 
murine MΦ, including airway MΦ. Therefore, MΦ have been implicated in playing a major role in IAV 
disease pathogenesis. In this study, we performed experiments to improve our understanding of the 
complexity of early interactions between MΦ and IAV. Previously, we reported that the MΦ mannose 
receptor (MMR) can play a role in IAV infection. We now provide direct evidence that the MΦ 
galactose-like ligand (MGL) can serve as a cell surface attachment receptor for IAV, and importantly, 
facilitate virus entry into cells. Materials and Methods: Lec1 Chinese hamster ovary (CHO) epithelial 
cells express cell surface sialic acid (the primary IAV attachment receptor) yet are largely resistant to 
IAV infection. We made stable Lec1 cell lines expressing murine (MGL)-1 to directly assess the ability 
of MGL to serve as an IAV receptor by restoring permissivity to infection. We investigated the ability of 
MGL to serve as an entry receptor for IAV by constructing mutants lacking a portion of the MGL 
cytoplasmic domain containing the internalization motif. Moreover, we used RAW264.7 MΦ 
(expressing only MGL) and primary MΦ isolated from the peritoneal cavity of C57BL/6 mice 
(expressing MMR and MGL) or MMR−/− mice (expressing only MGL) to confirm a role for MGL in the 
enhancement of IAV infection of murine MΦ. Results: Expression of murine MGL-1 by Lec1 cells 
restored permissivity to IAV infection in the presence or absence of cell surface sialic acid, and 
infection was blocked in the presence of a multivalent inhibitor of MGL (asialofetuin). These data 
indicate that MGL can act as a primary IAV receptor or as a coreceptor with sialic acid. MGL 
expressed on Lec1 cells promoted rapid internalization of IAV, and this was impaired by mutation of 
the internalization motif, indicating that MGL can play a role in IAV entry into target cells. Up-
regulation of MGL on mouse RAW264.7 MΦ correlated with increased sensitivity to IAV infection, and 
this could be blocked by asialofetuin. Furthermore, asialofetuin also blocked IAV infection of MΦ from 
MMR−/− mice, indicating that expression of MGL, in the absence of MMR, is sufficient to facilitate the 
infectious entry of IAV into MΦ. Conclusions: Together, these studies identify MGL as a likely cell 
surface receptor for IAV on MΦ. Mutations in the internalization motif of MGL indicate that this 
molecule may serve as an “entry receptor” rather than acting purely as an “attachment” receptor for 
IAV. This novel information regarding MΦ receptor-mediated recognition of IAV may provide some 
insight as to why particular IAV strains circumvent uptake and destruction by MΦ. 

127Virology and Viral Receptors



Models Informing Public Health  
and Pandemic Mitigation

Oral Abstracts

128



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

O-828 

Pandemic influenza mortality in developing countries is dramatically reduced 
by targeting interventions to those with endemic diseases 

GJ Milne1*, S Karl1, N Halder1, P Siba2, I Betuela2, T Davis3, L Manning3, JK Kelso1 

1School of Computer Science and Software Engineering, University of Western Australia, Crawley, 
Western Australia, Australia; 2Papua New Guinea Institute of Medical Research, Goroka, Papua New 
Guinea; 3School of Medicine and Pharmacology, University of Western Australia, Crawley, Western 
Australia, Australia 

Background: Low-income countries suffer the highest rates of morbidity and mortality during influenza 
pandemics. This is illustrated by data from the 1918/1919 pandemic suggesting much higher mortality 
rates in India (> 4%) compared with Europe and the United States (< 1%). Even during the mild H1N1 
pandemic of 2009, 59% of the estimated 284,500 deaths occurred in low-income countries in Africa 
and Southeast Asia. We have previously shown that the illness attack rate in a developing country is 
≈ 50% higher than that in developed countries. In the present study, we show that underlying 
predisposing conditions usually absent in developed countries cause an increase in case fatality rate. 
These include chronic respiratory diseases, tuberculosis, malaria, dengue fever, malnutrition, and HIV 
and helminthic infections. Using mathematical models for the similarly sized towns of Madang, Papua 
New Guinea (PNG), and Albany, Australia, we compared the impact of a moderate influenza 
pandemic in a developing vs developed country setting. Materials and Methods: Models for both 
towns are individual based and spatially explicit and use the latest census data. Each household is 
explicitly represented and populated with occupants categorized in appropriate age categories. The 
dynamics of influenza spread were modelled using (1) a transmission probability function, with 
parameters obtained from a literature survey, and (2) daily population mobility and resulting contact 
that was estimated using field data. The prevalence and risks of increased mortality due to coinfection 
with predisposing diseases (ie, chronic respiratory diseases, tuberculosis, malaria, dengue fever, and 
HIV and helminthic infections) were sourced from published literature from resource-limited tropical 
countries, or if not available, conservative estimates were applied. Results: We used a pandemic of 
moderate severity consistent with that which occurred in 1957, having a basic reproduction rate of 1.5 
and case fatality rate of 0.25%. In an unmitigated pandemic with these baseline characteristics, the 
PNG model predicted an attack rate of 46%, a value almost 50% higher than that predicted by the 
Australian model. The increased attack rate resulted mostly from larger family sizes and greater 
person-to-person contact in PNG. In addition, due to the high prevalence of predisposing diseases, 
the case fatality rate was 0.39% in the PNG setting, an approximately 60% increase compared with 
that in Australia. Overall mortality in the PNG model was predicted to be increased by a factor of 2.2 
when compared with the Australian setting (80 of 100,000 in Australia vs 179 of 100,000 in PNG). 
School closure and other social distancing interventions were found to be less effective in reducing 
the attack rate in PNG than in an Australian setting, due to lower school attendance rates and greater 
contact rates in PNG. Reducing the number of preventable and curable underlying comorbidities in 
PNG to near elimination levels (eg, helminths, malaria, and dengue, for which good progress has 
been made over the past decade) led to a decrease in case fatality rate, to 0.3% and thus an overall 
reduction in mortality of approximately 25%. Antiviral treatment and vaccination-based interventions 
targeted at comorbidity risk groups having predisposing diseases were found to be more effective at 
reducing the excess mortality rate due to influenza infection compared with generalised social 
distancing interventions. Conclusions: The results showed that developing countries suffer from 
higher mortality rates compared with industrialised countries during influenza pandemics for 2 
reasons: an increased attack rate due to greater person-to-person contact and an increased case 
fatality rate due to coinfection with predisposing diseases. Long-term reduction of the number of 
malaria and helminth infections through control programs and the direct targeting of risk groups with 
known or easily diagnosable predisposing conditions (eg, HIV infection, tuberculosis, and 
malnutrition) with vaccine and/or antiviral-based interventions may significantly reduce pandemic 
mortality in developing countries. Our current model is limited by the unavailability of detailed data on 
the interaction of endemic diseases and influenza. Better data are urgently needed to improve our 
understanding of pandemic influenza spread in developing countries and to refine models used to 
quantify the effectiveness and cost effectiveness of interventions. 
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O-829 

The social resolution of influenza transmission in a human population 

AJ Kucharski1*, KO Kwok2, VWI Wei2, BJ Cowling2, JM Read3, JT Lessler4, DA Cummings4, S Riley1 

1MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease Epidemiology, 
School of Public Health, Imperial College London, United Kingdom; 2School of Public Health, Li Ka 
Shing Faculty of Medicine, University of Hong Kong, Hong Kong; 3Department of Epidemiology and 
Population Health, Institute of Infection and Global Health, Faculty of Health and Life Sciences, 
University of Liverpool, United Kingdom; 4Department of Epidemiology, Johns Hopkins Bloomberg 
School of Public Health, Johns Hopkins University, Baltimore, Maryland, United States 

Background: Changes in risk of infection for many human pathogens can be attributed to a 
combination of changes in behaviour and changes in our immune system. For respiratory viral 
infections, it has been proposed that self-reported social mixing patterns can be used to explain the 
behavioural component of infection, and theoretical studies based on these data are used routinely to 
assess public health policy. Although there is some statistical evidence from age-aggregated cross-
sectional serologic data that such models capture infection risk, it is not conclusive. Further, it is not 
known what resolution of age-structured model—both in terms of number and size of age groups—
reproduces observed attack rates best. Methods: We constructed a flexible model framework with 
which to compare alternate hypotheses, under the assumption that both age and contact behaviours 
are known. The population was divided into arbitrarily finely resolved age and contact classes, the 
latter based on self-reported social contacts. Our formulation generalised a number of previously 
published models: depending on the number of age groups and contact classes used, the framework 
produced a simple mass-action model, an age-structured formulation, or a model dependent only on 
the distribution of number of contacts. We compared predictions from the different models with self-
reported behaviour data and serologically confirmed infection rate taken from a 2009 Hong Kong 
study, in which paired sera were used to identify which of the 762 participants had been infected 
(defined as a four-fold or more rise in neutralisation titre between baseline and follow-up visit). 
Results: We found strong evidence that an individual’s risk of infection is strongly influenced by the 
average social mixing behaviour of their age group, rather than by their personal reported contacts. 
Further, we found that finely resolved age classes are required to reproduce the observed distribution 
of infection. The best performing model also assumed that transmission is based on reported physical 
contacts rather than on all reported contacts. This model successfully reproduced the observed drop 
in risk of infection after childhood and the small peak that occurs in individuals of parental age. 
Conclusions: Our results demonstrated that self-reported contacts have useful epidemiologic value, in 
that the average behaviour of a population can be used to predict individual infection patterns. 
Further, we have identified the likely social resolution of influenza transmission during the 2009 Hong 
Kong pandemic. Although different countries have different social and demographic structures, if key 
age transitions—specifically, the postchildhood drop in risky contacts and subsequent parental rise—
are fundamentally important to epidemic dynamics, it should be possible to profile different countries’ 
social structure and use these aggregate population data to tailor predictions about infection attack 
rates. Such information would be relatively straightforward to collect, and could prove valuable in the 
future when targeting interventions during an outbreak. 

O-830 

Origins of the basic reproduction number, R0, and its value in influenza 
research 

J Watkins* 

Public Health Wales and Cardiff University, Mamhilad, Pontypool, Wales, United Kingdom 

Background: The basic reproductive number, R0, was first introduced in the 19th century to examine 
population growth dynamics. After success in the early 20th century looking at the transmission 
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dynamic of diseases such as malaria, it has, in later years, gained wider use in infectious disease 
epidemiology, notably foot and mouth disease and human influenza. From its early origins, in simple 
population growth dynamics, R0 has gained prominence in the more complex world of infectious 
diseases such as influenza and has taken up the position of centre stage in pandemic planning and 
predicting the use of mitigation procedures. Much has been made of the potential power of R0 as a 
useful tool, using values derived from historical pandemics, notably 1918, as a measure of its worth. 
Method: A literature review was carried out to explore the historical origins and parameters by which 
the concept of R0 was derived. Complexity theory was used as a starting point to examine the 
plausibility of being able to derive R0 and use this value to predict the course of an epidemic and the 
value of specific measures in its mitigation. Results: Unlike population growth dynamics, many factors 
come into play in defining the course of an epidemic of an infectious disease such as influenza: 
population density and mixing, case ascertainment in data capture, viral virulence, transmissibility, 
etc, all of which confound the predictive value of R0 derived from early cases and hence its 
usefulness in examining the impact of preventative measures. Conclusion: The role of R0 is well 
established in its field of origin in human population growth dynamics and has had some success in 
quantifying epidemic activity in simple infectious diseases, in closed communities. Because of the 
nature and unpredictability of influenza, more work needs to be carried out to understand the role of 
R0 in directing the use of influenza mitigation measures. New emerging data from administrative 
health care systems provide a real opportunity to help with this understanding. 

O-831 

The First Few Hundred—case and contact series investigations—experiences 
from the United Kingdom 

NL Boddington1*, R Pebody1 on behalf of the FF100 Steering Group 

1Respiratory Diseases Department, Centre for Infectious Disease Surveillance and Control, Public 
Health England, Colindale, London, United Kingdom  

Background: The First Few Hundred (FF100) has been defined as the comprehensive 
epidemiological and virological investigation of the initial cases of a new strain of pandemic influenza 
virus and their close contacts. The approach was first developed following the World Health 
Organization’s Global Surveillance During an Influenza Pandemic (2009) guidance and aims to 
contribute to the early assessment of the key characteristics of a pandemic or other new respiratory 
virus to inform prevention and control measures. This system has been designed to be easily applied 
to other novel pathogens, particularly those passed by the respiratory route. An FF100 investigation 
was carried out during the 2009 influenza pandemic in the United Kingdom (UK), which involved 
detailed follow-up of the initial laboratory confirmed pandemic cases and their close contacts. The 
investigation was instrumental in providing data used for real-time modelling predictions for this novel 
influenza virus and informing policy decisions. Following the pandemic, comprehensive assessments 
of the FF100 approach were carried out and recommendations for future improvements were made. 
This abstract serves to illustrate the developments that have taken place in the postpandemic era. 
Materials and Methods: In order to implement the recommendations of the various postpandemic 
assessments, the following steps were taken:  

• Creation of a FF100 Steering group
• Revision of the epidemiological investigation protocols
• Revision of the data requirements, including the role of the FF100 approach for other emerging

respiratory infections
• Review and revision of the web-based informatics tool
• Review of biological sampling aproaches

These activities were carried out in consultation with numerous stakeholders including local health 
protection teams, modellers, statisticians, clinicians, virologists and public health experts. Results: A 
key development was the need for an individual pandemic case register. The case register serves to 
produce a national line list of probable and confirmed cases and is designed to count cases and to 
gather key data to rapidly understand the emerging clinical and epidemiological characteristics of a 
novel respiratory pathogen in time, place and person and provide initial case-severity estimates. The 
case register combines epidemiological data collected by local teams with laboratory data from the 
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reference and regional laboratories. In the event of a pandemic, the case register has been designed 
to also function as a sampling frame for the enhanced FF100 follow up investigation. This permits a 
sample of the first laboratory confirmed cases and their household contacts to be investigated in 
depth in the early stages of any pandemic. The data requirements of the FF100 investigation have 
been refined to enable efficient data entry. Web-based, integrated informatics tools have been 
developed to facilitate both the case register and FF100 system. The case register informatics system 
automates the integration, de-duplication and matching of laboratory and epidemiological data on a 
scheduled basis, enhancing with verified personal identifiable information. Confirmed cases are then 
selected from the case register to enter the FF100 enhanced investigation in a separate data 
collection system. Due to the emergence of Middle Eastern Respiratory Syndrome Coronavirus 
(MERS-CoV) and the first confirmed case detected in September 2012 in the UK, the FF100 
informatics tool has been specifically developed to facilitate the collection of enhanced 
epidemiological information from any further cases of MERS-Co-V and contacts in the UK. 
Conclusions: Since the 2009 influenza pandemic, considerable progress has been made to 
implement recommendations and lessons learned for the early scientific investigations of a pandemic 
in the UK. Key developments include the implementation of a national case register that has the 
flexibility to be used in any emerging infection situation and also the revision of the data collection 
requirements for FF100 investigations. Preagreed protocols and operational guidance have been 
developed along with informatics tools. These protocols and informatics tools will be further field 
tested. It is hoped that this work will lead to a process which will ensure optimal early assessments of 
a pandemic. 

O-832 

Immunogenicity, effectiveness and population impact of influenza vaccine in 
England during seasonal and pandemic periods 

AC Hayward1*, E Fragaszy1,2, A Bermingham3, J Edmunds2, A McMichael4, JS Nguyen-Van-Tam5, R 
Pebody6, JM Watson6, M Zambon6, AM Johnson1

1UCL, Research Department of Infection and Population Health, London, United Kingdom; 2London 
School of Hygiene and Tropical Medicine, Department of Infectious Disease Epidemiology, London, 
United Kingdom; 3Health Protection Agency Respiratory Virus Unit, Colindale, United 
Kingdom; 4University of Oxford, Weatherall Institute of Molecular Medicine, Oxford, United 
Kingdom; 5Health Protection and Influenza Research Group, Division of Epidemiology and Public 
Health, University of Nottingham, Nottingham, United Kingdom; 6Health Protection Agency, 
Respiratory Diseases Department, Colindale, United Kingdom 

Background: In England influenza vaccine is recommended for those with chronic illness, healthcare 
workers and those aged 65 years or above. During the 2009 pandemic these recommendations were 
extended to include children and pregnant women, as well as all adults who wished to be vaccinated, 
but uptake was low and pandemic vaccine was not widely available until after the peak of circulation. 
During the 2010/11 wave of H1N1pdm2009 circulation vaccine was available prior to circulation. 
Vaccine immunogenicity and efficacy can be measured during trials but vaccine effectiveness and 
population impact needs to be measured in real-world settings. Materials and Methods: We 
conducted a household-level community cohort study (The MRC/Wellcome Flu Watch study) over the 
influenza seasons of five sequential years (2006-2011). Randomly selected households were followed 
up from autumn to spring with weekly reporting of respiratory illness. Participants were asked to 
submit nasal swabs on day 2 of any respiratory illness for RT-PCR identification of influenza. Baseline 
sera were examined for antibodies to circulating strains of influenza using haemagluttinin inhibition 
assays. We compared immunogenicity, effectiveness and population impact of influenza vaccine 
against influenza A during seasonal influenza periods (2006/7, 2007/8 and 2008/9), the 2009/10 
pandemic autumn/winter wave and the 2010/11 pandemic wave. We calculated: the proportion 
vaccinated prior to recruitment and following recruitment; the proportion of those vaccinated prior to 
recruitment who had protective antibody titres of ≥ 32 to the dominant strain of influenza circulating; 
the age adjusted odds ratio of having protective titres in vaccinees compared to the unvaccinated 
(using logistic regression); vaccine efficacy (VE) against influenza A (1-age–adjusted incidence rate 
ratio)*100 using poisson regression comparing those vaccinated prior to recruitment and those who 
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remained unvaccinated; and the “Population Prevented Fraction” (PPF - the additional percentage of 
cases that would have occurred in the hypothetical scenario of no one in the population receiving 
vaccine) using STATA punaf commands on poisson regression models of age adjusted effect of 
vaccine. PPF measures were weighted to the age and region structure of the population of England. 
Results: Amongst the 2051 participants followed up during periods of seasonal influenza, vaccine 
coverage was 26% (19% prior to baseline 6% after baseline). 66% of vaccinees had protective 
antibody titres (age adjusted OR 10.00, 95% CI 7.93-12.61, P < .001). VE was 61% (95% CI % 15%-
82%, P = .017). The PPF was 19% (95% CI 9%-29%). Amongst the 3398 participants followed up 
over the 2009/10 pandemic wave vaccine coverage was 19% (4% prior to baseline and 15% after 
baseline). 54% of vaccinees had protective antibody titres (age adjusted OR 9.99, 95% CI 5.62-
17.69). No PCR confirmed cases occurred in the participants vaccinated before baseline (VE 100% 
95% not calculable). The PPF was 4% (-7%-15%). Amongst the 879 participants followed up over the 
2010/11 pandemic wave vaccine coverage was 37% (21% prior to baseline and 16% after baseline). 
77% of vaccinees had protective antibody titres (age adjusted OR 21.51, 95% CI 12.38-37.35). VE 
was 50% (-195%-150%). The PPF was 18% (-14%-62%). Conclusions: Influenza vaccine 
effectiveness against seasonal influenza was around 60% and at usual vaccine coverage levels 
prevents around 19% of cases that would otherwise have occurred. The analysis confirms that 
despite similar levels of vaccine immunogenicity and effectiveness during periods of pandemic 
influenza circulation the population impact of vaccine during the 2009/10 period of circulation was 
greatly diminished by late availability. This illustrates the need for accelerated vaccine production 
and/or universal vaccines to allow more effective population protection during a pandemic.   

133Models Informing Public Health and Pandemic Mitigation



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

O-833 

Influenza A virus coinfection kinetics: gaining insight into pathogenesis 
through mathematical models 

A Smith1*, F Adler2, R Ribeiro3, R Gutenkunst4, J McAuley5, J McCullers1, A Perelson3

1St. Jude Children’s Hospital, Memphis, Tennessee, United States; 2University of Utah, Salt Lake City, 
Utah, United States; 3Los Alamos National Laboratory, Los Alamos, New Mexico, United 
States; 4University of Arizona, Tucson, Arizona, United States; 5University of Melbourne, Victoria, 
Australia 

Background: Influenza A virus infected individuals often become coinfected with a bacterial pathogen, 
which results in a significant increase in morbidity and mortality. A better understanding of how these 
pathogens interact with each other and with the host is of key importance. Materials and Methods: We 
pair quantitative data from infected mice with kinetic modeling and analyses to quantitatively describe 
how influenza A virus and Streptococcus pneumoniae influence each other, and how their virulence 
factors contribute to infection kinetics. Results: Our model and analyses suggest that infection with 
PR8 reduces the ability of alveolar macrophages (AMs) to phagocytose pneumococci, which leads to 
the observed outgrowth of bacteria; and that the subsequent pneumococcal infection enhances viral 
release from infected cells, which leads to the observed short rebound of viral titers. Subsequent data 
have confirmed our prediction that AM-mediated clearance of pneumococci is impaired, which may be 
due to a depletion of these cells during influenza infection. Conclusions: Together, these results 
provide new insights into the mechanisms of influenza coinfection and a platform for examining the 
processes involved in the interactions of pathogens during a dual infection. 
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P1-186 

Potential population-level actions of CTL-inducing vaccines to mitigate 
pandemic influenza 

K Bolton1,2, J McCaw1, L Brown3, D Jackson3, K Kedzierska3, J McVernon1,4* 

1Vaccine and Immunisation Research Group, Murdoch Children’s Research Institute and Melbourne 
School of Population and Global Health, University of Melbourne, Parkville, Australia; 2School of 
Mathematical Sciences and School of Community Health Sciences, University of Nottingham, 
Nottingham, United Kingdom; 3Department of Microbiology and Immunology, University of Melbourne, 
Parkville, Australia; 4Victorian Infectious Diseases Laboratory, North Melbourne, Australia 

Background: Influenza vaccines that could protect against more than one season’s viruses, and 
preempt emergence of pandemic strains, would be highly desirable. Observations in human 
populations support animal evidence for the importance of memory CD8+ T cell (CTL) responses to 
reduce disease severity and ongoing transmission of influenza, prompting development of vaccines 
containing highly conserved HLA class I restricted epitopes. We incorporated emerging insights from 
animal models regarding mechanisms of CTL-inducing vaccine protection into population-level 
epidemiologic models simulating emergence of a novel influenza strain. Optimal vaccine 
implementation strategies were considered within this framework, in the context of alternative 
assumptions regarding naturally acquired and vaccine-induced immune protection. Outcomes of 
interest included mitigation success and likely emergence of antigenically novel variants under 
immune selection pressure. Materials and Methods: We employed a susceptible-exposed-infectious-
recovered (SEIR) model to perform scenario analyses of CTL-inducing vaccine impact. Vaccine was 
assumed to reduce infectiousness relative to naive hosts, by a factor between 25% and 75%. The 
population was divided into four strata, representing vaccinated or unvaccinated naive hosts 
(assumed mostly children) and vaccinated or unvaccinated influenza “experienced” hosts with some 
degree of prior immunity against the novel strain (assumed mostly adults). Mixing was either 
homogeneous or weakly assortative, with increased contact rates arising from the naive class. Four 
scenarios were considered: (A) a “virgin soil” outbreak in a population completely unprotected in the 
absence of vaccine; (B) the existence of partial CTL-mediated cross-protection from prior exposure 
was incorporated, with vaccine action saturating at a fixed efficacy threshold or in scenario (C) 
“boosting” prior immunity above natural levels; scenario (D) included the presence of neutralizing 
cross-protective antibodies in a proportion of hosts in addition to the assumptions of scenario (C). For 
each case, virus transmission characteristics were parameterized to ensure a moderate rate of 
spread (Reff = 2) at pandemic onset, prior to vaccine implementation. Results: The impact of vaccine 
administered to a truly naive population (scenario A) was entirely predictable, with 50% coverage 
halving attack rates for the highest (75%) efficacy assumption. When prior immunity existed, even 
high levels of vaccine uptake did little to mitigate the pandemic (scenario B) unless the vaccine was 
capable of boosting protection in experienced adults (scenario C), in which case the impact of 
scenario A were recovered. Scenario D revealed a complex interplay between prior immunity and 
mixing assumptions. In the presence of cross-reactive sterilizing antibody, initial growth rates in the 
naive population were required to be higher to achieve the same “baseline” Reff as in scenarios A-C, 
fuelling a rapid early epidemic. Moreover, vaccine administered to hosts protected by antibody was 
effectively “wasted,” driving a requirement for higher population-level vaccine coverage to constrain 
epidemic growth. Prioritising vaccine administration to children was an efficient use of finite resources 
in all scenarios except A and was particularly critical in scenario D given the superior protection 
afforded by cross-reactive antibody compared with cellular immune responses. For the moderate 
pandemic scenarios considered here, and in the presence of prior immunity, a modest reduction in 
the probability of emergence of antigenically novel variants was observed with increasing population 
vaccine coverage (this reduction may be greater if vaccine further reduces within-host selection 
pressure). An exploration of more severe scenarios (Reff ≥ 3.5) revealed a tendency for vaccination to 
exacerbate antigenic drift, particularly if distributed over several months, resulting in prolongation of 
the epidemic. Conclusions: This analysis highlights present uncertainties in predicting the impact of 
widespread administration of CTL-inducing vaccines against a pandemic virus. These uncertainties 
derive from limited understanding of existing constraints of cellular immune responses on the virus 
population. Results of models that incorporate preexisting constraints indicate that CTL-inducing 
vaccines are likely to be most efficient when preferentially distributed to naive hosts. The impact of 
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such vaccines is predicted to be greatest for more antigenically novel viruses such as H5N1 or H7N9, 
against which there is little or no preexisting humoral immunity in the population at baseline. 

P1-187 

A stepwise probability model for evaluating the bias and precision of influenza 
vaccine effectiveness estimates from observational studies 

M Haber1,*, Q An1, I Foppa2, D Shay2, W Orenstein3 

1Emory University Rollins School of Public Health, Atlanta, Georgia, United States; 2Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3Emory University School of 
Medicine, Atlanta, Georgia, United States 

Background: Because influenza vaccination is now widely recommended, randomized clinical trials 
are no longer ethical in many populations, and observational studies remain the only option for 
assessing influenza vaccine effectiveness (VE). The recently introduced test-negative design, in 
which patients with influenza-like illness (ILI) who seek medical care and test positive (negative) for 
influenza infection are considered cases (controls), is now the most popular study design to estimate 
influenza VE, due to its convenience. We developed a stepwise probability model for evaluating 
influenza VE estimates from observational studies and use it to compare estimates from test-negative 
studies with those resulting from case-control studies in which controls are selected from the entire 
community. Materials and Methods: Our model consists of five steps: vaccination, infection (with 
influenza virus or a different respiratory pathogen), developing an ILI, seeking care for ILI and 
undergoing a laboratory test for influenza infection, and the results of the test. The model’s 
parameters are the conditional probabilities of the outcomes in each step given the outcomes of the 
previous steps. We used the model to obtain mathematical expressions, stated in terms of its 
parameters, for the true VE and for the bias of VE estimates (difference between estimated and true 
VE) from test-negative and case-control studies. These expressions were used to (1) derive 
conditions under which each estimate was unbiased and (2) conduct numerical comparisons between 
the estimates, using parameter values estimated from results of randomized clinical trials. When the 
bias of VE estimates from influenza studies is assessed, it is important to specify whether one is 
estimating VE against influenza illness or VE against medically attended influenza because the true 
VE depends on this distinction. We assume that the study design was not affected by the outcome of 
interest. Results: When VE against influenza illness is estimated, estimates from test-negative studies 
are unbiased under the following assumptions: (1) The test for influenza infection has perfect 
sensitivity and specificity, (2) the probability of a noninfluenza ILI is the same in vaccines and 
nonvaccines, and (3) the ratio of the probabilities of seeking care for ILI, comparing vaccines and 
nonvaccines, is the same for patients with an influenza or a noninfluenza ILI. When VE against 
medically attended influenza is estimated, the test-negative study-based estimate is unbiased under 
assumptions (1), (2), and assumption (4) that a person with a noninfluenza ILI has the same 
probability of seeking care regardless of vaccination status. The case-control study-based estimate is 
always biased, unless the vaccine is ineffective. In our numerical computations, we observed that 
when the VE against influenza illness was estimated, the absolute biases of estimates from the test-
negative studies were usually smaller than those of the corresponding estimates from the case-
control studies. On the other hand, when the VE against medically attended influenza was estimated, 
the estimates from case-control studies usually had a smaller absolute bias than the corresponding 
estimates from test-negative studies. When the VE against influenza illness was estimated, the biases 
of the estimates from the test-negative and case-control studies ranged from −12 to 18 and from −12 
to 42 percentage points, respectively. On the other hand, when the VE against medically attended 
influenza was estimated, these biases ranged from −26 to 12 and from −1 to 1 percentage points, 
respectively. As expected, the absolute biases of both estimates increased as the ratio of the 
probabilities of seeking medical care for ILI between vaccinated and unvaccinated individuals moved 
away from 1. Conclusions: Our model facilitates the evaluation of the bias of influenza VE estimates 
from observational studies. We argue that it is important to specify the outcome (influenza illness or 
medically attended influenza) against which the vaccine is supposed to protect. In our model, test-
negative studies produced less biased estimates when the outcome of interest was influenza illness, 
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whereas estimates from case-control studies had smaller biases when the effectiveness of a vaccine 
in protecting against medically attended influenza was estimated. 

P1-188 

Reassessing antiviral distribution strategies for future pandemic events based 
on new conceptualizations of impact and controllability 

JM McCaw*, J McVernon 

Vaccine and Immunisation Research Group, Murdoch Children’s Research Institute and Melbourne 
School of Population and Global Health, University of Melbourne, Parkville, Australia 

Background: Following the emergence of influenza A(H1N1)pdm in 2009, national governments have 
been evaluating the strengths and weaknesses of their pandemic plans. In Australia, pre-2009 plans 
focused primarily on responding to a severe pandemic with a 1918-like signature of high severity and 
high clinical attack rate (CAR). The generally mild nature of the 2009 pandemic posed challenges for 
targeted case-based intervention strategies designed to limit transmission, such as wide-scale 
antiviral deployment. Here we evaluate alternative strategies for the use of antiviral agents to 
minimize both individual- and population-level impact of infection and transmission. We conducted our 
analyses under a framework built on the operationally relevant concepts of pandemic impact and 
pandemic controllability. Materials and Methods: The mathematical model employed allows for a suite 
of factors that potentially affect program effectiveness, including (1) variations in the underlying 
transmissibility and severity of the epidemic; (2) the expected relationship between severity and 
“visibility” of the epidemic, in which there is an increased tendency for those with mild or moderate 
disease to seek medical intervention in epidemics of greater severity; and (3) logistical and capacity 
constraints on the community delivery of antivirals. We consider alternative uses for antiviral agents, 
dynamically distributed during the evolving epidemic: treatment of severe cases only, treatment of all 
“diagnosed” cases, or case treatment with provision of antiviral prophylaxis to a proportion of 
contacts. We further consider the provision of continuous pre-exposure prophylaxis to health care 
workers (HCWs) and explore the likely consequences of refocusing efforts toward those at greatest 
risk of severe outcomes following initial “whole of population” mitigation attempts. We assessed the 
utility of the alternative intervention strategies through measures including the final CAR of the 
epidemic and the early growth rate of the epidemic. We used a Latin-hypercube-sampling framework 
for our analyses, simulating many thousands of epidemics with varying biologic and epidemiologic 
parameters and assessed our findings across a range of prior assumed pandemic impact scenarios. 
Results: Consistent with previous modelling studies, treatment of only the severely ill rarely impacted 
population epidemic characteristics, with the exception of very high-severity, low-transmissibility 
epidemics. Extending treatment to mild and moderate cases in the community led to measurable 
reductions in the CAR for less severe epidemics of low intrinsic transmissibility. Additional use of 
antivirals for timely and continuing postexposure prophylaxis of contacts had the ability to further 
improve population-level outcomes under several pandemic impact assumptions. HCW pre-exposure 
prophylaxis was highly beneficial across all pandemic impact scenarios. Although a reduction in final 
CAR was only very rarely achieved for high-transmissibility scenarios, substantial benefits in terms of 
a reduction in case load were often achieved over the first month of an intensively applied community-
based antiviral delivery strategy due to slowing of disease spread. Conversely, recognition of the 
resource-intensive nature of such an activity necessitates identification of indicators that mitigation 
attempts are unlikely to succeed, prompting a refocusing of the response toward a risk-targeted 
approach. In simulations in which the decision was made to refocus efforts, those strategies that 
delivered any measure of community-based drug distribution over and above treatment of the 
severely ill conferred additional benefits to the population. Such findings were particularly clear in 
models capturing an explicit “at-risk” subpopulation for which the risk of hospitalisation and death was 
enhanced. Conclusions: Using a model of antiviral distribution that accounts for the real-world 
complexities of case identification and distributional capacity, we explored the effectiveness of 
alternative use case strategies across a range of assumed pandemic impact scenarios. Our findings 
suggest that there is a clear rationale for maintaining an antiviral stockpile of sufficient size to allow for 
treatment of both hospitalised and mild/moderate cases because substantial additional benefits can 
be gained from logistically feasible community-based distribution strategies, without compromising 
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management of the severely ill. Although such intensive case-targeted approaches may only be 
maintained over a period of several weeks, substantial easing of pressure on acute medical services 
in this time frame is anticipated. 

P1-189 

A preliminary report of the preparedness and response to avian influenza 
A(H7N9) infections, Taiwan, 2013 

HY Tsai, YC Chih, SM Chou, CH Chen, CH Yang* 

Centers for Disease Control, Department of Health, Taipei, Taiwan, Republic of China 

Background: Outbreak of human infections with avian influenza A(H7N9) was reported by China in 
March 2013. This is the first time that humans infected by avian influenza A (H7N9) virus and cause 
fatalities. Human infections by this virus continue to be reported in China. Because of frequent cross-
strait exchanges, human H7N9 infections in China are a menace to Taiwan society. This article 
described Taiwan’s initial responses to A(H7N9) infections from 31 March to mid-April. Materials and 
Methods: The responses are collected and sorted from everyday work logs of the Central Epidemic 
Command Center for H7N9 influenza. Results: The Infectious Diseases Advisory Committee meeting 
convened by Department of Health on April 3 and recommended to enact the “Pandemic Influenza 
Preparedness Plan”, using 4 major strategies and 5 defense lines in response. Listed the H7N9 
influenza as Category V Notifiable Infectious Disease; organized the Central Epidemic Command 
Center for H7N9 influenza; and collaborating and managing the resources to ensure effective 
response with relevant departments. The preliminary responses are outbreak surveillance, border 
quarantine, medical system assembly, risk communication and response, antiviral medicine stockpile, 
and vaccine preparation. To response timely, continue updating the newest outbreak information in 
domestic and international societies. Conclusions: Although the possibility of human to human 
transmission is still low, we should remain vigilant in face of the A(H7N9) threats. 

P1-191 

Improvements made in pandemic preparedness in 32 countries between 2008 
and 2012 

L Johnson1, P Cheng1, A Moen1* 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: The US Centers for Disease Control and Prevention (CDC) provides donor funding and 
technical assistance to support low and middle-income countries build and enhance their capacity for 
influenza surveillance and pandemic preparedness. Our objective was to measure and describe 
changes in pandemic preparedness among countries supported through bilateral cooperative 
agreements, and explore their related causes, using evaluations conducted between 2008 and 2012. 
Materials and Methods: In 2008, 2010, and 2012, 32 countries assessed and scored their pandemic 
preparedness across 12 capabilities, using a standardized tool developed by CDC. Median scores 
were calculated by country and preparedness capability and compared across years using the 
Wilcoxon rank-sum test. Additional methods for analyzing the data will be explored. Results: The 
following results are preliminary. All countries improved their pandemic preparedness between 2008 
and 2012 and 23 of 32 showed statistically significant gains (P < .05). Increases in median scores 
were observed for all 12 capabilities between 2008 and 2012: country planning (P < .01), research (P 
< .01), communications (P < .01), epidemiology (P < .05), laboratory (P < .01), routine influenza 
surveillance (P < .01), national respiratory disease surveillance (P < .01), outbreak response (P < 
.01), resources for containment (P < .01), community-based interventions (P < .01), infection control 
(P < .01), and health sector response (P < .01). The biggest improvements in pandemic preparedness 
were made between 2008 and 2010 whereas between 2010 and 2012 four capabilities improved, 2 
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remained the same and 6 decreased, including the capability of resources for containment that 
decreased by 17% (P < .01). Conclusions: The following conclusions are preliminary. Countries 
supported by CDC have made significant improvements in influenza pandemic preparedness 
between 2008 and 2012. Donor funding and technical assistance provided to countries is likely to 
have contributed to these improvements, though information on other sources of funding and support, 
for example, from country governments, is unavailable to study. In addition, improvements may have 
been precipitated by the global circulation of Influenza A (H1N1)pdm09 virus. Further research is 
necessary to determine the sustainability of pandemic preparedness. 

P1-192 

4Flu—an individual-based simulation tool to study the effects of vaccination 
on seasonal influenza in Germany 

M Eichner1,2, M Schwehm3, M Knuf4, H Uphoff5, B Salzberger6, J Hain7*, A Anastassopoulou7, R 
Schmidt-Ott8 

1Epimos GmbH & Co. KG, Dusslingen, Germany; 2University of Tübingen, Institute for Clinical 
Epidemiology and Applied Biometry, Tübingen, Germany; 3ExploSYS GmbH, Leinfelden-
Echterdingen, Germany; 4Dr Horst Schmidt Klinik, Klinik für Kinder und Jugendliche, Wiesbaden, 
Germany; 5Hessisches Landesprüfungs und Untersuchungsamt im Gesundheitswesen, Zentrum für 
Gesundheitsschutz, Dillenburg, Germany; 6Universitätsklinikum Regensburg, Klinik f. Innere Medizin, 
Regensburg, Germany; 7GlaxoSmithKline GmbH & Co KG, Munich, Germany; 8GlaxoSmithKline 
Vaccines, Wavre, Belgium 

Background: Influenza vaccines contain influenza A and B antigens and are adjusted annually to 
match the antigenic characteristics of circulating viruses. Before 1985, influenza B viruses only 
belonged to the B/Yamagata (B/yam) lineage, but since then, viruses of the antigenically distinct 
B/Victoria (B/vic) lineage have emerged. Since 2001, both B lineages have cocirculated with the 
influenza A subtypes A(H3N2) and A(H1N1). Current trivalent influenza vaccines (TIV) contain 
antigens of both A subtypes, yet only one B lineage, resulting in frequent vaccine mismatches. Since 
2012, the WHO has recommended vaccine strains from both B lineages, paving the way for 
quadrivalent influenza vaccines (QIV) containing both B lineages. The aim of this study is to model 
the concomitant transmission of four influenza strains in Germany and to compare the effects of 
vaccination with TIV and QIV on infection incidence. Materials and Methods: We developed an 
individual-based stochastic simulation model for the simultaneous transmission of four influenza 
strains (A[H1N1], A[H3N2], B/vic, and B/yam) in a population that corresponds to one-thousandth of 
the German population, structured by age and risk status. The age distribution matched the German 
demography throughout the 50 years of simulation time. Individuals are connected in a dynamically 
evolving contact network based on the German POLYMOD age-mixing matrix. The transmission 
probability per contact is calculated by relating the largest eigenvalue of the contact network to the 
basic reproduction number R0 and then multiplying by a seasonal forcing factor. Furthermore, 
infections are introduced at a low rate from outside. Special care has been taken to incorporate a 
realistic immunity model allowing for maternal protection, boosting of existing immunity, gradual loss 
of immunity, and cross-immunizing events between the B lineages and between drift variants. New 
drift variants are introduced on average after 3.5 (A[H3N2]) or 7 years (other variants). Only part of 
the existing immunity is active against newly introduced variants (simulated by a sudden loss of 
immunity for part of the population). Vaccinations are performed annually in autumn; coverage 
depends on the age of vaccinees, their risk status, and previous vaccination status. Vaccine efficacy 
depends on age; appearance of new drift variants may lead to a vaccine mismatch (ie, reduced 
vaccine efficacy). The first 10 years of simulation time are used to initialize the contact network, the 
next 20 years to initialize the immunologic and epidemiologic state of the population (applying the 
reported TIV coverage), and during the final 20 years, individuals either receive TIV or QIV, using a 
mirrored simulation approach, which allows for matched comparisons. Results: After calibration to 
observed incidence data, our simulations led to a median annual infection incidence of 10.6% in 
young adults. Compared with no vaccination, TIV reduced the annual incidence from 15,049,000 to 
8,943,000 infections; QIV further reduced it by 4.3% or 11.2% of influenza B infections. As in any 
simulation study, our results strongly depend on the parameter values used. If the average duration of 
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naturally acquired immunity is varied from 4 to 12 years (baseline, 6 years), the annual incidence 
decreases from 11,267,000 to 6,735,000 (TIV scenario), yet the percentage of infections additionally 
prevented by QIV remains constant at about 4.3%. If we selectively double the assumed duration of 
naturally acquired influenza B immunity to 12 years, influenza B infection incidence decreases, yet 
QIV still annually prevents 284,000 more infections than TIV. If R0 is varied from 1.2 to 2.0 (baseline, 
1.575), the annual incidence grows from 3,354,000 to 12,973,000 (TIV scenario), yet the annual 
number of infections additionally prevented by QIV remains nearly constant at 395,000 infections for 
R0 ≥ 1.5. Conclusions: 4Flu describes the spread of influenza viruses under different vaccination 
strategies in a dynamically evolving contact network, reflecting German demography. Our simulation 
results indicate that vaccination with TIV substantially reduces the number of influenza infections 
compared with no vaccination. Based on our model, QIV would further reduce influenza infection 
incidence by 4.3%. 

P1-193 

Defining a spatial model of disease transmission: the effect of resolution and 
contact on patterns of peak incidence 

HL Mills1*, S Riley1 

MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease Epidemiology, 
School of Public Health, Imperial College, Norfolk Place, London 

Background: The emergence of moderate or severe pandemic strains of human influenza will 
challenge the capacity of key health care resources such as intensive care units. To anticipate the 
magnitude and timing of the peak incidence and to accurately assess the value of interventions 
designed to reduce peak incidence, we need a clear understanding of the underlying epidemic 
process across the spatial scale of interest. We hypothesized that the representation of the population 
and the way its members travel over the geographic scale within which resources can be allocated 
may significantly affect the accuracy of model-based predictions. Methods: In this work, we fixed the 
scale of interest (size of the whole region) and focussed on the resolution of the representation. 
Resolution refers to the number and size of the spatial units in the representation: higher resolutions 
have a larger number of small units (districts). Our aim was to determine the impact of resolution and 
mobility on key epidemic outcomes, such as peak incidence. We used a spatially explicit stochastic 
metapopulation model to determine the effect of the spatial resolution of the population density and 
the population mobility on the key epidemic outcomes. We simulated a pathogen representative of 
influenza with SIR natural history. The recovery time is on average 2.6 days and R0 is 1.8. Mobility 
(mixing of the population) was determined by an offset power law kernel. We used both generated 
and real regional population data with urban and rural areas; the real data were obtained from 
LandScan data; we chose Guangzhou, Rio de Janeiro, Delhi, and New York. We simulated three 
mobility scenarios by varying the power in the kernel (and fixing the offset) and examined the impact 
on the epidemic outcomes of decreasing the resolution of the regional representation. Finally, we 
used Latin hypercube sampling (LHS) to investigate a range of kernel parameters in these 
populations to determine what mobility levels caused the epidemic to vary with resolution. Results: 
Cumulative attack rate (CAR) was the same at all resolutions and mobilities tested, but the epidemic 
trajectories (amplitude and timing of the peak incidence) were different. Clear thresholds for the 
resolution of the representation existed, such that resolutions below this threshold overestimated peak 
incidence. This effect was most obvious at lower mobility levels, when a high-resolution model 
resulted in increased epidemic duration and low peak incidence compared with a population with 
higher mobility, where the increased level of contact between districts facilitated the quick spread of 
the epidemic. These patterns were found in both the theoretical population and in our four chosen 
regions. LHS analysis confirmed that the effect of resolution is most important in populations that are 
less mobile. Conclusions: We showed that spatial models defined at the wrong resolution may result 
in the wrong peak incidence and epidemic properties such as speed of spread and duration. If 
accurate predictions can be made about the epidemic over a region of a certain scale, it greatly 
enhances the ability of public health officials to effectively limit the impact of the epidemic. On the 
other hand, if the resolution is incorrect (too low), not only is peak incidence overestimated but also 
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the predicted time of the peak is much earlier, leading to the possibility that carefully timed control 
effects for the epidemic will fail. 

P1-194 

Pandemic preparedness in the WHO European region: why we must continue 

M Hegermann-Lindencrone, D Pereyaslov, C Brown* 

WHO Regional Office for Europe, Copenhagen, Denmark 

Background: Since the detection of the first human case of avian influenza A(H5N1) in 1997, the 
outbreak of SARS in 2003 and the launching of the revised International Health Regulations (2005) 
there has been a global focus on preparing countries to mitigate future outbreaks of infectious disease 
in particular influenza pandemics. The WHO Regional Office for Europe (Regional Office) has been 
working closely with Member States, the European Centre for Disease Prevention and Control, the 
US Centers for Disease Control and Prevention, and other international partners over the past decade 
to strengthen capacities to detect and respond to emerging pathogens. The WHO European Region is 
diverse with 53 member states ranging from high to low and middle-income countries. There are 
significant differences in the resources and technical capacities available to develop and improve 
pandemic preparedness. The 2009 pandemic showed that there are still gaps to be addressed if 
member states are to be prepared to face the next, possibly more severe, pandemic. In 2013, the 
world is reminded about the importance of well-developed preparedness plans with the emergence of 
avian influenza A(H7N9) in China and the Middle East respiratory syndrome—coronavirus (MERS-
CoV). These events highlight the need for targeted interventions in the WHO European region in 
areas such as laboratory capacity, risk assessment, treatment of cases of severe acute respiratory 
infections and to have operational pandemic vaccine deployment plans which are all fundamental 
pillars in pandemic preparedness. Materials and Methods: Since 2003, the regional office has carried 
out more than 80 missions and 25 meetings and workshops covering all member states to improve 
capacities to detect and respond to emerging pathogens and thus improve pandemic preparedness in 
the region including: support the development of National pandemic preparedness plans, in-country 
national pandemic preparedness assessments, laboratory strengthening, simulation exercises, 
training in rapid response and detection, epidemiology and clinical management. Results: In the last 
decade, substantial achievements have been made such as: by 2009 national pandemic 
preparedness plans were published on national web sites by 38 countries; introduction of sentinel 
surveillance for influenza-like illness and hospital based severe acute respiratory infections in 9 
eastern European countries; 8 member states developed plans for vaccine deployment to receive 
vaccine donation; the number of countries with the WHO recognized National Influenza Centres 
increased from 34 in 2003 to 41 in 2013. However, there are still gaps to be filled, for example only 4 
countries have published revised pandemic plans following the 2009 pandemic, all situated in 
Western European Member States. Furthermore, 3 months after the emergence of A(H7N9) and 
MERS-CoV, approximately only 50% of member states have established the laboratory capacity to 
confirm cases of human infection. Finally, rapid sharing of information among clinicians for the 
management of severe cases is not well-established in the Region. Conclusions: The ongoing 
outbreaks of avian influenza A(H7N9) and MERS- are reminders that maintaining the capacities to 
detect and respond to emerging pathogens is as important as ever and that there is still a global need 
to improve pandemic preparedness. Laboratory capacities, surveillance systems and pandemic plans 
have substantially improved in WHO European region in recent years with the 2009 pandemic as an 
important real life exercise. But there are still important gaps to be filled: More generic preparedness 
plans covering all emerging respiratory pathogens, better integration of pandemic preparedness with 
implementation of the IHR and a more tailored approach to meet the divergent needs of countries in 
the Region is the way forward for the regional office. By applying a needs-oriented approach and 
focusing on the areas that are lacking behind, the regional office is striving to reduce the inequalities 
in pandemic preparedness in the region, in line with the WHO European policy for health—Health 
2020. 
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Cost effectiveness of quadrivalent influenza vaccination in England and Wales 

RJ Pitman, LD Nagy, DA Scott 

Oxford Outcomes Ltd, Oxford, United Kingdom 

Background: The current seasonal influenza vaccines are trivalent, containing strains from both 
influenza A subtypes (H1N1 and H3N2) and from one of the two currently circulating influenza B 
lineages (Victoria or Yamagata). The aim of this study was to estimate the clinical impact and cost 
effectiveness of including both B lineages each year in a quadrivalent vaccine. Materials and 
Methods: The population of England and Wales was compartmentalised by immune and infection 
status (susceptible, exposed, infectious, recovered, and vaccinated), and a previously published age-
stratified “SEIRS” dynamic transmission model (Pitman, R et al. Vaccine. 2013;31:927-942) was 
adapted for quadrivalent vaccination to model the temporal trend of influenza virus infection 
incidence. A conservative estimate of the duration of vaccine-induced immunity of 1 year was used 
over an analytical time horizon of 20 years. The dynamic nature of the model accounted for indirect 
vaccine protection (herd immunity). No cross-protection between influenza subtypes and lineages 
was assumed. Previously published estimates of the clinical burden (annual number of general 
practitioner [GP] consultations, hospitalisations, and deaths) attributable to influenza were used to 
estimate the recent age-stratified probabilities of each of these outcomes following influenza virus 
infection. The model then simulated the disease burden of influenza, for each vaccination scenario, in 
terms of clinical, quality of life, and economic burden. The costs and outcomes of quadrivalent 
vaccination were compared with those of trivalent vaccination, assuming price parity with trivalent 
equivalent. Results were subject to extreme value, univariate, and probabilistic sensitivity analyses. In 
the base case, all of the quadrivalent and trivalent vaccines administered in children and adolescents 
were assumed to be live attenuated. Alternative scenarios explored the implications for cost 
effectiveness of varying the live-attenuated proportion for quadrivalent vaccines at a fixed level of 
uptake. Results: Given the variability of influenza, ranges of clinical burden are presented to 
encompass the best and worst possible cases, as estimated by the extreme value analysis based on 
currently available data. The range of infections averted by the use of quadrivalent vaccination, 
relative to trivalent vaccination, was estimated to be 11,000 to 5,000,000 infections in an average 
year. This reduction resulted in an average annual decrease of between 800 and 500,000 GP 
consultations, between 40 and 33,000 hospitalisations, and between 10 and 15,000 deaths. The 
inclusion of both influenza B lineages in the seasonal vaccine is expected to save costs. In the 
probabilistic sensitivity analysis, quadrivalent vaccination was estimated to save a cumulative 
discounted sum, over 20 years, of between 630,000 and 1,550,000 QALYs and between £660m and 
£2300m in costs. In all sensitivity analyses, quadrivalent vaccination saved costs. In the alternative 
scenarios, exclusive use of quadrivalent live-attenuated vaccine to immunise all child and adolescent 
vaccinees, at 50% uptake, was cost effective relative to scenarios in which any quadrivalent 
inactivated vaccines were used in these age groups. Conclusions: The use of quadrivalent seasonal 
influenza vaccines, at price parity with their trivalent equivalent vaccines, appears to be highly cost 
effective and most likely cost saving. The use of quadrivalent live-attenuated vaccine in children and 
adolescents appears to be cost effective relative to the use of quadrivalent inactivated vaccine. This 
study was sponsored by AstraZeneca. 
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Coverage of high risk groups for influenza vaccination in South Africa, 2011-
2013 influenza seasons 

W Ramkrishna1*, P Hlungwani1, TE Furumele1, FG Benson1 

1National Department of Health, Pretoria, Gauteng, South Africa 

Background: Influenza is a major public health threat throughout the world, causing substantial 
morbidity and mortality each year. In South Africa, it is estimated that 5000 to 10,000 deaths and 
70,000 to 100,000 hospitalizations are due to influenza each year. To mitigate the effect of 2009 
influenza A(H1N1) pandemic, the South African Department of Health initiated the first national 
influenza vaccination campaign in 2010. Subsequently annual vaccination campaigns were held, 
targeting individuals at increased risk for severe complications from influenza, which included young 
children, the elderly, women who are pregnant or postpartum (within 2 weeks after delivery), and 
persons of any age with underlying medical conditions (such as heart disease, lung disease, and HIV 
infection) . The vaccines were available at public health facilities nation-wide. This review aims to 
describe the influenza vaccination coverage among the targeted high-risk groups. Materials and 
Methods: Trivalent inactivated influenza vaccine was centrally procured at the national level and 
distributed to provincial depots for further distribution to public health facilities. Provinces had a 6-8 
week campaign period to administer the vaccines to the high-risk groups. All vaccinations were 
recorded daily on tally sheets and were sent to the district level for collation and analysis. High-risk 
group populations were accessed from the South African National Department of Health, Statistics 
South Africa (Stats SA), the Actuarial Society of South Africa AIDS Demographic Model 2008lite and 
the South African Health Review 2011. Results: The number of vaccines annually procured was 
924,469, 845,350, and 800,000 in 2011, 2012 and 2013, respectively. The number that was 
administered was 833,085 (90.1%), 706,374 (83.6%) and 711,910 (89.0%) in 2011, 2012 and 2013, 
respectively. The reasons some vaccine was not administered were due to inadequate planning in 
some districts and subdistricts, eg, there were inadequate staff, transport, supplies, and data 
management. Influenza vaccinations in South Africa falls under the responsibility of the 
Communicable Disease Control programme whereas other vaccinations fall under the Expanded 
Programme on Immunisation. Therefore coordination of all the relevant role-players posed 
challenges. Late delivery of vaccines to facilities and inadequate social mobilisation were also major 
challenges. In South Africa in 2011, it is estimated that 20.5 million individuals of a total population of 
51.7 million fall into at least 1 of the high-risk groups (children 6 months to < 5 years = 5.1 million, 
pregnant women = 0.8 million, adults > 65 years = 2.5 million, individuals with specific high-risk 
underlying conditions including HIV = 11.6 million). Vaccine coverage among the high-risk groups for 
2011, 2012, and 2013 were estimated as follows: < 5 year olds—4.4%, 3.2% and 3.3% respectively, 
pregnant women—13.8%, 14.1% and 12.3% respectively, > 65 year olds—2.0%, 2.2% and 2.1% 
respectively and > 5 years of age with chronic medical conditions, including HIV—5.3%, 5.0% and 
5.4% respectively. Conclusions: Coverage estimates for the high risk groups in the public health 
sector were relatively stable over the last 3 years. Our results indicate that not all the vaccines were 
utilised despite the target population (≈ 20.5 million) being much higher than the available vaccines. 
This raises concern as the country is in the process of expanding its influenza vaccination 
programme. Of particular interest is that coverage in the high risk group of pregnant women is higher 
than in other target groups. Seasonal influenza vaccine coverage should be closely monitored in 
coming years to identify specific barriers to vaccine uptake as this would be important to inform 
strategies to improve influenza vaccine coverage.  
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Using simulation to evaluate enhanced pandemic influenza surveillance 
strategies 

N Geard1,2*, A Black3, J Ross3, J McCaw1, J McVernon1 

1Melbourne School of Population and Global Health, University of Melbourne, Parkville, Australia; 
2Faculty of Information Technology, Monash University, Clayton, Australia; 3School of Mathematical 
Sciences, University of Adelaide, Adelaide, Australia 

Background: The collection of enhanced epidemiologic data in the early stages of an influenza 
pandemic can help to estimate its likely impact and inform decision making about the appropriate 
scale of response. Strategies for enhanced surveillance include monitoring household members and 
nonhousehold contacts of detected cases for illness. This approach was used in the United Kingdom 
during the 2009 H1N1 influenza pandemic to collect enhanced data on the “first few hundred” 
confirmed cases. The key characteristic of interest is the reproduction number R0, which provides 
information on how quickly a pathogen is likely to spread through a population. Enhanced surveillance 
can expedite the accurate estimation of R0 by increasing the rate of case detection. Estimates of R0 
can help inform decision making about the optimal use of antiviral stockpiles and the suitability and 
timing of social distancing measures such as school closure. In addition, there is growing awareness 
that estimation techniques must be sensitive to biases introduced by disease visibility and the 
surveillance and testing strategies that are used. For example, previous work has demonstrated that 
transmissibility estimates based on early detected cases can be too high because higher transmission 
events are likely to be overrepresented early in an epidemic outbreak. It is therefore desirable to 
explore the effects of reporting and testing biases in surveillance strategies so that, when possible, 
they can be accounted for when estimating disease parameters. An effective surveillance plan must 
balance the need to collect sufficient data to enable accurate estimation of disease parameters 
against the sustainability of obtaining quality data alongside other response activities. Here we 
describe a simulation model for evaluating alternative enhanced surveillance strategies to develop an 
evidence basis to inform optimal contact tracing efforts. The model further allows consideration of 
when enhanced data collection may be stopped, based on the precision of the estimated epidemic 
parameters. Materials and Methods: We used computational models to simulate both a disease 
outbreak and a surveillance strategy. The output of the disease model provides a “true” picture of all 
cases occurring in the outbreak, whereas the output of the surveillance model provides the subset of 
cases that we anticipate will be detected using that particular strategy and hence which are available 
for the purposes of parameter estimation. We simulated disease spread using a susceptible-exposed-
infectious-removed (SEIR) model in a population with demographic, household and contact network 
structure. Demographic and household structure are taken from recent Australian census data, and 
contact network structure is based upon contact data collected in the European POLYMOD study. 
Different outbreak scenarios can be simulated by modifying disease parameters, including the 
duration of exposed and infectious periods, transmissibility, and clinical severity (which may influence 
infected cases’ propensity to seek medical attention and hence alter the likelihood of detecting cases). 
Different surveillance strategies can be simulated by varying the number of contacts who are 
monitored over and above immediate household members, the duration for which they are monitored, 
and the number of cases collected before enhanced data collection is halted. Results: Initial 
simulations revealed the extent to which the effectiveness of any given surveillance strategy will 
depend on the transmissibility and severity of the disease. For example, even when transmissibility is 
low, if a disease is relatively mild (and visibility is consequently low), the outbreak may have been 
underway for some time before the first case is detected. The subsequent rapid growth in cases has 
the potential to exhaust data collection capacity almost as rapidly as would be expected in a more 
transmissible and severe (and hence more visible) scenario. Conclusions: Simulation models provide 
useful frameworks for the evaluation of pandemic influenza surveillance strategies, facilitating the 
development of evidence-based data collection protocols driven by key information needs. 
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Estimates of age-specific influenza-related mortality and hospitalizations in the 
United States from 1997 to 2009 

G Matias1*, RJ Taylor2, F Haguinet1, C Schuck-Paim2, R Lustig2, V Shinde1 

1GlaxoSmithKline Vaccines, Wavre, Belgium; 2Sage Analytica, Bethesda, Maryland, United States 

Background: Granular estimates of the burden of influenza can inform vaccine policy and guide 
prevention and control efforts. However, direct assessment of the burden of influenza is confounded 
by the fact that influenza cases are rarely confirmed using laboratory tests and that clinical 
manifestations are nonspecific and can vary from symptoms of mild common cold to severe 
pneumonia. Indirect statistical modeling techniques have been used by the Centers for Disease 
Control and Prevention (CDC) in the United States to assess the total burden of influenza. In the 
present study, we adapted these statistical modeling methods to generate updated granular estimates 
of the number of influenza-attributable deaths and hospitalizations in the United States, stratified by 
age and risk status for 12 influenza seasons, while controlling for the concurrent circulation of 
respiratory syncytial virus (RSV). Materials and Methods: Using data extracted from the Nationwide 
Inpatient Sample (NIS) and US National Vital Statistics System throughout 12 influenza seasons (July 
1997 to April 2009), we generated time series for respiratory deaths (any mention), defined as all 
deaths with a “J” code listed anywhere among the recorded ICD-10 codes, for age groups < 5, 5-17, 
18-49, 50-64, and ≥ 65 years. Similarly, using data extracted from the NIS, weekly time series for 
influenza-related hospitalizations were generated for the same age groups and risk statuses 
(according to comorbidities). A multiple linear regression model was applied to each age stratum to 
statistically associate respiratory deaths to influenza A or B, while controlling for RSV. The model 
incorporated US CDC weekly and seasonal virological surveillance data to track the epidemiologic 
patterns and seasonal variations of RSV and influenza incidence by type and subtype. Population 
census data were used for denomination. Results: For the 12-year period included in the study, 
across all ages, the model attributed a seasonal average of 19,100 respiratory deaths in the entire US 
population to influenza (using a broad definition of respiratory mortality that included any mention of 
respiratory disease, cough, abnormalities of breathing, fever, or viral infections not otherwise 
specified); 28,169 cardiorespiratory deaths (any mention); and 10,682 pneumonia and influenza (P&I) 
deaths (any mention). On average, influenza A accounted for 71% of influenza-related deaths, 
whereas influenza B accounted for 29% of influenza-related deaths across all ages. Influenza A-
related mortality exceeded that related to B in all except three seasons (2000-2001, 2002-2003, and 
2008-2009, for which influenza B-associated mortality accounted for 95%, 78%, and 84% of all 
influenza-attributable deaths). Regardless of influenza type, the rates of influenza-attributable deaths 
increased with age, with an estimated annual average of 86% of all influenza deaths (16,504) 
observed in the ≥ 65 years age group. By comparison, individuals aged < 18 years accounted for only 
183 influenza deaths (1%). During the study period, the model attributed to influenza a seasonal 
average of 297,548 respiratory hospitalizations (using the broad definition [any mention]), 350,212 
cardiorespiratory hospitalizations (any mention), and 151,224 P&I hospitalizations (any mention). 
Influenza-attributable hospitalizations increased with age, with individuals aged ≥ 65 years accounting 
for 53% of all influenza-attributable respiratory hospitalizations compared with 12% in individuals aged 
< 18 years. Rates of both influenza-attributable deaths and hospitalizations were 8- to 9-fold higher in 
the high-risk group than in the low-risk group (influenza-attributable all-age respiratory deaths per 
100,000 persons: 18.9 vs 2.3; influenza-attributable hospitalizations per 100,000 persons: 179.7 vs 
20.3). Conclusions: These data suggest a substantial burden of influenza-related mortality and 
hospitalizations in the US during the last decade. The mortality and hospitalization estimates are 
consistent with previous results and provide an up-to-date assessment of the possible burden of 
influenza in the United States. These estimates are critical to guide decision making and public health 
communication. Funding: GlaxoSmithKline Biologicals SA; ClinicalTrials.gov: NCT01599390. 
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The global mortality impact of the 2009 influenza pandemic: report from the 
GLaMOR project 

L Simonsen1,2*, P Spreeuwenberg3, R Lustig4, RJ Taylor4, DM Fleming5, M Kroneman3, MD van 
Kerkhove6,7, AW Mounts7, WJ Paget3, and the GLaMOR Collaborating Teams8

1George Washington University, Washington DC, United States; 2Fogarty International Center, 
National Institutes of Health, Bethesda, Maryland, United States; 3Netherlands Institute for Health 
Services Research, Utrecht, The Netherlands; 4Sage Analytica, Bethesda, Maryland, United States; 
5Royal College of General Practitioners, London, United Kingdom; 6Imperial College, London, United 
Kingdom; 7World Health Organization, Geneva, Switzerland; 8GLaMOR Collaborating 
Teams:Argentina: L Carlino, H Echenique, V Savy; Australia: D Dwyer, D Muscatello, R MacIntyre; 
Bangladesh: E Azziz-Baumgartner, N Homaira; Brazil: W Alonso, FE Araújo Moura, TM de Paiva, C 
Schuck; Canada: D Schanzer, H Akwar; Chile: R Fuentes, A Olea, V Sotomayor; China: H Yu, L 
Feng; Denmark: K Mølbak, J Nielsen, A Mazick; France: M Lemaitre, F Carrat; Germany: U Buchholz, 
M Höhle, B Schweiger, S Vesenbeckh; Hong Kong: B Cowling, G Leung, T Tsang, S Chuang; Israel: 
M Bromberg, Z Kaufman; Japan: N Sugaya, S Hayashi, M Matsuda; Mexico: H López-Gatell Ramírez, 
CM Alpuche-Aranda, DE Noyola, G Chowell-Puente; The Netherlands: C van den Wijngaard, L van 
Asten, A Meijer, M van der Sande, W van der Hoek; New Zealand: M Baker, J Zhang; Peru: C 
Munayco-Escate, J Gómez Benavides, VA Laguna-Torres; Poland: B Wojtyniak, D Rabczenko; 
Romania: L Zolotusca, A Pistol, F Popovici, O Popovici, R Popescu; Singapore: LW Ang, M Chen, J 
Cutter, V Lee, R Lin, S Ma; Slovenia: M Sočan, K Prosenc; South Africa: C Cohen; Republic of Korea: 
S-H Park, Y-K Lee; Spain: A Larrauri, C Delgado Sanz, S de Mateo, L Simón Méndez; United 
Kingdom: HK Green, N Andrews, A Saei, R Pebody; United States: C Viboud, D Shay 

Background: Assessing the 2009 influenza pandemic mortality impact is essential for optimizing 
public health responses to future pandemics. WHO reported 18,631 laboratory-confirmed pandemic 
deaths, but the total pandemic mortality burden was likely substantially higher. We set out to estimate 
the 2009 pandemic mortality burden through statistical modeling of mortality data from multiple 
countries. Material and Methods: We obtained weekly virology and national age-specific underlying 
cause-of-death time series for 2005-2009 for 20 countries and administrative zones covering ≈ 35% of 
the world population. In a first stage, we applied a multivariate linear regression model to measure 
pandemic respiratory mortality in each collaborating country. In stage 2, we used 10 country 
indicators in a multiple imputation model to project the mortality burden in all world countries. We 
used a variety of external data sources and sensitivity analyses to validate our findings. Results: 
Between 138,000 and 189,000 (range, 123,000 to 203,000) influenza A/H1N1 pandemic respiratory 
deaths occurred globally during April-December 2009. The majority of these deaths (62%-85%) 
occurred in persons aged < 65 years. The mortality from all causes of death was likely twice as large 
but could not be measured with precision. We found a striking regional heterogeneity, with up to 20-
fold higher mortality in the Americas than Europe. For comparison, the model attributed 210,000 
(range, 148,000-249,000) respiratory deaths to influenza in an average recent season, with only 19% 
in persons aged < 65 years. Study limitations include a limited economic and regional diversity among 
stage 1 countries and an inability to study mortality in subsequent pandemic waves (2010-2012). 
Conclusions: Our conservative global pandemic respiratory mortality estimate is ≈ 10-fold higher than 
the WHO laboratory-confirmed mortality count. Although the pandemic mortality burden estimate was 
similar in magnitude to that of seasonal influenza, there was a marked shift toward mortality among 
the young so that many more life-years were lost. The burden varied greatly among countries; some 
carried virtually no mortality burden, whereas others suffered a “worst-in-a-decade” influenza event. A 
collaborative network to rapidly collect and analyze mortality and hospitalization data in global settings 
is needed to quickly establish the severity of future pandemics and improve the public health 
response. Work should be attributed to Netherlands Institute for Health Services Research (NIVEL), 
Utrecht, The Netherlands. Support: This study was supported by the WHO on a contract with NIVEL 
(APW 20043611 and 200617995). LS acknowledges funding support from the RAPIDD program of 
the Science and Technology Directorate, Department of Homeland Security, and the Fogarty 
International Center, National Institutes of Health. MDVK acknowledges salary support from the 
Medical Research Centre and the Bill and Melinda Gates Foundation. Acknowledgements: The 
authors thank the following members of the WHO Task Force for their advice and support: I 
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Bonmarin, MC I-Cheng, C Cohen, B Cowling, NM Ferguson, PG Grove, B Grenfell, G Leung, M 
Lipsitch, K Mølbak, A Mazick, EAS Nelson, A Nicoll, Y Ohkusa, R Pebody, C Rizzo, C Russell, D 
Shay, CC van den Wijngaard, M Van Kerkhove, C Viboud, J Wu, Y Hongjie, F Luzhao, K Ungchusak, 
J-C Desenclos, and DN Durrheim. Thanks also to ECDC (A Nicoll) and the WHO Regional Offices of 
PAHO (F Marinho) and EURO (C Brown and P Jørgensen) for facilitating access to national data sets 
in the Americas and Europe and to L Kim, M McDonough and D Spencer of the Department of Global 
Health, George Washington University and F Schellevis and L Martirosyan at NIVEL for expert 
editorial and technical assistance. We thank the public health institutes in local governments of Japan, 
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Model estimates of age-specific influenza-related outpatient visits in the United 
Kingdom in recent years 

G Matias1*, RJ Taylor2, F Haguinet1, C Schuck-Paim2, J Logie3, D Webb3, R Lustig2, DM Fleming4 

1GlaxoSmithKline Vaccines, Wavre, Belgium; 2Sage Analytica, Bethesda, Maryland, United States; 
3GlaxoSmithKline, Stockley Park, Uxbridge, United Kingdom; 4Independent consultant, Birmingham, 
United Kingdom 

Background: Accurate assessment of the overall burden of influenza is difficult; physicians usually 
rely on clinical observation for a diagnosis, which is rarely confirmed with laboratory testing. 
Furthermore, other viruses can cause “influenza-like” syndromes (eg, respiratory syncytial virus 
[RSV], human metapneumovirus). Virus-guided regression modeling techniques allow estimation of 
influenza burden while controlling for the potential influence of other circulating respiratory pathogens. 
Using this method, Pitman et al (J Infect. 2007;54:530-538) estimated the number of influenza-
associated general practitioner (GP) consultations for 2002-2003 in England and Wales. We used 
similar methods to update the burden of outpatient visits related to influenza types by age groups in 
England and Wales between 1996 and 2008. Methods: Virology data from the Health Protection 
Agency national surveillance system were used to generate weekly time series of numbers of 
specimens positive for influenza A or B or RSV. Using data extracted from the General Practice 
Research Database (GPRD), we generated weekly time series for multiple influenza-related health 
outcomes. These included all respiratory disease broadly defined (all READ H codes plus cough, 
otitis media, and viral infections not otherwise specified), influenza-like illness, pneumonia, and 
influenza for age groups < 5, 5-17, 18-49, 50-64, and ≥ 65 years. We applied a similar multiple linear 
regression model to each age stratum to statistically associate GP office visits with influenza A or B 
while controlling for RSV. The final model was optimized by the exclusion of summer months, trimean 
(the mean of the previous, current, and following observations) smoothing of the time series, 
consideration of two periods for the pathogen time series (seasons until 2000-2001 and later), and 
lagging of the RSV viral series by 2 weeks for GP office visits for patients aged > 18 years. Weekly 
denominators were generated from the GPRD data. Results: For the 13-year study period, the 
average number of seasonal influenza-attributable GP office visits using the broad definition of 
respiratory disease was 857,996. More than one-third of these visits (322,117 [37.5%]) occurred in 
children aged < 18 years. The relative proportion of GP office visits related to influenza A and 
influenza B was 76% and 24%, respectively. For most respiratory outcomes, the rates of GP office 
visits related to influenza A was relatively constant across all age groups and higher than those 
related to influenza B, except for OM for which no burden of influenza A or B was observed in persons 
aged ≥ 65 years. The highest influenza B burden was observed in children aged 5-17 years (996 
visits/100,000 persons, comparable to influenza A only in this age group) and decreased with age, 
reaching 76 visits/100,000 persons in the ≥ 65 years age group. The highest influenza A burden was 
observed in children aged < 5 years (2436 visits/100,000 persons). Conclusions: In this study, we 
generated critical burden parameter estimates needed to accurately model the economic impact of 
influenza. Detailed and updated estimates of the total burden of influenza, including how it affects 
various age groups and groups at risk for influenza complications, are essential to optimize decisions 
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on public health and vaccination policies. Funding: GlaxoSmithKline Biologicals SA; ClinicalTrials.gov: 
NCT01520935. 
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Assessing changes in vaccination programmes of seasonal influenza: an 
evidence synthesis and modelling study 

M Baguelin1,2*, S Flasche1,3, A Camacho1,2, N Demiris4, E Miller1, WJ Edmunds1,2 

1Immunisation, Hepatitis and Blood Safety Department, Public Health England, London, United 
Kingdom; 2Centre for the Mathematical Modelling of Infectious Diseases, Department of Infectious 
Disease Epidemiology, London School of Hygiene and Tropical Medicine, London, United Kingdom; 
3Department of Mathematics and Statistics, University of Strathclyde, Strathclyde, United Kingdom; 
4Department of Statistics, Athens University of Economics and Business, Athens, Greece 

Background: Influenza vaccine policies that maximise health benefit through efficient use of limited 
resources need to be identified. In most countries, influenza vaccination programmes have targeted 
individuals over the age of 65 years and those in high-risk groups, in line with WHO 
recommendations. Although an increasing wealth of longitudinal surveillance data sets are available, 
integrating the multiplicity of data sources to inform the construction of realistic models to test 
alternative strategies remains challenging. Here we synthesize information from surveillance data sets 
in England and Wales to evaluate the impact of changes in the seasonal influenza vaccination 
programme. Materials and Methods: Using a contemporary evidence-synthesis statistical approach, 
we optimised use of virological, clinical, epidemiologic, and behavioural data to develop an age- and 
risk group-stratified transmission model that reproduces the timing and magnitude of the strain-
specific behaviour of influenza over 14 seasons in England and Wales, having accounted for the 
vaccination uptake over this period. We estimated the reduction in cases and deaths achieved by the 
historical programme compared with no vaccination and the reduction had different policies been in 
place over the period. Results: We found that the current vaccination programme has led to an 
average reduction of 0.4 infections per dose of vaccine and 2 deaths per 1000 doses. Targeting 
transmitters by extending the current programme to 5- to 16-year-old children would increase the 
efficiency of the total programme, resulting in an overall reduction of 0.68 (0.52, 0.81) infections per 
dose and 2.1 (1.4, 3.6) deaths per 1000 doses. In comparison, choosing the next group most at risk 
(50- to 64-year-old adults) would only prevent 0.43 (0.35, 0.52) infections per dose and 2 (1.2, 3.3) 
deaths per 1000 doses. Conclusions: This study proposes a framework to integrate influenza 
surveillance data into transmission models. Application to data from England and Wales confirms the 
role of children as key infection spreaders for seasonal influenza. The most efficient use of vaccine to 
reduce overall influenza morbidity and mortality is thus to target children. 

P1-205 

Would targeted interventions change health outcomes in an influenza A (H7N9) 
pandemic? 

Y Gillaspie1*, D Hutton2, N Khazeni1,3 

1Division of Pulmonary and Critical Care Medicine, Stanford University Medical Center, Stanford, 
California, United States; 2Health Management and Policy, University of Michigan, Ann Arbor, 
Michigan, United States; 3Center for Health Policy and Center for Primary Care and Outcomes 
Research, Stanford University, Stanford, California, United States 

Background: Mathematical models can be used to predict the spread of influenza and the 
effectiveness of alternative health policies in mitigating influenza pandemics. Models range in 
complexity from simple models representing homogenous populations to highly detailed 
representations including ages and comorbidities. We set out to create a mathematical model of the 
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spread of pandemic influenza to determine the impact that targeting interventions to individuals at 
higher risk of influenza-related mortality due to age or comorbidities has on health outcomes. 
Materials and Methods: We used MatLab (MathWorks, Natick, Massachusetts) to create a stochastic 
susceptible-exposed-infected-recovered (SEIR) disease transmission model with output parameters 
reflecting a severe influenza pandemic. We divided the infected population into three subcategories 
representing asymptomatic individuals, symptomatic circulating individuals, and symptomatic 
noncirculating individuals. Asymptomatic individuals were not at risk of influenza-related mortality, and 
symptomatic noncirculating individuals have reduced interaction with the rest of the population. We 
used differential equations to represent age groups and comorbid subpopulations with unique 
hospitalization rates and mortality rates. We then adjusted the size of each subpopulation to represent 
the demographic breakdown of New York City. We based our transmission matrix on contact patterns 
between age groups to estimate age-specific infection patterns. We performed sensitivity analysis on 
all input variables and calibrated the model so that the attack rate and case-fatality proportion were 
similar to those seen in 1918. After performing a base-case analysis with no vaccination, we 
compared two vaccine distribution policies: (1) vaccinating 20% of the population in a nontargeted 
fashion and (2) vaccinating 20% of the population with the highest risk of influenza-related mortality 
based on age and comorbidities. We tested our vaccine distribution policies in two vaccine 
preparedness scenarios: (a) vaccine distributed four months after the start of the pandemic and (b) 
vaccine distributed nine months after the start of the pandemic (as occurred in the 2009 pandemic). 
We used infections and deaths averted to determine the effectiveness of each health policy. Results: 
In our base case with no vaccination, the attack rate was 32.1% (2,621,400 infected individuals) with 
a case-fatality proportion of 2.49% (65,402 influenza-related mortalities). If we assume that our 
vaccine will be ready for distribution nine months after the beginning of the pandemic, both 
nontargeted and targeted vaccination policies resulted in nearly identical numbers of infections (2.62 
million in our city of 8.2 million individuals) and deaths (65,402) as our base case. If vaccines were 
distributed four months after the start of the pandemic, nontargeted vaccination would avert 7500 
infections and 199 deaths and targeted vaccination would avert 5000 infections and 251 deaths. We 
performed threshold analyses; for targeted vaccination to avert 5% more deaths than untargeted 
vaccination, it would have to be implemented 51 days after the start of the pandemic. Conclusions: 
We compared health outcomes of targeted versus nontargeted vaccination during a severe influenza 
pandemic. We found that the timing of vaccination determines the importance of targeting the 
intervention to groups at higher risk of mortality secondary to their age or comorbidities. When 
vaccination occurs four months or nine months after the start of the pandemic (similar to the 2009 
pandemic), much of the population has already achieved natural immunity through infection and 
recovery, making targeting high-risk groups less effective and limiting the effectiveness of the 
intervention itself. If vaccine production technology improved so that distribution could occur sooner, a 
significant proportion of the population would still be susceptible, and targeting high-risk groups could 
significantly reduce the number of influenza-related deaths. We note that our model does not target 
individuals more likely to transmit disease (such as children); additional research should be conducted 
to determine the value of prioritizing such groups for vaccination. Nevertheless, our results show that 
modeling high-risk subpopulations separately may only be important in making policy decisions when 
extremely rapid mass vaccination is possible, technology that is currently unavailable. 
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P1-206 

Estimated proportion of antivirals given to influenza cases in the UK during 
the second and third waves of the 2009 H1N1 pandemic—results from the Flu 
Watch Study 

E Fragaszy1,2*, A Bermingham3, L Wang4, A Copas1, J Edmunds2, N Ferguson5, N Goonetilleke4, G 
Harvey1, J Kovar1, MSC Lim1,6, A McMichael4, ERC Millett1,2, JS Nguyen-Van-Tam7, I Nazareth8, R 
Pebody9, F Tabassum1, JM Watson9, F Wurie1, AM Johnson1, M Zambon9, AC Hayward1  

1UCL, Research Department of Infection and Population Health, London, United Kingdom; 2London 
School of Hygiene and Tropical Medicine, Department of Infectious Disease Epidemiology, London, 
United Kingdom; 3Health Protection Agency Respiratory Virus Unit, Colindale, United Kingdom; 
4University of Oxford, Weatherall Institute of Molecular Medicine, Oxford, United Kingdom; 5Imperial 
College London, London, United Kingdom; 6Centre for Population Health, Burnet Institute, Melbourne, 
Australia; 7Health Protection and Influenza Research Group, Division of Epidemiology and Public 
Health, University of Nottingham, Nottingham, United Kingdom; 8UCL, Department of Primary Care 
and Population Health, London, United Kingdom; 9Health Protection Agency, Respiratory Diseases 
Department, Colindale, United Kingdom 

Background: Antivirals are a major component of pandemic preparedness plans. In order for antivirals 
to make a population-level impact during a pandemic, they need to be correctly targeted at people 
with influenza. We used community level estimates of PCR-confirmed influenza illness and antiviral 
use from the Flu Watch study to estimate the national proportion of PCR confirmable influenza cases 
who received antiviral treatment. Materials and Methods: Flu Watch is a community level, household-
based cohort study in the United Kingdom. This analysis reports antiviral use during the second and 
third waves of the UK pandemic (autumn/winter 2009/10 and winter 2010/11 respectively). 
Participants filled in weekly prospective illness surveys asking about any respiratory symptoms and 
any medicines (prescribed or over-the-counter) taken for those symptoms. They were also asked to 
self-administer nasal swabs on day 2 of any respiratory illness for RT-PCR identification of influenza. 
We measured the proportion of PCR confirmed influenza A cases who were treated with antivirals 
and estimated the population-level rates of PCR-confirmed influenza cases who were treated with 
antivirals. We applied these rates to census data to estimate the number of national antiviral courses 
used on people with influenza.  We then divided this estimate by external data on the number of 
national courses dispensed (Mytton O, et al. Euro surveill. 2012;17(14):15) to estimate the proportion 
of dispensed courses taken by people with PCR confirmable influenza. Results: Only 2% (0%-6%) of 
144 PCR-confirmed influenza cases received antivirals during their illnesses. After applying Flu Watch 
rates of antiviral-treated PCR-confirmed influenza to the national population, we estimate that only 5% 
(2%-16%) of the 1.2 million courses dispensed nationally were used by people with PCR-confirmable 
influenza. Conclusions: Despite the wide availability of antivirals during the second and third waves of 
the pandemic, only a small proportion of those with PCR confirmed influenza received antivirals 
minimizing the potential population-level impact. In addition, even given the fact that our study will 
have missed PCR-confirmable cases our analysis suggests that a high proportion of antivirals that 
were used are likely to have been dispensed to people without influenza. In the United Kingdom, most 
of the antiviral courses in the second wave of the pandemic were prescribed by pandemic telephone 
and website services. Difficulties in ensuring the correct people receive antivirals may be exacerbated 
when patients are assessed over the phone or internet. In order to maximize the population-level 
impact of antivirals, we need better point of care tests to distinguish influenza illnesses from other 
respiratory illnesses. Given the difficulties in ensuring good uptake and distribution to those with 
influenza it may be more effective to target resources on those with the greatest risk of complications 
(ie, those with chronic disease who are more at risk of serious outcomes).  
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P1-207 

Anydemic, a new kind of real-time stochastic model for decision-making: 
feasibility study 

JM Cohen1*, TT Ho1, C Basileu2, N Kabachi3, M Lamure4 

1Open Rome, Paris, France; 2Faculté des Sciences, Université de Cayenne, France; 3Laboratoire 
ERIC, Université Claude Bernard Lyon 1, Villeurbanne, France; 4Laboratoire SIS, Université Claude 
Bernard Lyon 1, Villeurbanne, France 

Background: During an epidemic or pandemic situations, decision-makers use models to compare or 
to adapt strategies, particularly small world models. However, there is a need for designing stochastic 
models allowing many more options such as a multiagents-based population model (in a ratio of 
1/100 for instance), several ways of life and status, various kinds of asymmetric relations between 
agents, several simultaneous outbreaks, and heterogeneous exposure to epidemic infectious agents. 
Such a model must be able to take into account geographic data and to compare various strategies 
combining several interventions. Ideally, to be used during a health crisis, this model must input real-
time epidemiologic data and use software running fast on a personal computer or on mobile 
technologies. This work aims to 1) design a stochastic model based on a multiagent systems (MAS) 
paradigm, which allows simulation at different levels (individual and global) and has all the 
advantages listed previously, and 2) evaluate a prototype version called Anydemic 1.0, simulating a 
seasonal influenza outbreak in one country (France). Methods: Mathematical approach: All 
calculations are based on a stochastic pretopologic approach, mixing stochastic methods and a 
multiagents frame described with a pretopology modeling. Each parameter is defined either by a 
Poisson distribution or by a triangular distribution (minima-maxima interval, mode). Software: Data 
collected in text format are transformed into frames, using TOS (Talend Open studio); Anydemic 1.0 
pretopologic computations used AnyLogic 6 professional software. Population simulation: A 
population mock-up is designed in a ratio of 1/100 (660,000 people), taking into account gender, age, 
housing (house, building, elderly home), size of family, occupation, activity (medical doctor, nurse, 
physiotherapist, other health care worker, teacher, other activity), local daily transfer mode, 
interregional transfer, place of residency, place of work, vaccination status, health status (safe, 
chronic disease, pregnancy). Day simulation: Each day has 4 time units: night + morning at home, 
transfer to work, a day of work, transfer back home. Weekend days and holiday periods are taken into 
account. Transport simulation: Each morning (working days), each active agent (except during 
sickness leave) goes to work with a conveyance. If using public transport, he is supposed to be in 
touch with other people. Each end of day, he comes back home using the same conveyance. 
Influenza simulation: Influenza infection is divided into the following phases: safe, noncontagious 
incubation, contagious incubation, onset of symptoms, symptomatic noncontagious, recovered and 
protected (immunized) or dead. Each infected person may get medical contact(s), sickness leave(s) 
and hospitalization. Other simultaneous outbreak simulation: Several seasonal infectious agents are 
taken into account: influenza A(H1N1), A(H3N2), B, RSV. Transmission simulation: During each time 
unit, each agent gets a computed number of contacts depending on importance of household, activity 
and conveyance type. Among these contacts are a variable proportion of contagious persons 
(contagious incubation, onset of symptoms). Protection measures (vaccine, hand washing, protective 
masks, post contact, “preemptive” or curative use of neuraminidase) are characterized by 2 
parameters: usage percentage, effectiveness. Data sources: INSEE 2009 census 
(www.recensement.insee.fr) and INSEE databases (www.insee.fr), Ministry of Education 
(www.education.gouv.fr), Ecosanté (www.ecosante.fr), medical references 
(http://www.ncbi.nlm.nih.gov/pmc/). Inputs: Parameters frames: inhabitants, educated people, health 
care professionals and teachers, elderly home, household, cohabitation, children by family type, 
number of index cases, consultation rate, sickness leave or school absenteeism rates, hospitalization 
rate, duration of each phase of the disease, transmission rate, protection measures (rate of use, 
effectiveness), transportation mode, extraregional transportation. Calculation: Outputs are 
recomputed at the end of each time unit (4 times per day). Outputs: Attack rate by age group, gender, 
occupational status (health care workers), housing, vaccination status and region, medical 
consumption, hospitalizations, death rate by age group and vaccination status, school absenteeism 
and sickness leaves. Validation process: Influenza attack rate by age group and region and sickness 
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leaves in France from 2008 to 2013; data provided by the GROG national network (www.grog.org). 
Results: Observations of epidemic weeks in the past were shown by the simulation results. 

P1-208 

Assessing outbreak containment success in case of accidental laboratory 
escape of potential pandemic pathogens 

S Merler1*, M Ajelli1, L Fumanelli1,2, A Vespignani3,4,5 

1Bruno Kessler Foundation, Trento, Italy; 2Department of Mathematics, University of Trento, Trento, 
Italy; 3Laboratory for the Modeling of Biological and Sociotechnical Systems, Northeastern University, 
Boston, Massachusetts, United States; 4Computational Epidemiology Laboratory, Institute for 
Scientific Interchange Foundation, Turin, Italy; 5Institute for Quantitative Social Sciences, Harvard 
University, Cambridge, Massachusetts, United States 

Background: The recent work on modified H5N1 has stirred an intense debate on the risk associated 
with the accidental release from biosafety laboratories of potential pandemic pathogens. Here we 
assess the risk that the accidental escape of a novel transmissible influenza strain would not be 
contained in the local community. Materials and Methods: We make use of a stochastic spatially 
explicit individual-based model of influenza transmission. This allows the infection transmission chain 
to be analyzed at the level of each single individual, and all of the microscopic details of the 
progression of the epidemic in the population can be accessed for each stochastic realization of the 
escape event. The escape events are identically initialized in a BSL facility in a European country by 
assuming one initial infected worker. Once the initial conditions for the outbreak are set, the model 
generates stochastic ensemble estimates of the unfolding of the epidemic. After the pathogen escape 
event has been detected, we consider the following set of containment interventions: (1) isolation of 
the laboratory, (2) laboratory workers’ household quarantine, (3) contact tracing of cases and 
subsequent household quarantine of identified secondary cases, and (4) preventive school and 
workplace closure, on a spatial basis, at the very beginning of the epidemic, and reactive during the 
entire epidemic. Results: We found that the containment depends on the timely implementation of 
nonpharmaceutical interventions and contact tracing, and it may be effective (> 90% probability per 
event) only for pathogens with moderate transmissibility (reproductive number no larger than 
R0 = 1.5). Containment could be feasible even for larger values of R0 only in cases of very timely 
interventions—both in recognizing the accidental release and during contact tracing—and high 
probability of detecting secondary cases in the same household, school, or workplace as a newly 
identified case. Qualitatively, results do not vary much by considering different seeding locations. 
However, containment probabilities are affected by several factors, including population density and 
demographic structure, with probability of giving rise to a global event that is 3 to 5 times lower in rural 
areas. Conclusions: Our results suggest that public health authorities should be prepared to put in 
place a set of social distancing interventions (eg, contact tracing and closure of schools and 
workplaces on a geographical basis), with efficacy in containing the outbreak that is not guaranteed. 
In addition, our findings strongly suggest the location of new biosafety laboratories worldwide should 
be carefully chosen, for instance, with priority given to rural areas, and when this is not feasible, by 
taking into account density and structure of the population in urban areas. 
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O-834 

Selection on hemagglutinin imposes a genetic bottleneck during mammalian 
transmission of H5N1 influenza viruses 

P Wilker1, J Dinis1, G Starrett2, M Imai1, M Hatta1, C Nelson3, D O’Connor2,4, A Hughes3, G 
Neumann1, Y Kawaoka1,5,6,7, T Friedrich1,4* 

1University of Wisconsin School of Veterinary Medicine, Madison, Wisconsin, United 
States; 2University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin, United 
States; 3University of South Carolina, Columbia, South Carolina, United States; 4Wisconsin National 
Primate Research Center, Madison, Wisconsin, United States; 5University of Tokyo Institute of 
Medical Science, Tokyo, Japan; 6University of Tokyo Institute of Medical Science, Tokyo, 
Japan; 7ERATO Infection-Induced Host Responses Project, Saitama, Japan 

Background: Avian H5N1 influenza viruses sporadically infect humans with a lethality rate 
approaching 60% among confirmed cases, but to date have not acquired the capacity for sustained 
human-to-human transmission. The rapid replication and high mutation rates of influenza viruses can 
generate high levels of within-host genetic diversity, but little is known about the impact of this 
diversity on the evolution of H5N1 viruses during replication within hosts and transmission between 
hosts. Methods: We used deep sequencing to characterize genetic diversity of H5N1 reassortant 
viruses that were found to transmit between ferrets via respiratory droplets in a previous study (Imai 
M, et al. Nature. 2012;486:7403). In that study, transmission of H5 viruses occurred in a total of 6 
ferret pairs. We extracted viral RNA from archived nasal washes collected from these animals at 
multiple time points and amplified HA, NA and M gene segments using RT-PCR. Amplicons from 
each sample were pooled, randomly fragmented and barcoded for multiplex sequencing on the 
Illumina MiSeq in 300-cycle runs. Sequences were analyzed using CLC Genomics Workbench, R and 
LinkGE, a custom Perl script that detects and enumerates combinations of physically linked single 
nucleotide polymorphisms in paired-end sequence data. Results: Deep sequencing of HA genes 
confirmed that mutations observed in association with mammalian transmission (as identified by Imai 
et al) were present in ≈ 100% of replicating viruses. However, we detected multiple additional 
mutations that rapidly increased in frequency from ≤ 5% to ≥ 20% of viruses during 3-5 days’ 
replication in inoculated ferrets. Overall HA nucleotide diversity also increased markedly during this 
timeframe. HA nucleotide diversity was then dramatically reduced in contact ferrets upon respiratory 
droplet transmission; infection in these animals was established by only 1-2 distinct HA gene 
segments. Minor HA variants present in as little as 5.9% of viruses within the source animal became 
dominant in ferrets infected via respiratory droplets. In contrast, nucleotide diversity in NA and M gene 
segments changed little during replication or transmission. Statistical analyses confirmed that 
transmission was associated with a significant reduction in nucleotide diversity of HA, but not of NA or 
M. Conclusions: Mammalian respiratory droplet transmission of H5 reassortant viruses is associated 
with a significant genetic bottleneck caused by selection focused on HA. Minor HA sequence variants 
present in as little as 5.9% of viruses in an infected source animal can become dominant in contact 
animals after droplet transmission. Our results therefore suggest that selection could favor 
establishment of infection in mammals by viruses bearing “favorable” HA genes, even when such 
viruses are in the minority in the source population. Furthermore, surveillance efforts based on 
consensus sequencing may fail to detect the early emergence of genetic markers associated with 
virulence or transmissibility of H5N1 viruses in mammals. 
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O-835 

A systems biology approach reveals novel host response genes that 
differentially regulate influenza virus pathogenicity 

A Eisfeld1*, H Mitchell2, M Katze3, K Waters2, Y Kawaoka1 

1University of Wisconsin-Madison School of Veterinary Medicine, Influenza Research Institute, 
Madison, Wisconsin, United States; 2Pacific Northwest National Laboratory Computational Biology 
and Bioinformatics Group, Richland, Washington, United States; 3University of Washington School of 
Medicine, Department of Microbiology, Seattle, Washington, United States 

Background: Influenza viruses can cause severe disease in humans, and while the mechanisms are 
incompletely understood, host response dysregulation is thought to contribute. To uncover novel host 
factors that regulate influenza virus pathogenicity, we used a systems biology approach to 
computationally identify transcriptional network “hub-like” genes (i.e., genes exhibiting highly 
connected expression behavior) in lungs of influenza virus-infected mice. Hub-like gene expression 
behavior implies a regulatory influence over the transcriptional response and a potential role in 
controlling virus pathogenicity. The contribution of two hub-like genes to influenza virus pathogenesis 
was tested by using knockout mouse models. Methods: Groups of wild-type female C57BL/6 mice 
were mock-infected or infected with 103, 104, 105, or 106 plaque-forming units (PFU) of influenza 
A/California/04/2009 (H1N1; “CA04”) or 102, 103, or 104 PFU of influenza A/Vietnam/1203/2004 
(H5N1; “VN1203”), and lung tissues were harvested at 1, 2, 4, and 7 days postinfection for global 
transcriptional analysis by microarray. The weighted gene coexpression network analysis (WGCNA) 
algorithm was applied to a compendium of differentially expressed genes from all infections, dosages, 
and time points to identify gene coexpression modules and individual genes exhibiting putative hub-
like regulatory behavior over these modules. The role of two highly ranked hub-like genes (i.e., Ripk3 
and Saa1) in influenza virus pathogenesis was assessed by comparing virus-induced disease in wild-
type mice and Ripk3 or Saa1/Saa2 knockout (KO) mice after infection with a sublethal dosage of 
CA04. Results: Ripk3 KO mice exhibited less severe disease, significantly reduced weight loss, and 
faster recovery compared with wild-type mice, implying that Ripk3 activity is detrimental for the 
outcome of infection. In contrast, Saa1/Saa2 double KO mice exhibited more severe disease, 
increased weight loss, and reduced survival, suggesting a protective role. Conclusions: These results 
illuminate novel host genes that differentially regulate influenza virus pathogenicity and lay the 
foundation for future studies aimed at clarifying the mechanisms of influenza virus-induced disease 
and the discovery of new treatment strategies. This project was funded in whole or in part with federal 
funds from the United States National Institutes of Allergy and Infectious Diseases, National Institutes 
of Health and the Department of Health and Human Services under contract HHSN272200800060C. 

O-836 

The importin-α7 gene is a determinant of influenza virus cell tropism in the 
murine lung 

P Resa-Infante1*, R Thieme2, T Ernst3, P Arck2, H Ittrich3, R Reimer1, G Gabriel1 

1Heinrich-Pette-Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany; 2University 
Hospital Hamburg-Eppendorf, Department of Obstetrics and Fetal Medicine, Hamburg, 
Germany; 3University Hospital Hamburg-Eppendorf, Diagnostic and Interventional Radiology 
Department and Clinic, Hamburg, Germany 

Background: Influenza A viruses are a continuous threat to humans due to their ability to cross 
species barriers and adapt to new hosts. Since viral transcription and replication takes place in the 
nucleus of the host cell, the viral polymerase complex needs to adapt to the mammalian nuclear 
import machinery upon interspecies transmission. It has been shown that differential use of importin-α 
isoforms governs host adaptation of influenza viruses. While growth of highly pathogenic avian 
influenza viruses depends on importin-α3, growth of mammalian viruses depends on importin-α7 
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expression. Materials and Methods: To analyze the role that importin-α7 plays in susceptibility to 
mammalian influenza virus infection in mice, we monitored survival and weight loss in infected 
animals. We investigated virus tropism in the murine lung by histological analysis, magnetic 
resonance tomography, confocal microscopy, and transmission electron microscopy. The cellular 
immune response was analyzed by multicolor flow cytometry and the cytokine response by using an 
antibody array for 22 different cytokines and chemokines. Additionally, we measured virus growth and 
clearance by murine primary macrophages. Results: In this study, we performed a comparative 
analysis of the viral replication efficiency and cell tropism in the lungs of wild-type (WT) and importin-
α7 knockout (α7−/−) mice using a recombinant H1N1 influenza virus that carries a GFP reporter gene 
in the NS gene segment. We observed that upon GFP virus infection, 90% of the WT mice 
succumbed to infection within 8 days, while α7−/− mice lost less weight and 50% of the infected 
animals survived an otherwise 100% lethal infection. Analysis of viral kinetics in infected lungs by 
immunohistochemistry, ex vivo magnetic resonance tomography, confocal laser scanning microscopy, 
and correlative transmission electron microscopy revealed extensive infiltration and destruction 
especially of the alveolar epithelium in WT mice. In contrast, lung tissues of α7−/− mice were mostly 
intact and bronchial epithelium was preferentially infected, suggesting that importin-α7 is required for 
virus replication in the alveolar epithelium. Further, higher levels of proinflammatory cytokines and 
chemokines (MCP-1, IL-12, IL-6, and IL-10) were detected in WT compared with α7−/− mice. 
Moreover, virus RNA-positive macrophages were detected in the lungs of infected WT but not α7−/− 
mice using immunohistochemical staining. However, no significant differences were observed 
concerning the biologic activity (virus replication and virus clearance) of primary macrophages 
isolated from WT or α7−/− mice. In general, cellular immune responses measured by flow cytometry 
did not significantly differ between WT and α7−/− mice. Conclusions: In summary, these observations 
support the view that the importin-α7 gene mediates virus tropism in the mammalian respiratory tract 
without affecting the cellular immune response in general. 

O-837 

Antigenic and receptor-binding properties of recent human H3N2 viruses 

L Popova, S Gulati, GM Air* 

University of Oklahoma Health Sciences Center, Department of Biochemistry & Molecular Biology, 
Oklahoma City, Oklahoma, United States 

Background: Human H3N2 influenza viruses have undergone antigenic drift for 45 years since the 
pandemic of 1968. Most of the amino acid changes that are selected by neutralizing antibodies occur 
in loops surrounding the receptor binding site, so it is not surprising that mutations that alter antigenic 
properties can also alter receptor binding affinity and specificity. We have investigated the 
immunodominant antigenic sites from 2006 to 2012 as seen by antibodies in human serum after 
immunization with the trivalent inactivated influenza vaccine, compared with changes in the glycan 
structures bound by H3N2 viruses. Materials and Methods: Viruses that were isolated in mammalian 
cells and never passaged in eggs were obtained from Wadsworth Center, Baylor College of Medicine, 
St. Jude Children’s Research Hospital and the Children’s Hospital of Oklahoma. Viruses were grown 
in MDCK cells and purified from 1-2 liters of medium. The purified viruses were labeled with Alexa488 
and screened on the Consortium for Functional Glycomics Glycan Array at Emory University. Plasma 
or serum was obtained from healthy subjects who had received inactivated trivalent influenza vaccine 
and from subjects who had suffered an influenza-like illness. The sera were analyzed for antibodies 
against native virus and by hemagglutination-inhibition tests, using a range of H3N2 vaccine viruses 
as well as recombinant wild-type Wisconsin-like HA and mutants derived from it. Escape mutants 
were selected in MDCK cells using human sera. Results: Human H3N2 influenza viruses, isolated 
from 1968 to 2012, that had been isolated and passaged in mammalian cells, showed different 
binding specificities on the Glycan Array; the earliest human H3N2 viruses preferentially bound short, 
branched sialylated glycans while recent viruses bind better to long polylactosamine chains 
terminating in sialic acid. Some viruses bind glycans with α2-3 linked sialic acid; for 2010 and 2012 
viruses this binding, and also virus entry into MDCK cells, was inhibited by oseltamivir, due to binding 
of α2-3 sialylated glycans by neuraminidase Gulati, et al. PLoS One. In press; e66325). The 2013 
circulating strains had a mixed population of wild-type neuraminidase and the D151 mutant genes, 
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and they bind α2-3 as well as α2-6 sialylated glycans unless oseltamivir is added to block the α2-3 
binding, so it is possible that antineuraminidase antibodies will contribute to further antigenic drift of 
the H3N2 viruses. At the same time, we have tracked the antibodies induced by the H3N2 component 
of the seasonal vaccine. We reported that antigenic site B of H3 HA was immunodominant  in subjects 
vaccinated in 2006-7 or 2008-9 (Popova, et al. PLoS One. 2012; e41895). We have now extended 
these studies to subjects who received the 2010-11 vaccine (H3N2 component A/Perth16/2009) or 
2012-13 (A/Victoria/361/2011). In Perth, site B was also dominant, and we used sera from Perth-
vaccinated subjects to select escape mutants of the Perth virus. Sera from two different subjects 
selected the same escape mutant, with changes in site B of H156Q and G186V, and the other sera 
tested also showed reduced binding to this escape mutant. Both of these mutations are present in the 
next vaccine strain, Victoria, so it appeared that these escape mutants had predicted antigenic drift. 
However, only a handful of the cell-isolated strains from 2012-13 in the GISAID database have 
mutations at H156 or G186; these site B mutations that were antigenically distinct were specific to the 
egg-isolated virus. Antibodies in sera of people who became infected in 2012-13, regardless of 
vaccine status, showed higher reactivity with local circulating strains than to the vaccine virus. 
Conclusions: Viruses with quite different binding specificity and avidity are equally fit to infect and 
transmit in the human population. The year-to-year variation in receptor binding specificity is a 
consequence of amino acid sequence changes driven by antigenic drift, and the limited number of 
sequence changes between antigenically distinct epidemic variants is due to dominance of one or two 
antigenic sites. 

O-838 

The obese host as a driver of influenza virus evolution 

E Karlsson1*, S Schultz-Cherry1 

1St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Background: Obesity has been associated with increased severity of influenza infection.  Previous 
studies in animal models and epidemiologic evidence from humans have demonstrated that nutritional 
status can affect virulence of RNA viruses including influenza. These changes may occur due to 
altered immune responses or increased inflammatory state, both of which are present in the obese 
state. The global epidemic of obesity combined with increased disease severity in obese subjects led 
us to question whether obesity could influence influenza virus evolution. Materials and Methods: To 
determine if the obese lung microenvironment could differentially affect viral adaptation, 
A/California/04/2009 virus was passaged five times in either wild-type, lean, genetically obese (ob/ob) 
or diet-induced obese (DIO) C57Bl/6 male mice. Lean and DIO mice were then infected with parental 
and passaged viruses and monitored for morbidity and mortality. In addition, viruses were grown in 
10-day-old embryonated chicken eggs and used to reinfect wild-type mice as well as used in standard 
replication assays on MDCK cells. Results: Interestingly, virus passaged in obese mice induced 
greater morbidity, pathology and mortality in both lean and DIO animals compared with lean-
passaged virus. In addition, obese-passaged virus had increased replication kinetics and yielded 
larger plaque sizes compared with lean-passaged controls. Studies are under way to define the 
molecular determinants associated with the enhanced pathogenicity; however, the obese virus 
retained increased pathogenicity following egg passage, suggesting genetic changes to the virus 
itself. Conclusions: These studies suggest that the expanding obese population may not only be more 
susceptible to disease, but may also differentially regulate viral evolution toward more virulent viral 
strains. Further studies are also investigating the mechanism involved in increased pathogenicity and 
suggest that viral evolution in the obese host may be influenced as early as the primary infection, with 
obese mice shedding virus days longer than lean controls. 
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O-839 

Increased expression of β6 integrin is associated with enhanced inflammation 
and lung damage during influenza infection 

V Meliopoulos1*, M Johnson1, N van de Velde1, C Huerta1, J Rosch1, P Murray1, D Sheppard2, S 
Schultz-Cherry1 

1Department of Infectious Diseases, St Jude Children’s Research Hospital, Memphis, Tennessee, 
United States; 2Department of Medicine, Division of Pulmonary, Critical Care, Allergy, and Sleep 
Medicine, UCSF Medical Center, San Francisco, California, United States 

Background: Integrins are key modulators of cellular function that can also influence the innate 
immune response. The tightly regulated β6 integrin (Itgb6) is unique in that it is only expressed in 
epithelial cells during development and injury. Several studies have demonstrated a critical role for 
ltgb6 in controlling acute lung injury and the development of fibrosis during microbial infections. 
Because we found an increased expression of Itgb6 in the influenza virus–infected mice, we 
investigated the role of Itgb6 in pathogenesis. Materials and Methods: To determine the role of Itgb6 
during influenza infection, C57Bl/6 or Itgb6-/- KO mice were intranasally inoculated with 104 TCID50 
A/California/04/09 (H1N1) and monitored for morbidity and mortality. At different days post-infection, 
bronchoalveolar lavage (BAL) and tissues were collected via histopathologic methods by H&E 
staining and flow cytometry to monitor viral titers and cytokine/chemokine levels. Cytokine/chemokine 
profiles and surfactant protein D levels were also assayed from the BAL using a Milliplex kit and 
ELISA. Immune cell populations in lungs and BAL were monitored by flow cytometry (using markers 
for CD11c, CD11b, MHCII, and Ly6C) and by immunohistochemistry. Several different methods of 
assessing lung function were also conducted, including determining wet/dry lung weight to monitor for 
edema, permeability by Evans blue dye injection, and fibrosis/lung damage by hydroxyproline assay. 
Results: Itgb6-/- KO mice survived longer (MLD50 105.3) during infection as compared with wild-type 
C57Bl/6 mice (MLD50 102.5). Enhanced survival was accompanied by improved lung function as 
measured by edema, permeability, and lung damage/fibrosis. Itgb6-/- KO mice also had less 
inflammation with significantly lower levels of pro-inflammatory cytokines in the BAL and fewer 
neutrophils in the lungs. Interestingly, the number of lung macrophages was also increased. These 
changes were independent of differences in viral titers. We hypothesized that the enhanced protection 
in the Itgb6-/- KO mice may have been due to higher levels of surfactant protein D, which is known to 
be protective during influenza infection. Importantly, enhanced protection is not limited to influenza 
infection; Itgb6-/- KO mice were also protected during a lethal bacterial challenge and even during a 
secondary bacterial infection following influenza virus infection. Conclusions: Our results suggest that 
the β6 integrin plays a previously unrecognized role in influenza pathogenesis, regulating 
inflammation and the resulting lung damage by modulating communication between the infected 
epithelium and the innate immune response. Studies are underway to determine whether modulation 
of Itgb6 could be used as a therapy during severe influenza infection.   
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P1-210 

Systems biology of respiratory virus infection: are host-response networks 
more complicated than social networks? 

MJ Korth*, MG Katze 

Department of Microbiology and Washington National Primate Research Center, University of 
Washington, Seattle, Washington, United States 

Background: As high-throughput technologies allow ever broader and deeper views into the 
intricacies of biological systems, it is clear that the ability to work with numbers, networks, and vast 
amounts of data will be critical to deciphering biological complexity and to advancing new therapies to 
combat virus infection and disease. Materials: We are using systems biology and computational 
approaches to understand and model integrated views of host-response networks, virus-host 
interactions, viral evasion of host defenses, and viral pathogenesis. Much of our work is focused on 
highly pathogenic respiratory viruses, including pandemic and H5N1 avian influenza virus and SARS 
coronavirus. Innovative experimental systems, such as the Collaborative Cross mouse genetics 
platform, and ongoing advances in metabolomics, lipidomics, and next-generation sequencing, are 
expanding our systems-level views to encompass host genetic variation, metabolic pathways, 
epigenetics, and the uncharted territory of noncoding RNA transcripts. Results: We have observed 
changes in the expression of diverse classes of short and long noncoding RNAs in response to virus 
infection, suggesting that a detailed knowledge of noncoding RNA regulation and function will be 
necessary for a full understanding of viral pathogenesis. Moreover, we are becoming increasingly 
aware of the critical roles of host genetics and system dynamics in determining infection outcome. 
Conclusions: The combination of data integration, scale, and system complexity often appears 
overwhelming. However, computational biology is not alone in having to deal with abundant data and 
complex networks: Facebook keeps track of more than 900 million users and more than 125 billion 
friendships. Is computational biology up to a similar, or greater, challenge? Perhaps there are lessons 
to be learned or help to be gained from the world of information organization and access, computing, 
and social networking. 

P1-211 

Contribution of neuraminidase to the reassortment efficiency of wild-type with 
cold-adapted influenza viruses 

I Kiseleva*, N Larionova, E Bazhenova, E Fedorova, I Dubrovina, I Isakova-Sivak, L Rudenko 

Institute of Experimental Medicine, Department of Virology, St. Petersburg, Russia 

Background: Live attenuated influenza vaccine (LAIV) consists of reassortant viruses, with 
hemagglutinin (HA) and neuraminidase (NA) gene segments inherited from circulating wild-type (WT) 
parental viruses, and the 6 internal protein-encoding gene segments from cold-adapted attenuated 
master donor viruses (genome composition 6:2). Successful and quick generation of vaccine 
reassortants for LAIV by classical reassortment technique depends considerably on a variety of 
factors, including the phenotypical properties of the WT parental strain. Recently, many strains 
identified by the WHO as those likely to resemble the strains in circulation during the next epidemic 
season have been found to be highly sensitive to nonspecific serum inhibitors. The standard protocol 
for developing LAIV reassortants includes treating anti–master donor virus (anti-MDV) serum with 
receptor-destroying enzyme to remove nonspecific inhibitors. However, properly treated serum may 
still contain residual levels of heat-stable inhibitors. The presence of residual nonspecific inhibitors in 
immune anti-MDV serum may falsify the antibody pattern and complicate the development of 
reassortant vaccine strains based on inhibitor-sensitive WT epidemic viruses. In this study, we 
describe the obstacles in developing LAIV vaccine strains depending on the inhibitor-sensitivity 
phenotypic peculiarities of WT viruses used for reassortment. Materials and Methods: A total of 44 
influenza A and B viruses were chosen for this study. Viruses were propagated in 10- to 11-day-old 
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embryonated chicken eggs at 32°C-33°C. MDV and WT viruses were coinfected into embryonated 
chicken eggs by classical reassortment technique. Genomic composition analysis was performed 
using a 3130xl Genetic Analyzer according to the manufacturer’s instructions. Hemagglutination 
inhibition (HAI) assay was performed using standard techniques at room temperature with 1.0% 
suspension of chicken or human 0(I) Rh+ red blood cells. To analyze the sensitivity of influenza 
viruses to nonspecific serum inhibitors, normal guinea pig serum was used. Serum was heat 
inactivated for 10 min at 80°C to eliminate temperature-sensitive inhibitors, and used for HAI assays 
with 4 hemagglutinating units of each virus. A virus was considered to be resistant to nonspecific 
serum inhibitors if the HAI titer was ≤ 40, and designated as sensitive to nonspecific serum inhibitors if 
the HAI titer was ≥ 80. Results: The obstacles in developing LAIV vaccine strains depending on the 
phenotypic peculiarities of WT viruses used for reassortment were described. Eight hundred forty-nine 
reassortants of influenza A and B WT viruses with MDVs obtained using routine egg-based 
reassortment techniques were analyzed. Genomic composition analysis of these reassortants 
revealed that over 80% of reassortants based on inhibitor-resistant WT viruses inherited WT NA, 
compared with 26% of reassortants based on inhibitor-sensitive WT viruses. In addition, the highest 
percentage of 6:2 vaccine genotype reassortants was achieved when WT parental viruses were 
resistant to nonspecific serum inhibitors. It was also demonstrated that NA may play a role in 
influenza virus sensitivity to nonspecific serum inhibitors. Replacing NA of inhibitor-sensitive WT virus 
with the NA of inhibitor-resistant MDV significantly decreased the sensitivity of the resulting 
reassortant virus to serum heat-stable inhibitors. Conclusions: Analysis of reassortants based on 
influenza viruses circulating in different years revealed that clones with a 6:2 vaccine genotype were 
isolated much more frequently when using WT parental viruses resistant to nonspecific serum 
inhibitors. Our data suggest that NA may play a role in the sensitivity of influenza viruses to 
nonspecific serum inhibitors and affects reassortment efficiency. Thus, viral sensitivity to inhibitors 
seems to depend on a combination of unique properties of HA and NA. Clearly, LAIV vaccine 
development would benefit from a better understanding of the genetic features and mechanisms of 
influenza virus serum resistance. This work was partially supported by PATH. 
 
 
P1-212 
 
The timing and magnitude of the pulmonary macrophage response influences 
the outcome of virulent influenza infection 
 
EJ Mifsud*, ACL Tan, DC Jackson 
 
Department of Microbiology & Immunology, The University of Melbourne, Parkville 3010, Victoria, 
Australia 
 
Background: The innate immune system provides immediate and non-specific protection against 
invading pathogens. During virulent influenza infection, innate immune cells are recruited to the lung 
and secrete pro-inflammatory cytokines to control viral replication. However, excessive and 
unregulated innate immune responses have been demonstrated to contribute to the manifestation of 
more severe disease and death. Toll-like receptor 2 (TLR-2) is a cell surface receptor expressed on 
many cell types, including neutrophils, macrophages, and dendritic cells. The intranasal administration 
of the TLR-2 agonist dipalmitoyl-S-glyceryl cysteine  (Pam2Cys) to mice results in the recruitment of 
innate immune cells and increases pro-inflammatory cytokine levels in the pulmonary tract. We have 
shown that these modifications to the pulmonary environment induced by Pam2Cys treatment 
significantly reduce the impact of virulent H1N1 (PR8) influenza virus infection. In this study we 
determined the ways in which recruitment of inflammatory mediators affects the outcome of virulent 
influenza infection. Materials and Methods: Pam2Cys is insoluble in aqueous solution and was 
therefore conjugated to polyethylene glycol (PEG) to increase its solubility for intranasal 
administration. C57BL/6 mice were treated with either saline or Pam2Cys 3 days prior to virulent 
influenza infection. The pulmonary viral loads, cellular infiltrate, and pro-inflammatory cytokine levels 
were then examined throughout the course of infection. Results: Following viral challenge, mice 
treated with saline developed influenza-induced symptoms that included hunched posture, ruffled fur, 
weight loss, and dehydration that necessitated euthanasia 7-8 days following infection. Unexpectedly, 
the pulmonary viral titers were reduced at this time point, indicating that viral burden is not a correlate 
of influenza-associated mortality. Four days postinfection, dramatic increases in the numbers of 
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interstitial macrophages (up to 5-fold higher) and to some extent alveolar macrophages in the lung 
coincided with the onset of disease. At the same time, MCP-1 levels reached a maximum in mice 
treated with saline on days 3 and 7 postinfection. IFN-γ levels were also found to be elevated 
following infection. In contrast, mice treated with PEG-Pam2Cys did not experience weight loss or 
symptoms associated with PR8 infection, and the virus was ultimately cleared from the lungs by 8 
days postinfection. As early as day 1 following infection, the lung viral burden in these mice was 
reduced, suggesting that Pam2Cys treatment has an immediate effect on initial viral titers. During the 
first 3 days of infection, mice treated with Pam2Cys had elevated numbers of neutrophils, alveolar 
macrophages, interstitial macrophages, and CD11c+ dendritic cells—effects associated with Pam2Cys 
treatment. By day 4 postinfection, total cell numbers and individual cell populations declined and 
remained stable until viral resolution. These mice did not experience the surge in macrophage cell 
numbers observed in animals treated with saline late in infection. Immediately following the viral 
challenge, IL-1β induction was significantly higher in PEG-Pam2Cys–treated mice than in saline-
treated mice. Levels of IL-6, IFN-γ, IL-12p70, IL-10, and TNF-α did not differ between PEG-
Pam2Cys– and saline-treated mice. Conclusions: In this study we found that inflammatory cytokines, 
including IL-6 and TNF-α, were not related to influenza-associated disease or to survival, as has been 
reported in other studies. We did, however, find that the early localization of innate immune cells 
reduced the impact of virulent influenza infection, whereas the significantly larger and late recruitment 
of innate immune cells marked the onset of influenza-associated disease. It seems to us that 
prophylactic and/or therapeutic drug strategies based on PEG-Pam2Cys could be a useful means for 
combating virulent influenza infection. 
 
 
P1-213 
 
Effects of modifying the genetic robustness on the evolutionary capacity of 
influenza viruses 
 
C Barbezange1,2, G Moratorio1, H Blanc1, A Maestri2,3, M Vignuzzi1* 

 
1Institut Pasteur, Viral Populations and Pathogenesis, Paris, France; 2Institut Pasteur, Molecular 
Genetics of RNA Viruses, Paris, France; 3Federal University of Para, Belém, Brazil 
 
Background: Genetic robustness is described as the capacity for a biological system to maintain the 
phenotype despite genetic modifications that could occur during replication. Mutational robustness is 
modulated by the codon usage, as synonymous codons differ in their propensity to mutate 
nonsynonymously and nonconservatively. With their error-prone polymerase, RNA viruses have 
elevated mutation rates and exist as a swarm of closely related sequences called quasispecies. At 
each replication cycle, many of the newly synthesised genomes differ from the consensus sequence, 
with possible deleterious effects on the viral population fitness. Viral populations can thus explore and 
occupy various regions of the genotypic sequence space, and their dynamics within this space greatly 
depends on the mutational robustness. Most published studies on viral robustness compared 
preexisting viruses, those being either “natural” strains or viruses engineered for other purposes. We 
chose a different approach for influenza viruses and decided to compare viruses specifically designed 
for their differences in robustness. The theoretical robustness (measured by the codon robustness 
indexes described by Dr Marco Archetti, University of Oxford, UK) of an H1N1pdm09 influenza virus 
was thus modified by rationally changing the codon usage within the PA gene, and the consequences 
on virus diversity and evolvability were studied. Materials and Methods: Based on the potential effect 
of a point mutation, the six possible codons for coding leucine and serine were classified into three 
groups (“stop,” for which only one point mutation is required to introduce a stop codon; “high,” with a 
high likelihood to change the amino acid for one with different properties; and “less,” with a high 
likelihood to be silent or to maintain similar physicochemical properties). For both amino acids, the 
codons within the PA gene were all replaced by one of these three groups. Theoretical calculations 
showed that the three modified and the wild-type viruses should indeed differ in their robustness. 
Using a reverse genetic system, the four viruses were rescued. Their evolutionary capacity was 
evaluated by passaging each virus in mutagenic conditions and in different cell types. Results: Using 
MDCK cells, the evolutionary capacity of the four viruses was first compared after serial passages at 
low m.o.i. under weak mutagenic pressures. The consequences on their ability to resist an increase in 
the mutagenic pressure were then investigated by passaging them once more but in stronger 
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mutagenic conditions. In parallel, the four viruses were adapted to two cell lines derived from the 
respiratory tract of human and pig to test the potential effect of cell type on their evolutionary capacity. 
The viral fitness and genetic heterogeneity were assessed to evaluate the effect of differences in 
robustness. Viral fitness was determined by growth capacity and ratios of noninfectious/infectious 
particles, while the viral population architecture (mutation frequencies, identification of sngle 
nucleotide polymorphisms) was analysed by next-generation sequencing using an Illumina GAII 
methodology developed to cover the whole genome of influenza viruses. Conclusions: Beside 
modifications in the polymerase fidelity of viruses, reshaping a population’s evolutionary capacity by 
manipulating the genetic robustness was shown to be a useful tool to attenuate viral pathogenicity. 
Until now, this approach was mainly limited to nonsegmented single-stranded positive-sense RNA 
viruses (poliovirus, plant viruses). We are presenting here the initial results about the role of 
robustness in the pathogenesis of a negative-sense RNA virus that replicates in the nucleus, ie, 
influenza virus. This study is only the first step in our broader interests to decipher the mechanisms by 
which mutational robustness could be used to develop new anti-influenza strategies. 

P1-214 

The evolutionary mutability of influenza A(H3N2) and B viruses circulating in 
Russia  during 2007-2013 

E Siluyanova*,  E Burtseva , E Kirillova, S Alkhovskiy, K Krasnoslobodsev 

DI Ivanovsky Institute of Virology, Moscow, Russia 

Background: Influenza A and B viruses are most relevant among infection agents, as they cause 
severe respiratory infections in humans. While influenza A viruses comprise a large group of different 
subtypes, influenza B viruses are divided into the Victoria and Yamagata lineages. Molecular genetic 
characteristics of influenza A and B viruses, circulating in 2007-2013 in the Russian Federation, were 
studied. Phylogenetic analysis and genetic markers of susceptibilities of influenza A and B viruses to 
antiviral drugs were performed. Materials and Methods: PCR-positive samples were inoculated on 
70%-90%  confluent MDCK cell lines in flat-sided tubes after pretreatment with TPCK trypsin to 
facilitate virus entry. Isolates were sequenced by using the Sanger sequencing method (automatic 
analyzer AB 3130). The three gene segments (HA, NA, protein M) were phylogenetically analyzed on 
the basis of their nucleotide/protein sequences. Results: The Russian influenza virus strains were 
clustered on the basic of sequencing results and were divided in different genetic groups. During the 
2007-2008 epidemic season, influenza H3N2 strains fell into the A/Brisbane/10/2007 genetic clade 
and all of them carried the signature genetic markers Q173K in HA and V215I in NA. In the 2010-
2011 season, the isolates circulating in the east remained within the A/Perth/16/2009-like clade and 
had the substitutions I260M, P162S, R261Q in HA and L338F, N342D, N402D in NA. All strains, 
isolated in the 2011-2012 epidemic season belonged to the A/Victoria/208 genetic clade and were 
divided in two genetic groups:  A/Stockholm/18/2011 (N145S, N144D (resulting in the loss of a 
glycosylation site), V223I, D487N in HA) and A/Hong Kong/3969/2011 (N145S, T48I, S45N (resulting 
in the gain of a glycosylation site), N278K, N189K и A198S in HA). In the 2012-2013 epidemic 
season, viruses fell into the A/Victoria/361 genetic clade and carried A198S, V223I, N312S, N278K, 
T212A substitutions in HA. The influenza B strains were divided into the Victoria and Yamagata 
lineages and carried substitutions K48R, K56D, V252M, Y40H, K129N (2007-2008 season), A146S, 
N202S, K88R, S229G (2010-2011), K253R, N202S (2011-2012). Conclusions: The Russian strains 
were closely related to the reference H3N2 and B viruses that WHO recommended for vaccines 
during 2007-2013 and were sensitive to neuraminidase inhibitors (oseltamivir and zanamivir)  and 
were resistant to antiviral drugs rimantadine and amantadine. Also all H3N2 strains showed 
resistance to amantadine due to S31N substitution in the M2 ion-channel protein. The influenza B 
viruses had  sensitiveness to oseltamivir and zanamivir  (no substitutions E119V, R292K, H274Y, and 
R152K in NA). 
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P1-215 

Reassortant viral lineages of influenza A 

A Pinsent*, C Fraser, NM Ferguson, S Riley

MRC Centre for Outbreak Analyses and Modelling, Department of Infectious Disease Epidemiology, 
School of Public Health, Imperial College London, London, United  Kingdom 

Background: Influenza A evolves either by small mutations within a single gene, or by the 
reassortment of one or more genes between virions. Although many long-term trends in the 
mutational evolution of individual genes have been described, robust evaluation of patterns of 
reported reassortment is currently limited. Methods: We conducted a systematic literature review 
using the following search terms "influenza and (reassortment or reassortant)," to identify reported 
reassortant influenza A viral lineages. Duplicate claims were removed by repeatedly applying a 
filtering algorithm based on genetic sequence homology, to obtain 463 unique first-reported isolates 
(FRIs) out of a possible 14,666 publicly available full genomes with isolation dates up to and including 
2010. Results: There was substantial variation in crude rates of reported reassortants by host type, 
geographic region and year of isolation. After adjusting for correlations between these three sample 
characteristics using a logistic regression model, only swine and years 1996-2002 remained as 
significant indicators of excess risk for identifying reassorted viruses. We then considered the 
phylogeny of 4 genes currently considered as primary threats to human health (H5, H3, N1, and N2). 
We constructed phylogenetic trees from the FRI set and compared them with trees describing random 
subsets of the same size drawn from all publicly available full genome isolates (random subsets of full 
genomes, RSFG). For some host-gene combinations, such as avian-H5, patterns in the FRI trees 
were similar to those in the RSFG trees. However, for other combinations such as swine-H3, swine-
H1, and avian-H3; there were increased levels of diversity in the FRI trees and strong disparities in 
the representation of different host types. Conclusions: Despite publication bias in the reporting of 
reassortants, our results suggest that certain combinations of subtype and host may be more prone to 
successful reassortment. The phylogenetic patterns of FRIs, compared with the same-sized random 
subsets of all available full genomes, indicated a clear underrepresentation of samples from hosts 
identified as being high risk for the isolation of reassorted viruses, and those that have historically 
been involved in pandemic emergence. Looking forward, important host-subtype combinations could 
be more accurately described by systematic prospective studies of influenza in geographically diverse 
nonhuman populations. 

P1-216 

Substitution of hemagglutinin cleavage site contributes to the pathogenicity 
but not transmission of Egyptian HPAI H5N1 in chickens 

SW Yoon1, G Kayali1, M Ali2, R Webster1, R Webby1,*, M Ducatez1,2* 

1Division of Virology, Department of Infectious Diseases, St Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 2Environmental Research Center, National Research Center, 
Dokki, Giza, Egypt 

Background: The first cases of highly pathogenic avian influenza (HPAI) H5N1 were reported in Egypt 
in 2006. The pathogen has been declared endemic in the country and continues to evolve, although 
virus-associated mortality in infected chicken flocks has decreased over time; the reason for this drop 
in mortality remains unknown. Here, we investigated the role of a single amino acid substitution 
(R325G) in the hemagglutinin (HA) cleavage site on virus pathogenicity and transmission in chickens. 
Materials and Methods: Recombinant A/chicken/Egypt/1/2006, A/turkey/Egypt/7/2007, and their 
HAR325G mutated counterparts were generated by reverse genetics. To compare the pathogenicity of 
these recombinant viruses in vivo in an avian host, we calculated their CLD50s in 6-week-old white 
Leghorn chickens. Results: All recombinant viruses replicated efficiently in Madin-Darby canine kidney 
cells and chicken eggs. The HAR325G substitution significantly reduced virulence without altering the 
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transmission efficiency of either HPAI H5N1 virus in chickens. Interestingly, birds in contact with the 
HAR325G viruses did not get sick, whereas all their counterparts in contact with the parental strains 
succumbed to infection. Conclusions: The HAR325G substitution increasingly identified in Egyptian 
H5N1 viruses since 2009 could therefore explain in part the lower mortality observed in poultry in the 
field. Reduced mortality with unaltered transmission provides further hurdles to control of H5N1 in 
Egypt. 
 
 
P1-217 
 
Surveillance and evolution of postpandemic influenza B viruses circulating in 
Argentina  
 
M Russo*, A Pontoriero, A Campos, E Benedetti, M Avaro, A Czech, N Periolo, V Savy, E Baumeister   
 
National Influenza Centre PHO/WHO, Servicio de Virosis Respiratorias, Departamento de Virología, 
Instituto Nacional de Enfermedades Infecciosas, ANLIS Carlos G. Malbrán, CABA, Buenos Aires, 
Argentina 
 
Background: Influenza is a public health problem that causes high morbidity and mortality especially 
in risk groups. Currently, two lineages of influenza B, denominated B/Victoria/2/87 (Victoria lineage) 
and B/Yamagata/16/88 (Yamagata lineage), co-circulate in the human population. Surveillance of 
influenza B viruses circulating in Argentina is an essential tool that enables early detection of new 
viruses and facilitates the decision of the annual formulation of the influenza vaccine. Materials and 
Methods: Influenza A or B positive clinical samples are routinely submitted to the National Influenza 
Centre through the National Influenza and Respiratory Viruses Laboratory Network for further 
characterization. A selection of positive influenza B clinical samples was inoculated in MDCK cells for 
viral isolation. Isolated strains (110 influenza B in 2010 and 57 influenza B in 2012) were 
characterized by haemagglutination inhibition (HI) using the WHO influenza reagent kit provided 
annually by the Centers for Disease Control and Prevention (Atlanta, Georgia, United States). In 
addition, in 2012, a RT-PCR real-time technique (kindly provided by Dr Olav Hungnes) was 
implemented and 678 clinical samples were tested for influenza B lineage differentiation; 57 of them 
were also tested by HI. For genomic analysis, 27 strains isolated in the 2012 season were selected. 
The sequences obtained were edited using the BioEdit program; the MEGA 4 and MEGA 5 programs 
were used to construct phylogenetic trees, with the neighbor-joining distance method and a bootstrap 
of 1000. Results: Between 2010 and 2012 a total of 314 influenza B viruses were isolated in MDCK 
cells: 185 (59%) in 2010 and 129 (41%) in 2012. Regarding the antigenic characteristics of 2010 
isolates, the majority of them were closely related to the vaccine virus B/Brisbane/60/2008 belonging 
to B/Victoria lineage. The very low activity of influenza B viruses in 2011 did not allow obtaining 
isolates and therefore antigenic and genomic data. In 2012, a co-circulation of both lineages, Victoria 
and Yamagata, was detected. Most of the strains that belonged to the Victoria lineage (85%) were 
closely related to the B/Brisbane/60/2008 vaccine strain; meanwhile, influenza B isolates belonging to 
Yamagata lineage were antigenically closely related to the B/Wisconsin/1/10 variant. By RT-PCR real-
time technique for differentiation of lineages, 678 original samples were characterized; 561 specimens 
(82.7%) were found to be of the Victoria lineage while 117 (17.3%) were of the Yamagata lineage. 
Fifty-seven samples studied by RT-PCR were also retested by HI assays and 100% of the results 
were consistent by the two techniques. The phylogenetic tree based on the influenza B Victoria 
lineage HA1 portion showed that 23 Argentinian viruses isolated in the 2012 season fell into clade 1A. 
In the phylogenetic tree for influenza B Yamagata lineage, three strains from 2012 fell into clade 2 
and only one fell into clade 3. Conclusions: Viral isolation and monitoring of the antigenic and genetic 
evolution of the influenza B circulating strains are essential for early detection of new variants to 
ensure similarity with the corresponding vaccine strain. In light of the increase in the proportion of 
B/Yamagata/16/88 lineage viruses over the year 2012, a B/Yamagata/16/88 lineage virus was 
recommended for the 2013 southern hemisphere season trivalent vaccine. Because two antigenically 
distinct influenza B lineages have been circulating, the use of the quadrivalent vaccines recently 
approved by the FDA to be used in the United States in the 2013-2014 season may ensure a better 
correlation between the circulating influenza B viruses and the vaccine component in Argentina.  
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P1-218 
 
Genome-wide analysis of reassortment and genetic drift of human influenza A 
(H3N2) viruses circulating between 1968 and 2011 
 
K Westgeest1*, C Russell2,3, M Spronken1, T Bestebroer1, R van Beek1, E Skepner2, D Wentworth4,5, 
R Halpin6, J de Jong1, G Rimmelzwaan1, A Osterhaus1, D Smith1,2,3, R Fouchier1, M de Graaf1 
 

1Department of Viroscience, Erasmus Medical Center, Rotterdam, Netherlands; 2Department of 
Zoology, University of Cambridge, Cambridge, United Kingdom; 3Fogarty International Center, 
National Institutes of Health, Bethesda, Maryland, United States; 4School of Public Health, State 
University of New York, Albany, New York, United States; 5J Craig Venter Institute, Rockville, 
Maryland, United States; 6Center for Infectious Disease Dynamics, Department of Biology, The 
Pennsylvania State University, University Park, Pennsylvania, United States 
 
Background: Influenza A (H3N2) virus became widespread in humans during the 1968 H3N2 virus 
pandemic and has been a major cause of influenza epidemics ever since. The short-term evolution is 
shaped by reassortment and mutation. Antigenic drift results in frequent required updates of the 
vaccine. Using a dataset that spans the entire period of circulation of human influenza A (H3N2) 
viruses, it was shown that the influenza A (H3N2) virus evolution could be mapped into thirteen 
antigenic clusters. Materials and Methods: Here, 286 full influenza A (H3N2) virus genomes were 
analyzed to investigate intrasubtypic reassortment during 43 years of influenza A (H3N2) virus 
evolution. Further, selection pressures and nucleotide and amino acid substitution rates of all 
proteins, including the recently discovered PB1-N40, PA-X, PA-N155, and PA-N182 proteins, were 
studied. Results: Numerous reassortment events, scattered over the entire period of virus circulation, 
were found, most prominently in viruses circulating between 1991 and 1998. Persistent and 
nonpersistent reassortment events were detected, but no clear correlation with antigenic drift was 
found. Rates of nucleotide and amino acid substitution were most pronounced for hemagglutinin, 
neuraminidase, and PB1-F2 proteins. Selection pressures were highest in hemagglutinin, 
neuraminidase, matrix 1 and nonstructural protein 1. Conclusions: Reassortment occurs frequently 
and throughout almost the entire period of influenza A (H3N2) virus circulation, especially between 
1991 and 1998. During this period, different antigenic lineages co-circulated and it appears that the 
viruses used various ways to increase virus diversity, presumably to improve fitness and/or to evade 
the host immune responses. This study of genotype in relation to the antigenic phenotype throughout 
the entire evolution of influenza A (H3N2) virus may ultimately lead to a better understanding of the 
evolution of influenza A (H3N2) virus. 
 
 
P1-219 
 
Evolution of hemagglutinin genes of influenza viruses isolated in Mongolia 
 
P Nymadawa1,2*, D Enkhsaikan2, B Gantsooj2, Ts Naranzul2, Ch Maitsetseg2, B Darma2 

 

1Mongolian Academy of Medical Sciences, Ulaanbataar, Mongolia; 2National Influenza Center, 
National Center of Communicable Diseases, Ministry of Health, Ulaanbataar, Mongolia 
 
Background: Analysis of gene composition of influenza viruses isolated in different countries, 
especially hemagglutinin (HA) genes, has substantial importance for the real nature of influenza virus 
evolution. Here, we present an analysis of 21 H1, 22 H3 and  25 B nucleotide sequences from the 
representative strains influenza viruses isolated in Mongolia over the past 40 years. Materials and 
Methods: The released sequence data of the old influenza virus strains isolated before 2007 in 
Mongolia and the reference strains have been taken from GenBank. The influenza virus strains since 
2007 have been isolated on MDCK cell lines by inoculating them with nasopharyngeal samples 
collected from ILI patients attending the sentinel surveillance sites of the National Influenza Center, 
Mongolia. The RNA of the cell culture–isolated influenza viruses has been isolated using QIAGEN 
purification kits according to the manufacturer’s instructions. RT-PCR amplification was performed  
using the QIAGEN OneStep RT PCR kit on a Bioneer PCR system (Bioneer, Korea). The HA 
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sequences were performed with a BigDye Terminator v3.1 cycle sequencing kit on an ABI 3130 
Genetic Analyzer (Applied Biosystems, United States). The maximum likelihood trees of HA genes 
have been constructed using a PAUP test with MEGA4 and Geneious packages. Results: A 
phylogenetic analysis of the obtained results was performed in comparison to the published data on 
HA A(H1) (MI Nelson, et al. 2008), A(H3) (CA Russel, et al. 2008) and B (J Shen, et al. 2009). HA of 
the Mongolian strains had changes of 2-28 nucleotides, indicating on the continued genetic drifts of 
viruses with no novel gene flow events. Conclusion: In general the HA evolution of influenza virus 
strains isolated in Mongolia follows the worldwide evolution of influenza viruses with some time delay, 
which is shortening in the recent decade. The authors express their sincere thanks Mrs Noami 
Komadina, PhD, Head, Genetics Unit, WHO Collaborating Centre for Research and Collaboration on 
Influenza, Melbourne, Australia, for her valuable support in bioinformatics analysis of HA genes of 
influenza viruses isolated in Mongolia. 
 
 
P1-220 
 
Pathological study of ARDS complicated by influenza virus infection 
 
N Nakajima1*, Y Sato1, H Katano1, S Kawachi2, K Suzuki3, LT Nguyen4, T Sata5, H Hasegawa1 
 
1National Institute of Infectious Diseases, Tokyo, Japan; 2National Center for Global Health and 
Medicine, Tokyo, Japan; 3University Hospital, School of Medicine, and General Medical Education 
Center, Teikyo University, Tokyo, Japan; 4National Hospital of Pediatrics, Hanoi, Vietnam; 5Toyama 
Institute of Health, Toyama, Japan 
 
Background: Almost all fatal cases with highly pathogenic avian H5N1 influenza virus (H5N1) infection 
in humans and some fatal cases with 2009 pandemic influenza virus (A[H1N1]pdm09) infection were 
complicated by acute respiratory distressed syndrome (ARDS) to death. ARDS caused by influenza 
virus infection is generally classified as severe ARDS with P/F ratio< 100 mg, and the patients die due 
to respiratory failure rather than multiple organ failure early after the onset of the disease. We 
examined the lung pathology of fatal cases of severe ARDS to reveal the pathogenesis of ARDS 
complicated by influenza virus infection. Methods: Formalin-fixed paraffin-embedded lung tissues 
were analyzed with several methods as follows: immunohistochemistry for type A influenza NP 
antigen, proinflammatory cytokines and chemokines, in situ hybridization for influenza viral genomic 
RNA and mRNA, double immunofluorescence staining with cell marker proteins, and real time 
quantitative reverse transcription polymerase chain reaction methods for viral RNA and 
cytokine/chemokine mRNA. Results: Lung tissues showed a spectrum of histopathological changes of 
diffuse alveolar damages (DAD). The protein-rich edema fluid in the alveolar air spaces formed 
hyaline membranes in exudative phase. Myeloperoxidase (MPO)-positive and/or CD68 (clone KP-1)-
positive neutrophils and monocytes/macrophages infiltrated prominently in the alveolar septa and 
alveolar spaces. Viral antigen-positive cells were mainly alveolar epithelial cells and 
monocytes/macrophages. Influenza virus mRNA was detected in epithelial cells using in situ 
hybridization presenting viral replication. For the H5N1-infected lung tissues, the expression levels of 
TNF-α, IL-6, IL-8, RANTES, and IP-10 correlated with H5N1 RNA copy numbers detected in the same 
lung region. Double immunofluorescence staining revealed that TNF-α, IL-6, IL-8, and IP-10 were 
expressed in epithelial cells and/or monocytes/macrophages. In particular, IL-6 was also expressed in 
endothelial cells. Conclusions: H5N1 and some A(H1N1)pdm09 infected alveolar epithelial cells and 
injured them directly. Marked accumulation of neutrophils and monocyte/macrophages suggested 
neutrophil-mediated lung injury. The expression levels of cytokines and chemokines, correlated with 
H5N1 copy number in the same lung sections suggested local uncontrolled inflammatory responses 
induced by H5N1 infection. 
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P1-221 
 
Impact of the hemagglutinin protein acid stability on virulence and host range 
of H5N1 influenza viruses 
 
H Zaraket1, O Bridges1, S Duan1, T Baranovich1, S Yoon1, M Reed1, R Salomon1, R Webby1,2, R 
Webster1, C Russell1,2* 
 
1Department of Infectious Diseases, St Jude Children's Research Hospital, Memphis, 
Tennessee; 2Department of Microbiology, Immunology & Biochemistry, College of Medicine, 
University of Tennessee Health Science Center, Memphis, Tennessee 
 
Background: Highly pathogenic avian influenza H5N1 viruses are currently endemic in poultry in 
Egypt and Indonesia. The H5N1 influenza virus continues to cause infections in humans and has 
killed 60% of patients diagnosed with the infection. Understanding of the molecular properties that 
allow the virus to adapt and transmit in mammals is critical for risk assessment of the pandemic 
potential of the H5N1 virus as it evolves. The hemagglutinin (HA) protein mediates binding and entry 
of the influenza virus into the host cells and plays an important role as a pathogenicity determinant. 
Following virus uptake into the endosomes, the HA protein is triggered by low pH to undergo 
irreversible structural changes that mediate membrane fusion. Human transmissible influenza viruses 
are thought to have more stable HA proteins compared with avian influenza viruses. Here, we 
investigated how a decrease in HA activation pH (an increase in acid stability) influenced the 
virulence and transmissibility of highly pathogenic H5N1 influenza virus in mammalian hosts. 
Materials and Methods: We generated isogenic A/Vietnam/1203/2004 (V1203) or 
A/chicken/Vietnam/C58/2004 (C58) H5N1 influenza viruses containing either the wild-type HA protein 
or an HA protein with a K58I acid-stabilizing mutation in the HA2 subunit. We then characterized the 
biochemical properties of the wild-type and HA2-K58I viruses and their replication and transmissibility 
in vitro in mammalian cell lines and in vivo in ducks, mice, and ferrets. Results: The K58I mutation 
further stabilized the C58 and V1203 HA proteins and decreased their activation pH from pH 5.9-6.0 
to pH 5.4-5.5 without altering their expression, cleavage, or α(2,3)-receptor binding specificity. 
Compared with wild-type virus, the C58- and V1203-K58I viruses had similar replication kinetics in 
MDCK and normal human bronchial epithelial cells but were attenuated in human lung A549 cells, 
which were found to have a higher endosomal pH than MDCK cells. The K58I mutation resulted in a 
loss of growth, virulence, and transmission in ducks but increased growth and virulence in DBA2 mice 
compared with the wild-type C58 virus. Similar to the wild-type V1203 virus, the K58I-V1203 virus did 
not transmit to naive contact cage-mate ferrets. Interestingly, the K58I mutation resulted in a 100-fold 
increase in virus load in ferrets’ nasal cavities early during infection in contrast to this mutation being 
attenuating in ducks. Conclusion: Overall, a single, acid-stabilizing mutation was found to enhance the 
growth of an H5N1 influenza virus in the mammalian upper respiratory tract. However, this mutation 
was insufficient to enable contact transmission in ferrets of H5N1 influenza viruses with avian receptor 
binding specificity. Additionally, our data suggest that mammalian species support a broader range of 
activation pH (at least pH 5.4-6.0) compared with a narrow range supported by ducks (pH 5.6-5.9). 
Thus, viruses with low activation pH might not be virulent in avian species but could infect and cause 
disease in mammals. Identification of HA protein activation pH as a determinant of host range will help 
in risk assessment of the pandemic potential of circulating H5N1 influenza viruses. 
 
 
P1-222 
 
Mass spectrometric analysis of the RIG-I interactome during influenza B virus 
infection reveals a potential role of RIG-I in stress granules 
 
R. Daviña*, M. Budt, T. Wolff 
 
Robert Koch-Institute, Division 17 Influenza Viruses and Other Respiratory Viruses, Berlin, Germany 
 
Background: Influenza virus infection is detected by the cellular retinoic acid inducible gene I (RIG-I) 
receptor, which is a pattern recognition receptor (PRR). PRRs, like RIG-I-like receptors (RLRs), toll-
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like receptors (TLRs), and Nod-like receptors (NLRs), are essential in innate immunity. RIG-I-like 
receptors recognize cytoplasmic viral RNA and induce the production of type I interferons (IFNs) and 
proinflammatory cytokines via a cascade involving the downstream adaptor protein MAVS as well as 
the transcription factors IRF3 and NF-κB. Given RIG-I’s central role in antiviral immunity, it is not 
surprising that many viruses have evolved sophisticated mechanisms to avoid its activation. We and 
others have previously identified the NS1 protein of influenza virus as an inhibitor of RIG-I activation. 
NS1 is a multifunctional protein that inhibits the activation of IRF3 and PKR, a protein kinase involved 
in antiviral activity. Furthermore, NS1 inhibits the induction of the interferon β promoter, probably by 
interaction with RIG-I, but so far the precise mechanism and factors involved are not known. To gain a 
better understanding of the role of RIG-I during influenza virus infection, we employed stable isotopic 
labeling of amino acids in cell culture (SILAC), a mass spectrometric technique that allows relative 
protein quantification, to identify novel RIG-I interaction partners. Materials and Methods: HEK 293T 
cells were grown in SILAC DMEM with three different isotope variants (heavy, medium and light) of 
arginine and lysine. After full incorporation of the isotopes, cells were transfected with STREP-RIG-I 
for 24 h and infected either with influenza B wild-type virus or a mutant virus expressing a truncated 
NS1 protein incapable of inhibiting the IFN response. The combined cell lysates were affinity purified 
with STREP tactin that specifically binds STREP-tagged proteins. The proteins were separated by 1D-
SDS-PAGE and subjected to in-gel digestion with trypsin. The resulting peptide mixtures were 
analyzed on an LTQ-Orbitrap equipped with a Nano-LC (ReproSil-Pur C C18-A column, 75-μm 
internal diameter, 95-min elution gradient from 2% to 40% of solvent B [80% acetonitrile, 0.1% formic 
acid]). The five most intense peptide ions were fragmented by CID (collision-induced dissociation). 
Data were acquired using Xcalibur software. The MS/MS data were searched using the SEQUEST 
algorithm in Proteome Discoverer 1.4 against the Homo sapiens (NCBI) database (33,286 entries). 
Results: Among the proteins identified by MS in RIG-I’s interactome, we found an enrichment of 
proteins involved in the stress granule response, like the ribosomal subunit 40S, transcription initiation 
factors, and ras GTPase-activating protein-binding protein (G3BP) a stress granule marker. These 
results indicate that RIG-I plays a role in the stress granule response, which is in line with recent 
findings showing that RIG-I colocalizes with the stress granules during infection with influenza A virus 
lacking the NS1 gene. Furthermore this work identified novel proteins with potential roles in the stress 
granule response. Conclusions: Stress granules are dense aggregations of translationally silence 
mRNPs with proteins in the cytosol that are formed when the cell is under stressful conditions like 
virus infections. Since stress granules control the mRNA translation, many viruses manipulate this 
stress response toward their own benefit. Here we show that RIG-I is present in stress granules, 
suggesting the hypothesis that stress granules may play an important role in the antiviral response. 
 
 
P1-223 
 
The evolutionary dynamics of lowly pathogenic avian influenza viruses in 
domestic ducks 
 
C Ma1,2*, L Zhou1,2*, T Lam1,2, J Wang1,2, D Smith1,2, H Zhu1,2, Y Guan1,2 

 
1Joint Influenza Research Center (SUMC/HKU), Shantou University Medical College, Shantou, PR 
China; 2Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong 
Kong SAR, PR China 
 
Background: Waterfowl are regarded as the major reservoirs of influenza A virus, which maintain 
various subtypes of lowly pathogenic avian influenza viruses (LPAI). Economic development over the 
past two decades has caused a great increase in the population of domestic ducks, and therefore 
reservoir hosts, in China. Domestic ducks have shorter life spans than wild birds and are often kept in 
denser populations. These agricultural developments may have altered the ecology and evolutionary 
dynamics of influenza viruses in China. Of all 16 subtypes of LPAI viruses, H3, H4 and H6 were the 
most frequently isolated from ducks in both North America and Eurasia. Potential changes in the 
ecology and evolution of the influenza viruses of ducks in China were investigated by considering 
these 3 major subtypes. Materials and Methods: Based on surveillance undertaken in Hong Kong 
(1976-1981) and southern China (2000-2006), isolates of H3 and H4 subtypes were selected from 
each positive sampling occasion for complete genome sequencing. Complete genomes of 185 H3 
duck isolates and 149 H4 duck isolates were sequenced and analyzed with previously published H6 
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sequences from southern China (2000-2006), incorporated into the study dataset. A maximum 
likelihood (ML) phylogeny was constructed for each gene, and topologic confidence was assessed 
using various branch tests. Evolutionary rates of the viral lineages were estimated using relaxed 
molecular clock models and the Bayesian MCMC method implemented in the BEAST program. 
Selective pressure was measured by calculating the ratio of nonsynonymous (dN) to synonymous 
substitutions (dS) per site through the Datamonkey Web server. Results: HA phylogenies revealed 
that viruses from domestic ducks in southern China diverged from the contemporary virus “gene pool,” 
and developed into local lineages, which persisted for some years. H3, H4 and H6 LPAI viruses in 
domestic ducks showed different level of divergence, with H6 the most divergent. Evolutionary rates 
of HA genes of recent (1990 onward) virus lineages in domestic ducks were substantially higher than 
those from early years (ie, 1970-80s) or from gene pool viruses. However, the dN/dS of all lineages 
remained at similar levels, indicating that they were not subjected to significantly different selective 
pressure. Multiple reassortments, based on the NA and internal genes of the HA lineages, were 
observed in the domestic duck viruses. The NA and internal genes of recent viruses from domestic 
ducks also showed higher evolutionary rates than viruses of the older or gene pool lineages. 
Conclusions: With the increase in the size of the domestic duck population in China, H3, H4 and H6 
viruses from domestic ducks have shown some divergence from the influenza virus gene pool and 
exhibited higher evolutionary rates. These elevated rates might be due to the increased number of 
virus replication cycles in the much larger and denser domestic duck populations. LPAI viruses in 
domestic ducks also showed extensive reassortments to maintain a diversity of viruses, thereby 
creating an influenza ecology similar to viruses from wild birds. However, the greater separation of 
domestic ducks from wild birds by the agricultural system may also be responsible for virus lineages 
appearing. Due to their prevalence, and/or possible adaptation to the agricultural environment, these 
domestic duck lineage viruses might have a greater chance to spread to other domestic birds at farms 
or markets. 
 
 
P1-224 
 
A novel reassortant H2N3 virus isolated in China 
 
X Li1, S Zou1, Y Zhang1, T Bai1, R Gao1, X Zhang2, J Wu2, Y Shu1* 
 
1Key  Laboratory  for  Medical  Virology, Ministry of Health, Key Laboratory of Surveillance and Early 
Warning on Infectious Disease, National Institute for Viral Disease Control and Prevention, Chinese 
Center for Disease Control and Prevention, Beijing, China; 2Center for Disease Control and 
Prevention of Guangdong Province, Guangzhou, Guangdong, China 
 
Background: The H2 influenza virus has been absent from the human population since 1968, but it 
still has been isolated from birds and swine. The first reported H2N3 avian influenza virus was 
isolated from migratory ducks in Japan. In 2006, H2N3 was detected in a swine herd in Missouri 
(United States), and phylogenetic analysis showed that the virus strains isolated from the diseased 
swine were avian/swine virus reassortant. However, there was no report of H2N3 influenza virus in 
China until now. Materials and Methods: An annual live poultry surveillance program was carried out 
in China; 40 environmental samples were collected monthly by each provincial influenza surveillance 
network lab. All collected samples were detected by real-time RT-PCR targeted for the influenza A 
matrix gene by network labs. The PCR-positive samples were sent to the Chinese National Influenza 
Center for further confirmation or virus isolation. Interestingly, one virus identified as H2N3 was 
isolated from a swab of a duck cage. Phylogenetic trees were constructed by the maximum likelihood 
method using MEGA (v. 5.05) after whole genomic sequences of the virus were obtained. Results: 
Phylogenetic analysis showed that the HA gene of A/environment/Guangdong/2/09 (H2N3) belonged 
to a Eurasian lineage. The NA gene possessed the highest homology with A/duck/Hokkaido/167/2007 
(H5N3). The NP, PB1 and PB2 genes showed a close relationship with H4N6 strains isolated from 
wild ducks in Korea. The M gene showed the highest gene similarity with A/pintail/Aomori 
/1130/2008(H1N3). NS and PA had the highest homology with those of the H10N6 and H3N8 
subtypes, respectively. The amino acid composition of the receptor-binding site of the HA gene was 
QGG, indicating that this virus was avian in origin. The drug resistance site analysis showed that this 
virus was still sensitive to amantadine and oseltamivir (Tamiflu). Conclusions: A novel avian-origin 
reassortant H2N3 influenza virus was isolated. To our knowledge, this is the first report in China. Our 
findings indicated that genetic reassortment occurred in different subtypes of influenza viruses, and 
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suggested the importance of continuous surveillance of avian influenza virus in understanding the 
etiology and evolution of avian influenza virus. 

P1-225 

Single mutations in PB2 and NP mediate enhanced pathogenicity of 2009 
pandemic H1N1 influenza A viruses in mice 

A Otte1*, M Sauter2, K Klingel2, G Gabriel1 

1Heinrich Pette Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany; 2Department 
for Molecular Pathology, Institute of Pathology, University Hospital Tübingen, Tübingen, Germany 

Background: Determinants of 2009 H1N1 influenza A virus pathogenicity are distinct from those 
known from studies with H5N1 or H7N7 highly pathogenic avian influenza A viruses (HPAIV). In order 
to determine novel molecular hallmarks of 2009 pandemic H1N1 pathogenicity, we compared the 
virulence of two clinical isolates (designated as HH05 and HH15) representing early and late 
pandemic phase strains in mice. We found that HH15 is more virulent (logMLD50: 3.5 pfu) than HH05 
(logMLD50: > 5 pfu) in C57BL/6J mice. HH05 differs from HH15 by 12 amino acid substitutions in the 
PB2, PA, NP, HA, NA, and NS1 genes. Materials and Methods: In order to address the molecular 
basis responsible for enhanced 2009 pandemic H1N1 virulence in mice, we generated several 
recombinant influenza viruses by reverse genetics. Results: We identified single mutations in the viral 
nucleoprotein (NP) and in hemagglutinin (HA) that mediate enhanced pathogenicity in mice. 
Interestingly, these HH15-specific positions in HA, NA, NP, and NS1 were less prevalent in the early 
pandemic periods while their prevalence increased during the late stages of the pandemic. 
Conclusions: Taken together, our findings reveal novel determinants of 2009 pandemic H1N1 
pathogenicity distinct from those described for HPAIV isolated from humans. Furthermore, high 
prevalence of these positions in currently circulating strains suggests that these sites were replaced 
during later phases of the pandemic, reflecting their selective advantage in the human population. 

P1-226 

Understanding a weakness of the 2013 H7N9 virus: a large-scale analysis of 
the NS segment from H9N2 viruses 

RTC Lee1,2*, S Maurer-Stroh1,3,4

1Bioinformatics Institute, Agency for Science, Technology and Research, Singapore; 2Department of 
Infectious Disease, Tan Tock Seng Hospital, Singapore; 3National Public Health Laboratory, 
Communicable Disease Division, Ministry of Health, Singapore; 4School of Biological Sciences, 
Nanyang Technological University, Singapore 

Background: The influenza A H7N9 virus from the 2013 outbreak in China is a serious pandemic 
candidate whose virulence and potential further evolution needs to be monitored closely. The 
segments coding for the internal genes were derived through reassortment from H9N2 viruses. As its 
NS segment codes for a truncated NS1 protein that lacks a putative PDZ binding motif, this could 
probably limit the H7N9 virus from interacting with host proteins to downregulate the innate immune 
response. In other strains, gain of a functional PDZ binding motif enhanced viral replication by up to 4-
fold. It is therefore important to understand the distribution of this variant among its ancestral H9N2 
viruses and examine the frequency of these viruses that have acquired full-length NS1 protein with a 
putative PDZ binding motif either through mutation or reassortment. Materials and Methods: In this 
study, we used Tachyon, a fast sequence search tool, to screen for reassortants in more than 1300 
H9N2 viruses and verified some of these reassortants with GiRaF, a program that utilizes Bayesian 
coalescent inference and graph theory to predict reassortment in influenza viruses. Results: We found 
that there have been ongoing reassortment events and mutations that resulted in H9N2 viruses with 
NS segment coding for full-length NS1 protein with putative functional PDZ binding motif in the H9N2 
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subtype in East Asia in recent years. H9N2 viruses with truncated NS1 protein with a nonfunctional 
PDZ binding motif are largely confined to China, whereas full-length NS1 protein with functional PDZ 
binding motif is distributed throughout the world. Conclusions: Based on these findings, it seems 
possible that the 2013 H7N9 virus could acquire a full-length NS1 protein with functional PDZ binding 
motif through either genetic mutations or reassortment within or outside China in the future. However, 
it remains to be established how gain of a functional PDZ binding motif would affect severity of this 
virus. 
 
 
P1-227 
 
Postpandemic genetic analysis of pandemic A(H1N1) 2009 influenza viruses in 
Ghana 
 
I Asante1*, E Bonney1, G Mawuli1, J Frimpong1, O Bekoe1, C Abana1, J Aboagye1, P Parbie1, K 
Bonney1, J Odoom1, N Puplampu2, J Crawford2, EM Elassal3, B Oyofo3, W Ampofo1 
 
1Virology Department, Noguchi Memorial Institute for Medical Research, University of Ghana, Legon, 
Accra, Ghana; 2United States Naval Medical Research Unit No. 3, Ghana Detachment, Accra, 
Ghana; 3United States Naval Medical Research Unit No. 3, Cairo, Egypt  
 
Background: Influenza pandemics are unpredictable, as illustrated by the recent detection of avian 
influenza A H7N9 infections among human patients in China. Therefore, there is a need for continued 
virologic surveillance. Under the national influenza sentinel surveillance system, A(H1N1) pdm09 virus 
was first detected in Ghana in August 2009. Since then, cases were recorded in all 10 regions of the 
country. Detection of A(H1N1) pdm09 virus outnumbered seasonal A(H1N1) virus by January 2010, 
the last date old seasonal A(H1N1) was identified in Ghana. Genetic analysis was deemed essential 
to understand the evolution of A(H1N1) pdm09 virus in Ghana. The haemagglutinin (HA) and 
neuraminidase (NA) genes of A(H1N1) pdm09 Ghanaian isolates were therefore sequenced and 
analyzed by comparison with isolates from other countries. Materials and Methods: We selected 35 
representative A(H1N1) pdm09 virus isolates obtained during the onset, peak and postpandemic 
period from patients with influenza. The HA and NA genes were amplified from clinical material after 
first passage in cell culture and sequenced using a one-step reverse transcription polymerase chain 
reaction with primers previously described by the US Centers for Disease Control and Prevention. 
Sequences were assembled and edited using Lasergene Seqman software (DNASTAR). Consensus 
sequences were aligned with Bioedit (Ibis Biosciences) and other software for amino acid 
differentiation for molecular characterization of known pathogenic and drug resistance markers. 
Sequences from the HA region were compared with HA sequences of the original strain 
(A/California/07/2009). A Basic Local Alignment Search Tool (ncbi.nlm.nih.gov) was employed, and 
homologous sequences retrieved and used for further phylogenetic analysis using MEGA v5.1 
software. Results: Sequence analyses of the HA genome showed that all 35 Ghanaian isolates 
possessed the P83S change located in the antigenic site E and also the S203T mutation specific to 
A(H1N1) pdm09 clade 7 viruses. The I321V variation was also present in all the isolates, and this 
change has been observed in certain European strains. The E374K change was associated with 
isolates from only 2009 and was not present in isolates from 2010 through 2012 in Ghana. All 35 
isolates analyzed lacked the H275Y change in the NA gene, which is associated with drug resistance 
to oseltamivir. Conclusions: Following the 2009 pandemic, the dominant A(H1N1) pdm09 lineage in 
Ghana most resembles members belonging to clade 7. These viruses were not significantly different 
from the original strain and were susceptible to the antiviral drug oseltamivir. The D222G mutation 
associated with disease severity was not found among Ghanaian isolates. This collection of data 
highlights the importance of ongoing viral surveillance in Ghana, documenting viral changes and 
adaptations that lead to improved global reporting and informed health prevention and intervention 
strategies for influenza and could be applied to other respiratory viruses. 
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P1-228 
 
Phylogenetic analysis of A(H3N2) influenza viruses circulating in Ukraine 
during years 2008-2012  
 
A Mironenko*, L Leibenko, O Onyshchenko, O Holubka, S Babii, L Radchenko 

 
1LV Gromashevsky Institute of Epidemiology and Infectious Diseases, NAMS of Ukraine, Kyiv, 
Ukraine 
 
Background: Phylogenetic analysis of circulating influenza strains is essential for influenza 
surveillance. Influenza virus A(H3N2) was the predominant subtype in Ukraine in 2008-2009 and 
2011-2012, but the small number of this strain was isolated in 2010-2011. The purpose of this study 
was to monitor the genetic drift of A(H3N2) influenza viruses, isolated in Ukraine in 2008-2012, by 
sequencing the genes coding surface glycoproteins of representative strains. Materials and Methods: 
Throat swabs from patients of sentinel sites in different regions of Ukraine were collected. The 
specimens were tested for influenza by real-time polymerase chain reaction (RT-PCR), and viruses 
were isolated in MDCK and MDCK-SIAT cell culture from PCR-positive samples. Phylogenetic 
analyses were performed using MEGA5 software and were aligned using the ClustalW algorithm. 
Phylogenetic trees were generated by the neighbour-joining method. The best-fit nucleotide 
substitution model (Hasegawa-Kishino-Yano 85 plus Gamma [HKY85+G]) was found using maximum 
likelihood estimates. A bootstrap technique with 1000 replications was used to test statistical validity 
of received data. Results: Phylogenetic analyses showed that A(H3N2) isolates of 2008-2009 were 
located in dominated cluster A/Brisbane/24/2008 with G50E, D122N, K140I and I223V substitutions in 
hemagglutinin. Only two A(H3N2) viruses were isolated in 2011-2012. An isolate of 
A/Ukraine/175/2011 was A/Pert/10/2010-like with D53N, Y94H, I230V and E280A substitutions in 
hemagglutinin. The Ukrainian strain had additional substitution K92E. Strain A/Khmelnitsky/1340/2010 
was similar to the viruses of 2008-2009 and differed from them only by substitutions E401K in HA and 
I58T, T434N in NA. The strains that were isolated in 2011-2012 influenza season had an origin on 
the A/Victoria/208/2009 phylogenetic cluster. Ukrainian isolates were located in 5 different 
phylogenetic groups with several amino acid substitutions (some in glycosylation sites). 
Neuraminidase sequence analysis of these viruses showed similar results. Ukrainian viruses were 
genetically related to strains from all continents. It shows multiple influenza viruses enter the country 
during the epidemic season.  Tested isolates didn’t show mutations of resistance to oseltamivir 
(Tamiflu). Conclusion: The genetic drift of influenza A(H3N2) viruses in the Ukraine had the same 
direction as in Europe during the monitoring period. 
 
 
P1-229 
 
Sequencing artifacts in the type A influenza database and attempts to correct 
them 
 
DL Suarez1*, N Chester2, J Hatfield2 
 

1Exotic and Emerging Avian Disease Research Unit, Southeast Poultry Research Laboratory, 
Agricultural Research Service, USDA, Athens, Georgia, United States; 2Athens Academy, Athens, 
Georgia, United States 
 
Background: Type A influenza virus causes a wide range of disease in both man and animals, and 
considerable efforts have been made to study and sequence large numbers of isolates. Currently 
there are over 236,000 gene sequences representing over 50,000 strains in publicly available 
databases. However, the quality of the sequences submitted to these public databases are 
determined by the contributor and many sequence errors are present in the databases, which can 
affect sequence analysis and require significant curation of data by individual researchers to get 
usable data. As part of a high school class project, bioinformatics analysis was performed on all six 
internal gene segments of influenza A virus. Material and Methods: Sequences were selected in the 
Influenza Research Database Web site that were longer than the generally accepted lengths of the 
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individual segments, with the hypothesis that these sequences would have an error in the sequence. 
Because of the greater variability in sequence length of the hemagglutinin and neuraminidase genes, 
only the six internal genes were examined. Multiple sequence alignments were performed for each 
segment, and viral sequences were divided into those with additional sequence upstream or 
downstream of the conserved noncoding ends of the gene segment and those with additional 
sequence internally. Specific attention was placed on sequences with additional nucleotides upstream 
or downstream of the highly conserved noncoding ends of the viral segments. The virus sequences 
were evaluated to try to determine the probable type of error associated with each sequence. Results: 
A total of 1081 sequences were identified that met this criteria when the database was queried in 
March 2012, which represents a 0.82% rate of potential errors. Three types of errors were commonly 
observed: noninfluenza primer sequence was not removed from the sequence; Taq polymerase 
added an adenine at the end of the PCR product; and the PCR product was cloned and plasmid 
sequence was included in the sequence. Internal insertions of nucleotides were also commonly 
observed, but in many cases it was unclear if the sequence was correct or actually contained an error, 
and therefore these sequences were not evaluated further. Students contacted some of the sequence 
submitters, alerting them that a sequence had been identified as likely having an error and if known 
what type of error it probably was. Submitters were requested to review the sequence and, if they 
agreed that the sequence was incorrect, that they revise the sequences in the public databases. A 
total of 215 sequences, or 22.8% of the suspect sequences, were corrected in the public databases in 
the past year in part because of the student project. Examination of the sequence database in 2013 
showed an additional 138 sequences with possible errors were added to GenBank in the past year. A 
new class of students once again contacted submitters and requested they review and potentially 
correct the sequences, with at least partial success in getting sequences corrected. Conclusions: The 
integrity of the public sequence databases is largely dependent on the scientists who submit the 
sequence information. Some review by GenBank and other databases provides some identification of 
errors, primarily removing plasmid sequence from submissions, but because of the complexity and 
variability of sequences submitted, the error identification programs are limited. The identification of 
138 new problematic sequences in the past year highlights that the error detection system is not 
working as well as intended. Additional awareness of the need for data integrity of sequences 
submitted to public databases is needed to fully reap the benefits of the huge amount of data 
available for analysis. 
 
 
P1-230 
 
Pathogenesis of influenza virus-induced alveolar damage 
 
KR Short1*, RAM Fouchier1, T Kuiken1 
 
1Department of Viroscience, Rotterdam, The Netherlands 
 
Background: Influenza A virus (IAV) typically causes an acute infection of the upper respiratory tract. 
However, in some cases, IAV can cause an infection of the lower respiratory tract resulting in viral 
pneumonia, which can then give rise to acute respiratory syndrome (ARDS). Clinically, ARDS is 
characterized by severe respiratory insufficiency and a high case fatality rate. The severity of this 
disease is reflected in the lung lesions of infected patients. During the acute phase of ARDS, patients 
display diffuse alveolar damage characterized by the accumulation of fluid and leukocytes in the 
alveoli. Central to the development of these pulmonary lesions is damage to the epithelial-endothelial 
barrier. Destruction of this barrier results in fluid leakage from interstitium, fibrin deposition, and 
pulmonary hemorrhaging. Currently, much of our understanding of endothelial-epithelial damage 
during ARDS is derived from studies of bacterial sepsis, where the endothelium is the first site of 
damage. However, there are limited models available to describe how IAV, a pathogen that first 
infects the pulmonary epithelium, damages the endothelial-epithelial barrier. Here, we seek to 
summarize and analyze the available literature regarding the interactions between IAV and epithelial 
cells, macrophages, neutrophils, and the pulmonary endothelium in order to provide a new paradigm 
for disease pathogenesis. Materials and Methods: Relevant articles were identified by searching 
PubMed and Google Scholar using the search terms “epithelial cell,” “influenza,” “macrophages,” 
“neutrophils,” “endothelial cells,” “ARDS,” and/or “cytokine storm.” Relevant articles published post-
1980 that were found in these searches, cited by articles found in these searches, or present in the 
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author’s own files were reviewed. Results: The pulmonary epithelium constitutes approximately 90% 
of the epithelial-endothelial barrier in the alveolus while also being the primary target of IAV. 
Accordingly, damage to the epithelium plays a major role in IAV-induced ARDS. Very early during 
infection, IAV can directly target sodium channels and tight junctions on the pulmonary epithelium and 
induce alveolar fluid accumulation. Later, once IAV infection of the epithelium is widespread, IAV can 
also induce epithelial apoptosis and necrosis, further exacerbating lung injury. Epithelial cells can also 
produce various chemokines in response to IAV, including the neutrophil-recruiting chemokine 
CXCL8. Neutrophils subsequently adhere to the endothelium and extravasate from the blood to the 
alveolar wall and lumen. This egress of cells can damage the epithelial-endothelial barrier and further 
exacerbate fluid accumulation in the alveolus. Upon entering the alveolus, neutrophils produce toxic 
granules and neutrophil extracellular traps that damage both the alveolar epithelium and endothelium. 
Chemokines produced by epithelial cells, neutrophils, and to a lesser extent, alveolar macrophages 
can also recruit monocytes to the lung. Under the influence of the local milieu, monocytes can 
differentiate into macrophages. During the acute phase of IAV, macrophages may damage the 
epithelial-endothelial barrier in the lung by the production of a wide array of cytokines and toxic 
molecules. There is currently contradicting evidence as to whether macrophages cause apoptosis or 
repair of the pulmonary epithelium during IAV infection. In reality, it is likely that macrophages are able 
to fulfill both roles: causing epithelial apoptosis early during infection and then serving to repair the 
epithelium as the infection abates. Finally, although there is some evidence to suggest that IAV can 
infect, and damage, the pulmonary endothelium, perhaps of greater importance is the ability of the 
endothelium to act as a driving force behind the “cytokine storm” seen in severe IAV 
infections. Conclusions: Damage to the pulmonary epithelial-endothelial barrier during IAV infection is 
a complex and multifactorial event that involves not only epithelial and endothelial cells but also the 
residential and infiltrating leukocytes. This is in contrast to models of ARDS derived from for example 
septic shock, in which there is a more prominent role for damage to the endothelium than to the 
epithelium. This model of disease development would suggest that therapies directed at protecting 
the epithelial layer and accelerating re-epithelialization may be important in preventing severe 
pulmonary disease from IAV. 
 
 
P1-231 
 
Association of HA-222 polymorphisms in influenza A(H1N1)pdm09 viruses and  
fatal outcomes among women of reproductive age 
 
MLA Oliveira1*, SM Carney1, DF Salles1, P Resende1, V Valente2, V Saraceni2, T Gregianini3, M 
Bercini4, R Rohloff5, MM Siqueira1 

 
1Laboratory of Respiratory Viruses, National Influenza Centre/WHO, Oswaldo Cruz Foundation, 
Fiocruz, Brazil; 2Epidemiological Surveillance Team, Health Secretariat, Rio de Janeiro, 
Brazil; 3Laboratory of Public Health, Rio Grande do Sul, Brazil; 4Epidemiological Surveillance Team, 
Health Secretariat, Rio Grande do Sul, Brazil; 5Municipal Hospital Fernando Magalhães, Rio de 
Janeiro, Brazil 
 
Background: Mutations in the influenza A(H1N1)pdm09 HA1-222 residue, with a substitution of 
aspartic acid to glycine, have been associated with severe disease and death. Because pregnant 
women are at a particularly high risk for further clinical complications by influenza infection, we 
investigated the role of HA-222 polymorphisms in disease severity among women of reproductive age 
infected by influenza A(H1N1)pdm09, presenting with ILI, SARI and fatal outcomes. Materials and 
Methods: The study population comprised 88 women of reproductive age (15-44 years; 54 pregnant 
and 34 nonpregnant) from Rio de Janeiro (southeast) and Rio Grande do Sul (south of Brazil), 
recruited from April 2009 to February 2013 in the scope of the Influenza Surveillance Program. The 
sample comprised ILI (n = 26), SARI (n = 28) and fatal (n = 36) cases, according to WHO case 
definitions. Clinical specimens (oro-nasopharyngeal swabs or aspirate) and demographic, clinical and 
epidemiologic information were collected by the epidemiologic surveillance teams, using a nationally 
standardized questionnaire. After nucleic acid extraction (QIAmp Viral mini-kit; QIAGEN), influenza 
detection was performed using real-time RT-PCR (CDC protocol). Polymorphisms at positions HA222 
and NA275 were identified by pyrosequencing (Deyde VM, et al. Antimicrob Agents Chemother. 
2010;54: 1102). Descriptive, bivariate analyses (chi-square/Fisher exact test and t test for means) and 
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multiple logistic regressions (considering variables of epidemiologic relevance/plausibility) were 
carried out and considered significant when P < .05. Results: Of 88 investigated women, 66 (75.0%) 
were infected by a wild-type virus (D222). Polymorphisms at HA-222 residue (n = 22) were identified 
as follows: D/N/G (n = 10); D/G (n = 7); D/N (n = 2); N/G (n = 2); and G (n = 1). Among ILI and SARI 
cases, D222 was found in 95.8% and 92.9%, respectively. In contrast, polymorphisms were identified 
in about 60.0% of fatal cases (P < .001). Pregnant women were not more severely affected than 
nonpregnant women (P = .117). Compared with the wild type, infections by HA-222 mutant viruses 
showed significantly higher frequencies of SARI (90.5% vs 62.5%; P = .012); fatal outcome (86.4% vs 
26.6%; P < .001) and dyspnea (90.5% vs 62.5%; P = .012) and a lower frequency of ILI (9.5% vs 
27.5%; P = .012). In addition, the presence of polymorphisms was significantly associated with 
duration of symptoms (6.1 ± 3.3 days vs 3.1 ± 2.4 days; P < .001). After multiple logistic regressions 
(final model, chi-square = 28.4; P < .001), HA-222 polymorphisms were independently associated with 
a fatal outcome (Adj OR = 27.6; 95% CI 5.7-133). Conclusions: These findings corroborate previous 
reports in the literature on the association between influenza A(H1N1)pdm09 HA-222 mutations and 
progression to death. The impact of HA-222 polymorphisms on clinical severity of disease is similar 
among pregnant and nonpregnant women. Financial support: Carlos Chagas Filho Foundation for 
Research endowment for Rio de Janeiro (FAPERJ), process n. 111.802/2012; Science and 
Technology Department (DECIT), Ministry of Health and National Counsel of Technological and 
Scientific Development (CNPq), Brazil. 
 
 
P1-232 
 
Genetic requirement for hemagglutinin glycosylation and its implications for 
the influenza A H1N1 evolution 
 
JI Kim1,2, I Lee1,2, S Park1,2, M-W Hwang1,2, J-Y Bae1,2, S Lee1,2, J Heo1,2, MS Park1,2, A García-
Sastre3,4,5, M-S Park1,2* 
 
1Department of Microbiology, 2Center for Medical Science Research, College of Medicine, Hallym 
University, Chuncheon, Gangwon-do, Republic of Korea; 3Department of Microbiology, 4Department 
of Medicine, Division of Infectious Diseases, 5Global Health and Emerging Pathogens Institute, Icahn 
School of Medicine at Mount Sinai, New York, New York, United States  
 
Background: Influenza A virus has evolved and thrived in human populations. Since the 1918 
influenza A pandemic, human H1N1 viruses had acquired additional N-linked glycosylation (NLG) 
sites within the globular head region of hemagglutinin (HA) until the NLG-free HA head pattern of the 
1918 H1N1 virus was renewed with the swine-derived 2009 pandemic H1N1 virus. Moreover, the HA 
of the 2009 H1N1 virus appeared to be antigenically related to that of the 1918 H1N1 virus. Hence it 
is possible that descendants of the 2009 H1N1 virus might recapitulate the acquisition of HA head 
glycoslylation sites through their evolutionary drift as a means to evade preexisting 
immunity. Materials and Methods: Here we evaluate the evolution signature of glycosylations found in 
the globular head region of H1 HAs using HA NLG mutant viruses rescued by reverse genetics, to 
determine their impact in virulence and transmission of H1N1 viruses. Results: We identified a 
polymorphism at HA residue 147 associated with the acquisition of glycosylation at residues 144 and 
172. By in vitro and in vivo analyses using mutant viruses, we also found that the polymorphism at HA 
residue 147 compensated for the loss of replication, virulence and transmissibility associated with the 
presence of the N-linked glycans. Conclusion: Our findings suggest that the polymorphism in H1 HA 
at position 147 modulates viral fitness by buffering the constraints caused by N-linked glycans, 
providing insight into the evolution dynamics of influenza viruses with implications in vaccine 
immunogenicity. 
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P1-233 
 
The molecular behavior of influenza A(H1N1pdm09) HA gene in Brazil four 
years after the pandemic event 
 
P Resende*, D Machado, P Born, J Leite, S Soares, B Caetano, F Motta, A Pinhão, M Siqueira 
 
Laboratory of Respiratory Viruses and Measles, Oswaldo Cruz Institute, Fiocruz, Rio de Janeiro, 
Brazil 
 
Background: The pandemic virus influenza A (H1N1pdm09) was first detected in May 2009 in Brazil, 
later presenting an extensive spread throughout the Brazilian population. Previous evolutionary 
studies clustered the early H1N1pdm09 groups in seven clades, based on specific mutations at the 
viral genome. Due to the evolutionary strategies of influenza viruses, it is necessary to constantly 
follow up on the new viral variants. The aim of this study was to reconstruct the phylogenetic profile of 
the H1N1pdm09 in Brazil during the two past epidemic seasons (2012 and 2013). Materials and 
Methods: We performed the Sanger sequencing protocol available from the CDC Influenza Division to 
a portion of the HA1 domain (1 to 886 nucleotides). A dataset with 352 HA sequences was 
constructed, including 82 sequences obtained from H1N1pdm09-positive Brazilian samples and other 
representative sequences from GISAID from 2009 to 2013. The sequences were aligned using 
ClustalW and the best-fitting nucleotide substitution model (HKY + Gamma distribution among sites) 
was estimated by means of a model test tool (both integrated within the MEGA 5.1 software). The 
maximum likelihood (ML) tree was constructed at the PhyML Web page (http://www.atgc-
montpellier.fr/) and it was observed with FigTree v1.4.0 software. Results: The ML trees showed that 
Brazilian samples were grouped into five subgroups with specific signatures, all of them presenting 
the mutation S220T against vaccine strain A/California/7/2009. This mutation refers to clade 7 
previously described in the literature, which has already been observed as a greatly diverse clade. 
Two subgroups were observed co-circulating during the months from March to July 2012, and the 
subgroup with the signature N277T seems to be specific to samples from South America. In 2013 
three subgroups were observed, two co-circulated during March-April and the other in May with the 
signatures K60R, R222K, I251V and I333M. Conclusions: The HA diversification of the H1N1pdm09 
virus is evident due to the co-circulating subgroups found in 2012 and 2013. Despite that the HA 
segment best represents the influenza evolution, care is needed when interpreting genetic data 
specifically related to a single segment. Complementary antigenic analyses are necessary to better 
assess the importance of these subgroups and the signatures described here. 
 
 
P1-234 
 
Evolutionary dynamics of influenza virus A(H3N2) during 1999-2012 in the 
southern, southeastern and northeastern Brazilian regions 
  
PS Born¹, PC Resende¹, MM Siqueira¹, FC Motta¹*, G Bello²* 
 
¹Respiratory Viruses and Measles Laboratory, IOC/Fiocruz, Rio de Janeiro, Brazil; ²AIDS and 
Molecular Immunology, IOC/Fiocruz, Rio de Janeiro, Brazil 
 
Background: Influenza infection is the most frequent cause of acute respiratory illness requiring 
medical intervention affecting individuals in all age groups. Of the distinct influenza viruses affecting 
humans, influenza type A, subtype H3N2 has been dominant in most seasonal influenza epidemics 
since 1968. Analysis suggests that the evolutionary dynamics of influenza H3N2 is modeled by a 
complex interaction between the high mutation rate of the virus, gene reassortments and selection 
exerted by the immune system. In Brazil, knowledge of influenza virus epidemiology and evolution is 
still incipient. Thus, our objective is to reconstruct the profile of evolution and geographic spread of 
influenza H3N2 in Brazil during 1999-2012 and to understand the role of Brazil in the dynamics of 
global virus spread. Materials and Methods: For this study, we used a total of 205 Brazilian 
sequences of the HA1 portion of the hemagglutinin gene (HA) collected between 1999 to 2012, as 
well as sequences from other South American countries (n = 58), Australia (n = 96), Hong Kong (n = 
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72), United Kingdom (n = 58) and New York (n = 70) obtained from the GenBank and GISAID 
databases. Phylogenetic reconstructions were performed by the maximum likelihood and Bayesian 
methods using PhyML and MrBayes programs, respectively. Temporal structure of the phylogenetic 
tree was investigates with Path-O-Gen v1.3, whereas geographic structure was analyzed using the 
maximum association index (AI), parsimony score (PS) and monophyletic clade size (MC) statistics 
available from the BaTS program. Evolutionary and phylogeographic parameters were jointly 
estimated with the BEAST v1.7.5 program using the coalescence model "Bayesian skyline plot," a 
relaxed molecular clock and a reversible discrete model of geographic dispersion. Results: The 
phylogenetic tree of influenza A(H3N2) sequences showed a strong temporal structure, with a clear 
increase of genetic divergence over time. The mean rate of evolution of the HA1 portion of HA gene 
was estimated at 4.7 x 10-3 substitutions/site/year. The AI and PS statistics showed that despite the 
great intermix between influenza sequences from different countries and from different Brazilian 
regions, the distribution of viral sequences in the phylogenetic tree was not completely random. The 
MC statistic test was significant for all traits excepting New York and United Kingdom. The 
reconstruction of the worldwide dissemination dynamic of influenza A(H3N2) allowed us to verify that 
Brazil was tightly connected to other South American countries and to New York, while viral 
exchanges with other regions were very limited. Phylogeographic reconstructions also showed that 
there are no Brazilian samples in the trunk of the phylogenetic tree. Inside Brazil, the major flux 
seems to happen from southeastern to southern and from southern to northeastern Brazilian regions. 
Conclusions: This analysis indicates that Brazil has a secondary role in the emergence and 
dissemination of new influenza A(H3N2) lineages at a global scale. These results suggest that the 
influenza A(H3N2) viruses mainly came into Brazil via South and North American countries to the 
southeastern region, going then to the southern and finally to northeastern Brazilian regions. Further 
analysis associating evolutionary and seasonality data is important to clarify the dynamics of influenza 
in Brazil.  
 
 
P1-235 
 
Deciphering the virulence and transmissibility through sequence and structure 
of avian H1N1 influenza A viruses in mice and ferrets prior to mammalian 
adaptation 
 
ZA Koçer1*, R Carter2, Y Fan2, R Huether2, G Wu2, J Zhang2, RG Webster1 
 

1Department of Infectious Diseases, Division of Virology, St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 2Department of Computational Biology, St. Jude Children’s 
Research Hospital, Memphis, Tennessee, United States  
 
Background: Among all subtypes of influenza A viruses (IAV) that are found in wild aquatic birds, only 
H1, H2 and H3 subtypes have caused epidemics and pandemics in human population to date. During 
reported human history, there have been three pandemics caused by H1N1 viruses in 1918, 1977 
and 2009, either through the direct adaptation of the virus to mammals or due to the acquisition of 
several segments from avian H1N1 viruses. We previously showed that purely avian H1N1 viruses of 
North America have the potential to cause lethality in a DBA/2J mouse model, as well as increased 
morbidities and transmissibility in ferrets. Therefore, it is important to understand the dynamics of 
avian H1N1 viruses at the genomic level to address the questions regarding their potential virulence 
and transmissibility in mammals prior to mammalian adaptation. In this study, we analyzed the whole 
genome sequences of North American avian H1N1 influenza A viruses in an effort to identify the 
association between the genotype and pathogenicity of the viruses. Materials and Methods: Based on 
the genome sequence of 31 North American avian H1N1 influenza A viruses, we investigated the 
evolutionary relationships between these viruses and a selection of publicly available sequences from 
North American and Eurasian strains of human, swine, avian and 2009 pandemic viruses. We then 
examined the relationship between single residue variations in the proteome of 31 H1N1 influenza A 
viruses and the pathogenicity scores previously identified in DBA/2J mice. The strains with similar 
amino acid identity were grouped and the pathogenicity scores of each group were compared by 
ANOVA. Using available structures we examined the statistically significant single residue variations 
to assess potential structural changes that might influence protein function. Results: As expected, the 
31 sequenced avian H1N1 strains are closely related to other publicly available North American avian 
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H1N1 viruses across all gene segments. However, their relationship to other H1N1 strains is more 
varied between segments. In terms of the physicochemical properties (eg, instability index, aliphatic 
index and grand average of hydropathy [GRAVY]), our analyses demonstrated that pathogenicity of 
avian H1N1 influenza A viruses are related to NEP protein in terms of aliphatic index and GRAVY (P 
= .0072 and .0119, respectively), NP protein in terms of GRAVY only (P = .025), and NS1 and PA 
proteins in terms of instability index (P = .0385 and .0382, respectively). We identified a total of 84 
nonsynonymous single nucleotide polymorphisms (SNPs) in the proteome of avian H1N1 viruses that 
were statistically associated with pathogenicity (P ≤ .05). We have examined the statistically 
significant SNPs in the effector domain of NS1 to understand the structural and functional importance 
of each substitution. Overall, 26% of the statistically significant residues are present at the effector 
domain and PI3K binding interface, indicating a selective pressure. “Pathogenic residues” appear to 
create a tighter and more favorable binding surface between the PI3K inhibitory domain and the NS1 
protein. The two pathogenic variants in PA appear to impact the flexibility of the hairpin influencing the 
stability of the PA-PB1 interaction. We also observed variations in NP that increase the physical size 
of residues in positions along the cross helix in low pathogenic strains that might increase flexibility of 
the helix and decrease stability between the NP protein and RNA. Conclusions: Analyses to date 
indicate that amino acid differences in the PA, NP, NS1 and NEP proteins are associated with the 
pathogenicity of avian H1N1 viruses. The unique patterns in the genomes of North American avian 
H1N1 viruses might help us decipher the genetic codes for the virulence and transmissibility of 
influenza A viruses in mammals prior to adaptation. We are currently analyzing the interactions of 
other residues within and between the proteins in the proteome of avian H1N1 viruses. Furthermore, 
the future identification of these pathogenicity-associated amino acids in closely related wild aquatic 
birds has the potential to improve surveillance measures by identifying strains that might easily 
become adapted to mammalian hosts. 
 
 
P1-236 
 
Where are the highly pathogenic chicken H5N2 viruses in Taiwan: implication 
from problems of using animal influenza vaccine 
 
C-C Lee1*, CL Cheung2, H Zhu2, Y-T Li1, K-Y Chu1, C Yang3, R Compans3, RJ Webby4, C-C King1, Y 
Guan2 

 
1National Taiwan University, Institute of Preventive Medicine and Epidemiology, Taipei, Taiwan; 2The 
University of Hong Kong, State Key Laboratory of Emerging Infectious Diseases/Centre of Influenza 
Research, School of Public Health, Hong Kong SAR, PRC; 3Emory University, Department of 
Microbiology and Immunology and Emory Vaccine Center, School of Medicine, Atlanta, Georgia, 
United States; 4St. Jude Children’s Research Hospital, Division of Virology, Department of Infectious 
Diseases, Memphis, Tennessee, United States 
 
Background: Consecutive passage of low pathogenic avian influenza (LPAI) H5/H7 avian influenza 
viruses could result in their acquisition of pathogenicity and became HPAI in terrestrial poultry. 
Especially, those LPAI H5 and H7 viruses usually gain this ability after interspecies transmission from 
aquatic birds to terrestrial poultry after a series of continuous transmission chains in the field. In 
addition, the historical H5N2 episodes, such as occurred in Pennsylvania, 1983-84, in Mexico, 1994-
95, and in Italy, 1997-98, had been directly linked to bird migration. The chicken H5N2 viruses have 
existed for about ten years in Taiwan since the first outbreak occurred between late 2003 and early 
2004. However, the origin of those viruses is still an enigma. The chicken/Taiwan/A703-1/2008 
(H5N2) virus in the 2008 outbreak presented two different intravenous pathogenicity indices: 0.68 
(LPAI) in 8-week-old special pathogen-free (SPF) chickens and 1.86 (HPAI) in 6-week-old SPF 
chickens. Phylogenetic analysis of the limited surface gene sequences of these two Taiwanese 
chicken H5N2 viruses demonstrated that they were Mexico/95-like viruses. The interesting question is 
why and how these Mexico/95-like viruses introduced into chicken farms were repeatedly waiting to 
be addressed. The aims of this study were to investigate the origins and mechanisms of evolutionary 
behaviors of both chicken and duck H5N2 viruses isolated in Taiwan. Materials and Methods: The 
virologic and serologic surveillance for avian influenza was carried on in a live bird market during the 
two time periods (2005 to 2006 and 2008 to 2013). Both chicken and duck swabs were sampled 
biweekly (during seasonal months) or monthly obtained from healthy avians. We also collected 
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chicken blood samples from December 2008 to April 2012. In total, 29 duck H5N2 viruses, one duck 
H5N6 virus, and one duck H5N8 virus were isolated during the study period, and additional several 
H5N2 viruses from late 2012 and early 2013 were genetically characterized with the previous 
Taiwanese chicken H5N2 viruses with other avian influenza viruses from neighboring countries and 
areas. The results of genetic and serologic examinations between chicken and duck H5N2 viruses by 
the maximum likelihood method, amino acid comparisons and hemagglutination inhibition assay (HI) 
assay, and their antigenic relationships with H5N1 viruses isolated in Hong Kong and China, were 
analyzed. Results: After fully sequencing and phylogenetic analyzing, the results showed that the HA 
and NA genes of Taiwanese chicken H5N2 viruses clustered together with those of the Mexican 
H5N2 strains isolated from the outbreaks during 1994-1995.This finding implies that the Taiwanese 
chicken H5N2 viruses did not derive directly from the Taiwanese duck H5 viruses. In fact, Taiwanese 
duck H5 HA genes comprised two sublineages: (1) H5N2 viruses isolated in 2009 grouped with the 
2005 Korean H5N2 viruses from aquatic birds, and (2) the rest formed a specific and unique branch 
that was not close to any other H5 HA genes from the rest of the world. In addition, the internal genes 
of these Taiwanese chicken H5N2 viruses may come from Taiwanese chicken H6N1 viruses, but not 
from the aquatic birds in Taiwan or other regions. The serologic results of the continuous chicken 
serums collected from January 2009 to April 2012 also supported the seroprevalence rate of 7.80% 
(79/1013; HI titer ≥ 40 ) against CK/Hidalgo/28159-232/1994 (H5N2). Intriguingly, we also detected 
seropositive (90/1013; 8.88%) against Taiwanese duck DK/Taiwan /DV192/2006 (H5N2) virus. 
Conclusions: The unique gene constellations and phylogenetic results implied that Taiwanese chicken 
H5N2 viruses did not come from the aquatic birds, the natural reservoirs of AIVs. Thus, they probably 
came from unnatural sources. The serology data also revealed that both the Mexican-like H5 viruses 
would have been present in Taiwanese chicken and duck H5 viruses for a period of time, possibly 
driving the H5N2 virus being endemic. This study also raised awareness of the biosecurity and 
restrictions of using avian vaccine and also the urgent need for systemic and long-term surveillance of 
avian influenza virus. 
 
 
P1-237 
 
Antigenic cross-reactivity between Eurasian low pathogenic H5 and highly 
pathogenic H5N1 avian influenza viruses 
 
JH Kwon, DH Lee, JK Park, SS Yuk, TO Erdene-Ochir, JY Noh, BY Kim, SW Choi, JB Lee, SY Park, 
IS Choi, CS Song* 
 
Avian Disease Laboratory, College of Veterinary Medicine, Konkuk University, Seoul, Republic of 
Korea 
 
Background: Highly pathogenic avian influenza (HPAI) is an extremely contagious and systemic 
disease of poultry leading to high mortality. Especially, Asian-lineage H5N1 HPAI has been circulating 
in the avian population since 1996 and comprises at least 10 groups, or clades, of antigenically and 
genetically distinct strains. Clade 2.3.2 variants are now considered the dominant type in East Asia. 
H5N1 HPAI viruses have evolved considerably over this time, but no closely related low pathogenic 
precursor strains of the H5 subtype have been isolated. Antigenic differences between low pathogenic 
avian influenza (LPAI) H5 and HPAI H5 are not fully understood yet. In this study, we investigated the 
cross-reactivities between anti-LPAI H5 antisera and HPAI viruses. Materials and Methods: We used 
the 10 LPAI H5 viruses isolated from wild birds in South Korea from 2005 to 2011. These viruses were 
propagated and titrated using embryonated chicken eggs. For genetic characterization, phylogenetic 
analysis was performed with the MEGA 5 program using the maximum likelihood analyses. For 
preparation of chicken antisera against 10 LPAI H5 viruses, three chickens per each virus were 
immunized with 106EID50/dose of inactivated virus combined with commercial oil adjuvant. Cross-
reactivities of 10 anti-LPAI H5 antisera were tested using hemagglutination inhibition (HI) and 
microneutralization (MN) assay against 10 LPAI H5 and 4 HPAI H5 antigens, including 
A/Vietnam/1194/2004 (Viet/04), A/Indonesia/5/2005 (Indo/05), A/chicken/Korea/ES/2003 (ES/03) and 
A/mandarin duck/Korea/K10-483/2010 (Kr/10), belonging to clades 1, 2.1, 2.5 and 2.3.2, respectively. 
Results: Phylogenetic analysis showed that all HA genes of LPAI H5 belonged to Eurasian avian 
lineage and were similar to the viruses isolated in the Asian countries, such as Mongolia, China, 
Korea, and Japan, which share the East Asian–Australasian migratory bird flyway. The nucleotide 
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homology between the HA genes of LPAI and HPAI H5 ranges from 87.7% to 90.7%, and at the 
amino acid level ranges from 90.1% to 92.8%. In particular, the HA gene of Kr/10 (clade 2.3.2) had 
the lowest homology with LPAI H5 viruses. In the HI and MN assay, 10 antisera reacted with 10 LPAI 
H5 antigens and partially reacted with ES/03 (clade 2.5) and Viet/04 (clade 1) HPAI antigens. 
However, Indo/05 (clade 2.1) and Kr/10 (clade 2.3.2) HPAI antigens were not reactive with anti-LPAI 
H5 antisera. Conclusions: Recent evidence has demonstrated that the presence of LPAI viruses may 
play an important role in host ecology and transmission of HPAI, providing enough immunologic 
memory to resist reinfection with HPAI. The results of genetic analysis indicated that all of the LPAI H5 
viruses were phylogenetically distinct from HPAI H5 viruses. The HA genes of Kr/10 and Indo/05 had 
lower nucleotide homology with those of LPAI H5 viruses than other HPAI viruses. In the antigenic 
comparison, our study showed that LPAI H5 antisera exhibited different patterns of cross-reactivity 
with HPAI H5N1 variants. Particularly, the LPAI H5 antisera were cross-reactive to ES/03 and Viet/04. 
However, Kr/10, one of the currently circulating HPAI viruses in East Asia belonging to clade 2.3.2 and 
Indo/05, had low genetic and antigenic similarity with LPAI H5 viruses. Based on our results, some 
HPAI antigens were neutralized with anti-LPAI H5 antisera, but clade 2.1 and 2.3.2 were not. Further 
studies are required to analyze the relatedness of widespread of these clades in wild birds and low 
antigenic similarity with LPAI H5 viruses. 

P1-238 

Universal genomic amplification facilitates influenza B virus genomic 
sequencing, advanced diagnostics, and reverse genetics rescue 

B Zhou, X Lin, W Wang, RA Halpin, J Bera, TB Stockwell, DE Wentworth*

J Craig Venter Institute, Rockville, Maryland, United States 

Background: Influenza B virus (IBV) infections account for a significant part of the annual influenza 
epidemics. On average, IBVs account for more than 20% of the annual influenza infections, with up to 
≈ 60% in some years. IBV is a segmented negative sense RNA virus and its genome consists of 8 
segments of viral RNA. Although IBV genomic sequence information is critical for basic research, 
diagnostics, and vaccines to combat the IBV, there are a limited number of IBV sequences in public 
databases, especially complete genome sequence information. Materials and Methods: IBV RNA was 
purified using a ZR-96 Viral RNA Kit (Zymo Research, Irvine, CA). Universal primers were designed 
by aligning all of the publicly available sequences using MUSCLE. Primers were designed based on 
the consensus sequences of termini with consideration of natural variations. Amplicons were 
sequenced using next-generation sequencing platforms using procedures and protocols from 
manufacturers. New reverse genetics plasmids for rapid ligase-independent cloning of the IBV 
genome were developed by adding 22 bp stuffer fragments between the RNA polymerase I promoter 
and terminator. These modifications create a cloning strategy that can be accomplished using short 
regions (15 to 19 nucleotides) of identity between the plasmid and inserts and commercially available 
enzymes (eg, In-Fusion HD Cloning System, Clontech Laboratories). Recombinant IBVs were 
generated by cotransfection of 8 reverse genetics plasmids carrying the cDNA of each gene segment 
into 293T/MDCK co-cultured monolayer. Results: To develop universal primer sets to amplify any IBV 
genome in a single reaction vessel, we initially designed tailed primers that were complementary or 
identical to the universally conserved 9 and 10 nucleotides (Uni9 and Uni10) at the extremities of all 
IBV genomic RNA segments. Primers with various tails were tested and the one with best sensitivity 
and specificity was the Uni9/Uni10 primer set that comprises the 3 primers Uni9/FluB1, Uni10/FluB1, 
and Uni10/FluB2. Using the optimized RT-PCR cycling conditions, this primer set amplified the full 
genome of various influenza B viruses, albeit with low. Thus, to increase the sensitivity and better 
control the ratio of each segment in the genomic RT-PCR, primers were modified based on multiple 
sequence alignments. Using optimized RT-PCR cycling parameters, we obtained robust genomic 
amplification with very high sensitivity (limit of detection = 10 TCID50/RT-PCR reaction). In 
collaboration with various laboratories throughout the world, we applied this genomic amplification 
technology to amplify the genomes of more than 1000 contemporary IBVs. The genomic amplification 
products were successfully sequenced with different sequencing technologies, including Sanger 
sequencing and a variety of NGS platforms, such as Illumina HiSeq2000 and MiSeq, Life 
Technologies Ion Torrent sequencing, and Roche 454 pyrosequencing. This procedure has been 
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used to amplify the complete genomes of more than 1000 IBVs to date. To rapidly generation 
recombinant IBVs from our genomic amplicons, we also developed a recombination-based cloning 
strategy that enables integration into reverse genetics plasmids without consideration of the sequence 
of the virus. The genomic amplicons of a lab-adapted B/Russia/69-like virus and a recent isolate 
B/Brisbane/60-10/2010 virus were cloned into the recombination-based plasmids. Sequence verified 
plasmids were cotransfected into co-cultured 293T/MDCK cells, and the IBVs were successfully 
rescued and characterized by comparison with their WT counterparts. Conclusions: We developed a 
universal single well/tube technology to amplify the complete genome of any past, present or future 
IBV, irrespective of strain genotype and/or specimen origin. DNA copies of more than 1000 IBVs were 
generated using this genomic amplification technology and were successfully sequenced using 
Sanger dideoxy sequencing or multiple next-generation sequencing platform. Additionally, specialized 
terminal sequences incorporated into the DNA products during the genomic amplification process and 
modified reverse genetics plasmids enable rapid simultaneous cloning of the entire genome into 
reverse genetics plasmids for recombinant virus engineering and/or vaccine seed stock creation. 
 
 
P1-239 
 
A new genotype resulting from the reassortment of clade 1.1 and 2.3.2.1 at the 
origin of the human and animal H5N1 virus cases in Cambodia in 2013  
 
V Duong1, S Rith1, SV Horm1, S Ly2,  S Sorn3, S Chuop4, S Buth4, R Tsuyuoka5, D Laurent6, B 
Richner6, H Seng2, B Sar7, D Holl3, P Kitsutani8, S Ung4, A Tarantola1, T Sok2, P Buchy1* 

 
1Institut Pasteur in Cambodia, Phnom Penh, Cambodia; 2Communicable Disease Department, 
Ministry of Health, Phnom Penh, Cambodia; 3National Veterinary Research Institute, Ministry of 
Agriculture, Phnom Penh, Cambodia; 4National Institute of Public Health, Phnom Penh, 
Cambodia; 5World Health Organization, Phnom Penh, Cambodia; 6Kantha Bopha Hospitals 
Foundation, Phnom Penh, Cambodia; 7Centers for Disease Control and Prevention, Cambodia office, 
Phnom Penh, Cambodia; 8Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States 
 
Background: In Cambodia since 2004, A(H5N1) virus has been detected in 39 poultry outbreaks and 
32 patients (27 deaths) to May 1, 2013. Until 2012, all A(H5N1) strains isolated in Cambodia 
belonged to clades 1 and 1.1, of which six distinct lineages were identified. Lineage 1 viruses shared 
the same ancestor with viruses from Thailand, while all the lineages detected since 2005 were closely 
related to viruses detected in Southern Vietnam. Materials and Methods: Samples were obtained 
between January and March 2013. The samples comprised 10 confirmed human cases, 6 poultry 
outbreak investigations and samples from environmental surveillance of live poultry markets. All 
samples included in this study tested positive for A(H5N1) virus by real-time RT-PCR. Full genome 
sequences were generated from 31 strains amplified after inoculation into MDCK cells, embryonated 
eggs, or directly from the original specimen. Phylogenetic analyses were performed using the 
maximum likelihood method on all the genes. Antigenic analyses were also performed using 
reference antisera. Results: The phylogenetic analysis of 8 genes revealed that the 31 A(H5N1) 
strains isolated and sequenced in Cambodia in 2013 resulted from reassortment between clade 1.1 
and clade 2.3.2.1 viruses. While the HA and NA genes belong to the clade 1.1, genotype Z, the 6 
internal genes are closely related to the viruses of the clade 2.3.2.1 (A/Hubei/1/2011-like). Antigenic 
analysis demonstrated a significant antigenic drift. Conclusions: In this study we report the emergence 
of a new genotype of clade 1.1 A(H5N1) virus in Cambodia associated with a significant antigenic 
drift. The link between the emergence of this new genotype and the increase in human cases 
observed in 2013 is yet to be determined.  
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P1-240 

The 2012/2013 influenza season in Portugal: an antigenic and genetic 
characterisation of circulating viruses 

P Pechirra1, P Conde1, P Cristóvão1, C Silva2, C Roque3, R Guiomar1*

1National Influenza Reference Laboratory, Infectious Diseases Department, National Institute of 
Health, Lisbon, Portugal; 2Technology and Innovation Unit, Human Genetics Department, National 
Institute of Health, Lisbon, Portugal; 3Cell Culture Unit, Infectious Diseases Department, National 
Institute of Health, Lisbon, Portugal 

Background: The continuous monitoring of the antigenic and genetic properties of circulating influenza 
viruses is essential to detect any changes that may justify the selection of different vaccine candidates 
or changes in antiviral recommendations. During the 2012/2013 season, the influenza activity in 
Portugal was characterized by the co-circulation of influenza B/Yamagata and A(H1)pdm09 viruses 
with sporadic detections of influenza A(H3) and B/Victoria viruses. This study reports the antigenic 
and genetic characterisation of influenza viruses isolated in Portugal during the 2012/2013 influenza 
season. Materials and Methods: During the 2012/2013 influenza season, nasopharyngeal swabs were 
obtained through the National Influenza Surveillance Programme (ILI cases from primary health care–
based surveillance, n = 1266) and from the Portuguese Laboratory Network for Influenza Diagnosis 
(hospital-based surveillance, n = 165). The National Influenza Reference Laboratory has 
characterised antigenically by hemagglutination-inhibition assays 388 influenza strains after isolation 
on MDCK-Siat1 cell culture (233 B/Yamagata, 138 AH1pdm09, 10 B/Victoria and 7 AH3 viruses). 
Ninety influenza viruses were selected from the beginning, middle and end of the season for HA1 
genetic characterisation (43 B/Yamagata, 33 AH1pdm09, 8 AH3 and 6 B/Victoria). Results: In this 
season, the 145 isolated influenza A viruses showed good reactivity with antisera raised against 
vaccine viral strains (A/California/7/2009 and A/Victoria/361/2011). Genetically, most pandemic 
viruses (28 of 33) were from clade 6 (A/St. Petersburg/27/2011) and 5 from clade 7 (A/St. 
Petersburg/100/2011). Seven seasonal AH3 viruses clustered in group 3C (A/Victoria/361/2011) but 
one virus in group 5 (A/Alabama/05/2010). Isolated viruses from the B/Victoria lineage antigenically 
and genetically were similar to B/Brisbane/60/2008 (genetic clade 1A). The majority of influenza 
B/Yamagata viruses (which predominated in this season) showed higher reactivity with 
B/Massachusetts/02/2012 antiserum than with antiserum raised against the vaccine strain 
B/Wisconsin/1/2010. Sequence analysis showed that isolated B/Yamagata viruses were distributed 
between clade 2 (B/Estonia/55669/2011) and clade 3 (B/Wisconsin/1/2010). Most B/Yamagata 
viruses from clade 3 presented 6 amino acid substitutions (only one of these substitutions was located 
in an antigenic site of the HA: S202N) while all B/Yamagata from clade 2 revealed 7 amino acid 
substitutions (including 3 in antigenic sites: I150S, Y165N and S202N). Conclusions: Influenza A 
viruses, although genetically grouped in different genetic clades, all remained antigenically similar to 
the vaccine strains. This season, influenza B/Yamagata viruses have copredominated with influenza 
A(H1)pdm09; however, they showed a greater antigenic and genetic variability. Most of these viruses 
have diverged antigenically from the vaccine strain and genetically belong now to clade 2 
(B/Estonia/55669/2011 and B/Massachusetts/02/2012). Compared with the vaccine strain, viruses 
from clade 2 presented, at least, 3 amino acid substitutions located at antigenic sites of B 
hemagglutinin. The few B/Victoria viruses detected in circulation remain similar to the former vaccine 
strain B/Brisbane/60/2008. This antigenic and genetic scenario was very similar to the one observed 
at the European level. All the different genetic clades of influenza viruses detected in circulation were 
uniformly distributed throughout the 2012/2013 season. 
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P1-241 

Forming vaccine seed viruses—the interplay of viral genes in classical 
reassortment  

J Cobbin1*, C Ong2, E Verity2, B Gilbertson1, S Rockman2, L Brown1 

1Department of Microbiology and Immunology, The University of Melbourne, Parkville, Victoria, 
Australia; 2bioCSL Limited, Parkville, Victoria, Australia 

Background: To ensure that a sufficient quantity of seasonal split vaccine is produced each year, 
circulating isolates are reassorted with egg-adapted high growth strains. For example, H3N2 vaccine 
seeds are produced by coinfection of eggs with the circulating H3N2 isolate and the high growth 
A/Puerto Rico/8/34 (H1N1) strain (PR8). A reassortant virus is then selected as the vaccine seed, 
based on the presence of the seasonal haemagglutinin (HA) and neuraminidase (NA) genes and the 
high growth properties of the egg adapted strain. Retrospective analysis of vaccine reassortants 
indicate a high preponderance (50%) of viruses containing the seasonal PB1 gene, yet the 
mechanisms driving this gene selection and its impact on vaccine yields are not fully understood. 
Materials and Methods: In this study, we used reassortants of A/Udorn/307/72 (H3N2) virus (Udorn), a 
model seasonal H3N2 virus and the high-growth PR8 virus to investigate the selection of dominant 
gene constellations. Classical reassorting between PR8 and Udorn was performed to confirm the 
preferential selection of particular viruses in our model. Reverse genetics-derived viruses were grown 
in multiple eggs and the allantoic fluid analysed for infectious virus (plaque formation), HA content 
(haemagglutination assay), and particle number (by vRNA analysis). The ability of the polymerase 
complexes encoded by each virus to produce vRNA and viral mRNA in infected cells was determined 
by quantitative RT-PCR. Viral protein levels in infected cells, allantoic fluid, and split vaccine 
preparations were analysed by western blot and relative protein content quantified by densitometry. 
Additionally, competitive 10- and 9-plasmid transfections were used to identify the coselection of 
genes that could explain the preferential incorporation of the seasonal PB1. Chimeric PB1 plasmids 
were then produced, using site directed mutagenesis, to identify the regions directing the preferential 
incorporation observed. Results: The process of classical reassortment between PR8 and Udorn 
confirmed a high rate of inclusion of the seasonal PB1 gene with the seasonal HA and NA genes. 
Despite viruses containing the seasonal PB1 being selected much more often than those with other 
seasonal virus internal genes, its presence resulted in lower yields of virus and HA compared with the 
corresponding seed virus with the PR8 PB1. However, the 8-fold fewer virions produced was 
somewhat compensated for by a 4-fold higher HA per virion. Increased HA protein could not be 
explained by a difference in the replication or transcriptional activity of the polymerase complexes, 
and hence, we hypothesized that the PB1 selectively alters the translation of viral mRNA to result in 
higher HA densities. A higher HA/nucleoprotein (NP) ratio was also identified in past split vaccine 
preparations when the seasonal PB1 was present, also indicative of a higher HA density in these 
vaccine viruses. Together, these data suggest a nongrowth dependent mechanism for the selection of 
viruses containing the seasonal PB1. Competitive 9- and 10-plasmid transfections were then 
undertaken to investigate alternative mechanisms driving the seasonal PB1 inclusion. These 
competitive transfections showed a preference for the inclusion of the seasonal PB1 with the 
seasonal NA and not HA, which could not be accounted for by growth differences. Analysis of 
chimeric PB1 genes determined that this observed cosegregation of the seasonal NA and PB1 was 
not directed through the previously identified packaging sequences but through a novel interaction of 
the internal coding sequence of the seasonal PB1 gene. Conclusion: These studies demonstrate that 
the inclusion of the seasonal PB1 gene in candidate vaccine seed strains resulted in virus with more 
HA per virion but a poorer yield of HA overall. This less fit virus was selected on the basis of strong 
co-segregation of the seasonal PB1 with seasonal NA, directed through a novel interaction of the 
internal coding sequence of the PB1 gene and the seasonal NA. This study may be important for 
vaccine production and also allows an understanding of gene constellation restrictions during 
antigenic shift.  

185Evolution, Systems Biology,and Pathogenesis



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-242 

Amino acid sequence analyses of Taiwanese avian influenza H5N2 viruses 
with those from neighboring countries 

M-F Yang*, C-C Lee, C-C King 

Institute of Epidemiology and Preventive Medicine, College of Public Health, National Taiwan 
University, Taipei, Taiwan, Republic of China 

Background: In 2003, the outbreaks of low pathogenic avian influenza (LPAI) H5N2 virus spread all 
over Taiwan. In 2008, similar outbreaks occurred by the same subtype, but the pathogenicity was 
closer to moderate pathogenic (MPAI). In 2012, several outbreaks of high pathogenic avian influenza 
(HPAI) H5N2 occurred in poultry with wide geographic distributions, including Chunghwa, Tainan, 
Kaohsiung and Penghu Island. Although there has been no human case reported, at least three 
poultry workers were identified to be infected with H5N2 through seroepidemiologic study by the 
Centers for Disease Control in Taiwan. Therefore, the specific aims of this study were: (1) to conduct 
risk assessment for all the Taiwan chicken H5N2 viruses, (2) to compare molecular changes of 
Taiwan duck H5N2 isolated in different years, and (3) to investigate the relationship between Taiwan 
duck H5N2 and those H5N2 isolated from waterfowls of the neighboring countries. Methods: We 
performed sequence alignment analysis, based on Taiwan duck H5N2 viruses isolated in our 
laboratory (one in 2005, six in 2009 and two in 2013), and compared them with H5N2 viruses isolated 
from chickens in Taiwan and different avian species in other countries, available from the NCBI and 
GISAID gene banks. In addition, viral sequences of Taiwanese H6N1 viruses were also quantitatively 
and qualitatively analyzed with H6N1 and H5N2 viruses isolated in Asia to fully understand the 
dynamic changes of both H5N2 and H6N1 viruses. Results: First, the HA cleavage sites of Taiwan 
chicken LPAI H5N2 viruses in 2003 and 2008 were REKR and RKKR, respectively, yet such sites of 
chicken HPAI H5N2 viruses in 2012 diverged into 3 types (REKR, RRKR and RKKR). Second, risk 
assessment of mammalian adaptation amino acids of these viruses found that these two chicken 
H5N2 viruses from both years had glutamine at position 627 and asparagine at 701 in polymerase 
PB2 protein. In addition, no N224K and Q226L comutations appeared in the HA receptor binding site 
of these two Taiwanese H5N2 as well as all Japan and Mexico H5N2 viruses, regardless of their high 
or low pathogenicity, indicating that they may not have acquired mammalian host adaptation and 
affinity to α2-6 receptor. Third, comparing Taiwan duck H5N2 isolated in different years and those 
from neighboring countries showed three patterns, including (1) high amino acid (AA) sequence 
identities in PA and M1 proteins among all these Asian duck/aquatic birds H5N2 viruses, (2) only high 
AA sequence identities in NA, PB1, PB2, NP, M2, NS1 and NS2 proteins between Taiwan 2005-2006 
duck H5N2 viruses and Japan/Korea waterfowl H5N2 viruses, and (3) many unique mutations in HA 
protein among Taiwan 2005-06 duck H5N2 viruses, Taiwan 2009 duck H5N2 viruses, and those in 
Japan/Korea waterfowl H5N2 viruses. For example, Val 51 Met changes occurred in NA protein 
among Taiwanese duck H5N2 viruses in 2005-2006 compared with those in 2009. Conclusions: 
Taiwan’s early duck H5N2 viruses isolated in 2005-2006 did have a close evolutionary relationship 
with the H5N2 viruses from the reservoir waterfowls in Japan and Korea, implying the importance of 
migrating birds in these two countries with impact on Taiwan domestic duck viruses. On the other 
hand, longer evolution of chicken H5N2 viruses in Taiwan without successful eradication has 
facilitated endemicity of these viruses over the years. Such endemicity over a long period of time may 
lead to an increase in the diversity of these H5N2 viruses with better adaptation and greater 
pathogenicity.    
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Multiyear persistence of two pandemic A/H1N1 influenza virus lineages within 
West Africa 

M Nelson1, W Alonso1*, C Viboud1, E Holmes1,2

1Fogarty International Center, National Institutes of Health, Bethesda, Maryland, United 
States; 2School of Biological Sciences, University of Sydney, Sydney, Australia  

Background: Despite frequent strong population bottlenecks following seasonal influenza epidemics, 
influenza A viruses are able to persist in humans through continual global migration, which repeatedly 
reseeds viral diversity at local scales.  However, the role of African countries in this global dynamic 
remains poorly understood. Through the increased genetic sequencing of African influenza viruses 
following the emergence of novel swine-origin pandemic H1N1 viruses in 2009, we here identify the 
unique evolutionary dynamics of pandemic H1N1 viruses in Africa during 2009-2013, including 
multiyear persistence of viral lineages within Africa. Materials and Methods: Full-length HA and NA 
sequences of 699 pandemic A/H1N1 influenza viruses collected globally during 2009-2013 were 
downloaded from GISAID and included in this phylogenetic analysis. This dataset includes 100 
viruses that were randomly sampled globally for each year during 2009-2012, as well all available 
viruses sampled globally during 2013 and all available viruses sampled during 2009-2013 from Africa 
for which full-length HA and NA sequences were available (n = 177, collected from 15 African 
countries: Burkina Faso, Cameroon, Cote d’Ivoire, Egypt, Ethiopia, Ghana, Kenya, Madagascar, 
Morocco, Niger, Nigeria, Senegal, South Africa, Tanzania, and Uganda). Maximum likelihood trees 
were inferred separately for the HA and NA datasets using RAxML, using a GTR model of nucleotide 
substitution with a gamma rate distribution. Five hundred bootstrap replicates were generated to 
assess the robustness of individual nodes. As further confirmation, a full dataset including all 
pandemic A/H1N1 influenza virus HA genes available in GISAID (n = 8805 sequences) was 
downloaded and a larger ML tree was inferred for these data. Results: The global population of 
A/H1N1 pandemic influenza viruses is highly spatially mixed, reflecting the rapid and continual global 
migration of this novel virus within a new host population. Accordingly, the phylogenetic positions of 
the majority (137/177; ≈ 77%) of influenza viruses collected in Africa are dispersed throughout the 
tree, indicative of frequent global viral migration into and out of Africa. However, in two notable 
exceptions, two monophyletic African viral lineages defined by high bootstrap values (> 90%) are 
detected over the course of multiple years, indicating that these viral lineages persisted within Africa. 
One of these lineages, the “West African clade,” is continuously detected within West Africa for 2.5 
years, from July 2010 (Ghana) to January 2013 (Cote d’Ivoire). This clade consists of 18 total West 
African isolates: 1 from Cameroon (2011), 3 from Cote d’Ivoire (2012-2013), 10 from Senegal (2010-
2012), and 4 from Ghana (2010-2012). Additionally, a second lineage (n = 22 isolates), the “West-
East African clade,” also is detected within West Africa for 2.5 years, from January 2010 (Cameroon) 
to June 2012 (Burkina Faso). In addition to West African countries (Burkina Faso, Cameroon, Ghana, 
and Nigeria), this clade also spreads into Ethiopia in East Africa (2012), as well as a spillover event 
into Norway in 2013. Conclusions: The 2009 H1N1 pandemic represents one of the most intensively 
globally sampled and sequenced single disease events in history, providing an opportunity to study 
viral dynamics in regions that have typically been undersampled for influenza, particularly Africa. 
Given that air traffic volume within Africa is lower than in other global regions, it is not implausible that 
influenza virus lineages could persist for many years in Africa without spreading to other continents. 
Furthermore, the lack of synchrony among the variable seasonal patterns of geographically linked 
African countries may allow for persistence of influenza viruses even within geographically restricted 
regions, such as West Africa. Although the intensity of influenza surveillance in Africa still lags 
significantly behind that of other continents, these findings suggest that substantial viral diversity 
circulates within Africa, including viral lineages that are not detected elsewhere, warranting further 
research and surveillance in this understudied region. 
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Clinical, immunological, and virological characterization of hospitalized 
influenza A patients during 2011-2012 in Chile 

A Barrera1,2, I Budnik3, C Marco1, M Aravena3, C Gutierrez4, T Lopez4, MJ Nuñez1, R Perez3, C 
Vizcaya3, R Halpin5, DE Wentworth5, M Ferres1,3, A Garcia-Sastre6,7, RA Medina1,2,3,6* 

1Laboratory of Infectious Diseases and Molecular Virology, Centro de Investigaciones Médicas, 
School of Medicine, Pontificia Universidad Católica de Chile, Santiago, Chile; 2Millennium Institute on 
Immunology and Immunotherapy, Pontificia Universidad Católica de Chile, Santiago, 
Chile; 3Department of Pediatrics, School of Medicine, Pontificia Universidad Católica de Chile, 
Santiago, Chile; 4Department of Infectious Diseases, School of Medicine, Pontificia Universidad 
Católica de Chile, Santiago, Chile; 5Virology, J Craig Venter Institute, Rockville, Maryland, United 
States; 6Department of Microbiology, Global Health and Emerging Pathogens Institute, Icahn School 
of Medicine at Mount Sinai, New York, New York, United States; 7Department of Medicine, Icahn 
School of Medicine at Mount Sinai, New York, New York, United States 

Background: Influenza A virus affects mainly the upper respiratory tract and occasionally can cause 
viral pneumonia in some individuals. Disease outcome is modulated by both viral and host factors. 
The efficient transmissibility and the pathogenesis shown by the 2009 H1N1 pandemic strain 
(H1N1pdm2009) during its emergence emphasized the value of monitoring the clinical evolution of 
infected individuals to establish efficiency mitigation and clinical treatment strategies and to elucidate 
susceptibility factors in the general population. To date, no in-depth longitudinal studies have been 
conducted with influenza virus patients, integrating epidemiological data, pathogenesis, clinical 
findings (eg, presence of comorbidities or susceptibility factors), analysis of immune responses of the 
host, and a complete characterization of the antigenic properties, virulence, and genome of the virus. 
Materials and Methods: In this study, for the years 2011 and 2012, serial nasopharyngeal swabs and 
blood samples were collected through an approved clinical protocol from a total of 78 enrolled 
patients hospitalized with influenza A. Clinical data were obtained for each patient using the Centers 
for Excellence in Influenza Research and Surveillance Network Metadata fields (including symptoms, 
epidemiological history, morbidities, treatments, etc). Results: Current analysis showed that the 
majority of patients considered to be severe had risk factors of either preexisting comorbidities or 
belonging to high-risk age groups (individuals < 2 or > 65 years). We also identified that a large 
proportion (44.3%) of severely ill individuals had some level of immunosuppression, including 
individuals undergoing long-term medication treatment for unrelated health conditions (eg, arthritis, 
allergies). Subtyping by qRT-PCR or inhibition of hemagglutination (HI) test established that 87.5% of 
the 2011 samples corresponded to H1N1pdm09 and 64.7% of the samples of 2012 corresponded to 
H3N2. We identified 6 individuals who showed a decrease in seroconversion titers (day 21) against 
the homologous virus strain in comparison with the level of antibodies in preinfection sera (on day 1). 
Conclusions: Long-term immunosuppression for unrelated health conditions may play a role in human 
influenza A pathogenesis, which might lead to severity and/or decreased seroconversion. 
Alternatively, individuals with decreased seroconversion might be a result of antigenic drift of the virus 
during acute infection. To investigate genomic variation of the virus (quasispecies) during the acute 
phase of infection, we are currently sequencing 86 samples collected from 23 individuals during the 
first 7 days of infection. To evaluate immunosuppression, we are also investigating the status of the 
innate immune response of these patients by ELISA and qRT-PCR in serum and cells of the 
nasopharyngeal cavity, respectively. 
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Identification of variants in influenza genome associated with severity of 
disease 

M Anastasina1, L Kakkola1, H Kallio-Kokko2, A Kantele3, I Julkunen4, D Kainov1* 

1Institute for Molecular Medicine, Finland; 2Institute of Clinical Medicine, Helsinki, Finland;  3The 
Helsinki University Hospital Laboratory, Helsinki, Finland; 4The National Institute for Health and 
Welfare, Helsinki, Finland 

Background: Influenza A virus (IAV) can produce infections of varying severity in people. Mechanisms 
for developing mild, severe or even lethal influenza infections are not known, but it is likely that both 
viral and host genetic factors contribute to the outcome of infection. We aim to identify novel 
determinants within the IAV genome that influence severity of the infection and unveil their role in 
infections with different host genetic background. Materials and Methods: IAVs were obtained from 
nonhospitalized, hospitalized and intensive care treatment patients, whole viral genomes were 
sequenced with Illumina technology, and variants that may affect virulence were identified. In further 
functional studies of the isolates, we addressed gene expression, cytokine production and antiviral 
signaling cascade activation in peripheral blood mononuclear cell–derived macrophages in response 
to viral infection. Results: The pilot study was performed with six IAVs isolated from severely ill 
Finnish patients. Whole genome sequencing of IAV isolates allowed identification of unique variants in 
viral genomes that may affect virulence. The studied isolates induced differential cytokine responses 
in macrophages of a healthy individual. The strongest attenuator of cytokine responses in comparison 
to others appeared also to be a potent transcriptional inhibitor of antiviral and proinflammatory genes 
in human macrophages. Moreover, this isolate was also found to counteract activation of key protein 
kinases involved in antiviral signaling pathways. Sequencing data, together with functional studies, 
allowed us to identify variants in viral PB2, PB1, HA and NS1 proteins that may be essential for strong 
attenuation of host immune responses and are being further evaluated in our current studies. 
Conclusions: Here we set up a framework for study of IAVs isolated from patient samples allowing 
fast identification of IAV genetic variants associated with strong virulence. The pilot study allowed us 
to identify potential determinants of virulence in viral PB2, PB1, HA and NS1 proteins. 

P1-246 

The evolutionary dynamics of influenza A virus migration and competition in 
North American wild birds 

J Bahl1,2*, AJ Drummond3, GJD Smith2, KA Elam1, S Krauss4, G Raven5, SP Pryor5, AD Dey6, LJ 
Niles6, RA. Halpin7, TB Stockwell7, DE Wentworth7, RJ Webby4, RG Webster4

1Center for Infectious Diseases, The University of Texas School of Public Health, Houston, Texas, 
United States; 2Laboratory of Virus Evolution, Program in Emerging Infectious Diseases, Duke-NUS 
Graduate Medical School, Singapore; 3Department of Computer Science, University of Auckland, 
Auckland, New Zealand; 4Department of Infectious Diseases, St. Jude Children’s Research Hospital, 
Memphis, TN, United States; 5Environment Canada, Canadian Wildlife Service, Edmonton, Alberta, 
Canada; 6Conserve Wildlife Foundation of New Jersey, Bordentown, NJ, United States; 7J. Craig 
Venter Institute, Rockville, Maryland, United States 

Background: The geographical separation of avian host species has structured the avian influenza A 
virus (AIV) gene pool into independently evolving Eurasian and American populations. Phylogenetic 
evidence has shown viral migration between these populations. The cocirculation of antigenically 
similar viruses creates suitable conditions to study viral competition in natural populations. In the mid 
1990’s, H6 subtype influenza viruses with hemagglutinin (HA) gene derived from Eurasian ancestors 
were detected in North American wild birds. Since 2003, the endemic H6-HA lineage has not been 
detected. The introduced lineage has displaced the endemic population. More recently, a Eurasian H3 
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lineage has been introduced and continues to circulate in North American birds. Recent studies of AIV 
in North American wild birds suggest bird migratory habits and the discontinuous distribution of 
susceptible hosts may produce long periods of cocirculation of competing virus strains before lineage 
extinction occurs. However, the relationship between viral migration and competition dynamics 
remains ambiguous. Materials and Methods: For this study, we sequenced the full genome of 700 H6 
and H3 subtype subtype viruses collected from wild-bird systematic surveillance to investigate the 
evolutionary dynamics associated with competition between introduced and endemic viral lineages. 
We determine the most likely location of invasive viral lineage entry and detection, estimate rate of 
migration between discrete host populations as well as the location and duration of cocirculation of 
each lineage. We assume competitive exclusion is driven the immune status of the host population 
and the ability of the introduced lineage to effectively transmit. Results: Our results show repeated 
introductions of H6 subtypes into North America from Eurasia through Charadriformes detected in 
Delaware Bay. These introductions likely occurred in northern breeding habitats where Eurasian and 
North American Charadriformes comingle. However, lack of data prevents confirmation. Regardless, 
we estimate a wave front of viral invasion and the decreasing habitat of the displaced H6 lineage. In 
contrast, H3 viruses were recently introduced through Alaskan Anserformes. To date, this lineage has 
primarily been detected in western surveillance sites although recent evidence suggests the virus has 
occasionally migrated to several mid-western and eastern regions. Currently 3 H3 virus lineages (2 
endemic lineages and 1 introduced Eurasian-origin) circulate in wild birds. It is unclear if these 
lineages are inducing any cross-reactive immunity to drive exclusion. Conclusions: The circulation and 
spread of highly pathogenic H5N1 viruses highlight the need to incorporate viral migration in 
pandemic preparedness planning. We show that despite the importance played by Charadriformes 
hosts in viral introductions and migration, the location of entry points for Eurasian viruses into this 
population remains enigmatic. Surveillance and control efforts targeted in Charadriformes may be 
important to control viruses introduced to North America from Western Europe. In contrast, Eurasian-
origin H3 viruses entered North American via Anseriformes in Alaska. This lineage was initially 
restricted to the Pacific flyway, which suggests control measures focused in this region may be critical 
for containment of invasive viruses that enter through the Alaskan peninsula. The incorporation of 
viral migration and host habit can inform viral movement models and identify potential population 
bottlenecks for disease control efforts. This study highlights the need for targeted expansion of the 
current influenza surveillance network in wild bird populations. 

P1-247 

Co-circulation of two Influenza pandemic variants of the nonstructural gene in 
Brazil from 2009 to 2012 

D Machado*, P Resende, F Motta, P Born, S Carney, M Siqueira 

Laboratory of Respiratory Viruses and Measles, IOC/Fiocruz, Rio de Janeiro, Brazil 

Background: The 2009 H1N1 pandemic (H1N1pdm09) influenza A virus is a triple reassortant among 
European swine, North American classical swine and Eurasian avian-like lineages. The nonstructural 
(NS) gene, hemagglutinin gene and nucleoprotein belong to the classical swine lineage. The NS gene 
codes for the NS1 and NS2 proteins and is an interferon antagonist that allows efficient virus 
replication. A previous study divided strains of the H1N1pdm09 influenza A virus into two categories 
based on the presence of a V123I mutation in the NS1 gene: G1 (characterized as 123 Val) and G2 
(characterized as 123 Ile). In our study we analyzed the frequency of these mutations in the NS gene 
sequences to investigate the association or lack of association between these genotypes and the 
geographic distribution or clinical outcome of the disease. Materials and Methods: We performed 
Sanger sequencing of the NS gene (1 to 834 nucleotides) from 28 samples collected during and after 
the 2009 pandemic event (April 2009 to December 2012)  from different states of Brazil. In addition to 
the sequence data, we obtained 43 NS sequences from the GISAID database. We chose all South 
American sequences. A multiple alignment of nucleotide sequences was constructed using ClustalW 
from MEGA 5.1 software. Phylogenetic analysis of maximum likelihood (ML) was performed with the 
PhyML online tool, after determining the best model of nucleotide substitution through the jModelTest 
v2.1.1 software. The ML trees were reconstructed using the heuristic search algorithm "SPR branch 
swapping." The reliability of the topology obtained was evaluated by the approximate likelihood-ratio 
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test. Results: We found two NS variants circulating in Brazil; the V123I mutation was identified in 11 
strains from the G2 genotype and 17 strains from the G1 genotype. The G2 genotype circulated in the 
southeast (n = 8) and south (n = 3) of Brazil only in 2009 (from May to August). The G1 genotype was 
detected in 11 sequences from 2009, 1 from 2010 and 5 from 2012 (from May 2009 to April 2012). 
The samples were obtained from patients who had classic flu syndrome, severe cases, or who died, 
and it was not possible to correlate mutations with disease severity. Throughout the period studied, it 
was also not possible to observe any geographic correlation within Brazil. Conclusions: The two 
variants of NS1 were present in Brazil, especially during 2009, in contrast with the other regions of the 
world, such as Argentina and Chile in South America, where only the G1 genotype was present. 
Studies with sequences from around the world are still necessary to further investigate the circulation 
of different genotypes globally and the possible correlation of variants with severity. 

P1-248 

Genotypic variation of contemporary swine influenza viruses circulating in 
Europe 

S Watson1, P Langat1,2*,S Reid3, S Franz2, M Kelly3, TTY Lam4, O Pybus4, I Brown3, P Kellam1

1Virus Genomics, Wellcome Trust Sanger Institute, Hinxton, United Kingdom; 2University of 
Cambridge, Cambridge, United Kingdom; 3Animal Health and Veterinary Laboratories Agency, 
Surrey, United Kingdom; 4Department of Zoology, University of Oxford, Oxford, United Kingdom 

Background: As demonstrated by the recent swine-origin H1N1/2009 pandemic, pigs may play an 
important role in the pathogenicity and epidemiology of influenza A viruses. Pigs are permissive to 
both human and avian influenza viruses and can thereby function as a “mixing vessel” for the 
reassortment of genetically diverse avian, swine, and human influenza viruses to generate new, 
pathogenic strains potentially adapted for cross-species transmission. The European Surveillance 
Network for Influenza in Pigs 3 (ESNIP3) project is part of an EU-funded surveillance network seeking 
to gain insights into the epidemiology and evolution of swine influenza viruses (SIVs) circulating in 
Europe. The projects aims to define and reduce public health risks of influenza and thereby improve 
pandemic preparedness. Methods: We developed a robust, BLAST-based reference mapping 
approach to assemble influenza virus next-generation sequencing (NGS) data for large-scale 
genotypic identification. This method was applied to assemble quality-controlled NGS data sequenced 
on Roche/454 FLX and Illumina MiSeq platforms, and investigate the molecular evolution of 180 
influenza-positive samples isolated from European swine as part of the ESNIP3 project. The 
consensus sequences generated above were combined with background influenza sequences 
representing the spread of genetic diversity found in swine to characterize the lineage of origin for 
each genomic segment. Maximum likelihood (ML) phylogenies were inferred with the GTR+Γ4 
substitution model and clade confidence estimated by bootstrapping with 1000 pseudoreplicates. 
Results: Full-genome sequencing and phylogenetic analysis reveal the dominant, established strains 
currently in circulation, as well as ongoing changes in the epidemiology of influenza in European pigs. 
Application of this whole-genome assembly method demonstrates improved identification of a broad 
range of influenza A virus genotypes, including novel reassortant strains of SIVs described here for 
the first time. Briefly, we detected novel reassortments including triple reassortments of human, 
pandemic H1N1, and swine viruses, and gained insights into the distribution of genotypic variation of 
SIVs across Europe. Conclusions: The results from this study can now be disseminated to the ESNIP 
partners through the network-wide database. This novel assembly approach can also be applied and 
evaluated for the genome assembly of other diverse influenza viruses. Our findings of the possible 
emergence of novel reassortant strains of influenza viruses highlight the necessity of further 
exploration and continued surveillance of swine influenza to minimize potential risks to public health. 
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Aberrant alveolar macrophages in mice deficient for integrin β6 contribute to 
an altered response and resolution of influenza 
 
N Van De Velde1*, V Meliopoulos1, D Sheppard2, S Schultz-Cherry1, P Murray1 
 
1Department of Infectious Diseases, St Jude Children’s Research Hospital, Memphis, Tennessee, 
United States; 2Department of Medicine, Division of Pulmonary, Critical Care, Allergy, and Sleep 
Medicine, UCSF Medical Center, San Francisco, California, United States 
 
Background: β6 integrin (Itgb6) is a tightly regulated protein that is constitutively expressed at low 
levels in healthy lung and significantly up-regulated following injury or pathogenic insult. Absence of 
this integrin affects the expression of matrix metalloproteinase 12 (MMP12), transforming growth 
factor β (TGF-β), and collectins and plays a role in the response to pulmonary bacterial and viral 
infections, including the influenza virus. Given the putative role of β6 integrin in the lung during 
influenza A infection, we investigated the effect of Itgb6 on the lung’s resident leukocyte populations. 
Materials and Methods: To determine the role of Itgb6 during influenza infection, Itgb6−/− KO and the 
appropriate age-matched C57BL/6 mice were intranasally inoculated with A/California/04/09 (H1N1) 
virus, and lungs and bronchoalveolar lavage (BAL) were harvested from infected and naive mice at 
different times postinfection and stained with fluorescent antibodies for cytometry and cell sorting. 
Lung tissue was fixed and stained for histology and immunohistochemistry. Magnetically sorted cells 
were lysed in Trizol reagent and RNA harvested for quantitative RT-PCR of specific cell populations. 
To detect serum cytokine and immunoglobulin levels, ELISA assays were performed. Results: In the 
absence of Itgb6 expression, there is a loss of the typical homeostatic CD11cpositive CD11blow alveolar 
macrophage (AM) population and the development of spontaneous, bronchus-associated lymphoid 
tissue (BALT) in the lungs compared with wild-type animals. This ectopic tissue and the altered lung 
microenvironment that results from the absence of Itgb6 appear to have a protective effect as KO 
mice show significantly increased survival. We hypothesized that in the absence of the normal 
homeostatic cycle of alveolar macrophages, the lung remains more immunologically ready to deal 
with infection. Likewise, the presence of well-developed B- and T-cell follicles within the lung suggests 
that these animals are better equipped to mount a swift adaptive response to infection. The potentially 
protective effects of both BALT tissue and the altered AM population are currently under review. 
Conclusions: These data suggest a role for Itgb6 in the maintenance of homeostatic lung leukocyte 
populations through communication between the lung epithelium and the resident and inflammatory 
macrophages. A potential therapeutic role for selective ablation of Itgb6 is currently being 
investigated. 
 
 
P1-250 
 
The effect of influenza virus receptor tropism on lipid-surfactant production 
 
K Inagaki*, S Jackowski, R Webby 
 
St Jude Children’s Research Hospital, Department of Infectious Diseases, Memphis, Tennessee, 
Unites States 
 
Background: It has been previously shown that avian influenza viruses can target α2,3-linked sialic 
acid (SA)-rich alveolar type II cells. One of the major functions of alveolar type II cells is the 
production of pulmonary surfactant, which is essential to life. Pulmonary surfactant is composed of a 
mixture of lipid and protein that lines the inner surface of the alveoli. Phospholipids such as 
disaturated phosphatidylcholine (DSPC) and hydrophobic proteins such as SP-B and SP-C play roles 
in lowering surface tension to prevent the alveoli from collapsing. Recent works on pulmonary 
surfactant in relation to influenza virus infection have focused on minor surfactant hydrophilic proteins 
such as SP-A and SP-D, which contribute to innate immunity. Clinically, surface active components of 
surfactant are important because their alteration can lead to severe pulmonary dysfunction. In this 
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study, we tested the hypothesis that avian influenza virus targeting of alveolar type II cells will lead to 
a reduction in the levels of surface active components of surfactant. Materials and Methods: A/Hong 
Kong/1/1968 (R1-HK) and A/Hong Kong/1/1968 with hemagglutinin substitutions L226Q S228G (R2-
HK) were used as models of human-like and avian-like influenza viruses, respectively. These viruses 
were a generous gift from Dr Mikhail Matrosovich. Eight-week-old female C57BL/6 mice were infected 
with 105 TCID50 of influenza virus diluted in 30 μL of PBS at t = 0. On t = 3 days, mice were 
euthanized and bronchoalveolar lavage fluid (BALF) was obtained. Viral titers and DSPC, the major 
component of lipid surfactant, levels were determined. In addition, A549 human lung epithelial cells 
were infected with a multiplicity of infection of 5 for 18 hours before radiolabeling with 3H-choline (1.5 
μCi/1.5 mL). Cells were harvested at t = 1, 2, 4, 6, 9, and 12 hours for radioactivity and cell counts. 
Results: At three days postinfection, there was a 3.6-fold increase in the amount of DSPC in BALF in 
R1-HK-infected mice and a 1.8-fold increase in R2-HK-infected mice as compared with mock-infected 
animals. This result demonstrates an increased secretion of surfactant DSPC after infection with 
either virus, with the avian-like R2-HK having a blunted response. This difference in DSPC levels was 
independent of viral load, with each virus replicating to similar levels. To directly measure the impact 
of viral infection on PC synthesis in type II alveolar cells, we examined choline uptake (as a correlate 
of PC synthesis) in A549 cells. Infection of these cells by both viruses led to reductions in choline 
uptake, with a 30% reduction in R1-HK-infected cells and a 45% reduction in R2-HK-infected cells at t 
= 12 hours as compared with uninfected controls. Conclusions: These data showed that influenza 
virus infection of type II alveolar cells results in reductions in PC synthesis. As such, the in vivo 
targeting of these cell types by influenza viruses with avian-like receptor specificities is a likely 
explanation for the reduced lipid surfactant levels seen in the infected mouse lung. It is possible that 
the relative reduction in lipid surfactant levels may contribute to the severe disease seen following 
lung infection with avian-like viruses. 

P1-252 

Genetic analysis of low pathogenic avian influenza H4N6 and H9N2 viruses 
circulating in West Bengal, India, reveals genetic diversity 

J Mullick*
, A Deshpande, R Bangale, SS Keng, SD Pawar, AC Mishra 

Avian Influenza Division, National Institute of Virology, Microbial Containment Complex, Pashan, 
Pune, India 

Background: Our recent studies on avian influenza (AI) surveillance among wild, resident and 
migratory birds, and poultry during 2009-2011 in West Bengal revealed the presence of low 
pathogenic AI (LPAI) H4N6 viruses in domestic ducks and backyard chickens and LPAI H9N2 in 
chickens from both backyard and wet poultry markets. A total of 57 AI H9N2 and 15 AI H4N6 from 
various sites of the ten districts of West Bengal were identified by virus isolation, hemagglutination 
inhibition assay, molecular subtyping and partial sequencing of the hemagglutinin (HA) and 
neuraminidase (NA) genes. Materials and Methods: Complete analysis was performed by sequencing 
the HA gene of 15 isolates of AI H4N6. In addition, full genomes of 7 isolates of H4N6 and 6 isolates 
of H9N2 viruses were performed. Phylogenetic trees of each segment were generated using 
neighbour-joining and maximum likelihood methods. Results: The HA genes of both the LPAI H4N6 
and H9N2 viruses showed the characteristic features of low pathogenic viruses. Phylogenetic analysis 
revealed that the LPAI H4N6 viruses clustered with the Eurasian lineage, but showed distinct 
divergence among viruses of different localities. They also showed closed relatedness with other LPAI 
subtypes like H4N3, H3N6, H7N6, and H5N2, predominantly of the duck species. On the other hand, 
the LPAI H9N2 viruses were similar to the G1-like virus sublineage with the closest relatives being 
H9N2 from Tripura, Pakistan, Saudi Arabia and Iran. The HA receptor-binding domain of all the H4N6 
viruses retained the Q226 and G228 suggestive of preferential binding to the avian specific 2,3-
linked sialic acids, but surprisingly all the H9N2 viruses possessed human-like residue 226L. Unique 
mutation in NA of AI H4N6 rendered an additional glycosylation site, while in AI H9N2 it resulted in a 
loss of glycosylation site. Several other mutations in HA, NP, NS, PA, PB2 genes were observed 
suggestive of genetic diversification. Conclusions: Molecular characterization of the LPAI H4N6 and 
H9N2 viruses in this study indicates genetic diversity and is suggestive of a probable exchange of 
genetic pools among various LPAI viruses circulating the globe. Continuous surveillance and genetic 
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characterization of AI viruses are necessary to reveal the introduction of any reassortants in the 
region, as LPAI viruses possess the potential of acquiring increased virulence and species transfer.  

P1-253 

Assessing the biological significance of influenza mutation frequency with a 
fidelity variant selected with ribavirin 

PP Cheung1*, SJ Watson2, K-T Choy1, S-F Sia1, P Kellam2,3, Y Guan1, JSM Peiris1, H-L Yen1 

1Centre of Influenza Research, School of Public Health, Li Ka Shing Faculty of Medicine, the 
University of Hong Kong, Pokfulam, Hong Kong SAR; 2Wellcome Trust Sanger Institute, Wellcome 
Trust Genome Campus, Hinxton, Cambridge, United Kingdom; 3Research Department of Infection, 
Division of Infection and Immunity, University College London, Gower London, United Kingdom 

Background: The mechanisms by which the influenza A virus (IAV) polymerase complex contribute to 
the emergence of mutation remain elusive because of the lack of structural data and relevant 
experimental models. An unresolved question is how populations of genetic variants generated 
through polymerase error during genomic replication facilitate IAV adaptation. We attempted to 
generate a virus with reduced mutation error, ie, a “high fidelity” virus. We conducted a mutagen 
resistance screen by passaging a human seasonal influenza strain A/Wuhan/359/95 (H3N2) in the 
presence of ribavirin to isolate a ribavirin-resistant variant and to identify possible mutations that may 
confer decreased mutational frequency to different IAV subtypes. Materials and Methods: Seventeen 
in vitro passages of six replicate cultures at a constant MOI of 0.01 were performed in the presence of 
35-40 µM ribavirin (a purine analogue). Plaque-purified clones derived from two replicate cultures that 
consistently showed reduced sensitivity to ribavirin were selected and sequenced. The role of the 
observed mutations in the polymerase genes (PB2, PB1, PA, and NP) in ribavirin resistance was 
assessed by evaluating the ribavirin dose response on polymerase activity in a mini-genome system, 
as well as by using reverse genetics rescued viruses carrying the candidate mutations. To determine 
if the increase in ribavirin resistance can be explained by an increase in selectivity for purine 
nucleosides, another purine analogue, T-705 (favipiravir), was used to assess the T705-resistance 
levels of wild-type and mutant H3N2 and H5N1 viruses at the level of the polymerase complex. To 
confirm that the defined mutations conferring ribavirin resistance reduce viral mutational frequency, 
TOPO sequencing was performed to compare the mutational rates of the wild-type and mutant 
viruses in both H3N2 and A/Vietnam/1203/04 (H5N1) backbones. The role of the intrinsic error rate of 
the polymerase in generating antibody escape mutants when exposed to monoclonal antibody 
selection pressure was assessed by comparing the frequency of escape mutants in recombinant wild-
type and mutant H3N2 viruses after passage in the presence of two monoclonal antibodies. 
Experimental infection of mice with wild-type and mutant viruses was done to determine the role of 
IAV diversity on pathogenesis. Results: We determined that the key mutation conferring ribavirin 
resistance phenotype was PB1-V43I. It conferred an EC50 value higher than wild-type by a factor of 
1.73 in the mini-genome assay. Recombinant virus with the PB1-V43I mutation replicate to 10.8-fold 
higher virus titre compared with the wild-type virus in MDCK cells at 60 µM ribavirin. The mutation 
frequency of PB1-V43I virus was lower than that of wild-type H3N2 virus by a factor of 0.98-3.12. 
Monoclonal escape mutants were generated more readily by wild-type H3N2 viruses compared with 
the PB1-V43I mutant. We next assessed whether the PB1-V43I mutation conferred resistance to 
ribavirin when introduced into the highly pathogenic H5N1 virus in mini-genome assays and using 
reverse genetics rescued H5N1 viruses. The mutational frequency of the recombinant H5N1 virus 
carrying the PB1-V43I mutation was lower compared with the wild-type virus by a factor of 1.39-1.55. 
The high-fidelity H5N1 virus was comparable to wild-type virus in polymerase function and in one-step 
growth curves in cell cultures in vitro. It replicated to comparable titres in the lung of infected mice, but 
was 10-fold less lethal than wild-type virus and exhibited less neurotropism. Conclusions: We created 
IAV with reduced mutational frequency to provide experimental evidence for the role of quasispecies 
in antigenic drift and pathogenesis. This model can be applied to further investigate the role of viral 
genome diversity in other complex traits such as virus transmission and pathogenicity. 
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O-840 

Mechanism-based covalent inhibitors of influenza virus neuraminidases 
demonstrate broad spectrum antiviral efficacy in vitro and in vivo  

J McKimm-Breschkin1*, S Barrett1,  V Streltsov1, P Pilling1, J Kim2, R Resende2, T Wennekes2, H 
Chen2, N Bance3, S Buchini2, A Watts4, M Petric5, R Liggins6, M Niikura3, S Withers1

1CSIRO Materials Science and Engineering, Parkville, Australia; 2Department of Chemistry, University 
of British Columbia, Vancouver, Canada; 3Faculty of Health Sciences, Simon Fraser University, 
Burnaby, Canada; 4Department of Pharmacy and Pharmacology, University of Bath, Bath, United 
Kingdom; 5British Columbia Centre for Disease Control, Provincial Health Services Authority, 
Vancouver, Canada; 6Centre for Drug Research and Development, Vancouver, Canada 

Background: While influenza vaccines play an important role in the prevention of disease, due to 
continual evolution of the viruses, the strains in the seasonal vaccine may not match those circulating 
by winter and do not provide 100% protection. Furthermore, when a new strain emerges, such as the 
swine pandemic H1N1 strain or the recently emerged H7N9 strain, it still takes months to prepare the 
new vaccines. Hence, broadly active antivirals can play an important role in modulating the severity of 
the influenza infection when vaccines are not available. Both Tamiflu and Relenza, which target 
neuraminidase, are based on a transition state analogue of the natural substrate sialic acid and are 
effective against all strains of influenza due to high conservation of residues within the neuraminidase 
active site. Both products are licensed globally for the treatment and prevention of influenza. Due to 
differences in their chemical structures, most mutations that have emerged confer resistance only to 
Tamiflu. However, some different mutations are now causing cross-resistance to Relenza. We 
describe here a new class of potent, specific, mechanism-based inhibitors of the influenza 
neuraminidase. They are based on the natural ligand sialic acid, with the substitution of fluorines at 
positions 2 and 3 of 2,3-difluorosialic acid (DFSA) and function by the transient formation of a 
covalent intermediate species. Materials and Methods: A series of DFSA compounds were 
synthesized with substitution of an amino or guanidino group on C-4 and the C-3 fluorine in either the 
equatorial or axial position. Inhibitors were tested, in enzyme inhibition assays, for inhibition of virus 
replication in cell culture in a lethal model of mouse influenza and by X-ray crystallography to explore 
possible formation of the covalent link. Results: The DFSAs inhibited a broad range of influenza virus 
neuraminidases and formed a covalent link to Tyr406 in the enzyme active site, demonstrated by 
NMR and by structural analysis. We demonstrated efficacy in enzyme inhibition assays in vitro and in 
cell-based plaque reduction assays, with IC50s in the low nanomolar range. The C-4 guanidino 
substitution was more potent than the C-4 amino substitution. The equatorial 3-F improved efficacy 
over the axial 3-F. The DFSAs were also effective at protecting mice against a lethal infection with 
influenza at drug concentrations comparable with those of Relenza. Conclusions: Since all influenza 
neuraminidases use the same mechanism to catalyze hydrolysis of sialic acids, DFSAs should also 
be broadly active. Given the similarity of their structure to that of the natural substrate and their 
mechanism-based design, we predict that resistance is less likely to arise to this class of inhibitor, 
since mutations preventing binding of the DFSAs would affect the catalytic function of the 
neuraminidase enzyme. Importantly, we have demonstrated broad spectrum efficacy against viruses 
resistant to Tamiflu and Relenza, which indicates a different resistance profile. We believe that this 
class of compounds warrants further development. 
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O-841 

A novel I221L substitution in neuraminidase confers high-level resistance to 
oseltamivir in clinical influenza B virus isolates 

V Escuret1,2, P Collins4, J Casalegno1,2, N Cattle3, O Ferraris1,2, S Vachieri4, J Skehel4, M Valette1, M 
Ottmann2, J McCauley3, R Daniels3, B Lina1,2*

1Hospices Civils de Lyon, Centre National de Référence Virus Influenzae France Sud, Laboratoire de 
Virologie Est, Bron, France; 2Université de Lyon, Faculté de Médecine Lyon Est, Lyon, France; 3WHO 
Collaborating Centre for Influenza, 4Virology Division, Medical Research Council, National Institute for 
Medical Research, The Ridgeway, London, United Kingdom 

Background: We describe influenza B viruses, isolated from an immunocompromised patient after 
prolonged oseltamivir treatment, with novel I221L substitution in neuraminidase (NA) that confers 
high-level resistance to neuraminidase inhibitors (NAIs). Virus was first detected 8 days (D8) after 
onset of symptoms. Oseltamivir (75 mg orally, twice daily) was administered for 6 days (D9 to D14) 
and 17 days (D20 to D36), but virus was still detected in nasopharyngeal aspirates (NPAs). A 
progressive diminution of immunosuppression from D41 and the administration of immunoglobulins at 
D48 and D55 resulted in cessation of viral excretion. Viruses isolated in cell culture from D12 to D30 
were sensitive to oseltamivir and zanamivir, with IC50 values of 14.7 and 2 nM, respectively, for the 
first isolate. However, viruses isolated from an NPA at D34 and a nasal swab at D40 were resistant to 
oseltamivir and zanamivir, with IC50 values of 1515 and 24.3 nM and 1776 and 27.3 nM, respectively. 
NA gene sequencing revealed mutation encoding an I221L substitution in NA at a level of 100% for 
these two isolates. Additionally, viruses bearing wild-type (wt) and a mix of wt (80%) and mutated 
(20%) NA genes were isolated from NPAs at D35 and at D37, respectively. Viruses isolated from a 
nasal swab at D40 and bronchoalveolar liquid at D42 had 100% and 80% mutated NA genes, 
respectively. Materials and Methods: To better understand this resistance profile, the NA (Km, Ki) of 
the isolated viruses was enzymatically characterized. The in vitro fitness in MDCK cells of viruses 
carrying wt or mutated NA genes was analyzed. We also quantified the proportions of wt (I221) and 
mutated (L221) NA genes directly in the patient samples with real-time RT-qPCR using specific 
probes. To understand how this I221L substitution induced this high-level resistance to NAIs, 
structural characterization of a wt and I221L variant NA was performed. Results: The Km and Ki 
revealed that the NA I221L variant had a 2.2 times lower affinity for MUNANA substrate and about 
87.5 and 26 times lower affinities for oseltamivir carboxylate and zanamivir, respectively, than wt NA. 
Viruses with a wt or I221L variant NA had similar growth kinetics in MDCK cells. Five successive 
passages in MDCK (MOI 10-4), without any selective pressure, revealed the stability of viruses 
bearing wt or variant NA and the absence of reversion of the I221L substitution. The quantification of 
wt or mutated NA genes in patient samples revealed a good correlation with the proportion of viruses 
isolated in cell culture: 100% mutated NA gene in the D34 and D37 samples and 100% wt NA gene at 
D35. However, the proportions of mutated NA gene were 89% and 99% in the patient samples at D37 
and D42 but only 20% and 80% in the corresponding isolates, respectively, suggesting a possible 
selection for wt virus by MDCK cells for these samples. We used X-ray crystallography to understand 
the structural basis of resistance of the I221L variant NA to oseltamivir relative to wt. Crystals of the 
variant in complex with both inhibitors diffracted to high resolution, showing clearly defined density for 
bound oseltamivir and zanamivir. The structure of the I221L-oseltamivir complex showed that the 
leucine residue protrudes toward the hydrophobic pocket of the active site that accommodates the 
pentyloxy substituent of oseltamivir, thus causing a change in the conformation of the inhibitor such 
that the C81 carbon moves about 1.3Å from the wt NA bound position. Conclusions: Novel I221L NA 
substitution in influenza B viruses confers a high level of resistance to NAI while retaining good virus 
fitness. Enzyme kinetic analysis with crystal structures of the I221L variant NA provide a structural 
explanation of resistance of this variant to oseltamivir. Our structures show that, due to the I221L 
substitution, binding of the pentyloxy substituent of oseltamivir is not as favorable as in the wt NA. 
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O-842 

Characterization of the R292K neuraminidase mutation that confers resistance 
to the neuraminidase inhibitors in a novel H7N9 human isolate 

H-L Yen1*, JL McKimm-Breschkin2, K-T Choy1, DDY Wong1, PPH Cheung1, J Zhou1, IH Ng1, H Zhu1,3, 
RJ Webby4, Y Guan1,3, RG Webster4, JSM Peiris1 

1Centre of Influenza Research, School of Public Health, LKS Faculty of Medicine, The University of 
Hong Kong, Hong Kong SAR; 2CSIRO, Materials Science and Engineering, Parkville, 
Australia; 3Shantou University Medical College, Shantou, China; 4Department of Infectious Diseases, 
St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Background: From February 19 to May 30, 2013, the novel H7N9 influenza virus has caused 132 
human infections with 37 fatal cases. The neuraminidase (NA) inhibitors are currently the front-line 
therapeutic options for the novel H7N9 influenza viruses, which possess an S31N mutation that 
confers resistance to the M2 ion-channel blockers. We characterized the A/Shanghai/1/2013 virus 
isolated from the first confirmed human case of A/H7N9 disease in China. Materials and Methods: 
The A/Shanghai/1/2013 and the A/Shanghai/2/2013 H7N9 influenza viruses provided by the China 
CDC have been passaged in eggs and MDCK cells before characterization. The A/Shanghai/1/2013 
isolate contained a mixed population of R (65%; 15/23 clones)/K (35%; 8/23 clones) at the NA residue 
292, as determined by clonal sequencing. The R292K mutation has been reported to confer 
resistance to NA inhibitors in N2 and N9 subtypes. Plaque purification was performed to derive the 
wild-type virus (NAR292) or the mutant virus (NAK292). We determined the sensitivity of the virus to NA 
inhibitors using the fluorescence-based NA inhibition assay and the dose-response curve in MDCK 
cells. Results: A/Shanghai/1/2013 with mixed R/K at residue 292 exhibited a sensitive phenotype to 
NA inhibitors by the enzyme-based NA inhibition assay. The plaque purified A/Shanghai/1/2013 with 
K292 showed decreased sensitivity to zanamivir by 62-fold, to peramivir by > 1000 fold, and to 
oseltamivir carboxylate by > 30,000 fold compared with its plaque purified wild-type counterpart 
possessing R292. In MDCK cells, the plaque purified A/Shanghai/1/2013-NAK292 virus exhibited no 
reduction in viral titer under increasing concentrations of oseltamivir carboxylate (range 0-1000 μM), 
whereas the replication of the plaque purified A/Shanghai/1/2013-NAR292 and the A/Shanghai/2/2013 
viruses were completely inhibited at 250 and 31.25 μM of oseltamivir carboxylate, respectively. 
Although the plaque purified A/Shanghai/1/2013-NAK292 virus exhibited lower NA enzyme activity and 
a higher Km for 2′-(4-methylumbelliferryl)-α-D-N-acetylneuraminic acid than that of the wild-type 
A/Shanghai/1/2013-NAR292 virus, the A/Shanghai/1/2013-NAK292 virus formed large plaques and 
replicated efficiently in vitro. Conclusions: Our results confirmed that the R292K NA mutation confers 
resistance to oseltamivir, peramivir, and zanamivir in the novel human H7N9 viruses. Detection of the 
resistance phenotype may be masked in the clinical samples containing a mixed population of R/K at 
NA residue 292 while applying the in vitro–based assay or the fluorescence-based NA inhibition 
assay. It is crucial to monitor the emergence of the R292K mutation among H7N9 patients by 
genotypic methods.  

O-843 

Neuraminidase inhibitor oseltamivir protects mice against lethal 
A/Anhui/1/2013 (H7N9) influenza virus infection 

T Baranovich, A Burnham, B Marathe, J Armstrong, RJ Webby, RG Webster, EA Govorkova* 

St. Jude Children's Research Hospital, Memphis, Tennessee, United States 

Background: The high mortality rate among individuals infected with influenza A (H7N9) viruses is a 
public health concern. In the absence of a vaccine antigenically matching the novel human pathogen, 
antiviral drugs can play an important role at initial stages of an outbreak. Limited information is 
available about the effectiveness of specific anti-influenza drugs [eg, neuraminidase (NA) inhibitors 
(NAIs)] against H7N9 influenza viruses. Here, we determined the susceptibility of N9 viruses to NAIs 
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in vitro, developed a mouse model, and investigated the antiviral activity of the NAI oseltamivir in vivo. 
Materials and Methods: The susceptibility of human and avian H7N9 influenza viruses to NAIs was 
determined in a fluorescence-based MUNANA assay. The pathogenicity of A/Anhui/1/2013 (H7N9) 
influenza virus was determined in BALB/c mice by intranasal inoculation with a range of virus doses 
(102-106 PFU/mouse). The antiviral activity of oseltamivir phosphate (oseltamivir) in 6- to 8-week-old 
BALB/c mice was assessed in (1) an early pre-exposure model (drug administered 4 h before virus 
inoculation) and (2) with delayed treatment (drug administered 24, 48, or 72 h after virus inoculation). 
In all regimens, mice were given different doses of oseltamivir (5, 20, or 80 mg/kg/day) twice daily for 
5 days and challenged with 5 MLD50 of A/Anhui/1/2013 (H7N9) virus. Survival, weight changes, and 
virus replication in mouse tissues on days 3, 6, 9, and 12 after virus challenge were evaluated. 
Results: Phenotypic assays revealed that all 15 viruses of N9 NA subtype are susceptible to the NAIs 
oseltamivir carboxylate, zanamivir, and peramivir in vitro, with IC50 values ranging from 0.3 to 1.6 nM. 
These IC50 values were comparable with those for human influenza viruses of Group 2 NA. Influenza 
A/Anhui/1/2013 (H7N9) virus caused lethal infection in BALB/c mice without prior adaptation, with an 
MLD50 of 102.5 PFU. Mice showed decreased activity, hunched posture, ruffled fur, dyspnea, 
progressive weight loss, and death on days 6-9 after virus challenge. Replication of the H7N9 virus 
was restricted to mouse lungs and did not spread systemically. Virus replication was characterized by 
a long duration and induced pulmonary expression of pro-inflammatory mediators. In the early pre-
exposure model, treatment of mice with 5 mg/kg/day of oseltamivir was effective at providing 50% 
survival rates. Importantly, an oseltamivir regimen (20 mg/kg/day for 5 days), which is reported to 
produce a plasma concentration comparable with that of the recommended human oral dose (75 mg 
twice daily), completely protected mice from lethal H7N9 infection. Treatment delayed by 24 h with 
oseltamivir at 20 and 80 mg/kg/day protected 80% and 90% of mice, respectively. When administered 
48 h after infection, 60% of mice survived in both groups. Similar lung virus titers were seen in 
oseltamivir-treated and control groups around the peak of infection (day 3) but were reduced at later 
time points. Analysis of arterial blood gases revealed hypoxemia and acute respiratory acidosis as 
early as 3 days after infection, with the resolution of hypoxemia observed in a dose-dependent 
manner. Sanger sequencing and clonal analysis showed no amino acid substitutions at conserved 
residues in the NA (E119, H274, R292, and N294; N2 numbering) known to be associated with a 
resistant phenotype. Conclusions: Human influenza A (H7N9) viruses cause severe lung damage as 
early as day 3 after inoculation, and virus exhibited longer persistence in a mammalian animal model. 
Influenza A (H7N9) viruses are comparable with currently circulating seasonal influenza viruses in 
susceptibility to the NAI oseltamivir in vitro and in a mouse model. Early initiation of NAI treatment is 
crucial to achieving high levels of protection.   

O-844 

The compensatory role of non-neuraminidase mutations in replication or 
transmission of oseltamivir-resistant influenza virus  

A Lackenby1*, M Fernández-Alonso2, M Galiano1, K Roberts3, S Miah1, C Rosenow1, R Elderfield3, C 
Moore4, J Ellis1, M Zambon1, W Barclay3 

1Public Health England, Microbiology Services–Colindale, London, United Kingdom; 2Servicio de 
Microbiología, Clínica Universidad de Navarra, Universidad de Navarra, Navarra, Spain; 3Imperial 
College London, London, United Kingdom; 4Public Health Wales Microbiology, Public Health Wales 
NHS Trust, Cardiff, United Kingdom 

Background: The emergence of seasonal oseltamivir-resistant (OR) A(H1N1) virus in 2007/2008 
indicated that the transmission and rapid global circulation of such viruses was possible. Limited 
person-to-person transmission of OR A(H1N1)pdm09 virus was described in the winter of 2009/2010. 
In 2010/2011, OR virus from untreated patients was increasingly detected in several countries, albeit 
at low levels; in 2011, a cluster of unrelated OR cases was detected in Australia. All of these OR 
viruses had a single amino acid substitution (H275Y) in neuraminidase (NA). Accumulation of 
permissive mutations in NA is thought to compensate for the reduction in enzyme activity and/or 
expression caused by the H275Y mutation before the OR virus has efficient transmission capacity. 
Ferret models have demonstrated transmission of OR A(H1N1)pdm09 viruses, but they do not explain 
why widespread resistance has not been seen. We hypothesised that mutations in internal genes can 
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enhance the replicative capacity of OR strains and are likely to play an important role in sustained 
transmission of A(H1N1)pdm09 viruses. Materials and Methods: Whole genome sequencing of clinical 
specimens from a haematology ward outbreak in Wales, with documented person-to-person 
transmission of OR A(H1N1)pdm09 virus, identified a possible compensatory mutation in 
nucleoprotein at position 408 (NP-V408M). A panel of recombinant viruses with and without NA-
H275Y and NP-V408M were created by reverse genetics using a 2009 A(H1N1)pdm09 backbone. 
Competition experiments between pairs of viruses in human airway epithelial (HAE) cells from healthy 
donors were performed. Pyrosequencing assays targeting the single nucleotide positions encoding 
the NP-V408M and NA-H275Y mutations were used for allelic quantification of time point samples, 
and relative growth curves were determined in MDCK cells. Results: HAE cells were infected with a 
50:50 mix of paired recombinant viruses differing at one or more specifically incorporated amino 
acids. When viruses differed at the 275 position only, sensitive-H275 virus significantly outcompeted 
the resistant-275Y virus. However, resistant-275Y virus with an additional NP-V408M mutation 
replicated to a level similar to that for the sensitive-275H virus. Each HAE experiment was performed 
using cells from 5 different healthy donors. A single donor exhibited outlier behavior when infected 
with a mix of resistant-275Y+NP-V408M and sensitive-H275 viruses, yielding very high replication of 
the resistant-275Y+NP-V408M virus from an early time point; sequences showed an additional 
mutation at position 89 in PB2 (PB2-V89M). Further HAE competition experiments showed that virus 
with PB2-V89M out-competed all others, irrespective of oseltamivir sensitivity. A(H1N1)pdm09 viruses 
circulating in the winter of 2010/2011 in the UK harboured a number of sequence changes throughout 
the genome compared with the 2009 emergent virus. Using reverse genetics, the H275Y mutation 
was engineered into a 2010 pH1N1 backbone, and competition assays were performed in HAE cells. 
As before, OR virus was outcompeted by sensitive 275Y virus in vitro. Four donor ferrets were 
infected with a 50:50 mixture of sensitive-275H:resistant-275Y virus; on days 1-2 post-infection, a 
contact recipient ferret was co-housed with each donor, and a respiratory droplet sentinel was housed 
in an adjacent cage. Transmission occurred in all 8 sentinel ferrets; in 1 of the contact-exposed 
animals, OR virus was efficiently transmitted and shed for a sustained number of days. Conclusions: 
We demonstrated that amino acid changes in internal proteins of influenza viruses play a 
compensatory role in the replicative capacity of OR viruses, regardless of whether these viruses arose 
naturally in vivo (NP) or experimentally in vitro (PB2). Examining direct contact and respiratory droplet 
routes in ferrets, we found that recent (2011) A(H1N1)pdm09 OR strains (H275Y) still do not transmit 
as efficiently as their sensitive counterparts. OR virus was less able to transmit by the respiratory 
droplet route than by direct contact. The strains used contained 2 of the 3 amino acid changes 
hypothesised by Hurt et al to be important in supporting transmissible OR strains. Our data show the 
importance of vigilance for influenza virus genetic changes beyond the neuraminidase gene and 
suggest that certain routes of transmission may be more likely to sustain oseltamivir resistance. 

O-845 

Drug susceptibility of zoonotic influenza viruses associated with outbreaks in 
humans: 2011-2013 

LV Gubareva1*, K Sleeman1, VP Mishin1, Z Guo1, M Okomo-Adhiambo1, A Balish1, AM Fry2, J 
Villanueva1

, CT Davis1, J Stevens1 

1Virology, Surveillance and Diagnosis Branch, Influenza Division, Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States; 2Epidemiology and Prevention Branch, Influenza 
Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: In recent years, an increased incidence of human infections with emerging zoonotic 
influenza viruses has caused great public health concern. Between July 2011 and November 2012, 
several outbreaks of human infections with variant influenza A(H3N2) virus (A(H3N2)v) containing the 
influenza A(H1N1)pdm09 M gene occurred in the United States. These infections were primarily 
associated with swine exposure at agricultural fairs. Since February 2013, 132 human infections with 
a novel avian influenza A(H7N9) virus have been reported in China, where cases presented with 
rapidly progressing lower respiratory tract infections with a fatality rate of approximately 20%. In the 
absence of a vaccine to protect against such novel influenza viruses, antiviral drugs remain a key 
component of the public health response and are expected to play an essential role in the reduction of 
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morbidity and mortality due to infection with zoonotic viruses. However, the current pharmaceutical 
options for control of influenza infections are limited to neuraminidase inhibitors (NAIs), due to the 
high prevalence of resistance to the M2 inhibitors, which underscores the critical need for NAI 
susceptibility surveillance. Materials and Methods: A fluorescent neuraminidase inhibition (NI) assay 
was used to assess the susceptibilities of A(H3N2)v and A(H7N9) viruses to the licensed NAIs 
oseltamivir and zanamivir as well as to the investigational NAIs peramivir and laninamivir. IC50 values 
were determined using JASPR v1.2—a CDC-developed curve-fitting software. Fold changes in IC50 
values were interpreted according to criteria recommended for the surveillance of influenza A viruses 
by the WHO GISRS Antiviral Working Group. Viruses with a < 10-fold increase in IC50 were 
characterized as exhibiting normal inhibition by the respective NAI, while those with 10-100-fold and > 
100-fold increases were characterized as exhibiting reduced and highly reduced inhibition, 
respectively. Pyrosequencing and conventional sequence analyses to detect changes in the NA were 
performed on A(H3N2)v viruses showing elevated IC50 values for NAIs and on A(H7N9) viruses. 
Sequencing was performed on both the virus isolate and its matching clinical specimen, when 
available, to omit mutations arising as a result of propagation in cell culture. Recombinant NA proteins 
were synthesized to assess the role of identified mutations in reduced inhibition by NAIs. Viruses 
identified as showing reduced and highly reduced inhibition by NAIs were tested in cell culture–based 
assays in the presence of investigational anti-influenza compounds undergoing clinical development. 
Results: All A(H3N2)v isolates (n = 156) were interpreted as showing normal inhibition by oseltamivir 
and zanamivir compared with median IC50 values for the respective NAIs among A(H3N2)v viruses. 
The only exception was A/Ohio/88/2012, which demonstrated reduced inhibition by oseltamivir and 
zanamivir (35- and 70-fold increase in IC50, respectively). This virus had two NA changes, S245N and 
S247P, and the role of the latter change in the altered inhibition by NAIs was demonstrated using 
recombinant NA proteins. Two A(H7N9) virus isolates, A/Anhui/1/2013 and A/Shanghai/1/2013—
kindly shared by the China CDC—were tested, and both showed normal inhibition by NAIs in the 
conventional NI assay. The A/Shanghai/1/2013 virus isolate contained a subpopulation carrying the 
R292K NA mutation; when tested using a modified NI assay, the virus showed highly reduced 
inhibition by oseltamivir and reduced inhibition by zanamivir. The role of R292K in the altered 
inhibition by NAIs was confirmed using recombinant NA proteins. The A(H3N2)v and A(H7N9) viruses 
showing reduced/highly reduced inhibition by NAIs were tested with investigational anti-influenza 
compounds with broad-spectrum activity. In cell culture–based assays, these viruses showed 
susceptibilities to NT-300, favipiravir, and DAS181 comparable with those of seasonal CDC reference 
viruses. Conclusions: This study defines susceptibility profiles of influenza A(H3N2)v and A(H7N9) 
influenza viruses associated with human infections to FDA-approved antiviral drugs as well as to 
antiviral agents in development. These data are important in guiding the use of antiviral agents for the 
treatment and prophylaxis of emerging influenza viruses and also provide information essential for 
antiviral resistance monitoring and the development of detection assays. 
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P1-255 

Structural studies of influenza virus hemagglutinin and insight into antiviral 
drug target 

KJ Cho1, M Oh2, E Kim1, S Kim1, JH Yang1, JH Seok1, MS Chung2, KH Kim1*

1Korea University, Dept of Biotechnology & Bioinformatics, Sejong, Korea; 2Duksung Women’s 
University, Dept of Food and Nutrition, Seoul, Korea 

Background: The crystal structures of HA in pre- and postfusion conformations have been known, and 
those of the recombinant HA ectodomains from two 2009pdm isolates, A/California/04/2009 (CA04) 
and A/Darwin/2001/2009 (DA01), were reported. The crystal structure of recombinant HA protein from 
a 2009pdm isolate, A/Korea/01/2009 (KR01), showed a significant conformational difference between 
KR01 HA and other HAs. Conformational diversity of KR01 HA was found more pronounced in the 
complex structure of KR01 HA with the Fab fragment of a neutralizing monoclonal antibody GC0757 
that binds to various H1 subtype strains. In this study, we present biochemical and structural features 
of KR01 HA and its complex with Fab0757. Docking simulation based on these HA structures led to a 
ligand that binds in a highly conserved pocket in the head domain at the interface between HA 
monomers. Materials and Methods: KR01, CU44, BR59, and Gy684 HAs were produced in insect 
cells using recombinant baculovirus expression vectors. Plasmids encoding each HA gene were 
amplified in Escherichia coli DH5α and used to cotransfect sf9 cells with linearized baculovirus 
chromosomal DNA. The recombinant baculovirus was harvested from the cell supernatant on day 5. 
Crystals of KR01, CU44, BR59, and Gy684 HAs were screened by the hanging drop vapour diffusion 
method. Small single crystals of KR01 and CU44 HAs were obtained in 100 mM HEPES (pH 7.5), 
20% PEG 3350, and 0.2 M NaCl at 4°C, and in 100 mM Tris-HCl (pH 7.0), 22% PEG, 0.2 M calcium 
acetate at 24°C, respectively. The crystal structures of KR01 HA, CU44 HA and KR01 HA-Fab0757 
were solved by molecular replacement. The initial solution was optimized by rigid body refinement. 
Manual adjustment of the backbone and side chains was conducted in Coot. Crystallographic 
refinement was carried out using the program refmac5 and PHENIX. R factor and Rfree values are in 
the range of 0.23-0.24 and 0.27-0.29, respectively. Molecular docking was investigated for virtual 
screening. Results: We determined the structures of HA protein from a 2009 pandemic strain (KR01) 
and its complex with a Fab fragment derived from a broadly neutralizing H1-specific monoclonal 
antibody GC0757. Both native and Fab complex structures reveal a head-to-head arrangement of HA 
as well as different spatial orientation of HA1 relative to HA2, indicating that HA is flexible and 
dynamic at neutral pH. Considering the importance of the monomer-monomer interface of trimeric HA 
proteins, structure-based virtual screening and ligand docking were carried out to provide an insight 
into a novel antiviral drug target, which led to the discovery of PYR22 with high affinity to HA (Kd 5.94 
nM). We determined the crystal structure of PYR22 bound to HA derived from a seasonal H1N1 
influenza virus (A/Thailand/CU44/2006: CU44), which showed that the inhibitor binds in a pocket 
formed at an interface between HA monomers in the head region as well as in a pocket near the 
fusion peptide. Occupation of these sites by PYR22 can stabilize the HA structure, based on 
fluorescence-based thermal shift assay. Cell-based assay of PYR22 showed a significant antiviral 
activity against CU44, A/Korea/01/2009 (H1N1pdm), A/Gyeongnam/684/2006, and 
B/California/01/2007. Conclusions: KR01 HA on the virus surface adopts flexible conformations with 
substantially low energy barrier, as a loosely assembled trimer. We targeted several amino acid 
residues that are located at the monomer-monomer interface as well as HA1-HA2 interface, and 
structural modification and optimization of the lead compound are currently under way. This work was 
supported by grants from Mid-career Researcher Program (2010-0029242) through NRF funded by 
the MEST and from TEPIK (A103001) funded by the Ministry for Health, Welfare & Family Affairs, 
Korea.
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P1-257 

Amino acid change P431S affects neuraminidase affinity to sialic acid 
substrates in influenza virus A(H1N1)pdm09 

L Romero-Beltran1, SF Baker2, M Puerto-Solís1, R González-Losa1, L Conde-Ferraez1, L Martínez-
Sobrido2, G Ayora-Talavera1* 

1Universidad Autónoma de Yucatán, Yucatán, México; 2University of Rochester, Medical Center 
Rochester, Rochester, New York, United States 

Background: Antiviral susceptibility by phenotypic assays of A(H1N1)pdm09 viruses isolated in 
Yucatan, Mexico, detected a cluster of three family members with reduced susceptibility to oseltamivir 
carboxylate. Sequence analysis of the full neuraminidase (NA) gene showed two mutations—
N386K+P431S—in all three isolates with reduced NA activity. Residue N386K has been described 
and occurs at low frequency in viruses isolated from Russia, China, Kenya, Romania, and Mexico 
during and after 2009. A different amino acid change, N386S, has been described in oseltamivir-
resistant strains from Australia. Interestingly, mutation P431S is a novel mutation reported for the first 
time in our study. In order to investigate the role of these mutations on influenza virus; single, double, 
and triple mutants were generated by reverse genetic techniques. Materials and Methods: 
Recombinant mutant viruses were generated using A/California/04/09 A(H1N1)pdm09. Because the 
substitution H275Y is well described as a cause of oseltamivir resistance, it was used in addition to 
the novel N386K and P431S mutations. The recombinant viruses generated were the single mutants 
N386K, P431S, and H275Y; the double mutants N386K+H275Y, N386K+P431S, and P431S+H275Y; 
and the triple mutant N386K+P431S+H275Y. Viruses were rescued in MDCK cells, titered by plaque 
assay, and were assessed for NA activity using the NA-Star Kit (Applied Biosystems). All viruses were 
sequenced to ensure the presence of the required mutations. To evaluate any differences on virus 
multicycle growth kinetics, MDCK cells were infected with wild-type and mutant viruses at a low 
multiplicity of infection, and viruses were harvested 12, 24, 36, and 48 hours post-infection. Results: 
Recombinant viruses with single-mutation H275Y were resistant to oseltamivir, as expected, with IC50 
values > 500 nM; single-mutant N386K was susceptible, with IC50 values of 0.1 nM. However, when 
all mutants containing P431S were assessed, the NA activity was nearly 100-fold lower than that of 
the wild-type mutants. Similar results were obtained with different substrates (eg, MU-NANA).The 
double mutant H275Y+N386K had IC50 values similar to those of H275Y. The mutant N386K+P431S 
behaved as the original viral isolates from Yucatan, showing a reduced susceptibility to oseltamivir, 
IC50 values of 20 nM, and a fold increase of 60 times with respect to the susceptible virus. 
Interestingly, the recombinant viruses H275Y+P431S and H275Y+N386K+P431S showed the same 
result as the single mutant P431S, as no readable results were available from the phenotypic assays 
and no signal was detected, even with the MU-NANA substrate. The kinetics of viral growth in MDCK 
cells showed that the wild-type and single mutant N386K grew comparably over 48 hours, and the 
resistant H275Y and double mutant N386K+H275Y showed a similar pattern of growth. No significant 
difference between these and the wild-type mutants was obtained when analyzed using Tukey´s test. 
However, the double mutant N386K+P431S showed a decrease in viral titers at 24 hours post-
infection with respect to the wild-type mutant. Meanwhile, the single mutant P431S showed 
significantly reduced viral growth at both 12 and 24 hours. In agreement with the lack of detectable 
NA activity in the NA-Star assay, H275Y+P431S and H275Y+N386K+P431S had the lowest viral 
growth. The triple mutant had significantly lower replication at all time points, and the double mutant 
was statistically different at 24, 36, and 48 hours post-infection. Conclusion: We isolated H1N1pdm09 
viruses from a family cluster that contained two mutations (N386K+P431S) in the NA gene, and these 
viruses showed reduced susceptibility to oseltamivir carboxylate. We showed here that recombinant 
viruses containing the mutation P431S change NA activity against sialic acid–like substrates. 
However, viruses are able to grow in cell culture, suggesting that minimal NA function is retained. On 
the other hand, the mutation at residue N386K in combination with P431S restores the affinity for the 
substrate; however, rescued viruses with N386K+P431S show reduced susceptibility to oseltamivir 
carboxylate, as was identified in the family cluster of original isolates from Yucatan. 
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P1-258 

Proteinase-inhibitor theory of pathogenesis of influenza 

K Peter 

Joint Clinical Research Center, Kampala, Uganda 

Background: In the pathogenesis of viral diseases, the interaction of virus with the cell has not been 
sufficiently studied. The main point here is the virus intervention into a healthy cell with a mandatory 
deproteinization of the virus. However, deproteinization of viruses is still poorly understood. Materials 
and methods: To study the state and role of antiproteinase systems of a cell and virus in the 
development of influenza infection and get fundamentally new drugs on the base of inhibitors of 
human’s blood trypsine - like proteinases. Infection and multiplication of influenza A virus (IAV) has 
been done on chickens’ embryos and animals. For purification and concentration of IAV we used the 
method of ultacentrifugation. Extraction of trypsin-like proteinase inhibitor was done with ion – 
exchange and affinity chromatography. Results: A new theory of influenza pathogenesis with 
participation of proteinase-inhibitory system has offered. It has been established that purification and 
concentration of influenza viruses by different methods did not release the virus from cellular 
enzymes. In the experimental animals infected with the virus of influenza, disturbance of enzyme-
inhibitory balance took place, especially during the first hours after the animals were infected. From 
the lungs of healthy mice, six isoforms of trypsin-like proteinases were observed. All of them got 
antiproteinase  immune sera. Antiserum to the third isoform prevented the experimental animals 
fatality. From the industrial wastes of gamma-globulin manufacture they have extracted inhibitor of 
protein-like proteinases which prevented white mice fatalities in 80% of cases. Endogenous inhibitors 
of a human blood proteinases are perspective anti-influenza drugs for a human being. Conclusions: 
Endogenous inhibitors of human blood proteinases are prospective in producing anti-influenza drugs 
for humans. 

P1-259 

Novel class of low-molecular anti-influenza agents based on camphor 
pharmacophore 

V Zarubaev1*, O Yarovaya2, T Tretyak1, N Salakhutdinov2, O Kiselev1 

1Influenza Research Institute, St. Petersburg, Russia; 2Novosibirsk Institute of Organic Chemistry, 
Novosibirsk, Russia 

Background: Due to a short-term life cycle and high rate of mutations, influenza virus is highly variable 
at escaping from the host immune response and the selection of drug-resistant mutants. Currently, all 
influenza isolates are resistant to the adamantane-based antivirals amantadine and rimantadine. 
Moreover, since 2007 to 2009, influenza viruses of the H1N1 subtype have developed 100% 
resistance to the second-generation antiviral oseltamivir followed by substitution with the oseltamivir-
susceptible pandemic virus. With this in mind, the search and development of novel antivirals against 
influenza virus is an important challenge for medical science and health care around the globe. Here 
we present the results of the study of antiviral activity of a novel class of camphor derivatives. 
Materials and Methods: We have tested 33 imino derivatives of camphor for their inhibiting activity 
against pandemic influenza virus A/California/07/09 (H1N1)pdm09. The cytotoxic and virus-
suppressing activity was determined for each compound with a microtetrazolium test, and virus yield 
was evaluated by hemagglutination reaction. The 50% cytotoxic dose (CTD50), 50% effective dose 
(ED50) and selectivity index (SI, ratio of CTD50 to ED50) were calculated by using the data obtained. 
The stage of viral life cycle containing a target for the antiviral activity of compounds was determined 
in time-of-addition experiments over 10 hours of virus replication in MDCK cells. Results: It was 
shown that, in general, derivatives of camphor are highly effective at decreasing viral titers. Of 33 
tested compounds, 16 (48%) had an SI of 10 or more and 3 compounds had an SI of 500 or higher. 
EC50 values for active compounds were in the micromolar range, suggesting a high affinity of 
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substances to their viral targets. Time-of-addition experiments revealed that the highest effect was 
reached when compounds were present in the culture medium 0-2 hours postinfection. The 
compounds of this class, therefore, counteract early stages of the viral life cycle, such as absorption, 
endocytosis, uncoating, membrane fusion and nuclear transport of RNPs. It should be noted that 
these compounds appeared to be active against the rimantadine-resistant strain of influenza virus, 
suggesting that the mechanism of their antiviral action is distinct from that of adamantane derivatives. 
Conclusions: Camphor derivatives should be considered a possibility for further development as 
potential antivirals that able to overcome the resistance to amantadine and rimantadine of currently 
circulating viruses. Further studies are necessary to optimize their structure and to decipher the exact 
mechanism of their virus-suppressing activity. 

P1-260 

Neuraminidase inhibitors as reflected in the Cochrane reviews 

R Lehnert1*, S Matz2 

1Bundesinstitut für Arzneimittel und Medizinprodukte, Bonn, Germany; 2Bundesinstitut für Arzneimittel 
und Medizinprodukte, Bonn, Germany 

Background: Shortly after the marketing authorisation of the two neuraminidase inhibitors (NIs) 
zanamivir and oseltamivir, the Cochrane Collaboration published their first meta-analysis on NI use 
for the prevention and therapy of influenza infection in otherwise healthy adults. Over the following 
years, this meta-analysis underwent several revisions. Each revision of the review generated 
enormous media – and subsequently public – interest. The aim of this presentation is to describe the 
evolution of the Cochrane reviews from a methodological perspective and also in terms of content. 
The results are compared with the past and current licensing status of the NIs in Europe and the 
United States. Materials and Methods: All Cochrane reviews on NI use in otherwise healthy adults 
were screened; those containing major revisions were analyzed further. Altogether, four reviews were 
selected – the initial meta-analysis from 1999 and the revisions dated 2006 (Issue III), 2010 and 2012. 
The evolution of the main methodologic features as well as the most relevant results of the reviews 
are described and compared with the product information for the NIs, as approved by the European 
Medicines Agency and the US Food and Drug Administration (FDA). Results: Over time, the results 
and conclusions of the reviews have changed, particularly with regard to the potential effects of NIs 
on the reduction of influenza-related complications. After the 2006 review, no new evidence has 
become available that could have led to the differing results. Instead, this evolution appears to be 
primarily based on the authors’ decision to include or exclude certain data sources. At no time has 
there been a contradiction between the conclusions of the Cochrane authors and the assessment and 
licensing status of the neuraminidase inhibitors in Europe or the United States. Conclusions: From the 
perspective of drug regulation, these results are reassuring. However, the reasons for the great media 
interest each time a revision of this Cochrane review is published could benefit from further 
exploration.   
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P1-261 

Pharmacokinetics of IV and PO oseltamivir in two cases of severe influenza B 
infection requiring haemofiltration and cardiac assist device/extracorporeal 
membrane oxygenation 

K Karsch1, O Miera2, B Peters2, P Obermeier1, X Chen1, R Francis3, V Amann2, S Duwe4, PLA Fraaij5, 
M deZwart6, F Berger2, J Maertzdorf7, ADME Osterhaus5, B Schweiger4, BA Rath1* 

1Department of Paediatrics, Division of Pneumonology-Immunology, Charité University Medical 
Centre, Berlin, Germany; 2Department of Congenital Heart Disease, German Heart Institute Berlin, 
Germany; 3Department of Anaesthesiology and Intensive Care Medicine, Charité University Medical 
Centre, Berlin, Germany; 4National Reference Centre for Influenza, Robert-Koch-Institute, Berlin, 
Germany; 5Department of Virology, ERASMUS University Rotterdam, The Netherlands; 6PRA 
International Bioanalytical Laboratory, Assen, The Netherlands; 7Max-Planck Institute for Infection 
Biology, Berlin, Germany 

Background: In ICU patients with severe influenza infection requiring organ replacement therapy, IV 
oseltamivir (IV-OS) may be superior to PO administration. The currently recommended renal IV 
dosage (40 mg BID), however, may be insufficient for patients on continuous haemofiltration and/or 
mechanical circulatory support. This study aimed to investigate OS pharmacokinetics and 
pharmacodynamics in two influenza patients with myocarditis and/or renal failure requiring cardiac 
assist device/extracorporeal membrane oxygenation (ECMO) and/or haemofiltration. Materials and 
Methods: Patient 1 was a 9-year-old, previously healthy female infected with influenza B (Yamagata 
lineage) with rapid disease progression, malignant hyperthermia, rhabdomyolysis, generalized 
compartment syndrome and cardiac and renal failure. The patient initially received a biventricular 
cardiac assist device that was later converted to ECMO (day 19) and continuous haemofiltration 
(CVVH) from day 3 onward. OS treatment was initiated on day 3 of illness at 75 mg PO BID. Due to 
lack of gastrointestinal (GI) motility and severe hyperkalaemia, her antiviral regimen was switched to 
compassionate use IV-OS at a renal failure dose of 40 mg BID. On day 5, OS was increased to the 
regular IV dose of 100 mg BID. Extended serial PK sampling (including 8-9 time points covering 15 
hours) was performed with the first and second 100-mg IV doses and again on day 11. Influenza viral 
loads from respiratory specimens were assessed every other day, and cytokine levels were followed 
prospectively. Patient 2 was a 27-year-old, previously healthy female presenting with influenza B virus 
infection (Yamagata lineage) and acute dyspnoea. She rapidly developed a pattern of cardiac failure 
strikingly similar to that of Patient 1. On day 3 of illness, Patient 2 developed cardiogenic shock 
requiring veno-arterial ECMO. PO-OS was started with 75 mg BID. The patient suffered massive 
intracerebral haemorrhage on day 10. During emergency placement of external ventricular drainage, 
ECMO was discontinued in an effort to control the bleeding. The patient continued to receive massive 
ICU support including catecholamines and multiple blood and plasma transfusions, raising questions 
regarding OS absorption. Serial PK analyses (8 time points covering 15 hours; arterial and venous) 
were performed on day 13. Influenza viral loads were assessed every other day. Results: OS plasma 
levels in Patient 1 remained below limits of detection, even after the first elevated dose of 100 mg IV-
OS was administered. OS levels became detectable (peak: 1.64 ng/ml) only after the second 100-mg 
IV dose. After regular administration of 100 mg OS BID for 6 days, a plateau was reached with peak 
levels of 615, 566, 446 and 580 ng/ml and trough levels of 3.72, 4.08, 3.48 and 7.89 ng/ml for arterial, 
venous/pre-haemofilter, venous/post-haemofilter and ultrafiltrate, respectively. Oseltamivir 
carboxylate (OSC) levels were detected reliably on IV-OS, even with the first 100-mg IV dose. OSC 
peak levels reached 4270, 4300, 3490 and 5970 ng/ml, and OSC trough levels reached 3560, 3500, 
1860 and 3290 ng/ml for arterial, venous/pre-haemofilter, venous/post-haemofilter and ultrafiltrate, 
respectively. No treatment-related adverse events were reported. Influenza viral loads remained 
unchanged around 4.8 x 104 copies/ml until day 5, when OS doses were increased to 100 mg IV. Viral 
loads began to decline to 1.6 x 104 copies/ml (day 5) and 1.2 x 104 copies/ml (day 7), dropping below 
levels of detection on day 9. Cytokine levels peaked on day 4: IL-6, 6.2 ng/ml; IL-8, 4.7 ng/ml; IP-10, 
2.4 pg/ml; MCP-1, 3.2 pg/ml; G-CSF, 5.3 pg/ml; and IL-10, 1.3 pg/ml. Patient 2 showed no adverse 
events, but erratic OS levels with maximum peak levels of 114 ng/ml (arterial) and 84.3 ng/ml 
(venous) and minimum trough levels of 3.6 ng/ml (arterial) and 3.68 ng/ml (venous) were observed. 
OSC levels ranged from 450 and 414 ng/ml (trough, venous and arterial) to 750 and 761 ng/ml (peak, 
arterial and venous). Viral loads declined rapidly and became undetectable after day 3. Conclusions: 
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In severe disseminated influenza infection with multi-organ failure and decreased GI motility, IV-OS 
may achieve superior and more reliable drug levels compared with PO administration. In patients on 
continuous haemofiltration, regular (as opposed to renal) IV-OS dosing may achieve a potent antiviral 
effect, with appropriate OSC levels well within the safety margin. Additional studies are needed to 
establish solid dosing recommendations for patients with multi-organ failure, decreased GI motility, 
mechanical circulatory support and/or continuous haemofiltration. 

P1-262 

A placebo-controlled randomized trial of oseltamivir treatment to reduce 
influenza illness duration and influenza virus shedding in a crowded urban 
setting in Bangladesh: assessing effectiveness when treatment was initiated 
within 5 days of illness onset 

AM Fry1*, D Goswami2, K Nahar2, AT Sharmin2, M Rahmun2, L Gubareva1, T Azim2, J Bresee1, SP 
Luby2,3, WA Brooks2 

1Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh; 3Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Randomized clinical trials have demonstrated that treatment with oseltamivir reduces 
illness duration and virus shedding among persons with uncomplicated influenza when initiated < 48 
hours after illness onset. No clinical trial has evaluated the effectiveness of treatment initiated ≥ 48 
hours after illness onset. We performed a double-blind, randomized, placebo-controlled trial in a 
crowded urban community in Dhaka, Bangladesh, to determine the effectiveness of treatment with 
oseltamivir to reduce patient illness and viral shedding among persons with illness onset < 120 hours 
after illness onset. Materials and Methods: From May 11, 2008 through December 31, 2010, we 
performed weekly surveillance for respiratory illness in households. Household members with one 
major symptom (fever, tachypnea, breathing difficulty, danger signs) or two minor signs (including 
cough, sore throat, chills, myalgia) and with illness onset ≤ 5 days had a nasal wash specimen 
collected. Patients aged ≥ 1 year with specimens with a positive rapid influenza test result were 
enrolled in the study. Study participants were randomized 1:1 to receive oseltamivir or placebo, 
provided a baseline nasal wash specimen at enrollment (day 0), were visited daily in their home to 
record symptoms, and returned to the clinic to have a specimen collected on days 2, 4, and 7 after 
enrollment. All specimens were tested for influenza with reverse transcriptase–polymerase chain 
reaction (PCR); virus isolation was attempted from PCR-positive specimens. We compared the 
duration of major symptoms and virus shedding after enrollment and stratified by whether treatment 
was initiated < 48 or ≥ 48 hours after illness onset. All analyses were intent to treat, except the 
virological outcomes, which were limited to those persons with a PCR-positive specimen at baseline 
and all three follow-up specimens (n = 1134). In post hoc analysis, we compared clinical and 
virological outcomes among patients enrolled on day 3 after illness onset. Results: Among 6544 
households under surveillance, 5504 surveillance participants met the criteria for testing, and 1191 
(22%) had a positive test result. Among 1190 persons enrolled in the study; 794 (67%) were enrolled 
< 48 hours and 396 (33%) were enrolled ≥ 48 hours after symptom onset. Characteristics of the 
oseltamivir and placebo group subjects were similar; most [1060/1190 (89%)] were children, and 
infecting viruses included influenza A(H3N2) [418/1190 (35%)], seasonal influenza A (H1N1) 
[131/1190 (11%)], A(H1N1)pdm09 [213/1190 (18%)], and influenza B [397/1190 (33%)]. The median 
duration of symptoms was shorter in the oseltamivir (3 days; interquartile range [IQR] 1, 5) compared 
with the placebo (4 days; IQR 1, 6; P = .01) group; among those enrolled ≥ 48 hours after illness 
onset, the  median duration of symptoms was similar in both groups (oseltamivir: 3 days [IQR 2, 5]; 
placebo: 3 days [IQR 1, 5]; log-rank P = .04). There was a significant reduction in the percentage of 
participants from whom influenza virus was isolated on days 2 (15%), 4 (28%), and 7 (46%) after 
enrollment in the group treated with oseltamivir; similar findings were noted among those enrolled ≥ 
48 hours after illness onset (day 2 [19%], day 4 [34%]). Among patients enrolled on day 3 after illness 
onset (n = 224), the median duration of symptoms was less in the oseltamivir group (3 days [IQR 1, 
5]) compared with the placebo group (4 days [IQR 2, 6]; P = .02), and the proportion with virus 
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isolated on days 2 (31%) and 4 (47%) after enrollment was significantly less among those receiving 
oseltamivir. Vomiting was more common among persons taking oseltamivir (5.9% vs. 3.2%; P < .05). 
Four viruses (3.9%) from 102 patients with H1N1pdm09 virus infection treated with oseltamivir 
developed resistance to oseltamivir during treatment. Conclusions: In a crowded low-income setting, 
oseltamivir treatment resulted in a modest reduction in the duration of symptoms and virus shedding 
among persons with uncomplicated influenza infections, including a reduction in virus shedding even 
when treatment was initiated ≥ 48 hours after illness onset. Post hoc analysis suggested that 
treatment initiated on day 3 after illness onset reduced the duration of symptoms and virus shedding. 

P1-263 

Clinical efficacy of laninamivir octanoate hydrate in the Japanese 2011-2012 
and 2012-2013 influenza seasons  

S Kashiwagi1*, N Kawai1, N Iwaki1, H Ikematsu1,2

1Japan Physicians Association, Tokyo, Japan; 2Department of Clinical Trials, Center for Advanced 
Medical Innovation, Kyushu University, Fukuoka, Japan 

Background: The antigenicity of the epidemic strains of influenza changes yearly. The susceptibility of 
epidemic influenza viruses to neuraminidase (NA) inhibitors can change markedly in a short time, so it 
is important to constantly monitor the efficacy of these drugs for each viral type/subtype. Laninamivir 
octanoate hydrate (laninamivir) is a long-acting, single-inhalation NA inhibitor that was approved in 
Japan in 2010 for the treatment of influenza A and B virus infection. We assessed the clinical 
effectiveness of laninamivir in the Japanese 2011-2012 and 2012-2013 influenza seasons. Materials 
and Methods: Patients with influenza virus infection diagnosed at 23 clinics and 1 hospital in 11 
prefectures of Japan were enrolled in this study from November to April in the 2011-2012 and 2012-
2013 influenza seasons. Patients positive by rapid diagnosis test kit and who had a temperature ≥ 
37.5°C were registered after providing informed consent. Patients suspected of having other viral or 
bacterial infections were excluded. Laninamivir was administered according to the recommended 
dosage: a single inhalation of 20 mg for patients younger than 10 years of age and a single inhalation 
of 40 mg for patients aged 10 years or older. The duration of fever was defined as the time from the 
inhalation of laninamivir to afebrility. The duration of symptoms was defined as the time from 
inhalation until the patient noted improvement of all symptoms to a mild grade. The type and subtype 
of influenza A(H1N1)pdm09, A/H3N2, or influenza B were determined by RT-PCR using type- and 
subtype-specific primers and clinical specimens. We also isolated influenza viruses from clinical 
specimens at days 1 and 5 using Madine-Darby canine kidney cells, and the IC50 of four 
neuraminidase inhibitors (laninamivir, oseltamivir carboxylate, zanamivir, and peramivir) was 
determined with an NA inhibition assay using a fluorescent substrate. A specimen with a log10TCID50 
(the 50% tissue culture infective dose) of 1.5/ml or more was defined as being influenza virus positive. 
Results: For 211 patients (A/H3N2: 190; B: 21) evaluated for clinical efficacy in the 2011-2012 
influenza season, the median durations of fever of A/H3N2 and B virus patients were 33.0 and 50.0 
hours, respectively (P = 0.0989). Fever was resolved within 72 hours after inhalation by 89.7% of the 
A/H3N2 patients and by 81.0% of the patients with B virus. The median durations of symptoms for 
A/H3N2 and B virus patients were 89.0 and 94.0 hours, respectively (P = 0.5809). On day 5, the 
influenza virus–positive rates for A/H3N2 and B virus patients were significantly different: 25.8% 
(40/155) and 70.6% (12/17), respectively (P < 0.0001). The median IC50 value for laninamivir for the 
virus isolates at day 1 was 3.65 nM for A/H3N2, while that for B was higher at 17.82 nM. No 
significant change in IC50 value was found between day 1 and day 5 isolates for any of the four tested 
NA inhibitors, and no IC50 value exceeded 50 nM. The incidence of adverse drug reactions was 
1.28% (3/234), with no serious reactions reported. Conclusions: Laninamivir was effective against 
influenza A/H3N2 and B, with no safety issues. For patients treated with laninamivir, none of the 
residual viruses detected had increased IC50 values. Resolution of fever was more rapid for patients 
with A/H3N2 than for patients with type B virus. The virus shedding period after treatment was longer 
for influenza B, which may be related to the relatively higher IC50 values for B than for A/H3N2. The 
study is being continued during the 2012-2013 influenza season, and the pending results will be 
reported in our presentation. 
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In vitro neuraminidase inhibitory activity of four neuraminidase inhibitors 
against influenza virus isolates in the 2010-2011, 2011-2012 and 2012-2013 
seasons in Japan 

H Ikematsu1,2*, N Kawai2, N Iwaki2, S Kashiwagi2

1Department of Clinical Trials, Center for Advanced Medical Innovation, Kyushu University, Fukuoka, 
Japan; 2Japan Physicians Association, Tokyo, Japan 

Background: Treating influenza with neuraminidase inhibitors (NAIs) has become the most popular 
treatment among primary care doctors in Japan. The early start of treatment with NAIs, within 48 h of 
the onset of the influenza symptoms, has contributed to mitigating symptoms and preventing severe 
disease. Four NAIs have been available for the treatment of influenza in Japan since 2010: 
oseltamivir phosphate (Tamiflu), zanamivir (Relenza), laninamivir octanoate (Inavir), and peramivir 
(Rapiacta). Since these various NAIs have been available in the market, drug resistance has 
become of important clinical concern. To study the extent of drug resistance in Japan, we surveyed 
the half maximal inhibitory concentration (IC50) of four NAIs—oseltamivir, zanamivir, laninamivir, and 
peramivir—from influenza viruses isolated in the 2010-2011, 2011-2012, and 2012-2013 influenza 
seasons. Materials and Methods: A total of 30 clinics and 1 hospital from 14 prefectures  participated 
in this study. Patients were enrolled from 1 November to 30 April in the several influenza seasons. 
Specimens were obtained from patients prior to treatment. The type and subtype of influenza—
A(H1N1)pdm09, A/H3N2, or B—were determined by RT-PCR using type- and subtype-specific 
primers and clinical specimens. The viral isolation was done using Madine-Darby canine kidney cells, 
and the IC50 was determined with a neuraminidase inhibition assay using a fluorescent substrate. 
Results: A total of 269 and 325 influenza viruses were isolated from clinical specimens in the 2010-
2011 and 2011-2012 seasons, respectively. Influenza A(H1N1)pdm09, A/H3N2, and B viruses were 
isolated from 185 (68.8%), 54 (20.1%), and 30 (11.2%) patients in the 2010-2011 season. A/H3N2 
and B viruses were isolated from 283 (87.0%) and 42 (13.0%) patients, respectively, but no A(H1N1) 
pdm09 was isolated in the 2011- 2012 season. For the four NAIs, the IC50 of influenza B virus was 
higher than that of A(H1N1)pdm09 and A/ H3N2 in the 2010-2011 season and that of A/H3N2 in the 
2011-2012 season. In the 2010-2011 season, IC50 values for oseltamivir carboxylate exceeding 50 
nM were found for 2 of 185 A(H1N1)pdm09 (1.1%) viruses. The IC50 values to oseltamivir carboxylate 
were 600 and 840 nM, respectively, and these two virus isolates also showed an increased IC50 value 
to peramivir (19.0 and 24.0 nM). No isolates of A(H1N1)pdm09, A/H3N2, and B showed significantly 
high IC50 values for zanamivir or laninamivir. In the 2011- 2012 season, no isolates showed IC50 
values exceeding 50 nM for any NAIs. The ratios of the geometric mean values of IC50 for influenza 
A/H3N2 in the 2011-2012 to 2010-2011 seasons were 1.06, 1.20, 1.08, and 1.26 for oseltamivir 
carboxylate, zanamivir, laninamivir, and peramivir, respectively. The increase in the IC50 values for 
zanamivir and peramivir was statistically significant (P < 0.0001), although the maximum IC50 values 
were not high: 4.50 nM for zanamivir and 1.70 nM for peramivir. For influenza B, there was a 
significant decrease in the IC50 values of the four NAIs during the 2011-2012 season compared with 
the 2010-2011 season, with ratios of 0.46, 0.65, 0.75, and 0.73 for oseltamivir carboxylate, zanamivir, 
laninamivir, and peramivir, respectively. Conclusions: Influenza A(H1N1)pdm09 virus isolates 
obtained in the 2010-2011 season from 2 of 185 patients showed significantly high IC50 values for 
oseltamivir carboxylate and peramivir．In contrast, all isolates were sensitive to zanamivir and 
laninamivir in the 2010-2011 and 2011-2012 seasons. The study is being continued during the 2012-
2013 influenza season, and the pending results will be reported in our presentation. 
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Antiviral treatment among older adults hospitalized with influenza, 2006-2012 

ML Lindegren1, H Talbot1*, J Williams1, K Edwards1, Y Zhu1, E Mitchel1, A Fry2, W Schaffner1, M 
Griffin1,3

1Vanderbilt University Medical Center, Nashville, Tennessee, United States; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States; 3Mid-South Geriatric Research Education 
and Clinical Center, VA TN Valley Health Care System, Nashville, Tennessee 

Background: Influenza has been estimated to result in more than 200,000 hospitalizations and 
between 3,300 and 49,000 deaths in the US each year, depending on the severity of the influenza 
season. Since 2009, US recommendations include prompt use of antiviral treatment for hospitalized 
patients with confirmed or suspected influenza as well as for patients with severe, complicated, or 
progressive illness and those at risk of severe influenza complications. Despite evidence that earlier 
treatment is associated with better outcomes,  barriers exist to implementation of prompt antiviral 
treatment among hospitalized patients, including difficulty distinguishing influenza clinically from other 
acute respiratory infections (ARIs), lack of reliable low-cost rapid influenza diagnostic tests,  late 
presentation of patients to care, and cost of antiviral medications. This study was designed to 
characterize the use of antiviral treatment among adults aged ≥ 50 years hospitalized with ARIs 
during six influenza seasons: 2006--2012. Materials and Methods: Population-based surveillance for 
laboratory-confirmed influenza was performed among adults aged ≥ 50 years presenting with ARIs to 
inpatient settings during six influenza seasons in Davidson County, TN. Eligible presenting symptoms 
included cough, non-localizing fever, shortness of breath, sore throat, nasal congestion, or coryza. 
Nasal/throat swabs were collected and tested for influenza by reverse transcriptase polymerase chain 
reaction (RT-PCR) in a research laboratory; results were not available to treating clinicians. Chart 
abstractions were performed after discharge and included demographic data, medical history, antiviral 
medication use, results of microbiologic and radiographic tests, hospital course, and outcome of 
illness at discharge. The proportion of patients who received antiviral treatment was calculated by 
year and patient characteristics, and predictors of antiviral use were examined. Results: The study 
population consisted of 1753 hospitalized adults with ARIs from four hospitals during times when 
influenza was circulating; 125 (7.1%) had RT-PCR–confirmed influenza (research laboratory, results 
not available to clinicians) and 38 (2.2%) had positive physician-ordered influenza test results (clinical 
laboratory). Clinical diagnostic testing was performed for 26% of all ARI patients, increasing from 21% 
during pre-pandemic years to 27% during pandemic years to 31% during post-pandemic years (P < 
.001). Of those with research-laboratory confirmed influenza, 54% (67/125) also had a clinical 
laboratory test performed. Of these, 80% (53/67) had only rapid tests performed, and 75% (40/53) 
had negative rapid test results. Overall, the proportion of inpatients who received antivirals during 
hospitalization ranged from 0.5% to 3.0% annually among patients with ARIs and increased from 
0.9% during pre-pandemic years to 2.7% during pandemic years and to 2.8% in post-pandemic years 
(P = .046). Among those with research laboratory–confirmed influenza, antiviral use increased from 
11.6% during pre-pandemic years to 20% during pandemic years, but then declined to 7% during 
post-pandemic years (P = ns). Of the 38 patients with clinical laboratory–confirmed influenza, 26.3% 
received antiviral treatment compared with 4.5% with a negative test result and 0.7% who were not 
tested (P < .001). Both research laboratory–confirmed influenza (adjusted odds ratio [AOR] 3.04; 95% 
CI 1.26-7.35) and clinical laboratory–confirmed influenza (AOR 3.05; 95% CI 1.07-8.71) were 
independent predictors of antiviral treatment among patients with ARI. Age, severity of disease, 
underlying high-risk condition, duration of symptoms, discharge diagnosis, and self-reported 
vaccination status were not associated with antiviral use. Conclusions: Despite recommendations for 
expanded use of antivirals for all hospitalized patients with confirmed or suspected influenza since the 
H1N1 pandemic (2009-2010), antiviral use was low. Although there has been a moderate increase in 
testing since the pandemic, testing remained low and the rapid tests used were insensitive for 
detecting influenza in hospitalized adults aged 50 years and older compared with RT-PCR testing. 
Antiviral treatment without a positive influenza test result was rare. More accurate point-of-care 
influenza tests could facilitate receipt of antivirals among hospitalized patients. Additional strategies 
are needed to improve appropriate antiviral treatment among hospitalized adults with influenza. 
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Influenza antiviral surveillance in Argentina 

A Pontoriero*, M Russo, E Benedetti, M Avaro, A Czech, A Campos, N Periolo, V Savy, E 
Baumeister 

National Influenza Centre PAHO/WHO, Laboratorio de Referencia Nacional, Servicio Virosis 
Respiratorias, Departamento Virología, Instituto Nacional de Enfermedades Infecciosas, ANLIS 
Malbrán, Buenos Aires, Argentina 

Background: Effective surveillance for influenza antiviral resistance is a key instrument for rapid 
detection of viral variants, allowing the establishment of control measures. Until recently, surveillance 
of antiviral susceptibility was poorly developed in South America. In 2010, the National Influenza 
Center (NIC) in Buenos Aires, Argentina, began a 2-year collaborative project with the Health 
Protection Agency (HPA), United Kingdom (UK), to establish a surveillance network in South America 
to monitor influenza antiviral drug resistance. Another 5 South American countries also participated in 
this project: Brazil, Chile, Colombia, Peru, and Uruguay. Since 2006 in Argentina, thanks to this 
project and the support of the WHO Influenza Collaborating Centres at CDC (Atlanta, USA) and NIMR 
(London, UK), it has been possible to obtain retrospective as well as current local data about the 
antiviral susceptibility of influenza A and B viruses. Materials and Methods: Phenotypic susceptibility 
to oseltamivir and zanamivir of 149 influenza A and B viruses isolated in MDCK cells during the period 
2005-2010 was determined at the HPA (as a result of laboratory training) using the MUNANA 
fluorescence neuraminidase inhibitor (NAI) assay. Pyrosequencing of 46 A(H1N1)pdm09 clinical 
samples and 10 seasonal A(H3N2) isolates was also performed at the HPA to detect NAI resistance 
mutations. In addition, rapid genotypic screening of 739 influenza A(H1N1)pdm09 viruses (79 from 
2011 and 660 from 2012) for the single-nucleotide polymorphism encoding the H275Y substitution 
was performed from clinical specimens using a real-time RT-PCR. This technique allows 
differentiation between wild-type and resistant viruses. In relation to resistance to the M2 ion channel 
blocking agents amantadine and rimantadine, 86 partial M2 genes of influenza A viruses—73 
A(H3N2) isolated between 2001 and 2007 and 13 A(H1N1)pdm09—were sequenced at the NIC; this 
analysis was later expanded by pyrosequencing at the HPA on 42 seasonal A(H1N1) and A(H3N2) 
viruses isolated during the period 2005-2008. Results: In relation to the NAI assays, phenotypic 
analysis showed that 12 out of 35 seasonal A(H1N1) viruses were oseltamivir-resistant; the remaining 
influenza A isolates tested were sensitive to this antiviral. All isolates studied were sensitive to 
zanamivir. Four influenza B viruses were outliers, with decreased susceptibility, but for which no 
explanation was provided by NA sequence analysis. From the genomic studies, only 3 influenza 
A(H1N1)pdm09 viruses were identified as oseltamivir-resistant, harboring the H275Y substitution in 
NA. One of the samples had been recovered in 2009 from a transplant patient, another in 2011 from a 
5-month-old child, and a third from a 1-year-old child in 2012; the latter two patients had not received 
antiviral treatment. All viruses tested by enzymatic assay were sensitive to zanamivir. In relation to 
adamantine-resistance studies, 20 out of 55 A(H3N2) viruses isolated during the period 2006-2007 
harbored the S31N substitution characteristic of amantadine resistance. Pyrosequencing showed that 
29 out of 33 A(H3N2) viruses isolated between 2006 and 2008 were amantadine-resistant, while all 
seasonal A(H1N1) viruses tested retained sensitivity. During 2011, a post-pandemic influenza 
season, all influenza A isolates studied [n = 31; 18 A(H3N2) and 13 A(H1N1)pdm09] were identified 
with the resistance-conferring substitution S31N. Complementary results will be presented in posters. 
Conclusions: Except for the three patients infected with influenza A(H1N1)pdm09-resistant virus, the 
lack of detection of resistant variants to NAI in community specimens indicates that the emergence of 
NAI-resistant viruses remains low in Argentina, as observed in the rest of the world. The high 
incidence of adamantane resistance registered in Argentina and other countries led to the 
discontinuance of the use of this category of antiviral. The establishment of local surveillance of 
antiviral susceptibility coupled with a dedicated database to share information provides a valuable 
contribution to a better understanding of antiviral resistance emergence in relation to influenza virus 
evolution worldwide.  
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Population pharmacokinetics define dosing recommendations of oseltamivir in 
neonates and infants with influenza 

M Kamal1*, E Acosta2, D Kimberlin2, L Gibiansky3, P Jester2, V Niranjan4, B Rath5, B Clinch6, P 
Sánchez7, K Ampofo8, R Whitley2, CR Rayner9 

1F Hoffmann-La Roche, Inc, Nutley, New Jersey, United States; 2University of Alabama at 
Birmingham, Birmingham, Alabama, United States; 3QuantPharm LLC, North Potomac, Maryland, 
United States; 4RxMD, Chennai, India; 5Charité University Medical Centre, Berlin, Germany; 6Roche 
Products Ltd, Welwyn, United Kingdom; 7University of Texas Southwestern Medical Center, Dallas, 
Texas, United States; 8University of Utah Health Sciences Center, Salt Lake City, Utah, United States; 
9d3 Limited, Hong Kong and Monash University, Melbourne, Australia 

Background: Influenza morbidity and mortality in children is highest in those aged < 1 year, but until 
recently little data have been available on which to base optimal dosing for oseltamivir in this high-risk 
population, which has led to conflicting dosing recommendations in the US and Europe. Materials and 
Methods: Data for 133 children aged < 1 year from two prospective, open-label 
pharmacokinetic/pharmacodynamic (PK/PD) and safety evaluation studies – Collaborative Antiviral 
Study Group 114 (CASG114; US, 2006–10) and WP22849 (Europe, 2010–12) – were pooled to build 
a population pharmacokinetic (PPK) model. CASG114 was sponsored by the National Institute of 
Allergy and Infectious Diseases and enrolled 72 children aged < 1 year. WP22849, a Roche-
sponsored study, enrolled 65 children aged < 1 year. Infants included in the analysis had influenza 
symptoms for ≤ 96 hours and a positive rapid diagnostic test result for influenza. In each study, infants 
received age-stratified weight-based doses of oseltamivir oral suspension twice daily for 5 days 
(CASG114 administered doses of 3.0 mg/kg for children aged 0–2, 3–5 and 6–8 months and of 3.0 or 
3.5 mg/kg for ages 9–11 months; WP22849 administered 2.0 mg/kg for children aged 0–1 months, 
2.5 mg/kg for those aged 1–3 months and 3.0 mg/kg for those aged 3–11 months). The analysis used 
non-linear mixed effects modeling in which several structural models simultaneously describing the 
disposition of oseltamivir and its carboxylate metabolite (OC) were tested. Weight was used to 
account for differences in body size across age groups, with clearance and volume parameters 
allometrically scaled using power exponents of 0.75 and 1, respectively. Covariates – including study, 
age, post-conceptual age, gestational age, body weight, sex, and ethnicity – were investigated using 
the full-model approach. Final model evaluation was performed using visual and posterior predictive 
checks and a non-parametric bootstrap. Putative targets were selected using either (i) an integrated 
PK/PD analysis or (ii) bridging exposure (Cmin, Cmax, and AUC at steady state) in infants and were 
compared with data observed in an earlier study in children aged 1–3 years who received the 
approved unit dose of 30 mg twice daily and in whom no antiviral resistance was demonstrated. 
Finally, model-based simulations were performed to identify optimal dosing regimens that met 
putative target criteria. Results: The pooled data set contained 604 oseltamivir and 648 OC 
quantifiable plasma samples from 133 infants aged 2 weeks to < 12 months. Thirteen infants (9.8%) 
were aged 13 days to < 1 month, 33 (24.8%) 1 to < 3 months, 23 (17.3%) 3 to < 6 months, 35 (26.3%) 
6 to < 9 months, and 29 (21.8%) 9 to < 12 months. A two-compartment model with first-order 
absorption of oseltamivir and first-order conversion of oseltamivir to OC and a one-compartment 
model with first-order elimination of OC served as the base model. Apparent clearance (L/hr) and 
distribution volume (L) of OC increased linearly with age. All parameters were precisely estimated, 
and model diagnostics showed the ability to predict central tendency and spread of concentrations in 
the target population. Possibly due to the narrow exposure ranges studied, the PK/PD analysis 
showed no association between exposure and defined PD endpoints, including temperature, fever, 
viral load/shedding, resistance, and adverse events. As such, bridging of infant exposure to that seen 
in children aged 1–3 years and adults was used for dose selection. Simulations showed that OC 
exposure in infants of all age subgroups that received 3.0 mg/kg twice daily would achieve the a 
priori–determined target systemic concentrations that have demonstrated efficacy and are unlikely to 
produce antiviral resistance. Conclusions: A PPK model that incorporated allometric scaling of all 
parameters and a linear increase in OC clearance with age adequately described the disposition of 
oseltamivir and OC after adjustment for the developmental changes that occur in the first year after 
birth. Inter-individual variability in PK was highest in neonates, potentially reflecting differences in 
hepatic and renal maturation. Across all age subgroups, 3.0 mg/kg yields OC exposures that are well 
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Phenotypic and genotypic analysis of influenza viruses isolated from adult 
subjects during a phase II study of intravenous zanamivir 

PJ Yates1*, D Raimonde2, H Zhao2, C Man2, H Steel3, A Peppercorn2

1GlaxoSmithKline, Stevenage, United Kingdom; 2GlaxoSmithKline, Research Triangle Park, North 
Carolina, United States; 3GlaxoSmithKline, Stockley Park, United Kingdom 

Background: Intravenous zanamivir (IVZ) is a neuraminidase inhibitor (NAI) suitable for the treatment 
of patients hospitalised with influenza. One of the main factors that can affect the efficacy of NAIs is 
resistance development. Viral susceptibility to zanamivir was evaluated by phenotypic and genotypic 
analyses. Materials and Methods: The study was initiated at the onset of the 2009 influenza A/H1N1 
pandemic and included symptomatic, hospitalised patients with influenza. Patients received IVZ for 5 
to 10 days. Throat swabs were conducted during treatment and at various time points depending on 
hospitalisation and duration of symptoms up to 23 days posttreatment (PT).  Endotracheal (ET) 
samples were analysed when available. Phenotypic analyses were performed on cultured viruses by 
NA Star assay (Applied Biosystems). NA and HA genes were sequenced directly from clinical 
specimens. Results: Adult enrolment was completed in September 2011, with 130 subjects: 80% 
received prior oseltamivir treatment, 71% were infected with A/H1N1pdm09, 12% with A/H3N2, 11% 
with untyped influenza A, 2% with influenza B and 4% with an unknown subtype. A total of 50/611 
samples from 39/129 subjects were culture positive: 37/128 Day 1 throat samples, 11/289 during-
treatment throat samples, 0/168 PT samples and 2/26 ET samples. Matched Day 1 and during-
treatment or PT samples were obtained from 9/121 subjects. Mean IC50 values (± SD) for influenza 
A/H1N1pdm09, A/H3N2 and influenza B were 0.20 ± 0.06, 0.26 ± 0.07 and 1.61 ± 0.35 nM, 
respectively. One A/H1N1pdm09 virus had a raised IC50 (0.44 nM); 185/513 NA sequences, 174 from 
throat and 11 from ET samples (153 influenza A/H1N1pdm09, 30 A/H3N2 and 2 influenza B) from 
123 subjects were obtained. Most viruses analysed did not contain resistance mutations or mutations 
in the NA active site. Four influenza A/H1N1pdm09 viruses from four subjects harboured NA 
resistance mutations: Y155H (Day 1), D199G (Day 1), S247N (Day 1) and E119D/E (PT+5). Subjects 
with Y155H and D199G viruses received 2 and 1 days of prior oseltamivir treatment, respectively; 
therefore, it is unlikely that the mutations were selected during this time. Mutations were present on 
Day 1 and therefore did not arise by IVZ pressure. The S247N virus showed a shift in susceptibility to 
zanamivir of 2.6 and was not selected by IVZ or oseltamivir. E119D/E was not present at five other 
time points, before and after PT+5 days, from the same subject. Four subjects (A/H1N1pdm09) 
harboured NA mutations at the final time point—N63D (PT+16), V83A (Day 5), W190C (Day 10) and 
M269K (Day 3)—that were not present at Day 1.  The emergent mutations were not associated with 
resistance but may have arisen due to selection pressure during IVZ treatment or by chance. A total 
of 180/496 HA sequences, 169 from throat and 11 from ET samples (148 A/H1N1pdm09, 30 A/H3N2 
and 2 influenza B), from 123 subjects were obtained. Most viruses analysed did not contain 
resistance mutations. Two viruses (A/H1N1pdm09) from two subjects harboured resistance mutations 
at single time points: S162N (Day 5) and Q223R (PT+23). Five HA mutations detected in influenza 
A/H1N1pdm09 viruses from five subjects emerged during treatment: E81K (PT+16), V108L (PT+2), 
S164D (ET), D168N (ET) and S185N (PT+5). The HA mutations may have arisen due to selection 
pressure during IVZ treatment or by chance. Ten out of 92 A/H1N1pdm09 subjects harboured an HA 
mutation D222, which is associated with increased virulence of A/H1N1pdm09 viruses. Conclusions: 
Mean IC50 values for the influenza subtypes were within the expected range. Treatment-emergent NA 
resistance mutations were not detected.  Four NA mutations emerged during IVZ treatment but were 
not in the NA active site and have not been associated with resistance. Two resistance-associated HA 
mutations, S162N and Q223R, in A/H1N1pdm09 viruses emerged during treatment. Both mutations 
may have arisen due to IVZ selection pressure or by chance. A total of 11% of A/H1N1pdm09 
subjects harboured a mutation at D222—a determinant of virulence in severely ill patients with 
A/H1N1pdm09 infection. 
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Detection of antiviral-resistant influenza viruses in Japan during pandemic and 
post-pandemic periods 

E Takashita*, S Fujisaki, N Kishida, H Xu, M Imai, M Tashiro, T Odagiri 

Influenza Virus Research Center, National Institute of Infectious Diseases, Musashimurayama, Tokyo, 
Japan 

Background: In Japan, four neuraminidase (NA) inhibitors—oseltamivir, peramivir, zanamivir and 
laninamivir—are approved for chemotherapy against influenza and are prescribed with the highest 
frequency in the world. Therefore, Japan could be at high risk for the emergence and spread of 
antiviral-resistant influenza viruses. The spread of resistant viruses may change the 
chemotherapeutic strategy and limit the therapeutic options for influenza. Consequently, the 
nationwide monitoring of antiviral-resistant viruses is important for therapeutic and public health 
measures. To monitor antiviral-resistant viruses, we have screened clinical isolates from the 2008-
2009 season through the 2012-2013 season in Japan. Materials and Methods: Clinical specimens 
were collected in 500 sentinel hospitals consisting of pediatric and internal medicine between May 
2009 and May 2013. Influenza viruses were isolated from the specimens in 74 local public health 
institutes. Approximately 5% to 10% of total isolates were used for an allelic discrimination assay, NA 
gene sequencing and/or NA inhibition assay. To detect an H275Y substitution in the NA protein, 
which confers resistance to NA inhibitors, the allelic discrimination assay and/or NA gene sequencing 
were conducted. For the allelic discrimination assay, supernatants of A(H1N1)pdm09 virus–infected 
cells were directly added to the one-step duplex RT-PCR mixture without RNA purification. 
Fluorescent signals were collected during the annealing and extension steps, and amplification data 
and endpoint data were analyzed. For NA gene sequencing, the full-length NA gene was amplified 
from the viral RNA, and nucleotide sequences were determined. Chemiluminescent and/or 
fluorescent NA inhibition assays were performed to determine the susceptibility of viruses to the NA 
inhibitors oseltamivir, peramivir, zanamivir and laninamivir. The susceptibility of viruses was 
expressed as the drug concentrations required to inhibit NA activity by 50% (IC50). Results: During 
pandemic (2008-2009 to 2009-2010) and post-pandemic (2010-2011 to 2012-2013) periods, we found 
that 159 (1.3%) of 12,099 A(H1N1)pdm09 viruses possessed the H275Y substitution and 2 (0.2%) of 
902 A(H3N2) viruses possessed an R292K substitution in the NA protein. The mutant viruses were 
resistant to oseltamivir and peramivir, but not to zanamivir and laninamivir. The highest detection rate 
of the resistant A(H1N1)pdm09 viruses was found in patients who were 0-9 years old. The detection 
rate of the resistant viruses increased from 1.0% during the pandemic period to 2.0% during the post-
pandemic period. Furthermore, among the cases with resistant A(H1N1)pdm09 viruses, the 
percentage of no known exposure to antivirals significantly increased from 16% during the pandemic 
period to 44% during the post-pandemic period. Conclusions: A(H1N1)pdm09 viruses resistant to 
oseltamivir and peramivir were sporadically detected in Japan, and they did not spread throughout the 
community. However, suspected human-to-human transmission of the resistant viruses gradually 
increased in the post-pandemic period. Consequently, sustained monitoring of resistant viruses is 
important to explore the possibility of human-to-human transmission of the resistant viruses. This 
study was conducted by collaboration with the influenza virus surveillance group of Japan. 
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Clinical outcomes, viral load, and pharmacokinetics following treatment with 
IV zanamivir in hospitalized adults with influenza: results from a phase 2 open-
label, multicenter, single arm study initiated during the influenza A H1N1 
pandemic 

A Peppercorn1, C Man1, H Zhao1, S Weller1, P Yates2, D Raimonde1, Y Lou1, and H Steel3* 

1GlaxoSmithKline, Research Triangle Park, North Carolina, United States; 2GlaxoSmithKline, 
Stevenage, United Kingdom; 3GlaxoSmithKline, Stockley Park, United Kingdom 

Background: There is a public health need for safe and effective treatments for influenza that are 
suitable for hospitalized patients. IV zanamivir (IVZ) is a parenteral neuraminidase inhibitor in clinical 
development for treatment of severe influenza and is active against influenza virus with the H275Y 
neuraminidase mutation. Materials and Methods: Study NAI113678 was initiated at the onset of the 
2009 influenza A H1N1 pandemic; adult enrollment took place in 8 countries across the northern and 
southern hemispheres. Symptomatic, hospitalized patients with documented influenza by local 
diagnostic tests (rapid antigen test, PCR, or viral culture) were eligible if enrolled within 7 days of 
illness onset. Subjects received IVZ 600 mg twice daily for 5-10 days, adjusted for renal impairment or 
renal replacement therapy. Subjects were assessed during treatment and during 23 days of follow-up 
for safety, clinical outcome and virologic responses. Serial serum pharmacokinetics (PK) sampling 
was conducted with the first dose and during a repeat dose interval on day 3-5 (ClinicalTrials.gov 
NCT01014988). Results: 130 adults (43% female, including 4 pregnant women) were enrolled from 
2009-2011. Median age was 48 years (range, 18-94), 75% were Caucasian, 34% were obese (BMI > 
30), and 80% had received prior oseltamivir treatment (median duration 2 days). 77% had chronic 
medical conditions (respiratory disease 32%, immunocompromised 25%, gastrointestinal 22%, 
cardiovascular 20%). Median time from influenza symptom onset to IVZ treatment was 4.5 days 
(range, 1-7). At baseline, 89% had an infiltrate on chest X-ray consistent with viral pneumonia. While 
on study, 57% of subjects required mechanical ventilation and 3% extracorporeal membrane 
oxygenation. Median hospital stay was 15 days (range, 1-133); 83% required ICU care, median ICU 
stay was 11.5 days (range, 1-104). 92% of subjects were treated with antibiotics, 49% systemic 
corticosteroids and 26% vasopressors. Ninety-four percent of subjects had influenza A (71% 
H1N1pdm09, 12% H3N2, 11% subtype unknown), 2% influenza B and 4% not typed. Median time to 
virologic improvement (defined as 2 log drop from baseline or time to undetectable viral load by qPCR 
from nasopharyngeal samples) was 2 days. Subjects who started treatment within 5 days of symptom 
onset had higher median viral loads at baseline compared with those who started treatment ≥ 5 days 
after symptom onset (5.11 log10 copies/mL vs 3.89 log10 copies/mL, respectively). A total of 21 
subjects had paired qPCR data in both endotracheal and nasopharyngeal samples with a median 
virus load of 4.89 and 3.60 log10 copies/mL (P = .004), respectively; of these, 17 (81%) had higher 
virus load in endotracheal samples reflecting lower respiratory tract disease. Fourteen and 28-day 
cumulative mortality was 13% and 17%. The most common causes of death were respiratory failure 
(5%), sepsis/septic shock (4%), cardiogenic shock (3%), and bacterial pneumonia (3%). None of the 
deaths was considered by the investigator to be attributable to zanamivir treatment. The effect of risk 
factors on mortality was explored using multivariate Cox regression modelling with stepwise selection 
method. Mortality was significantly associated with H3N2 (P = .0386), older age (P = .0462) and time 
from symptom onset to IVZ treatment (P = .0225). The adjusted hazard ratios (95% CI) are 2.910 
(1.058, 8.007), 1.031 (1.001, 1.062) and 1.354 (1.044, 1.756), respectively. Steady state PK results 
from 76 subjects with normal renal function (mean Cmax = 35.3 µg/mL, AUC = 90.3 h*µg/mL, Cmin = 
0.82 µg/mL) were as expected for 600 mg, and well above the mean reported IC50 for influenza 
viruses (0.08-1.01 ng/mL). PK data showed that dose adjustments for renal impairment yielded similar 
zanamivir exposures. There was no correlation between higher zanamivir exposure and serious 
adverse events, drug-related adverse events, and virologic responses. Conclusions: Clinical outcome, 
safety, viral load and pharmacokinetic data from critically ill patients treated with IVZ in this phase II 
study support further investigation of IVZ for hospitalized patients. A phase 3 study comparing IVZ 
with oral oseltamivir is ongoing (ClinicalTrials.gov NCT01231620). 
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Antiviral resistance of influenza viruses isolated in Kenya, 2007 – 2011 

G Kikwai1*, M Okomo-Adhiambo2, L Gubareva2, T Shigoli1, M Katz2,3, M Njenga3, B Fields3, P 
Muthoka4, J Mott2,3, L Waiboci3

1Kenya Medical Research Institute, Nairobi, Kenya; 2Influenza Division, United States Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3United States Centers for Disease 
Control and Prevention–Kenya, Nairobi, Kenya; 4Kenya Ministry of Public Health and Sanitation, 
Nairobi, Kenya 

Background: Influenza viruses circulate in Kenya year-round. This, coupled with the continued threat 
of the emergence of novel influenza viruses with pandemic potential in humans, underscores the 
need for information on effective antivirals for the management of influenza infections. There are 
limited data on influenza virus susceptibility in sub-Saharan Africa. We present data on the antiviral 
susceptibility of influenza viruses circulating in Kenya from 2007 to 2011. Materials and Methods: We 
collected nasopharyngeal and oropharyngeal (NP/OP) specimens from patients with respiratory 
illness who presented to 12 national sentinel and population-based surveillance sites from January 
2007 through December 2011. Specimens were tested at the Kenya Medical Research 
Institute/Centers for Diseases Control and Prevention laboratories by real-time reverse transcription–
polymerase chain reaction for Influenza A and B, and influenza A–positive samples were subtyped. 
Influenza viruses, isolated from a subset of the influenza-positive specimens by cell culture, were 
assessed for susceptibility to neuraminidase inhibitors (zanamivir and oseltamivir) in neuraminidase 
inhibition (NI) assays. Virus isolates showing elevated IC50 values (drug concentrations inhibiting 50% 
of virus activity) in the NI assay were genetically analyzed by conventional sequencing and/or 
pyrosequencing to detect molecular changes in the neuraminidase protein associated with reduced 
susceptibility to neuraminidase inhibitors, such as the histidine to tyrosine substitution at position 275 
(H275Y) in the N1 of the neuraminidase protein that confers resistance to oseltamivir. Influenza A 
isolates were also genetically characterized by pyrosequencing to detect markers of resistance to 
adamantanes, including the serine to asparagine substitution at position 31 (S31N) of the M2 protein. 
All functional and molecular characterization assays were carried out at the WHO Collaborating 
Center at the CDC (Atlanta, Georgia, United States). Results: 
During 2007-2011, 55,208 NP/OP specimens were tested for influenza viruses, of which 5347 (9.7%) 
were positive for influenza A, 1719 (3.1%) were positive for influenza B, and 177 (0.3%) were positive 
for both influenza A and B. A total of 732 influenza isolates were tested with oseltamivir and zanamivir 
in the NI assays, including 135 influenza B isolates and 597 influenza A [121 A(H1N1), 250 
A(H1N1)pdm09, and 226 A(H3N2)] isolates. All influenza A and B isolates tested (n = 732) were 
susceptible to zanamivir, while 668 (91.2%) were susceptible to oseltamivir. All influenza B, A(H3N2), 
and A(H1N1)pdm09 isolates tested were susceptible to oseltamivir. However, 64/121 (53%) A(H1N1) 
isolates, all collected between September 2007 and June 2010, were resistant to oseltamivir, and 
sequence analysis revealed the presence of H275Y substitution in their neuraminidase protein. A total 
of 350 influenza A isolates, including 121 A(H1N1), 58 A(H1N1)pdm09, and 171 A(H3N2), were 
characterized for the presence of markers that confer resistance to adamantanes. Of these 350 
influenza A isolates, 224 (64%) had the most commonly detected marker for adamantane resistance, 
S31N, including 1 (0.8%) A(H1N1), 58 (100%) A(H1N1)pdm09, and 165 (96.5%) A(H3N2) isolates. A 
single A(H1N1)pdm09 isolate contained a combination of two markers of resistance to adamantanes: 
A30T and S31N. Further testing for adamantane susceptibility was discontinued due to widespread 
resistance to adamantanes among influenza viruses circulating globally. Conclusion: In spite of limited 
antiviral use in Kenya, more than half of the viruses characterized were resistant to adamantanes. 
However, more than 90% of the viruses circulating in Kenya from 2007 to 2011, including all the 
influenza viruses circulating from July 2010 to December 2011, were susceptible to oseltamivir and 
zanamivir. Thus, the use of these neuraminidase inhibitors for the management of influenza infections 
in Kenya would be beneficial. Antiviral resistance patterns in Kenya mirrored those seen elsewhere in 
the world. 
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Zanamivir aqueous solution for treatment of influenza in a compassionate use 
program: results from a retrospective chart review study  

S Sedani1, C Brennan2, AF Peppercorn2, K Vouk3, CK Heitman2, HM Steel1*, on behalf of the study 
team 

1GlaxoSmithKline, Stockley Park, Uxbridge, Middlesex, United Kingdom; 2GlaxoSmithKline, Research 
Triangle Park, North Carolina, United States; 3INC Research GmbH, Stefan-George-Ring, Munich, 
Germany 

Background: Since the start of the 2009 H1N1 pandemic, investigational zanamivir aqueous solution 
(ZAS) for intravenous (IV) or nebulized administration has been available on a named patient 
compassionate use (CU) basis to treat critically ill patients with severe influenza for whom licensed 
influenza antivirals are not suitable. As of 8 May 2013, 1562 patients globally have received CU ZAS, 
and in an attempt to collect key safety and clinical data, treating physicians are asked to complete a 
brief data collection form (DCF), although provision of data is not a condition of ZAS supply. Study 
NAI115008 was a retrospective, multinational, noninterventional chart review study designed to 
collect more detailed safety and clinical outcomes data from a subset of treated patients, primarily 
pediatric (<18 years) and pregnant patients as these patients are more difficult to enroll in clinical 
trials. Materials and Methods: Sites where pediatric or pregnant patients (referred to as “Tier 1” 
patients) had been treated with at least 1 dose of CU ZAS between May 2009 and January 2011 were 
invited to participate in this study. Simultaneously, data from other adults (“Tier 2” patients) treated 
with CU ZAS at these sites also were collected. Site personnel reviewed each patient’s medical chart 
and recorded study data on a DCF. Information collected included influenza history and treatment, 
ventilation/oxygenation summary, underlying medical illnesses, hospital course, treatment emergent 
events, complications and death. Descriptive and exploratory statistical analysis methods were used. 
Results: DCFs were collected for 113 patients treated at 34 hospitals in 12 countries: Brazil, Canada, 
Denmark, Germany, Greece, Latvia, Netherlands, Norway, Portugal, United Arab Emirates, United 
Kingdom, and the United States. Of the 61 Tier 1 patients, 50 were children (median age 6 years; 
range, 1 day to 18 years) and 11 were pregnant or postpartum (median age 26 years; range, 15-38). 
Of the 8 patients pregnant at hospital admission, 4 were in the second and 4 in the third trimester of 
pregnancy. Time from delivery to ZAS administration for the 3 patients that were postpartum at 
hospital admission was 3 days, 37 and 38 days. The median age of the 52 Tier 2 patients was 50 
years (range, 23-75). Many of the patients (94, 83%) received IV ZAS and 19 (17%) received ZAS via 
nebulizer; median time from influenza symptom onset to ZAS treatment was 10 days (range, 1-55 
days). 12% received prior anti-influenza vaccine and 86% had prior oseltamivir treatment. Most 
patients had influenza A (73% H1N1pdm09, 8% subtype unknown), 2% influenza B and results were 
missing for 17%. 73% had at least 1 underlying condition, most frequently respiratory disease (36%), 
rheumatologic and immunologic (19%) and cancer (17%). The majority of patients (97%) required 
admission to an intensive care unit; median stay for pediatric patients was 17 days (range, 1-108), 
median stay for pregnant/post-partum patients was 18 days (range 7-84 days) and 22 days for Tier 2 
adults (range, 2-75 days). All patients except one were ventilated or required supplemental 
oxygenation: 84% endotracheal mechanical ventilation and 27% extracorporeal membrane 
oxygenation. Exploratory analyses suggest shorter time from symptom onset to ZAS administration 
was positively associated with survival in adults including pregnant patients (Odds ratio 0.3, P = 
.0087). Overall, 21% experienced treatment-emergent adverse events, including renal failure (7%), 
circulatory collapse (5%), and paralytic ileus (4%). Altogether over half (55%) had recovered and 38% 
died (32% of children, 36% of pregnant or postpartum patients, 44% of other adults) and 7% had 
either not recovered or survival status was unknown. Overall, the most common causes of death were 
respiratory failure (10%), acute respiratory distress syndrome (7%), multiorgan failure (6%), and 
cerebral hemorrhage (5%). Conclusions: A high mortality rate was observed in this subgroup of 
patients treated with CU ZAS, consistent with the severity of illness of patients treated in this program. 
A global phase 3 controlled study is ongoing to determine clinical benefit of intravenous zanamivir 
versus oral oseltamivir in hospitalized patients with influenza infection (clinicaltrials.gov: 
NCT01231620). 

218Antiviral Drugs and Resistance 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-275 

Oseltamivir exposure via breast milk is not associated with an increased risk 
of adverse outcomes in infants 

M Wollenhaupt1*, A Chandrasekaran2, D Tomianovic1 
1F. Hoffmann-La Roche Ltd, Basel, Switzerland; 2RxMD, Chennai, India 

Background: The safety and tolerability of oseltamivir and its active metabolite oseltamivir carboxylate 
(OC) have been extensively investigated; however, limited information is available on the excretion of 
either compound in breast milk and the potential effects of exposure on the breastfed infant. To 
evaluate the safety of oseltamivir in this setting, we reviewed the existing literature and cases of 
oseltamivir exposure through lactation recorded in the Roche Global Safety Database. Materials and 
Methods: To identify publications describing oseltamivir use during lactation, specific search criteria 
were used to search the following online databases on 10 July 2012: MEDLINE®, Embase®, BIOSIS 
Previews®, Derwent Drug File, International Pharmaceutical Abstracts, PASCAL, and SciSearch. In 
addition, the Roche Global Safety Database was searched for reports of oseltamivir exposure during 
lactation, with a cutoff date of 30 April 2012. Results: In preclinical studies identified by the literature 
search, oseltamivir and OC were shown to be excreted in the milk of lactating rats, but there was no 
evidence to suggest a deleterious effect of oseltamivir exposure on the offspring. Review of a further 
38 citations suggests that therapeutically effective oseltamivir exposure is unlikely in the breastfed 
infant and that no dose adjustment is required in the lactating mother. A total of 66 reports of 
oseltamivir exposure during lactation were identified in the Roche Global Safety Database: 14 of 
these occurred during lactation alone and 52 occurred both transplacentally and during lactation. 
Single-case review did not reveal any evidence suggesting a deleterious effect of oseltamivir 
exposure via breast milk. The majority of cases (57/66; 86%) were not associated with a maternal or 
neonatal event. One of the remaining nine cases involved a baby with transplacental and lactation 
exposure who was found to have pyelocaliectasis; the window of oseltamivir exposure in this case fell 
outside the critical period for congenital abnormalities associated with pyelocaliectasis (week 7 of 
gestation). In another case, a mother and baby both received oseltamivir treatment for influenza 
infection; the baby, who was also breastfed, developed urticaria after recovering from influenza. 
Another case concerned a baby with alopecia—an event not uncommon in infancy. Other reported 
events included suppressed lactation (2 cases), breast milk discoloration (2), rash in both mother and 
baby (1), and refusal to be breastfed (1). Conclusions: Evidence from the available literature and the 
Roche Global Safety Database suggests that oseltamivir is compatible with breastfeeding. Future 
cases of oseltamivir exposure in infants during lactation will continue to be monitored. 

P1-276 

Maternal exposure to oseltamivir is not associated with an increased risk of 
adverse pregnancy or birth outcomes 

M Wollenhaupt1*, A Chandrasekaran2, D Tomianovic1 
1F. Hoffmann-La Roche Ltd, Basel, Switzerland; 2RxMD, Chennai, India 

Background: Influenza infection is associated with an increased risk of complications and poor 
outcomes in pregnant women. As a result, treatment guidelines recommend that pregnant women 
with influenza receive neuraminidase inhibitors, even in uncomplicated cases. A previously published 
review concluded that oseltamivir was unlikely to cause adverse pregnancy or birth outcomes. 
However, the rate of oseltamivir exposure in pregnant women has increased considerably in recent 
years, due in large part to the 2009–10 A/H1N1 pandemic. To re-evaluate the safety of oseltamivir in 
pregnancy, we performed a cumulative review of reports of exposure in pregnant women. Materials 
and Methods: To identify articles on pregnancy and birth outcomes among women and neonates 
exposed to oseltamivir, a search of the following online literature databases was conducted on 10 July 
2012: MEDLINE®, Embase®, BIOSIS Previews®, Derwent Drug File, International Pharmaceutical 
Abstracts, PASCAL, and SciSearch. Cumulative data on cases of maternal exposure to oseltamivir up 
to 30 April 2012 were also extracted from the Roche Global Safety Database, which includes 
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spontaneous reports of exposure during pregnancy, pregnancies that occurred during clinical trials of 
oseltamivir, and case reports from literature sources. Medical analysis of pregnancy cases assessed 
birth and pregnancy outcomes and adverse events (AEs). Results: The literature search identified 609 
articles; only 12 contained relevant information. Most studies did not stratify results by antiviral use. 
Review of evidence from these articles did not suggest an elevated risk of adverse outcomes with 
oseltamivir exposure. A total of 2926 cases of maternal exposure to oseltamivir were identified in the 
Roche Global Safety Database, with 5660 AEs reported. Among the 2128 cases in which pregnancy 
outcome was known, 2003 (94.1%) reported live births; of these, the majority (1644/2003; 82.1%) 
were “normal” live births. There were 128 reports of abnormal pregnancy outcomes: spontaneous 
abortions, 61 cases; therapeutic abortions, 39; and stillbirths, 28. Rates of spontaneous abortions 
(61/2128; 2.9%), therapeutic abortions (39/2128; 1.8%), and pre-term deliveries (84/2128; 3.9%) were 
below background rates. In total, 1875 of 2926 cases (64.1%) had known birth outcomes, with 81 
cases reporting birth defects. Of these, 53 cases had an alternative explanation for the defect and 17 
had insufficient information for assessment. Of the remaining 11 cases (concerning 9 patients, as 2 
reports were duplicated), 7 were anomalies that are not uncommon: ventricular septal defect (2 
cases), Pierre-Robin syndrome and Dandy-Walker malformation (2 cases; events duplicated due to 
separate reporting in mother and baby), ear fistulas (2 cases) and congenital dacryostenosis (1 case). 
Fever associated with influenza infection may have been a contributory factor in a further four cases: 
anophthalmos, single atrium and ventricle/univentricular heart (duplicate reports), and atrial 
ventricular and ventricular arterial anomaly of pulmonary venous return. Conclusions: Based on the 
literature review and data from the Roche Global Safety Database, there is no apparent association 
between maternal exposure to oseltamivir and an increased risk of abnormal pregnancy or birth 
outcomes. 

P1-277 

Impact of different oseltamivir regimens on efficacy and resistance 
emergence: insights from a modelling study 

L Canini1-3, JM Conway3, AS Perelson3, F Carrat1,2,4* 

1Université Pierre et Marie Curie – Paris 6, UMR-S 707, Paris, France; 2Institut National de la Santé 
Et de la Recherche Médicale, UMR-S 707, Paris, France; 3Theoretical Biology and Biophysics, Los 
Alamos National Laboratory, Los Alamos, New Mexico, United States; 4Assistance Publique Hôpitaux 
de Paris, Hôpital Saint Antoine, Paris, France 

Background: Several studies have shown oseltamivir to be efficient at reducing influenza viral titre 
and symptom intensity. However, the usefulness of oseltamivir can be compromised by the 
emergence and spread of drug-resistant viruses. The selective pressures exerted by different 
oseltamivir therapy regimens have received little attention. Materials and Methods: We used a 
previous model of influenza H1N1 viral kinetics and symptom dynamics describing the interactions 
between the free virus, target cells, pro-inflammatory cytokines and NK cells. The model was fit to 
data from experimentally challenged volunteers and dealt with between-subject variability. We 
extended the model to explore the virological and clinical efficacy of oseltamivir through simulated 
pharmacokinetics: we included oseltamivir concentration as a time-dependent variable and we 
simulated random mutations conferring drug resistance. We explored the effect of treatment initiation 
time, dose, intake frequency and treatment duration on H1N1 influenza infection, illness dynamics 
and emergence of resistance. We simulated populations of 1000 subjects to describe the observed 
heterogeneity. A hybrid stochastic and deterministic approach was used to reduce the computational 
burden while capturing the inherent stochasticity of emergent drug resistance. Results: Clinical and 
virological efficacies were strongly associated with treatment initiation time. Efficacies were above 
85% when treatment was initiated during the incubation period for every recommended regimen and 
fell below 5% when treatment was initiated 2 days after symptom onset. Without any treatment, the 
proportion of subjects shedding resistant virus, defined as the number of individuals with resistant 
viral load above the limit of detection, was less than 1%. In treated patients, the proportion of subjects 
shedding resistant virus was strongly associated with treatment initiation time: it was 23% when the 
recommended curative treatment was initiated during the incubation period and fell below 1% when 
treatment was initiated after symptom onset. Lower doses or premature treatment discontinuation led 
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to lower efficacies and increased the proportion of subjects shedding resistant viruses. As an 
example, a 75-mg/day prophylaxis regimen initiated 2 days before inoculation and stopped 2 days 
after inoculation would decrease the efficacy to 18% and increase the proportion of subjects shedding 
resistant virus to 8%. Conclusions: Using a simulation model based on H1N1 infection data, we were 
able to reproduce drug-resistant emergence rates similar to those reported in the literature. Based on 
our simulation results, we recommend that current prophylaxis regimens should be avoided to limit 
resistance emergence. Initiation of treatment during the incubation period should be restricted to 
subjects prone to develop severe cases and should use high doses (at least 150 mg per intake) and 
frequent intakes (bid or tid) for a longer period (10-15 days) in order to decrease the risk of resistant 
virus emergence and to preserve high efficacies. 

P1-278 

Susceptibility of influenza B viruses to neuraminidase inhibitors: findings from 
the first 4 years (2008–2012) of the global Influenza Resistance Information 
Study (IRIS) 

E van der Vries1*, D Ip2, V Reed3, X Tong4, K Wojtowicz3, CA Boucher1 

1Erasmus MC, Rotterdam, the Netherlands; 2The University of Hong Kong, Hong Kong SAR, China; 
3Micron Research Ltd, Ely, United Kingdom; 4F. Hoffmann-La Roche, Inc, Nutley, New Jersey, United 
States 

Background: Type B influenza virus infections continue to account for a substantial proportion of 
clinical illness. Little is known about comparative disease profiles by virus lineage. A global 
observational trial (the Influenza Resistance Information Study or IRIS; NCT00884117) was initiated 
to study neuraminidase inhibitor (NAI) susceptibility and the clinical and virological course of influenza 
in treated and untreated patients. Materials and Methods: Patients in the northern and southern 
hemispheres (USA, France, Germany, Poland, Norway, Hong Kong, Australia) with influenza-like 
illness and/or a positive rapid influenza test result were enrolled. Throat/nasal swabs were performed 
on Days 1, 3 (self-swab), 6 and 10 and tested for influenza A and B viruses by RT-PCR. Influenza-
positive samples collected on Days 1, 6 or 10 were cultured and subsequently sequenced (HA and 
NA) and phenotypically tested for NAI susceptibility. The lineage of B viruses was determined from 
sequencing. Clinical information, including the scoring of seven influenza symptoms (scale: 0 
[absent], 1 [mild], 2 [moderate], 3 [severe]), was recorded on diary cards by the patient or the patient’s 
legal guardian (Days 1–12). Symptoms were also assessed by the investigator at each visit. The 
decision to prescribe an NAI was left to the physician’s discretion. Results: In the first 4 years of IRIS 
(December 2008 to March 2012), 2262 influenza-positive (RT-PCR) patients were enrolled, of whom 
697 presented with a type B influenza virus infection (564 Victoria, 98 Yamagata, 35 undetermined 
lineage). Most type B patients (402; 58%) were children aged < 13 years. A total of 330 (47%) type B 
patients were treated with oseltamivir (as monotherapy) within 2 days of symptom onset; a further 26 
started oseltamivir 2 days after symptom onset. Eleven patients received zanamivir, one received 
amantadine and another received rimantidine. A total of 328 (47%) did not receive any influenza 
antiviral. Symptoms were mild to moderate on Day 1 (mean total score: 12.8, treated; 12.9, 
untreated), and the mean temperature on Day 1 was 38.2°C. All viruses obtained at baseline or post-
baseline were susceptible to NAIs: mean (SD) IC50 values for oseltamivir were 4.8 nM (2.5 nM) and 
5.5 nM (2.3 nM) for the Victoria and Yamagata viruses, respectively; the corresponding values for 
zanamivir were 2.0 nM (1.4 nM) and 2.9 nM (1.6 nM), respectively. No known NAI resistance 
mutations were detected by NA or HA population sequencing. The proportion of RT-PCR–positive 
patients on Day 6 was 130/309 (42.1%) for patients treated with oseltamivir and 152/312 (48.7%) for 
untreated patients. In Kaplan–Meier analyses, no significant differences in median time to influenza 
RNA clearance were found between oseltamivir-treated and -untreated patients, either in adults or 
children. The time to symptom resolution (all symptom scores ≤ 1) was 5 days (95% CI, 4–5 days) in 
oseltamivir-treated children and 6 days (95% CI, 5–6 days) in untreated children (P = .026), but no 
significant difference in symptom resolution time was found in adults (Kaplan–Meier analysis). 
Conclusions: Analysis of type B influenza viruses obtained globally between 2008 and 2012 showed 
that all pre-treatment B/Victoria and B/Yamagata viruses were susceptible to oseltamivir and 
zanamivir. Moreover, no resistant viruses were detected during treatment. Given the non-randomised 
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design of this study, no definitive conclusions can be drawn with regard to the clinical benefit of 
oseltamivir in patients infected with type B influenza viruses. 

P1-279 

Persistence of influenza A(H3N2) viruses following oseltamivir therapy in 
nursing homes in the Netherlands 

A Meijer1*, P Overduin1, F Kerpiclik2, Y van Weert2, M-J Veldman-Ariesen2, on behalf of the Centre for 
Infectious Disease Control Influenza Antiviral Therapy and Prophylaxis Study Group 

1National Institute for Public Health and the Environment, Centre for Infectious Disease Control, 
Centre for Infectious Disease Research, Diagnostics and Screening, Bilthoven, the Netherlands; 
2National Institute for Public Health and the Environment, Centre for Infectious Disease Control, 
Centre for Infectious Disease Epidemiology and Surveillance, Bilthoven, the Netherlands 

Background: Influenza viral load dynamics and emergence of antiviral resistance during oseltamivir 
therapy and prophylaxis have mainly been studied in previously health adults and children and 
immunocompromised individuals with influenza. This information is sparse on one of the main target 
populations for antiviral use if influenza prevention by vaccination fails: frail elderly residing in nursing 
homes. Therefore, we analysed specimens from nursing home residents in the Netherlands collected 
during oseltamivir therapy and prophylaxis. In addition, we aimed to assess transmission of (antiviral 
resistant) viruses by virus sequence analysis. Materials and Methods: The study was performed 
during the 2011/2012 and 2012/2013 winter seasons. Oseltamivir therapy was offered to residents 
with influenza-like illness (ILI) with or without laboratory diagnostic results. Oseltamivir prophylaxis 
was offered to residents without respiratory symptoms as soon as influenza virus infection in another 
resident was confirmed by laboratory testing. From residents on therapeutic use, specimens 
(combined nose and throat swabs) were requested at the start and end of therapy (day 5). From 
residents on prophylaxis, end-of-prophylaxis specimens were requested (day 10). RT-PCR–positive 
specimens were further characterised by virus isolation and phenotypic antiviral susceptibility assay; 
sequencing of the haemagglutinin (HA), neuraminidase (NA) and matrix protein genes directly from 
the clinical specimen; and single nucleotide polymorphism (SNP) real-time RT-PCR for detection of 
mutations resulting in oseltamivir reduced susceptibility–associated amino acid substitutions E119V 
and R292K in the NA of A(H3N2) viruses. Results: Of 49 residents with ILI, start-of-therapy 
specimens were obtained, 33 of which were positive for A(H3N2) influenza virus. An end-of-therapy 
specimen was obtained from 37 residents, 10 of which were positive for A(H3N2) influenza virus. 
Paired specimens were available for 28 residents, of whom 19 were confirmed to be infected with 
A(H3N2) influenza at the start of therapy. One of these 28 residents had an A(H3N2)-positive 
specimen only at the end of therapy. Twelve of nineteen residents (63%) had cleared the infection 
upon resampling, whereas 7 of 19 residents (37%) had A(3N2)-positive specimen at both the start 
and end of therapy. In five of these cases, the viral load decreased (mean Ct increase of 6.9; range 
4.1-9.8), whereas in two cases the viral load increased (Ct decreases of 2.1 and 4.3). By the end of 
therapy, one resident with a decreasing viral load was shedding a virus containing the R292K amino 
acid substitution, whereas the start-of-therapy specimen contained 292R. NA sequence analysis, 
SNP detection and phenotypic analysis did not show emergence of viruses with a resistance marker 
or reduced inhibition by oseltamivir for the other six residents with positive end-of-therapy specimens. 
Of 32 residents who received oseltamivir prophylaxis, 1 was found positive for A(H3N2) influenza 
virus at day 5 following development of ILI and 2 were found positive for influenza virus type B lineage 
B/Yamagata/16/88 at day 10 (end of prophylaxis). Sequence analysis of the M protein of 17/43 
detected A(H3N2) viruses showed a subset of viruses with the S31N and V27I amino acid substitution 
M2-blocker resistance markers, which is a unique combination. Uniqueness was confirmed by 
mutations in the NA and HA genes of these viruses compared with those of other sequenced 
A(H3N2) viruses. These unique viruses originated from two locations of one nursing home about 5 km 
apart. Conclusions: The high proportion of A(H3N2)-positive end-of-therapy specimens (37%) 
suggests that a 5-day course of oseltamivir therapy for nursing home residents may not be adequate 
to clear the influenza virus completely. Nevertheless, the R292K substitution in the NA of the 
influenza virus was found for only one resident receiving oseltamivir therapy, suggesting a relatively 
high barrier for the A(H3N2) virus to attain this or other substitutions associated with reduced 
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inhibition. Finally, evidence of transmission of a strain with a unique M2-blocker resistance marker 
between two locations of one nursing home illustrates that a breach in first-line prevention 
mechanisms can lead to the inability of antivirals to be used for prophylaxis and therapy. 

P1-280 

Late treatment with oseltamivir does not reduce duration of influenza 
symptoms or shedding in persons with uncomplicated influenza 

HQ McLean1, BA Kieke1, JK Meece1, AM Fry2, EA Belongia1* 

1Marshfield Clinic Research Foundation, Marshfield, Wisconsin, United States; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States 

Background: Influenza causes substantial morbidity and mortality each year, and treatment options 
are limited. Oseltamivir is a neuraminidase inhibitor that is widely used and effective if initiated within 
48 hours after illness onset. Early treatment has been shown to mitigate severity and reduce illness 
duration by 1 to 3 days. During a pandemic, the logistics of drug delivery will be challenging, and it 
could be difficult to deliver antiviral therapy to all patients within 48 hours. Observational studies have 
suggested that initiation of antiviral treatment after 48 hours may be beneficial for hospitalized 
patients, but the benefits of late antiviral treatment have not been demonstrated for persons with 
uncomplicated illness who are seen in the outpatient setting. We conducted a double-blind, placebo-
controlled trial to assess duration of influenza symptoms and viral shedding in outpatients who 
initiated therapy ≥ 48 hours after illness onset. Methods: Patients aged 1 to 79 years presenting to 
outpatient clinics with acute respiratory illness < 120 hours in duration were prospectively recruited 
during four influenza seasons (2007-08, 2008-09, 2009-10, and 2010-11). Recruitment occurred after 
patients had been evaluated and treated by a physician not involved in the study. Only patients who 
did not receive an oseltamivir prescription were eligible. After informed consent, a nasal (children) or 
nasopharyngeal (adolescents and adults) swab was obtained for influenza detection by real-time 
reverse transcription–polymerase chain reaction (RT-PCR). Results were usually available within 24 
hours, and participants with laboratory-confirmed influenza were then immediately randomized to 
receive oseltamivir (standard dose for age) or placebo at a 2:1 ratio. Participants completed a 
symptom survey twice each day for up to 14 days after randomization. Additional swabs were 
performed for influenza detection at the time of randomization and 3-4 days post-randomization. 
Kaplan-Meier analysis was used to compare treatment groups with respect to time to symptom 
resolution and time to first negative RT-PCR result among those randomized 48 to 120 hours after 
illness onset. Unfortunately, the target sample size of 525 patients (including 350 randomized ≥ 48 
hours after onset) was not achieved due to unforeseen circumstances, including the emergence of 
oseltamivir-resistant influenza viruses among study participants (2008-09) and the 2009 pandemic. All 
patients enrolled in the 2008-09 season were therefore excluded from the analysis. In 2009-10, the 
pandemic wave occurred before the procedures were in place to enroll and randomize patients, and 
influenza was essentially absent in the population during the subsequent months. In the final 
enrollment season (2010-11), enrollment ceased prematurely due to expiration of funding. Results: A 
total of 134 patients were randomized 48 to 120 hours after influenza symptom onset; 95 received 
oseltamivir and 39 received placebo. The median age of participants was 20 [interquartile range 
(IQR): 8-38] and 17 (IQR: 11-37) years for those who received oseltamivir and placebo, respectively. 
The mean interval from illness onset to randomization (first dose of study drug) was 83.0 hours 
(standard deviation: ± 20.1).The median time to symptom resolution did not differ between treatment 
groups [96 hours (95% CI: 84-120) for both the oseltamivir and placebo groups]. The probability of 
resolution by day 3 post randomization was 0.37 (95% CI: 0.27-0.47) for individuals who received 
oseltamivir and 0.32 (95% CI: 0.17-0.46) for individuals who received placebo (P = 0.5). There was no 
difference in duration of virus detection by RT-PCR. The probability that an individual was still RT-
PCR positive through days 3-4 post randomization was 0.13 (95% CI: 0.06-0.20) and 0.11 (95% CI: 
0.01-0.21) for individuals who received oseltamivir and placebo, respectively (P = 0.8). Similar results 
were observed when all randomized patients (< 120 hours of illness duration, n = 165) were included. 
Conclusions: In our study, late treatment with oseltamivir did not appear to reduce the duration of 
symptoms or viral detection among outpatients with influenza. However, we failed to reach our target 
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sample size, which may have limited our power to detect clinically relevant differences between 
treatment groups. Early initiation of antiviral therapy is important for uncomplicated influenza. 

P1-281 

Combination effects of peramivir and favipiravir against oseltamivir-resistant 
2009 pandemic influenza A (H1N1) infection in mice 

S Park1,2, JI Kim1,2, I Lee1,2, S Lee1,2, M-W Hwang1,2, J-Y Bae1,2, J Heo1,2, D Kim1,2, SI Jang1,2, M-S 
Park1,2* 

1Department of Microbiology, 2Center for Medical Science Research, College of Medicine, Hallym 
University, Chuncheon, Gangwon-do, Republic of Korea  

Background: Antiviral drugs are being used for prophylactic and therapeutic purposes against 
influenza illness in humans. However, the emergence of antiviral-resistant variants and a dearth in the 
effective countermeasures against them make managing the appropriate antiviral chemotherapies 
complicated, especially in immunocompromised patients. Combined medications, as seen in the 
treatment of cancers and other infectious diseases, have been suggested as an option for the control 
of antiviral-resistant influenza viruses. Materials and Methods: Here, we evaluated the therapeutic 
value of combination therapy against oseltamivir-resistant 2009 pandemic influenza H1N1 virus 
infection in DBA/2 mice. Mice were treated for 7 days with favipiravir and peramivir starting 48 hours 
before lethal challenge. Results: Compared with either monotherapy, combination therapy saved 
more mice from viral lethality and resulted in greater curative efficacy in the lungs of infected mice. 
Furthermore, the synergism between the two antivirals, which was consistent with the survival 
outcomes of combination therapy, indicated that favipiravir could serve as a critical agent of 
combination therapy for the control of oseltamivir-resistant strains. Conclusions: Our results provide 
new insight into the feasibility of favipiravir in combination therapy against oseltamivir-resistant 
influenza virus infection. 

P1-282 

Study of susceptibility of influenza viruses to neuraminidase inhibitors by 
phenotypic method: implementation process in Cote d’Ivoire 

HA Kadjo1*, A Ouattara1, EV Adjogoua1
, B Kouakou1, K Hilaire1, F Guidy1, D Coulibaly2, M Dosso1

1Institut Pasteur, Abidjan, Côte d’Ivoire; 2Institut National de l’Hygiène Publique, Abidjan, Côte d’Ivoire 

Background: Since the recent influenza pandemic in 2009, many countries in sub-Saharan Africa 
have recognized the threat of influenza viruses, and, under the WHO initiative, set up surveillance 
systems at the national level. One of the objectives of this surveillance is to determine the resistance 
pattern of circulating viral strains. Two methods are available for this purpose: genotyping molecular-
based assays and phenotyping neuraminidase (NA) inhibition assays based on calculation of IC50 
values—the concentration of NA inhibitor that reduces NA activity by 50% of the virus–control. The 
present article aims to describe the implementation process of monitoring the susceptibility of 
influenza viruses to NA inhibitors (NAIs) by phenotypic method in Côte d'Ivoire. Materials and 
Methods: The implementation of this technique was carried out in four steps: training, procurement of 
equipment and analysis software, request for obtaining antiviral and reference strains, and the 
realization of antiviral testing within the laboratory. Training was held at the WHO Collaborating 
Centre in London and focused on the determination of susceptibility of influenza viruses to NAIs 
(oseltamivir and zanamivir) using the protocol of NA-XTDTM Influenza Neuraminidase assay by Life 
Technologies kit. The tests were performed on five strains from Côte d'Ivoire and four reference 
viruses. Multimode reader tristar LB 942 of Berthold technology with mikrowin 2000 software version 
4.41 was acquired for luminescence reading. GraFit 7, commercially available software, was also 
acquired for calculation of IC50 values from NA enzyme inhibition assay data. The phenotypic method 
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requires the use of a pure form of antiviral; 300 mg of RO0640802-002 tartrate-salt of oseltamivir 
carboxylate MW 386.44 was received from Roche Mannheim after sending a query using a form 
obtained on www.isirv.org and signing an MTA between Roche and the Institut Pasteur in Cote 
d'Ivoire, and 100 mg of zanamivir was obtained from GlaxoSmithKline by following the same 
procedure. Reference viruses are necessary for the quality control of phenotyping NA enzyme 
inhibition assays. After the training, we sent a request to WHOCC London and obtained six reference 
viruses: A/Denmark/524/2009 275H (oseltamivir and zanamivir sensitive), A/Denmark/528/2009 275Y 
(oseltamivir resistant and zanamivir sensitive), A(H3N2)119E (oseltamivir and zanamivir sensitive), 
A(H3N2) E119V (oseltamivir resistant and zanamivir sensitive), B/ Perth/211:2001 197D (oseltamivir 
and zanamivir sensitive), and B/Perth/211:2001 D 197E (oseltamivir and zanamivir) reduced 
susceptibility. Upon receipt, these viruses were grown on MDCK cells. Several aliquots of supernatant 
were obtained and stored at -80 °C. For this study, 50 viruses detected during sentinel surveillance of 
influenza in Cote d’Ivoire in 2012 and 2013, including viruses previously tested in London, were tested 
in duplicate with the corresponding reference viruses. The results were compared with IC50 values of 
the panel of influenza viruses in NA enzyme inhibition assays proposed by the isirv Antiviral Group. 
Results: All 50 virus isolates tested demonstrated NA activity in the NA activity assay. The IC50 
values for sensitive and resistant reference viruses were within acceptable ranges compared with 
panel data proposed by the isirv Antiviral Group. We observed a good correlation between the IC50 
values obtained with zanamivir for viruses tested both in London and in Côte d'Ivoire. IC50 values 
obtained for oseltamivir and zanamivir indicated the susceptibility of all isolates (100%) to both NAIs. 
Conclusions: The implementation of this technique will allow us to monitor the sensitivity of the virus 
to NAIs in the sentinel surveillance of influenza in Cote d'Ivoire. It will, however, be necessary to 
continue to improve it and to correlate the data obtained with data obtained with the genotyping 
molecular-based assay method. 

P1-283 

Quantifying the relative replication fitness of oseltamivir-resistant pandemic 
H1N1 influenza variants 

S Petrie1*, J Butler2, A Hurt2, J McVernon1,3, J McCaw1,3 

1The University of Melbourne, Parkville, Victoria, Australia; 2World Health Organization, Collaborating 
Centre for Reference and Research on Influenza, North Melbourne, Victoria, Australia; 3Murdoch 
Childrens Research Institute, Royal Childrens Hospital, Parkville, Victoria, Australia 

Background: During a 3-month period in 2011, H1N1pdm09 viruses resistant to the antiviral drug 
oseltamivir were isolated within the Hunter New England (HNE) region of New South Wales, 
Australia, with epidemiological evidence suggesting community transmission had occurred. These 
and similar viruses present a potential threat to public health. Here, through within-host modelling of in 
vivo virological infection data, we quantified the relative replication fitness of oseltamivir-resistant 
viruses compared with wild-type viruses. Materials and Methods: We assessed relative replication 
fitness (ie, relative growth dynamics) by analysing data from “competitive-mixtures” experiments. 
These experiments involve co-inoculation of a host (ferret) with mixtures of two different strains of 
influenza and observation of the relative growth dynamics of each strain. Here we analysed data from 
experiments comparing oseltamivir-sensitive and oseltamivir-resistant natural isolates gathered from 
the HNE outbreak. We also analysed experiments assessing the relative replication fitness of reverse-
genetics–generated viruses with or without two potentially permissive mutations (PPMs) in the 
neuraminidase gene (V241I and N369K), which may improve the fitness of H1N1pdm09 H275Y 
viruses. We quantified relative replication fitness by fitting a mathematical model describing the within-
host dynamics of each co-infecting strain to viral load data. Note that an assessment of overall fitness 
(including both replication and transmission phenomena) was beyond the scope of this quantitative 
analysis. Fitting our model to data enabled the estimation of model parameters that correspond to 
important biological processes that govern infection dynamics. We investigated several different 
hypotheses regarding which biological process is the primary driver of strain-dependent infection 
dynamics: (1) a strain-dependent production rate of infectious virus, (2) a strain-dependent average 
duration for the latent phase of infected cells, and (3) a strain-dependent production rate of non-
infectious virus. An estimated difference in the biological parameter mentioned in either hypothesis 1 
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or 2 provides support for a replication fitness difference between strains. However, this was not the 
case for hypothesis 3, as a difference in that parameter does not generate strain-dependent 
replication fitness. Results: Direct observation of the strain-dependent viral load kinetics within these 
experiments qualitatively suggests that the naturally isolated HNE MUT viruses have comparable 
overall fitness relative to related WT viruses. Reverse-genetics viruses built from HNE isolates, with 
one or both of the PPMs removed, have qualitatively reduced overall fitness. Conversely, addition 
(through reverse genetics) of the PPMs into a demonstrably unfit H1N1pdm09 virus (isolated from 
Perth, Australia) indicates improvement in overall fitness. With focus on the within-host replication 
kinetics, our model-based quantitative analysis of the paired natural isolates provided no consistent 
indication of a within-host fitness advantage or disadvantage of the HNE MUT virus compared with 
the HNE WT virus. Depending upon the natural isolates compared and the hypothesised biological 
mechanism for generating a fitness difference, we obtained weak or no statistical evidence of a 
fitness difference. For the reverse-genetics experiments, under the two different hypotheses that a 
fitness difference is generated by either strain-dependent infectious virus production or strain-
dependent latent phase duration, we found strong evidence that the two PPMs increased the 
replication fitness of both HNE and Perth oseltamivir-resistant H275Y viruses. Under the first of these 
respective hypotheses, we found that removal of the PPMs from the HNE virus decreased replication 
fitness (a ratio of 0.52 [0.15; 0.74]). Conversely, addition of the PPMs into the Perth virus increased 
replication fitness (2.85 [1.99; 7.20]). Finally, we were also able to fit these data without incorporating 
a fitness difference into the model under the hypothesis involving strain-dependent non-infectious 
virus production. Conclusions: We found mixed evidence of a replication fitness difference between 
WT and MUT isolates from the HNE outbreak, supporting the virological and epidemiological 
evidence that this event, while ultimately geographically isolated and short-lived, is potentially a 
source of widespread and sustained resistance. Our analysis provides strong evidence that the V241I 
and N369K mutations improve the replication fitness of H1N1pdm09 H275Y viruses, indicating that 
ongoing monitoring for these mutations in clinical isolates (oseltamivir-resistant or otherwise) is 
paramount. 

P1-284 

Drug resistance of influenza virus strains circulated in Russia during four 
epidemic seasons 2009-2010, 2010-2011, 2011-2012, and 2012-2013 

PM Anfimov*, AA Sominina, VV Zarubaev, MP Grudinin, MY Eropkin, OI Kiselev 

Influenza Research Institute, Saint-Petersburg, Russian Federation 

Background: Annual epidemics of human influenza A and, more variably, influenza B virus infections 
cause significant amounts of morbidity, economic losses, and mortality in the general population. Two 
classes of antiviral agents are also available for prevention and treatment of influenza, namely, the 
adamantane derivatives or M2 ion channel blockers, amantadine and rimantadine, and the 
neuraminidase inhibitors (NAIs), zanamivir and oseltamivir. One of the key concerns with regard to 
wide-scale use of influenza drugs in the population is the emergence of antiviral drug resistance. 
Materials and Method: Clinical isolates of influenza A and B viruses were recovered from ambulatory 
and hospitalized patients. Susceptibility to oseltamivir carboxylate and zanamivir was examined 
initially in a previously described fluorometric (MUNANA) neuraminidase assay. Susceptibility to 
rimantadine was examined on MDCK cells by virus yield decrease. The results of both tests were 
confirmed by sequencing. Results: In the 2009-2010 epidemic season, in the research institute of 
influenza, in the framework of the monitoring of drug resistance, 70 strains of the influenza virus from 
different regions of the Russian Federation were isolated. 49 strains belonged to the pandemic 
influenza virus subtype A (H1N1)pdm09, 7 were A (H1N1), and 15 strains to influenza virus A (H3N2). 
The isolated viruses were tested for resistance to rimantadine and the neuraminidase inhibitors—
oseltamivir and zanamivir. Influenza A (H1N1)pdm09 and A (H3N2) were sensitive to zanamivir and 
oseltamivir, whereas among virus A (H1N1) 6 of 7 (86%) were resistant to oseltamivir. The average 
IC50 of zanamivir and oseltamivir for the virus A (H1N1)v was 0,26 nM and 0,13 nM, and for the virus 
A (H3N2) 0,10 nM and 0,14 nM, respectively. All tested viruses were resistant to rimantadine. During 
the epidemic season 2010-2011, 97 strains of influenza virus were isolated and tested for drug 
resistance. Of those, 80 strains belonged to the subtype A (H3N2), and 17 were influenza B. All 
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viruses were resistant to rimantadine and sensitive neuraminidase inhibitors. The average IC50 of 
zanamivir and oseltamivir for the virus A (H3N2) was 0,98 nM and 0,6 nM, and for influenza B viruses 
(H3N2) 5,83 nM and 4,67 nM, respectively. During the epidemic season 2011-2012, 147 strains of 
influenza virus were isolated and tested for drug resistance. 109 strains were influenza A (H3N2) and 
38 strains were influenza virus B. All viruses were sensitive to neuraminidase inhibitors. The average 
IC50 of zanamivir and oseltamivir for the virus A (H3N2) was 2,69 nM and 2,21 nM, and for influenza 
B viruses (H3N2) 4,19 nM and 3,24 nM, respectively. All viruses were resistant to rimantadine: it was 
shown that all strains carried S31N substitution in M2 and .rimantadine has no or little effect on viral 
reproduction on MDCK cells. During the epidemic season 2012-2013 239 strains of influenza virus 
were isolated and tested for drug resistance. Of those, 45 strains belonged to influenza A (H3N2), 82 
strains were A (H1N1)pdm09, and 112 strains were influenza B. All viruses were sensitive to 
neuraminidase inhibitors. The average IC50 of zanamivir and oseltamivir for the viruses A 
(H1N1)pdm09 were 0,72 nM and 0,58 nM, and for the viruses A (H3N2) 0,84 nM and 0,52 nM, and for 
viruses B 1.10 nM and 2.36 nM, respectively. According to the results of sequencing of the viral gene 
M2, all the selected viruses were resistant to rimantadine. Conclusions: Since the 2010-2011 to the 
present time all influenza viruses have isolated in Russia are resistant to rimantadine and sensitive to 
neuraminidase inhibitors. 

P1-285 

Antiviral susceptibility of influenza A viruses isolated between 2009 and 2013 
in Portugal 

R Guiomar*, P Conde, P Cristovão, P Pechirra

National Influenza Reference Laboratory, Infectious Diseases Department, National Institute of 
Health, Lisbon, Portugal 

Background: Monitoring influenza antiviral susceptibility has become an important issue in recent 
years. Influenza A viruses are naturally susceptible to neuraminidase (NA) inhibitors (NAIs) and M2 
inhibitors (adamantanes). The increased resistance to oseltamivir and adamantanes (since 2006) and 
the availability and clinical use of influenza antivirals have enhanced the need for close monitoring of 
the loss of susceptibility. In 2009, the Portuguese National influenza Centre was developed under the 
scope of the National Influenza Surveillance Programme to systematically monitor antiviral 
(oseltamivir, zanamivir and adamantine) susceptibility. This study provides the results of antiviral 
susceptibility to NAIs and M2 inhibitors for influenza A viruses characterized during 4 winter seasons 
(2009 to 2013). Materials and Methods: A phenotypic method, the NA inhibition assay [considered the 
“gold standard” method for determining the susceptibility to oseltamivir and zanamivir, which 
determines the 50% inhibitory concentrations (IC50)], was performed during the study period for a 
selection of 119 influenza A viruses: 26 and 60 AH1pdm09 viruses from the 2009/2010 and 
2012/2013 seasons, respectively; 33 AH3 viruses from the 2011/2012 season; and 2 AH3 viruses 
from the last season. Genotypic screening methods were performed for the most common NA 
inhibition–reducing substitution, H275Y in AH1pdm09 viruses (n = 340). Matrix gene sequencing for 
adamantane susceptibility surveillance and NA gene sequencing were performed for 64 and 119 
strains, respectively. Results: In the study period, all AH1pdm09 and AH3 viruses carried the S31N 
substitution in the M2 protein, which confers resistance to the adamantanes to 100% of the isolates. 
For AH1pdm09, the IC50 for oseltamivir ranged from 0.45 to 2.82 (2009/2010) and from 0.15 to 3.27 
(2012/2013). The resistance to oseltamivir was identified in 3 AH1pdm09 viruses that carried the 
H275Y substitution. Two of these viruses were isolated from patients with chronic diseases treated 
with oseltamivir: a pregnant 26-year-old woman with a fatal outcome and an 8-year-old child. One of 
the oseltamivir-resistant viruses had an IC5o value 250-fold higher (IC5o = 502.48) comparing with the 
susceptible viruses. The AH1pdm09 IC5o values for zanamivir ranged from 0.32 to 3.88 (2009/2010) 
and from 0.29 to 2.99 (2012/2013). The median IC50 values for oseltamivir and zanamivir were stable 
between 2009 and 2013. None of the AH1pdm09 isolates presented the other substitutions (D119N, 
I223R and N295S) associated with reduced susceptibility to NAIs. The AH3 viruses analysed in the 
2011/2012 season had IC5o values for oseltamivir that ranged from 0.19 to 0.90 and for zanamivir 
from 0.39 to 0.84. The median IC50 values for oseltamivir and zanamivir were 0.41 ± 1.55 and 0.59 ± 
1.21, respectively.  In the last season (2012/2013), only two AH3 isolates were analysed and the IC5o
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values were in the same range as for the 2011/2012 AH3 viruses. Since 2009, all AH3 viruses were 
susceptible to oseltamivir and zanamivir. None of the AH3 viruses had the amino acid substitutions 
known to reduce susceptibility to NAIs (E119V/I, R229K, N294S and H274Y). Conclusions: Influenza 
A viruses isolated in Portugal since 2009 showed resistance to adamantanes, which are no longer 
indicated for influenza A treatment. Otherwise, the resistance to oseltamivir was observed only in a 
reduced number of strains; all the viruses showed susceptibility to zanamivir. The use of conventional 
sequence analysis and genotypic screening methods to monitor the molecular markers of antiviral 
resistance to influenza A viruses provides a valuable tool for early detection of antiviral-resistant 
strains.  

P1-286 

Enhanced efficacy of a dimeric neuraminidase inhibitor against influenza virus 
infections in mice 

B Tarbet1*, A Luttick2, B Hurst1, D Smee1, S Tucker2 

1Institute for Antiviral Research, Utah State University, Logan, Utah, United States; 2Biota Scientific 
Management, Notting Hill, Australia 

Background: Emerging drug resistance to antiviral therapies has become an increasing challenge for 
the effective treatment of influenza virus infections. This underlines the importance of continuous 
antiviral drug development. One such new antiviral compound is BTA938—a dimeric derivative of the 
viral neuraminidase inhibitor zanamivir. BTA938, functionalized at the C7 hydroxyl, contains a 14-
carbon linker bridging two zanamivir moieties. Materials and Methods: Groups of 10 female BALB/c 
mice weighing 18-20 g (15 placebo) were treated by the intranasal route twice daily for 5 days with 
BTA938 or zanamivir, beginning 4 hours post-virus. Doses for all treatment and placebo groups were 
given 12 hours apart. The placebo group received sterile saline in a similar dosing regimen. All groups 
were observed for morbidity and weight loss through day 21. Kaplan-Meier survival curves were 
generated and compared by the log-rank test followed by pairwise comparison using the Gehan-
Breslow-Wilcoxon test in Prism 5.0b (GraphPad Software Inc). Mean body weights were analyzed by 
one-way analysis of variance followed by Tukey’s multiple comparison tests. Results: BTA938 was 
compared with zanamivir at a dose optimizing study against a challenge infection with influenza 
A/CA/04/2009 (H1N1pdm). Five concentrations of BTA938 (0.01, 0.03, 0.1, 0.3, and 1 mg/kg/day) 
were shown to improve survival following influenza virus challenge, while three concentrations of 
zanamivir (1, 3, and 10 mg/kg/day) were shown to improve survival of mice. These data demonstrate 
that BTA938 is approximately 10x more potent than zanamivir at improving survival following 
challenge with an influenza A H1N1pdm virus. A second study compared BTA938 and zanamivir 
against a challenge infection with influenza A/Victoria/3/75 (H3N2) virus. Five concentrations of 
BTA938 (0.03, 0.1, 0.3, 1, and 3 mg/kg/day) were shown to improve survival of mice following 
influenza virus challenge. Four concentrations of zanamivir (0.3, 1, 3, and 10 mg/kg/day) were shown 
to improve survival of mice. These data also demonstrated that BTA938 was approximately 10x more 
potent than zanamivir at improving survival following challenge with an influenza A H3N2 virus. We 
next compared BTA938 and zanamivir against a challenge infection with influenza 
A/Mississippi/03/2001 (H1N1) oseltamivir-resistant H275Y virus. In addition, the antiviral efficacy of 
BTA938 administered as a single dose was compared with zanamivir administered twice per day for 5 
days. A significant difference from placebo was observed in the mean day of death for all treatment 
groups, demonstrating that a single dose of BTA938 is equivalent to comparable doses of zanamivir 
administered twice per day for 5 days against an oseltamivir-resistant influenza A H1N1 virus infection 
in mice. Finally, we evaluated the antiviral efficacy of a single 10-mg/kg dose of BTA938 when 
administered prophylactically 1, 3, or 7 days pre-virus challenge. A significant difference from placebo 
was observed in the mean day of death for all three prophylactic treatments. Conclusions: In vivo 
experiments clearly showed the high antiviral potential of BTA938 for the treatment of infections 
caused by influenza A H1N1pdm, H3N2, and oseltamivir-resistant H1N1 viruses in mice. Moreover, 
we demonstrated that administration of a single dose of BTA938 is sufficient for therapeutic and 
prophylactic protection in mice challenged with influenza A virus. [Supported by Contracts N01-AI-
30063 from the Virology Branch, HHSN272201000039I/HHSN27200005/A37 from the Respiratory 
Diseases Branch, NIAID, NIH, and NIH grant number U01AI070263]. 
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P1-287 

Antiviral resistance: influenza B 

P Conde, R Guiomar*, P Cristovão, P Pechirra

National Influenza Reference Laboratory, Infectious Diseases Department, National Institute of 
Health, Lisbon, Portugal 

Background: Currently circulating influenza viruses are resistant to adamantanes and, except for a 
low number of sporadic cases, most are sensitive to neuraminidase inhibitors (NIs). Adamantanes are 
ineffective against influenza B viruses, and, although NI-resistant influenza B viruses have been rarely 
reported, one cluster of influenza B viruses with reduced susceptibility to NIs and with the I221V 
substitution in the active site of the neuraminidase was identified recently in the United States. 
Despite the low prevalence of oseltamivir-resistant influenza viruses, the constant evolution of 
influenza requires the monitoring of antiviral resistance among these viruses in the community. This is 
very important in the clinical management of severe influenza cases for the detection of novel genetic 
markers associated with antiviral resistance. This study reports the antiviral susceptibility to NIs of 
influenza B viruses isolated in Portugal during the 2010/2011, 2011/2011 and 2012/2013 seasons. 
Materials and Methods: Over the period of 3 influenza seasons, 146 influenza B viral strains were 
selected for phenotypic fluorescent assays in order to assess their susceptibility to the NIs oseltamivir 
and zanamivir. For this purpose, we determined the NI concentration required to inhibit 50% of the 
neuraminidase activity (IC50) of each influenza virus. The IC50 baseline of influenza B viruses was 
calculated for both oseltamivir and zanamivir using the Robust Excel programme. The neuraminidase 
gene segments were also monitored for the presence of the main molecular markers associated with 
the resistance to NIs in influenza B viruses. Results: All influenza B strains analysed proved to be 
susceptible to oseltamivir and zanamivir. In the 2010/2011 season, the IC50 values ranged from 0 to 
70 nM for oseltamivir and from 0 to 11 nM for zanamivir. The median IC50 value for zanamivir was 
about 8-fold lower than that for oseltamivir. Statistical analysis revealed the presence of one outlier 
(B/Lisboa/13/2010: 71.08 nM) for oseltamivir (2-fold reduction in susceptibility) and four minor outliers 
(B/Lisboa/15/2010: 9.52 nM; B/Lisboa/19/2010: 9.25 nM; B/Lisboa/51/2010: 10.94 nM and 
B/Lisboa/53/2010: 9.62 nM) for zanamivir (3-fold reduction in susceptibility) compared with the 
median IC50 value. During the 2011/2012 season, IC50 values ranged from 23.0 to 38.38 nM 
(oseltamivir) and from 2.97 to 9.07 nM (zanamivir). No minor or major outliers were found in this 
season. The IC50 values obtained in 2012/2013 ranged from 7.91 to 84.84 nM (oseltamivir) and from 
1.48 to 5.88 nM (zanamivir). During this last season, 6 minor and 3 major outliers were found for 
oseltamivir and 13 minor outliers were found for zanamivir. Over the three seasons, the median IC50 
values for both NIs were higher for the B/Victoria than for the B/Yamagata viruses. None of the actual 
known mutations associated with resistance of influenza B viruses to NI was found in the 
neuraminidase gene (R150K, D197E/N/Y, I221T/V, N294S, R374K and G407S). Conclusions: 
Influenza B viruses isolated in Portugal during the past three seasons were susceptible to the NIs 
evaluated. Portuguese influenza B strains revealed higher susceptibility to zanamivir than to 
oseltamivir, as observed in other countries. The IC50 values for oseltamivir were also different 
between viruses from the B/Victoria and B/Yamagata lineages; however, significance was not shown 
due to the small number of analysed viruses. Among the B/Yamagata strains, IC50 values for 
oseltamivir and zanamivir were higher in the 2011/2012 season than in the 2010/2011 and 2012/2013 
seasons. 
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Characterization of neuraminidase inhibitor susceptibility of influenza A 
isolates obtained in Kenya, 2008-2011 

M Wadegu*, W Bulimo, R Achilla, S Mukunzi, J Majanja, B Opot, F Osuna, J Muthoni, J Njiri, J 
Mwangi, K Kibet, S Ocholla, E Wurapa 

United States Army Medical Research Unit-Kenya (USAMRU-K), Nairobi, Kenya 

Background: Vaccines and antivirals are the mainstay for mitigation and clinical management of 
influenza infections. However, due to the ever-changing antigenic profile, vaccine formulations are 
revised every year to make them efficacious. Neuraminidase (NA) inhibitors, mainly oseltamivir and 
zanamivir, function both as prophylactic and as treatment agents. In NA inhibition by antivirals, 
inhibitor molecules mimic NA’s natural substrate and bind to the active site, preventing NA from 
cleaving host cell receptors and releasing new virus. Currently, there exist no data on antiviral 
susceptibility profiles of influenza A isolates circulating within the Eastern African region. Here we 
characterised the antiviral susceptibility of the 2008-2011 influenza A viruses circulating in Kenya by 
combining both the genotypic data involving known molecular markers in NA protein responsible for 
drug resistance and IC50 data generated from NA inhibition assays. Materials and Methods: 
Nasopharyngeal swab specimens from consenting outpatients aged ≥  2 months were obtained and 
transported to the National Influenza Centre and screened by real-time RT-PCR using primers 
targeted at the matrix and haemagglutinin genes of influenza A subtypes. Positive specimens were 
inoculated onto MDCK monolayers to isolate virus. RNA was extracted from virus isolates followed by 
PCR amplification of NA gene segments. Nucleotide sequencing was performed using the BigDye 
chemistry prior to analyses using a suite of bioinformatics tools. Drug susceptibility was determined by 
enzyme inhibition assay using fluorescent substrate with known NA inhibitor–resistant and –sensitive 
viruses as controls. IC50 values were determined using curve-fitting software (Grafit 7.0), which is 
based on 50% of fitted upper asymptote. Results: Of 836 influenza A virus isolates obtained (2008-
2011), 108 (13%) were analysed for markers of resistance to NA inhibitors: 64% (7/11) of the 2008 
seasonal influenza A/H1N1 isolates analysed showed oseltamivir-resistant marker H275Y, while all 
33 (100%) influenza A/H3N2 isolates obtained showed sensitivity to oseltamivir. Genetic analyses of 
the A (H1N1) pdm09 isolates obtained in 2009-2010 showed that all were sensitive to oseltamivir. All 
14 influenza A/H3N2 isolates obtained in 2011 were also shown to be sensitive to oseltamivir. A total 
of 28 isolates were further subjected to phenotypic susceptibility assay. The mean zanamivir IC50 
values were 1.75, 2.53 and 1.84 nM for the subtypes H1N1, pH1N1 and H3N2, respectively. Two of 
the 2008 sH1N1 and one of the sH1N1 obtained in 2009 showed normal sensitivity to oseltamivir in 
the NA inhibitor susceptibility assay (mean IC50 of 1.28 nM). The rest of the 2008-2009 sH1N1 
analysed (n = 8) showed highly reduced sensitivity to oseltamivir. The IC50 values in the fluorescent 
assay ranged from 73 to 984 nM. Pandemic A/H1N1 strains obtained between 2009 and 2011 
indicated oseltamivir IC50 values of 1.60 to 6.32 nM—categorised as normal sensitivity. All 8 
candidate influenza A/H3N2 isolates obtained between 2008 and 2011 were sensitive to oseltamivir, 
with IC50 values ranging from 0.16 to 0.94 nM. The 2011 WHO ranges and median IC50 values for 
oseltamivir carboxylate were 0.4 to 10 nM and 0.5 nM, 0.1 to 5 nM and 0.2 nM, and 0.2 to 10 nM and 
0.6 nM for wild-type sH1N1, sH3N2 and pH1N1, respectively. The 2011 WHO ranges and median 
IC50 values for oseltamivir carboxylate were 257 to 3455 nM and 458.2 nM and 132 to 2179 nM and 
191.3 nM for mutant types sH1N1 and pH1N1, respectively. The WHO IC50  values for zanamivir, 
both for mutant and wild-type strains, ranged from 0.2 to 3 nM for all subtypes, with no significant 
differences between the mutant and wild-type strains for each subtype. Conclusion: Overall, our 
genotypic data demonstrate that there was oseltamivir resistance in seasonal influenza A (H1N1) 
viruses isolated in Kenya in 2008-2009. Most of the 2008-2009 sH1N1 isolates depicted highly 
reduced sensitivity to oseltamivir. This was due to the presence of the H275Y mutation in the NA 
protein sequence. H275Y mutation increased the IC50 value by 50- to 100-fold. Resistance to NA 
inhibitors was found to be specific to both drug and virus subtype. The drug susceptibility profile will 
be best informed using both elevated IC50 vales and known molecular markers of resistance. 
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Resistance mutation R292K in A(H6N2) is induced by low levels of oseltamivir 
exposure in infected mallards 

A Gillman1*, S Muradrasoli2, H Söderström3, J Nordh1, C Bröjer2, R Lindberg3, N Latorre-Margalef4, J 
Waldenström4, B Olsen1, J Järhult1

1Uppsala University, Department of Medical Sciences, Section of Infectious Diseases, Uppsala, 
Sweden; 2Swedish University of Agricultural Sciences, Department of Biomedical Sciences and 
Veterinary Public Health, Uppsala, Sweden; 3Umeå University, Department of Chemistry, Umeå, 
Sweden; 4Linnaeus University, School of Natural Sciences, Section for Zoonotic Ecology and 
Epidemiology, Kalmar, Sweden 

Background: Resistance to neuraminidase (NA) inhibitors (NAIs) is problematic as these drugs 
constitute the major treatment option for severe influenza and are crucial in pandemic preparedness 
plans worldwide. The active form of oseltamivir, oseltamivir carboxylate (OC), is excreted via the 
urine, passes unchanged through sewage treatment plants and ends up in river waters where 
concentrations of up to 865 ng/L have been measured. Wetland birds — the natural reservoir of 
influenza A –– reside in this environment. Our hypothesis is that, in this water environment, there is a 
risk of resistance development in the gut of influenza-infected wild birds because of their exposure to 
OC. It is well known that, from the large genetic pool of avian influenza, elements can be re-assorted 
or mutations introduced to create new pandemic strains. The phylogenetically different groups of NA, 
N1 and N2, have distinct binding sites and resistance characteristics with different mutations to NAIs. 
In a mallard model approximating a natural setting, we previously demonstrated that an A(H1N1) virus 
developed OC resistance through the mutation H274Y (N2-numbering) when birds were exposed to 1 
µg/L of OC, and recent studies indicate persistence of the mutation without drug pressure. In this 
study, we assessed the resistance development in a virus from the phylogenetic N2 group, A(H6N2). 
Materials and Methods: Two male mallards (Anas platyrhynchos) were infected via esophageal 
introduction with A/Mallard/Sweden/50908/2006(H6N2) that was previously isolated from a wild 
mallard, propagated in embryonated hen eggs, sub-typed, NA sequenced and confirmed to contain 
no known resistance mutations. Every third day a new generation of two birds were introduced to the 
experimental room and allowed to be fecal-orally infected over two days; five days after introduction, 
each generation was euthanized. The experiment was repeated three times in four generations of 
birds (in total 14 days) — each continuously exposed to OC via their sole water source at 
concentrations of 120 ng/L, 1.2 µg/L and 12 µg/L respectively. Daily fecal samples were analyzed with 
RRT-PCR of the matrix gene to determine the presence of influenza, after RT-PCR and sequencing 
of the NA gene, and select samples of the HA gene were also analyzed. Phenotypic resistance 
evaluation was done with OC and zanamivir in a fluorescent substrate (MUNANA) assay to determine 
IC50 levels; prior to the assay, the samples had been propagated in embryonated hen eggs and re-
sequenced. Results: After 4 days of exposure to 12 µg/L OC, the resistance mutation R292K in NA 
emerged and then persisted. Drug sensitivity was decreased ≈ 13,485-fold for OC (mean IC50 2863 
vs 0.21 nM, P = .000082) and ≈ 7.6-fold for zanamivir (mean IC50 5.3 vs 0.7 nM, P = .000082). Viral 
shedding was similar when comparing R292K and wild-type virus, indicating sustained replication and 
transmission. Fitness loss with reduced NA activity and a decrease in recovered virus after 
propagation in embryonated hen eggs were observed in the mutated isolates. The initial, but not the 
later, R292K isolates reverted to wild type in the egg-propagation process, suggesting stabilization of 
the mutation over time, possibly through additional mutations in the NA (D113N or D141N) or HA 
(E216K) genes that appeared on the last days of the experiment. Conclusions: Our results indicate a 
risk of OC resistance development in different avian influenza viruses circulating among wild birds. If 
the resistance persists, there is a risk of transfer to humans via re-assortment or direct transmission of 
a resistant pandemic influenza virus. This would be of substantial public health concern as pandemic 
preparedness plans rely heavily on oseltamivir before vaccines can be mass-produced. This study 
also demonstrates that extensive use of one NAI can also reduce sensitivity to other drugs in the NA 
class. Prudent use of NAIs, increased efficiency of sewage treatment and alternative treatment and 
prophylaxis strategies are important measures to minimize the risk.  
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Recent A(H1N1)pdm09 influenza viruses encode permissive NA mutations that 
improve the fitness of oseltamivir-resistant H275Y variants 

J Butler1, K Hooper2,3, J Bloom2, R Lee4, S Maurer-Stroh4-6, S Petrie7, J McCaw7, L Reh1, T 
Guarnaccia1, C Baas1, L Xue1, A Kelso1, I Barr1, A Hurt1* 

1World Health Organization Collaborating Centre for Reference and Research on Influenza, North 
Melbourne, Australia; 2Division of Basic Sciences, Fred Hutchinson Cancer Research Center, Seattle, 
Washington, United States; 3Molecular and Cellular Biology Program, University of Washington, 
Seattle, Washington, United States; 4Bioinformatics Institute, Agency for Science, Technology and 
Research (A*STAR), Singapore; 5National Public Health Laboratory, Communicable Diseases 
Division, Ministry of Health, Singapore; 6School of Biological Sciences, Nanyang Technological 
University, Singapore; 7Melbourne School of Population and Global Health, The University of 
Melbourne, Parkville, Australia

Background: Oseltamivir is relied upon worldwide as the primary drug of choice for the treatment of 
human influenza infection. During 2008, oseltamivir-resistant seasonal H1N1 influenza viruses spread 
globally, demonstrating the potential for influenza viruses to acquire oseltamivir resistance without 
compromising viral fitness. Since the emergence of the A(H1N1)pdm09 virus in humans in 2009, only 
limited transmission of oseltamivir-resistant A(H1N1)pdm09 virus has been observed. However, in 
2011, widespread transmission of oseltamivir-resistant A(H1N1)pdm09 viruses was detected in the 
community in the Hunter New England (HNE) region of Australia. Using in vitro and in vivo models, 
we assessed the replication and transmission of these oseltamivir-resistant viruses and determined 
permissive NA mutations that improved the fitness of the oseltamivir-resistant H275Y variants. 
Materials and Methods: In vitro experiments were conducted to assess NA enzyme activity using the 
fluorescent substrate MUNANA and to examine cell surface expression of NA protein by flow 
cytometric analysis of cells transfected with NA plasmids containing a GFP tag. Viral replication and 
transmissibility were assessed using a competitive mixtures model whereby ferrets were infected with 
known mixtures of two viruses, and the relative proportion of those viruses was monitored over the 
course of infection and upon two rounds of transmission.   Oseltamivir-resistant A(H1N1)pdm09 
viruses from the HNE outbreak were compared with oseltamivir-sensitive strains from the same region 
and time. In addition, an earlier pair of oseltamivir-resistant and -sensitive A(H1N1)pdm09 strains 
from 2009 was tested. The full genomes of the HNE and early 2009 viruses were fully cloned and 
used to rescue a series of isogeneic reverse genetics viruses to allow the introduction or removal of 
key amino acids thought to alter the fitness of viruses with the H275Y NA mutation. Results: In vitro 
analysis demonstrated that two NA mutations (V241I and N369K) present in the HNE oseltamivir-
resistant H275Y viruses contributed significantly to maintaining viral function, as their removal 
resulted in a significant reduction in both NA enzyme activity and NA protein expression. A third 
potentially permissive mutation, N386S, did not appear to contribute to either NA activity or NA 
expression. In ferrets, the HNE H275Y variant demonstrated comparable replication and 
transmissibility in ferrets compared with an equivalent oseltamivir-sensitive strain. However, using 
reverse genetics–derived viruses, we demonstrated that removal of the V241I and N369K permissive 
mutations from the HNE H275Y variant substantially decreased the replication and transmissibility of 
the virus. Conversely, we showed that introduction of these substitutions into an early 2009 
A(H1N1)pdm09 virus that did not naturally contain these mutations substantially improved their 
replication and transmissibility in the ferret model. Conclusions: Our findings demonstrate that 
H1N1pdm09 viruses containing the NA V241I and N369K amino acid mutations are substantially 
more permissive to the acquisition of NA H275Y than are viruses without these mutations. It is of 
concern that these permissive mutations are now present in virtually all currently circulating 
A(H1N1)pdm09 viruses; therefore, the potential for widespread oseltamivir resistance may now be 
greater than when the A(H1N1)pdm09 virus first emerged.  
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O-846 

Routine PCR testing of respiratory samples from coronial autopsies increases 
the recognition of influenza and other respiratory viruses as causes of death

DJ Speers1,3, DM Moss2, C Minney-Smith1, A Levy1, DW Smith1,4*

1Department of Microbiology, PathWest Laboratory Medicine WA, Nedlands, Australia; 2Department 
of Forensic Pathology, PathWest Laboratory Medicine WA, Nedlands, Australia; 3School of Medicine 
and Pharmacology, University of Western Australia, Nedlands, Australia; 4School of Pathology and 
Laboratory Medicine, University of Western Australia, Nedlands, Australia 

Background: Influenza and other respiratory viruses are known to be important causes of severe 
illness and death, but many of these go undiagnosed. In this study, we assessed the value of routine 
testing of postmortem samples from patients with undetermined or suspected infectious deaths in 
improving the detection of deaths due to respiratory viruses. Materials and Methods: Samples were 
collected from coronial autopsies between July 2007 and June 2011, where there was an 
undetermined or possibly infectious cause of death and tested by PCR and/or culture for influenza A, 
influenza B, adeno, respiratory syncytial, human metapneumo, parainfluenza 1,2&3, entero, and 
rhinoviruses. In 2007, influenza viruses were not routinely subtyped, and these are reported as 
unsubtyped influenza A. Results: Respiratory samples from 1611 cases were tested, at an average of 
1.5 samples per case. One or more respiratory virus was detected in 8.3% of cases, the highest rate 
being 28% (42/151 cases) in children under 10 years of age. Influenza virus was the commonest 
respiratory virus (50 cases, 3%), followed by respiratory syncytial virus (RSV) (30 cases, 2%). 
Children had a wide range of respiratory viruses, while influenza A and RSV predominated in adults. 
RSV was found in 18 cases aged 60 years or over, compared with only 12 influenza cases. Influenza 
or RSV detection was associated with, bronchitis or bronchiolitis in 7 (9%) of the 80 cases and caused 
pneumonia in 14 (0.8%) deaths overall. Cases with A/H1N1 pdm, untyped influenza A or influenza B 
were younger than those with influenza A/H3N2 or prepandemic seasonal H1N1 (aged 44, 38, and 42 
years old vs aged 60 and 61years old), and there was strong male predominance for A/H1N1 pdm 
and untyped influenza A cases (M:F = 24:7). Histological changes of diffuse alveolar damage were 
seen in 6/17 cases where influenza A/H1N1 pdm was detected and 5/13 RSV cases, while the other 
influenza virus cases were dominated by changes indicating secondary bacterial infection (15/18). 
When multiple samples were collected, influenza virus was detected in all samples in 85%. Only 10% 
of the influenza positive cases were diagnosed prior to death. Conclusions: There is a very significant 
underestimation of the contribution of influenza to deaths in the community. The routine PCR testing 
of a single lung sample from autopsy cases where death is unexplained or possibly infectious would 
substantially increase the detection rates.  

O-847 

The burden of influenza and RSV among inpatients and outpatients in rural 
western Kenya, 2009-2012 

G Emukule1*, S Khagayi1, R Ochola1, N Otieno1, FO Odhiambo1, P Muthoka2, DR Feikin5, MA Katz4, 
M McMorrow3, JA Mott1,3 

1Kenya Medical Research Institute/Centers for Disease Control and Prevention-Kenya (KEMRI/CDC), 
Nairobi and Kisumu, Kenya; 2Ministry of Public Health and Sanitation, Division of Disease 
Surveillance and Response, Nairobi, Kenya;3Influenza Division, National Center for Immunization and 
Respiratory Diseases, US Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States; 4Centers for Disease Control and Prevention, Port-au-Prince, Haiti; 5Division of Preparedness 
and Emerging Infections, Centers for Disease Control and Prevention, Atlanta, Georgia, United States  

Background: In Kenya, few data are available on the burden of influenza and RSV. Such data are 
needed to identify those most in need of limited vaccination and treatment resources. Materials and 
Methods: Since August, 2009 the Kenya Medical Research Institute and the Centers for Disease 
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Control and prevention (KEMRI/CDC) has conducted hospital-based surveillance for severe acute 
respiratory illness (SARI) at Siaya District Hospital (SDH) and outpatient surveillance for influenza-like 
illness (ILI) at Tingwang’i Health Centre (THC) in western Kenya. Both facilities are located in Karemo 
division. Karemo, included in a Health Demographic Surveillance System (HDSS), has 7 outpatient 
facilities, 1 hospital, and a population of ≈ 80,000. SARI was defined as an acute onset of cough or 
difficulty breathing or pleural chest pain within the last 14 days requiring hospital admission. We 
defined ILI as axillary temperature ≥ 38°C and cough or sore throat in an outpatient. We collected a 
nasopharyngeal (NP) and oropharyngeal (OP) swab from SARI and ILI patients, and administered a 
questionnaire, including information on the patient’s village of residence. NP and OP swabs were 
tested for influenza A and B and respiratory syncytial viruses (RSV) by rt–PCR. To estimate the 
burden of disease we restricted our analysis to patients admitted at SDH, or seen at THC, who were 
residents in the HDSS area of Karemo division. Incidence rates were estimated by dividing the 
number of cases with laboratory-confirmed virus infections by the mid-year population residing in 
Karemo. Rates were adjusted for those that met the SARI/ILI case definitions, but not tested. We 
reviewed medical records in all 7 outpatient facilities in Karemo division for a 2-year period and 
determined 10% of outpatient visits among Karemo residents occurred at THC. This was used to 
make further adjustments on the ILI rates. For influenza-associated SARI we compared rates for 
residents living within 5 and 10 kilometers of the hospital with those for Karemo division. This was 
intended to assess whether rates of hospitalized influenza and RSV declined with inclusion of persons 
who lived within Karemo division but farther from the hospital. Outcome data (discharged alive or 
died) was collected on hospitalized patients at SDH. Results: From August, 2009 to July 2012, we 
enrolled 5507 SARI patients at SDH, and 1632 ILI patients at THC. Most (SARI = 75%, ILI = 77%) 
were children < 5 years; median age was 1.6 years and 2.4 years for SARI and ILI patients, 
respectively. The average annual incidence per 1000 persons of influenza-associated SARI was 
4.8(95% CI 3.0-7.6) among children < 2 years; 1.4(95% CI 0.7-2.8) in children aged 2-5 years; and 
0.3 (95% CI 0.2-0.4) among persons ≥ 5 years. The incidence of influenza-associated medically 
attended ILI per 1000 was 32.6 (95% CI 19.2-55.4) among children < 2 years; 19.0 (95% CI 11.3-
31.8) in children aged 2-5 years; and 3.8 (95% CI 2.6-5.7) among persons ≥ 5 years. Incidence rates 
of influenza-associated SARI were not significantly different among residents living within 5 or 10 KM 
of the hospital or in Karemo division. Rates per 1000 persons of SARI associated with RSV were 
10.7(95% CI 7.9-14.6) among children < 2 years; 2.0 (95% CI 1.1-3.4) in children aged 2-5 years; and 
0.1 (95% CI 0.0-0.2) among persons ≥ 5 years. Rates of ILI associated with RSV were 29.4 (95% CI 
16.8-51.4) among children < 2 years; 21.6 (95% CI 13.3-35.1) in children aged 2-5 years; and 0.8 
(95% CI 0.3-1.9) among persons ≥ 5 years. The case fatality proportions were 13/348 (4%) and 
14/437 (3%) among SARI patients with laboratory confirmed influenza and RSV, respectively. 
Conclusions: Influenza and RSV produce a significant burden of disease in western Kenya. These 
estimated rates of the inpatient and outpatient burden of influenza in Kenya are higher than published 
direct estimates from the US. Our estimates of the incidence of hospitalized influenza-associated 
SARI are also consistent with other studies in western Kenya. Additional work will further estimate the 
burden of non-medically attended influenza and RSV in this context.  

O-848 

Mortality associated with influenza and respiratory syncytial virus among 
children less than 5 years of age in a high HIV-prevalence setting—South 
Africa, 1998-2009

S Tempia1,2,3*, S Walaza3, C Viboud4, A Cohen1,2, S Madhi3,5,6, M Venter3,7, J McAnerney3, C Cohen3,8 

1Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 
2Influenza Division, Centers for Disease Control and Prevention, Pretoria, South Africa; 3Center for 
Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the National 
Health Laboratory Service, Johannesburg, South Africa; 4Fogarty International Center, National 
Institutes of Health, Bethesda, Maryland, United States; 5Faculty of Health Sciences, University of 
the Witwatersrand, Respiratory and Meningeal Pathogens Research Unit, Johannesburg, 
South Africa; 6Department of Science and Technology/National Research Foundation: Vaccine 
Preventable Diseases, University of the Witwatersrand, Johannesburg, South Africa; 
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7Zoonosis Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, 
South Africa;  
8Faculty of Health Sciences, University of the Witwatersrand, School of Public Health, 
Johannesburg, South Africa 

Background: Influenza and respiratory syncytial virus (RSV) infections are common causes of 
pneumonia and are responsible for substantial global morbidity and mortality, in particular among 
individuals < 5 and ≥ 65 years of age. Available data suggest that the burden of influenza and RSV 
infection may be higher in developing countries and among HIV-infected individuals. Understanding 
the burden of influenza and RSV would assist policy makers to prioritize interventions. However, data 
on mortality due to influenza and RSV infection in low- and middle-income countries and particularly 
from high HIV-prevalence settings remains scanty. We applied modeling approaches to estimate 
influenza- and RSV-associated mortality among South African children < 5 years of age from 1998 
through 2009. Materials and Methods: We estimated the influenza- and RSV-associated mortality 
among children < 5 years of age in 2 age categories (< 1 year and 1-4 years of age) using national 
vital statistics data coded according to the International Classification of Diseases, Tenth Revision. 
We modeled the excess mortality attributable to influenza and RSV infection by applying Poisson 
regression models to monthly all-respiratory and pneumonia and influenza (P&I) deaths, using 
national influenza and RSV laboratory surveillance data as covariates. Since the diagnosis of AIDS is 
rarely coded on the death certificate, we indirectly estimated the annual influenza- and RSV-
associated deaths among HIV-infected and -uninfected children using Poisson regression models that 
incorporated year- and age-specific HIV prevalence and highly active antiretroviral treatment (HAART) 
coverage as covariates.Results: Over the study period, the influenza season peaked between May 
and August with 10 of the 12 years experiencing peak activity in June-July. RSV peak activity was 
observed between March and April in 8 of the 12 years with early or late peaks observed in February 
or May in the remaining years. The mean annual number of influenza-associated deaths in children < 
5 years of age was 452 (8 per 100,000 person-years) and 398 (7 per 100,000 person-years) among 
all respiratory and P&I deaths, respectively. In the same age group, the mean annual RSV-associated 
mortality was 546 (10 per 100,000 person-years) for all-respiratory deaths and 482 (9 per 100,000 
person-years) for P&I deaths. Among all-respiratory deaths, the mortality rate was higher among 
infants < 1 year of age for both influenza (22 per 100,000 person-years) and RSV (35 per 100,000 
person year) as compared with children 1-4 years of age (5 per 100,000 person-years for influenza 
and 4 per 100,000 person-years for RSV). A similar trend was observed for P&I associated deaths. In 
children < 5 years of age the influenza-associated mortality rate among all respiratory deaths was 
greater in HIV-infected (83 per 100,000 person-years) as compared with HIV-uninfected (6 per 
100,000 person-years) individuals (age-adjusted relative risk (aRR): 11.5; 95% CI: 9.6-12.6). In the 
same age group, the RSV-associated mortality rate was also higher in HIV-infected (138 per 100,000 
person-years) as compared with HIV-uninfected (8 per 100,000 person-years) individuals (aRR: 8.1; 
95% CI: 6.9-9.3). A similar trend was observed for P&I influenza- and RSV-associated deaths and 
across age groups. Overall among HIV-uninfected children, RSV was associated with 1.2 times as 
many all respiratory deaths as influenza; 1.6 and 0.8 among children < 1 year and 1-4 years of age, 
respectively. Similar trends were observed among P&I deaths related to RSV and influenza virus 
infections. Conclusions: The mortality burden was substantial for both influenza and RSV and the 
mortality rates were higher among HIV-infected as compared with HIV-uninfected children across age 
groups and underlying cause of death. While the mortality rates were greater among HIV-infected 
children, the burden remained considerable among HIV-uninfected individuals and was highest in 
infants as compared to older children. These findings support increased efforts for control of seasonal 
influenza in children in South Africa and other low- and middle-income countries. In countries with 
high HIV-prevalence such as South Africa, early antiretroviral therapy against HIV and prevention of 
mother-to-child transmission programs will remain an important intervention to reduce the mortality 
associated with influenza and RSV infection. 
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O-849 

Monitoring mortality for public health action in Europe, EuroMOMO: an 
important tool for influenza surveillance and impact assessment 

A Mazick, on behalf of the EuroMOMO Network 

Statens Serum Institut, Department for Infectious Disease Epidemiology, Copenhagen S, Denmark 

Background: Mortality data from vital statistics have been used for over 100 years to estimate 
influenza attributable mortality; however they are rarely available on a real time basis. EuroMOMO is 
a European network that operates timely monitoring of all-cause excess mortality using a 
standardized approach across participating countries in order to monitor and assess the impact of 
public health threats and to enable comparison between countries. The EuroMOMO system was 
applied to determine the pooled all-cause mortality in five influenza seasons from 2008/2009 to 
2012/2013. Materials and methods: Since 2009, EuroMOMO has published weekly up-to-date 
observed, expected and excess mortality data from a maximum of 18 partners in 14 European 
countries. Weekly pooled outputs are available in the public domain (www.euromomo.eu). The 
EuroMOMO system uses Poisson regression to model weekly expected all-cause mortality, including 
a trend and a seasonal component. The model is fitted on spring and autumn periods of at least 5 
years of historical mortality data. Standardized indicators (z-scores) enable comparison across 
countries and age groups. Winter excess is defined as the sum of the weekly positive and negative 
variations around the baseline of expected deaths from week 40 to week 20 the following year. 
Pooled analysis included data from 15 countries/regions representing an underlying population of 258 
million. Results: Over the winter seasons 2008/2009 to 2011/12, the pooled average seasonal total 
number of excess deaths in participating countries was 33,957 (range, 20,181 to 53,803), 
representing an excess mortality rate of 13.2/100,000. During seasons 2009/2010 and 2010/2011, 
mortality was increased in 5-14 and 15-64 age groups, but low in the 65+ age group. In the 2012/2013 
winter season, the estimated pooled total excess mortality was 40,254 (95% CI: 37,268-43,242), 
representing a mortality rate of 15.6/100,000 population (14.4-16.7): excess mortality in 2012/2013 
mainly affected persons aged 65 and above, which had the highest excess since the 2008/2009 
winter season. The magnitude of excess varied across countries in all 5 winter seasons. Conclusions: 
EuroMOMO has, over the past 5 years, demonstrated its usefulness for early impact assessment of 
public health treats, eg, in-season and timely end-of-influenza season mortality estimates. Analysis of 
age group specific mortality gave an early indication of the age shift in A(H1N1)09pdm related 
mortality in the pandemic and postpandemic era. Comparisons of excess mortality between countries 
revealed diverging country results that were valuable for risk assessment. The winter season 2012/13 
was characterized by a marked excess mortality among older persons. However, apart from influenza, 
which showed a diversity of circulating viruses across Europe, other factors such as other respiratory 
viruses or cold weather may have contributed to the overall excess. Future plans include the 
expansion of the network and the addition of a standard methodology to estimate influenza 
attributable mortality across Europe. 

O-850 

Case fatality risk in the United Kingdom during the first two waves of the 2009 
H1N1 pandemic – results from the Flu Watch Study 

E Fragaszy1,2*, A Bermingham3, L Wang4, A Copas1, J Edmunds2, N Ferguson5, N Goonetilleke4, G 
Harvey1, J Kovar1, MSC Lim1,6, A McMichael4, ERC Millett1,2, JS Nguyen-Van-Tam7, I Nazareth8, R 
Pebody9, F Tabassum1, JM Watson9, F Wurie1, AM Johnson1, M Zambon9, AC Hayward1  

1UCL, Research Department of Infection and Population Health, London, United Kingdom; 2London 
School of Hygiene and Tropical Medicine, Department of Infectious Disease Epidemiology, London, 
United Kingdom; 3Health Protection Agency Respiratory Virus Unit, Colindale, United Kingdom; 
4University of Oxford, Weatherall Institute of Molecular Medicine, Oxford, United Kingdom; 5Imperial 
College London, London, United Kingdom; 6Centre for Population Health, Burnet Institute, Melbourne, 
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Australia; 7Health Protection and Influenza Research Group, Division of Epidemiology and Public 
Health, University of Nottingham, Nottingham, United Kingdom; 8UCL, Department of Primary Care 
and Population Health, London, United Kingdom; 9Health Protection Agency, Respiratory Diseases 
Department, Colindale, United Kingdom 

Background: The case fatality risk (CFR) for influenza is an important measure of severity and is used 
in the planning and response to seasonal and pandemic influenza. Cases can be defined as 
infections (including those with and without clinical disease) or the subset of infections with laboratory-
confirmed illnesses. The Influenza CFR is challenging to estimate given the difficulties in measuring 
accurate population-level denominators (number of infected or ill) and numerators (number of deaths 
attributable to influenza). Population level denominators should ideally come from representative 
prospective community level studies where either rates of serological infection are measured among 
unvaccinated individuals or else rates of laboratory confirmed influenza illness are measured 
regardless of medical consultation. Material and Methods: Denominator data was derived from the 
MRC/Wellcome funded Flu Watch study, a community level, household-based cohort study running 
from 2006-2011. The data in this analysis relate to active follow up over the summer and winter waves 
of the 2009 pandemic and the 2010/11 postpandemic season. Household members completed a 
baseline health and demographic survey as well as weekly surveys of illness. They also submitted 
nasal swabs on the second day of any respiratory illnesses for RT-PCR analysis of influenza. For our 
denominator, we estimated the number of symptomatic influenza cases in the UK during the 
pandemic in different age groups by applying rates of age and region standardised rates PCR 
confirmed influenza estimated from Flu Watch to national population estimates from the census. 
Using these denominators, we estimated risk of death if ill (CFR) using the number of reported deaths 
during the pandemic from a mandatory national influenza death reporting system created during the 
pandemic. Results: During the first 2 waves of the pandemic, the estimated risk of death in PCR 
confirmable influenza cases (CFR) was 5 (3-8) per 100,000 cases in those aged 0-4 years, 4 (3-5) in 
those aged 5-14 years, 19 (12-27) for those aged 15-64 years, and 271 (41-1898) for those aged 65 
and above. Only 12% (7%-20%) of Flu Watch PCR-confirmed pandemic influenza cases had 
underlying chronic illness; however, the corresponding national percentage among those who died 
was 85%, suggesting underlying chronic illness greatly increases the risk of death. Conclusions: 
Using robust population-level denominators of influenza illness and nationally reported deaths due to 
influenza, we estimated the risk of death if ill with pandemic influenza was very low but increased 
dramatically with age. As expected, chronic illness also appears to increase risk of death. Competing 
biases include the fact that not all influenza illnesses will be PCR confirmed (which would tend to lead 
to an overestimate of CFR) and that not all influenza related deaths are identified (which would tend 
to lead to an underestimate of CFR). Even so, the case-fatality from the 2009 pandemic was still 
considerably lower than the best estimates from previous pandemics, including those from 1918 when 
the case fatality in young adults was particularly high.  

O-851 

Increased risk of swine influenza in pig industry workers compared to the 
general population in the UK 

E Fragaszy1,2, D Ishola1, I Brown3, J Enstone4, JS Nguyen-Van-Tam4, R Simons3, D Tucker5, B 
Wieland6, S Williamson3, AC Hayward1*, J Wood5, COSI Consortium 

1UCL, Research Department of Infection and Population Health, London, United Kingdom; 2London 
School of Hygiene and Tropical Medicine, Department of Infectious Disease Epidemiology, London, 
United Kingdom; 3Animal Health and Veterinary Laboratories Agency (AHVLA), Weybridge, United 
Kingdom; 4Health Protection and Influenza Research Group, Division of Epidemiology and Public 
Health, University of Nottingham, Nottingham, United Kingdom; 5Cambridge University, Department of 
Veterinary Medicine, Cambridge, United Kingdom; 6Royal Veterinary College, North Mymms, United 
Kingdom 

Background: Pigs are mixing vessels for influenza, as they are susceptible to infection with swine, 
avian and human influenza viruses, and if simultaneously infected with two different viruses, there is 
an opportunity for viral assortment. H1N1, H1N2 and H3N2 subtypes have been circulating in pigs 
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worldwide for years, and recent findings in the UK suggest H1N2 is the most commonly observed and 
H1N1 most commonly isolated. The 2009 pandemic virus (H1N1pdm09) comprised genetic 
components from swine-adapted viruses including the North American triple reassortant H3N2 viruses 
and a Eurasian virus, involving genomic segments originally derived from both avian and human 
influenza viruses. Thus there is a growing case for systematic monitoring of transmission between 
pigs and humans, but quantified data on the extent of such transmission remain very limited. This 
study looked at swine influenza virus (SIV) infection in pig industry workers in England to assess pig-
human transmission. Serologic data on SIV infection in pig workers was compared with a comparison 
group from the general population. Materials and Methods: We recruited people with occupational 
exposure to pigs in two ways. Pig vets were recruited at the Pig Vet Society national meetings in 
winter 2009 and spring 2010. We also recruited farmers from swine farms who participated in a study 
of swine influenza viruses in English pigs in the autumn of 2010. These farms were mostly in North-
Yorkshire and East-Anglia, regions with the highest density of pig farms. All pig industry workers 
provided blood samples for serologic analysis and completed questionnaires on baseline 
demographics and influenza vaccination history. Participants from the Flu Watch study, a community 
level, household-based cohort study of influenza in England, formed the population comparison 
group. Flu Watch participants were frequency match based on age, region, bleed month and gender 
(in decreasing priority order). They also provided blood samples and data on demographics and 
vaccination. All blood samples were batch tested for the presence of antibodies against a panel of 
H1N1, H1N2 and H3N2 strains of SIV, as well as human H1N1 and H3N2 strains, using 
haemagglutination inhibition (HI) tests. Antibody titres ≥ 40 were considered to be indicative of 
previous infection.  We built separate logistic regression models for each virus strain to determine if 
occupational pig exposure was associated with infection. We also ran a model for all swine H3 viruses 
combined as well as all swine H1 viruses combined. Results: We tested 71 pig workers and 71 
controls. Adjusted results show that pig industry workers had 20.4 times the odds of infection (95% CI 
2.2-186.4) with the human pandemic strain H1N1pdm09 than the general population. They also had 
4.3 times the odds of zoonotic infection (95% CI 1.4-13.5) with a swine H1N2virus 
(A/sw/Eng/438207/94). Both pig workers and controls commonly tested positive for swine H3N2 
viruses, but there wasn’t strong evidence in support of an increased risk of these viruses among pig 
industry workers. Conclusions: The H1N1pdm09 result is consistent with the findings that the virus 
became quickly established in UK pigs (presumably from a human source) and then transmitted 
between pigs and humans. Results from the H1N2 swine virus indicate cross-species transmission 
from pigs to humans. Our findings indicate that cross-species transmission of SIVs into humans is 
common in the UK. Robust, active surveillance systems are needed to help public health authorities 
understand the epidemiology of zoonotic SIV and monitor newly emerging strains in pigs. The findings 
suggest routine influenza immunization of pig workers should be considered to minimize the risk of 
interspecies transmission and viral reassortment. 
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P1-293 

Regional variation in mortality impact of the 2009 A(H1N1) influenza pandemic 
in China

H Yu1*, L Feng1*, CG Viboud2, DK Shay3, WYang1 

1Key Laboratory of Surveillance and Early-Warning on Infectious Disease, Chinese Center for 
Disease Control and Prevention, Beijing, China; 2Fogarty International Center, National Institutes of 
Health, Bethesda, Maryland, United States;3Influenza Division, National Center for Immunization and 
Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Laboratory-confirmed deaths grossly underestimate influenza mortality burden, so that 
reliable burden estimates are derived from indirect statistical studies, which are scarce in low and 
middle income settings. Objectives: Here we used statistical excess mortality models to estimate the 
burden of seasonal and pandemic influenza in China. Methods: We modeled data from a nationally-
representative population-based death registration system, combined with influenza virological 
surveillance data, to estimate influenza-associated excess mortality for the 2004-05 through 2009-10 
seasons, by age and region. Results: The A(H1N1) pandemic was associated with 11.4-12.1 excess 
respiratory and circulatory (R&C) deaths per 100,000 population in rural sites of Northern and 
Southern China during 2009-2010; these rates were 2.2-2.8 times higher than those of urban sites (P 
< .01). Influenza B accounted for a larger proportion of deaths than pandemic A(H1N1) in 2009-2010 
in some regions. Nationally, we attribute 126,200 (95% CI, 61,000-248,400) excess R&C deaths (rate 
of 9.4/100,000) and 2,323,000 YLL (1,166,000-4,533,000 YLL) to the first year of A(H1N1)pdm 
circulation. Conclusions: The A(H1N1) pandemic posed a mortality and YLL burden comparable to 
that of interpandemic influenza in China. Our high burden estimates in rural areas highlight the need 
to enhance epidemiological surveillance, and health-care services, in under-developed and remote 
areas.  

P1-294 

Cost-effectiveness of alternative strategies for annual influenza vaccination 
among children aged 6 months to 14 years in 4 provinces in China 

L Zhou1, S Situ2*, Z Feng1, CY Atkins3, ICH Fung3, Z Xu4, T Huang5, S Hu6, X Wang7, MI Meltzer3 

1Public Health Emergency Center, Chinese Center for Disease Control and Prevention, Beijing, 
China; 2US Centers for Disease Control and Prevention, Beijing, China; 3US Centers for Disease 
Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases, Division of 
Preparedness and Emerging Infections, Atlanta, GA, United States; 4Key Laboratory of Surveillance 
and Early-Warning on Infectious Disease, Division of Infectious Disease, Chinese Center for Disease 
Control and Prevention, Beijing, China; 5Sichuan Center for Disease Control and Prevention, 
Chengdu, Sichuan, China; 6Hunan Center for Disease Control and Prevention, Changsha, Hunan, 
China; 7Shandong Center for Disease Control and Prevention, Jinan, Shandong, China 

Background: We developed a model to evaluate the cost-effectiveness of alternative strategies to 
increase the influenza vaccination coverage rate among children aged 6 months to 14 years in 4 
provinces in China. Materials and Methods: We built a spreadsheet-based model for cost-
effectiveness analysis of the current seasonal influenza vaccination policy, as well as alternative 
strategies to increase influenza vaccination coverage rate, among children aged 6 months to 14 years 
in the 4 provinces (Shandong, Henan, Hunan, and Sichuan). We took a health care system 
perspective with government as the payer. We used data from 2005/6 to 2010/11, excluding 2009/10. 
Costs are reported in 2010 US dollars. Results: In comparison with no vaccination, the mean (range) 
of medically attended cases averted by the current pay-out-of-pocket policy for the 2 age groups (6 to 
59 months and 60 months to 14 years) was 1465 (23~11,132) and 792 (36~4247), respectively, 
during the studied 5 influenza seasons. The total influenza vaccination program cost to government 
for the 2 age groups was $6983 and $17,918, and the cost-effectiveness ratios (CERs) were $0 ($-
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11-51) and $37 ($6-125) per case adverted, respectively. In comparison with the current policy, the 
incremental cost effectiveness ratio (ICER) of alternative strategies, OPTION One-telephone reminder 
and OPTION Two-comprehensive package, decreased as influenza vaccination rate increased. The 
ICER for children aged 6 to 59 months was lower than that for children aged 60 months to 14 years. 
Conclusions: The model we developed is a useful tool in identifying elements for evaluating 
alternative strategies to increase influenza vaccination coverage rate. However, more data are 
needed to produce more accurate cost-effectiveness estimates of potential vaccination policies. 

P1-295 

Incidence of influenza-associated mortality in Bangladesh, 2010-12 

M Ahmed1*, AA Mamun 1, J Abedin1, N Homaira1, RC Paul1, D Iuliano2, MA Widdowson2, ES Gurley1, 
E Azziz-Baumgartner2, SP Luby1,2, M Rahman3, K Sturm-Ramirez1,2 

1icddr,b, Dhaka, Bangladesh; 2Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States; 3Institute of Epidemiology, Disease Control and Research (IEDCR), Bangladesh 

Background: Influenza-associated morality estimates can help assess the burden of disease, identify 
high-risk groups and assist policy makers determine if an annual influenza immunization should be a 
prioritized public health intervention. The objective of this study was to estimate the incidence of 
influenza-associated mortality in Bangladesh during 2010-12 by combining national influenza 
surveillance data from 11 tertiary hospitals across the country and community surveys conducted in 
the catchment areas of these hospitals. Materials and Methods: During July to December 2012, we 
randomly selected 22 unions, the smallest administrative units in Bangladesh, from the catchment 
areas of 11 tertiary hospitals and collected mortality data in the unions. We employed a social 
networking approach to identify people who died in these unions in May, 2010 to April 2012. We 
interviewed the household members, who had taken care of the decedents during their illness and 
asked about decedent’s demographics, medical history, symptoms, and health seeking 14 days 
before death. For children aged < 5 years, we classified a death as being associated with acute 
respiratory illness (ARI) if caregivers reported that decedents developed sudden onset fever and 
cough or difficulty breathing within 14 days of death. For people aged ≥ 5 years, we classified a death 
as being associated with ARI if caregivers reported that decedents developed sudden onset fever and 
cough or sore throat within 14 days of death. As part of the ongoing national hospital based 
surveillance in 11 hospitals, physicians routinely collected throat and nasopharyngeal swabs from 
case-patients. We only considered swabs from children < 5 years who presented with fever and 
cough or difficulty breathing with 1 danger sign; and from patients presented with fever and cough or 
sore throat if aged ≥ 5 years. We tested the samples for influenza and its subtypes. To calculate the 
incidence of influenza-associated mortality, we multiplied the monthly proportion of samples from the 
hospitals that were laboratory-confirmed for influenza in May 2010 to April 2012 by the number of 
decedents in the community with a history of sudden onset of ARI 14 days prior to death, and divided 
this numerator by the age-specific 2011census population of the unions. Results: We identified 
10,043 deaths; 1191 (12%) were associated with ARI. Of those who died with ARI, 150 (13%) were 
children < 5 years, 30 (2%) were aged 5-19 years, 211 (18%) were aged 20-59 years and 800 (67%) 
were aged ≥ 60 years; 738 (62%) were males. Of the ARI-related deaths, 884 (67%) received 
treatment from certified physicians or hospitals and 399 (33%) were treated by uncertified providers or 
drug sellers. Among the deceased, 939 (79%) had comorbidities, including 614 (65%) from persons 
aged ≥ 60 years. We tested 2618 samples for influenza viruses from hospitalized patients who came 
from the catchment areas. A total of 360 (13%) patients were laboratory-confirmed for influenza; the 
proportions of samples that were confirmed for influenza among people aged ≥ 5 years were 19% and 
4% among children < 5 years. The annual cumulative incidence of influenza-associated mortality was 
11.1 (95% CI 10.4-11.7) per 100,000 population for all ages. The annual incidence of influenza-
associated mortality among children < 5 years was 3.7 (95% CI 3.1-4.3); for people aged 5-19 years it 
was 1.3 (95% CI 0.8-1.8); for 20-59 years it was 5.3 (95% CI 4.6-6.1) and for persons aged ≥ 60 years 
the incidence was 108.5 (95% CI 101.1-116.0) per 100,000 persons. The annual mortality per 
100,000 persons attributable to A (H1N1) pdm09 was 3.7 (95% CI 3.6-4.0); 4.1 (95% CI 3.9-4.4) for 
influenza A/H3 and 3.4 (95% CI 3.2-3.6) for influenza B. After extrapolating the incidence rate to the 
2011 census population of Bangladesh, the estimated deaths associated with influenza were 15,989 
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(95% CI 14,981-16,853) per year among all ages; it was 12,503 (95% CI 11,650-13,367) among ≥ 60 
years annually. Conclusion: The burden of influenza mortality was highest among elderly persons 
aged ≥ 60 years. Vaccination for persons aged 60 years or for patients with comorbidities may 
reduce the burden of influenza.  

P1-296 

Economic burden of seasonal influenza b in France during winter 2010-2011

ML Silva1,2, 3, L Perrier1,2, HM Späth3, AMosnier4, JM Cohen4* 

1Université de Lyon, France; CNRS, GATE Lyon St Etienne, UMR n° 5824, Ecully  France; Université 
Lyon 2, Lyon France; 2Centre Léon Bérard, Lyon  France; 3Université de Lyon, Lyon France; 
Université Lyon 1, Villeurbanne, France; EA 4129, Lyon France; 4Groupes Régionaux d’Observation 
de la Grippe – GROG/Open Rome; Coordination Nationale, Paris, France 

Background: In France, 4%-10% of the population is annually affected by influenza. This represents 
direct medical expenses and indirect costs, which varies according to the dominant influenza virus 
strain circulating. Policy makers are interested in its burden, for better allocating resources for 
prevention and control measures. As international literature regarding seasonal influenza B is rare 
and not entirely applicable in France, our study aims to assess its costs in 2010/2011 under the 
French Health Insurance perspective. Materials and Methods: Cases—patients of all ages, consulting 
for an acute respiratory infection a physician member of an influenza surveillance network in France 
(GROG network), completing the routine clinical form and whose nasopharyngeal swab was lab 
confirmed positive for influenza B. Physicians completed follow-up questionnaires 7 and 28 days after 
swabbing. Costs (consult, drugs, absenteeism, exams, hospitalization) were assessed for each 
patient. Treatments costs were modeled using linear, tobit and probit regressions. Total costs 
estimation for the French Health Insurance were calculated by multiplying total costs per patient, flu 
attack rate, and population. Results: N = 201 patients were included. Influenza B mean cost was 
90.62€ SD 132.76 per patient. Risk factors or influenza vaccine status did not impact the mean cost. 
In children and older people, these costs were very similar (0-4 years old = 76€, 5-14 years old = 75€, 
≥ 65 years old = 72€) with greater follow-up consults and antibiotics use causing the largest impact. 
For adults, costs almost doubled, reaching approximately 141.25€ per patient, due to work 
absenteeism. Total influenza B costs for the National Health Insurance were estimated to be more 
than 500 million Euros in France during 2010/11. Conclusions: The results show that in a season 
where influenza B is dominant, it causes an important economic impact. Further investigations of 
strategies (vaccines) for reducing influenza B cases, providing evidences for policy-makers decisions 
are in progress. 

P1-297 

Excess mortality associated with influenza A(H1N1pdm09) in Hong Kong 
during two epidemic waves in 2009-2011 

P Wu1*, E Goldstein2, L Ho1, J Wu1, T Tsang3, G Leung1, B Cowling1 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Center for Communicable Disease Dynamics, Department of 
Epidemiology, Harvard School of Public Health, Boston, Massachusetts, United States; 3Centre for 
Health Protection, Department of Health, Government of the Hong Kong Special Administrative 
Region, Hong Kong Special Administrative Region, China 

Background: Most studies documenting the burden caused by multiple epidemic waves following the 
2009 influenza A(H1N1pdm) pandemic were based on laboratory-confirmed cases that could 
underestimate the true impact of influenza. Hong Kong experienced multiple waves of influenza 
A(H1N1pdm) since 2009. We examined the patterns in excess mortality associated with pH1N1 
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during the first epidemic wave in 2009-10 and the second wave in 2011. Materials and Methods: Age-
specific all-cause and cause-specific mortality rates in Hong Kong from 1998 through 2011 were fitted 
in multiple linear regression models. The models allowed for activities of different types/subtypes of 
influenza virus and cocirculating respiratory syncytial virus, and adjusted for environmental 
temperature and absolute humidity, and temporal trends in mortality rates. The influenza-associated 
excess mortality during the epidemics of interest was measured as the differences between estimated 
mortality rates in the presence or absence of influenza activity for influenza A(H1N1pdm). Results: 
The influenza A(H1N1pdm) associated excess mortality risk in the first wave of the epidemics in 
2009-2011 was 1.94 (95% CI: -8.21, 11.63) and 1.23 (95% CI: -3.19, 5.37) per 100,000 population 
from all-cause and respiratory diseases, respectively. During the second epidemic wave in early 
2011, the excess mortality risk of A(H1N1pdm) was estimated to be 4.60 (95% CI: -0.97, 10.39) and 
4.00 (95% CI: 1.64, 6.40) per 100,000 population for all-cause and respiratory deaths, respectively. 
The seasonal influenza A(H3N2) virus that cocirculated with A(H1N1pdm) in the summer of 2009 was 
associated with an excess all-cause mortality risk of 3.53 (95% CI: 0.24, 6.76) per 100,000 
population. In 2010, the same virus was associated with an excess all-cause mortality risk of 6.23 per 
100,000 population. Conclusions: Substantial mortality burden associated with influenza A(H1N1pdm) 
was observed during the first wave of the pandemic in 2009-10 and the second wave in 2011 in Hong 
Kong, although the reasons for substantial impact in the second wave remain to be clarified. More 
than half of the estimated excess all-cause deaths were attributable to respiratory causes in each 
epidemic. The excess mortality burden associated with influenza A(H1N1pdm) was comparable to 
that caused by the cocirculating seasonal influenza A(H3N2) virus. 

P1-298 

Sex-specific influenza-associated excess mortality in Hong Kong, 1998-2009 

P Wu1*, E Goldstein2, L Ho1, J Wu1, D Ip1, G Leung1, B Cowling1 

1School of Public Health, The University of Hong Kong, Hong Kong Special Administrative Region, 
China; 2Center for Communicable Disease Dynamics, Department of Epidemiology, Harvard School 
of Public Health, Boston, Massachusetts, United States 

Background: Influenza-associated excess deaths estimated from statistical models have been used to 
measure the burden of mortality attributable to influenza virus. Given the discrepancies that have 
often been observed in the prevalence and burden of major diseases between males and females, we 
examined the patterns in influenza-associated excess mortality among men and women in Hong 
Kong in the past decade. Materials and Methods: Multiple linear regression models were fitted to age-
specific all-cause and cause-specific mortality rates in Hong Kong from 1998 through 2009 for males 
and females separately. The models allowed for activities of different types/subtypes of influenza virus 
and cocirculating respiratory syncytial virus were adjusted as the product of influenza-like illness rates 
from sentinel surveillance and laboratory detection rates of the specific viruses (Wu P, et al. J Infect 
Dis. 2012). Environmental temperature and absolute humidity, and periodic temporal trends in 
mortality rates were also adjusted for in the models. The influenza-associated excess mortality was 
measured as the differences between estimated mortality rates in the presence or absence of 
influenza activity. Attributable fractions were estimated for each cause. Results: The annual influenza-
associated all-cause excess mortality rates were 9.6 and 12.6 per 100,000 person-years for men and 
women from 1998 through 2009. The attributable fractions of all-cause deaths were 2.0% and 2.1% in 
men and women respectively. More than 90% of the influenza-associated all-cause excess deaths 
were estimated to occur in the elderly both for men and women. Cardio-respiratory diseases 
accounted for more influenza-associated excess deaths in men (80%) than in women (70%). 
Conclusions: Influenza virus infections were associated with a higher number of excess deaths 
among men than women each year in Hong Kong, but the attributable fractions were very similar for 
men and women. Most of the influenza-associated excess deaths occurred in the elderly for both 
sexes. Cardio-respiratory diseases accounted for the majority of the influenza associated excess 
deaths in both sexes, in particular among men. 
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Epidemiology and economic burden of Influenza among children < 5 years of 
age hospitalized in Suzhou, China 

Q Geng1, T Zhang1, YF Ding2, J Zhang3, D Wang1, J Wu1, YW Jiang1, J Hua2, LL Chen3, ZJ Feng4, J 
McFarland5, GM Zhao1* 

1Department of Epidemiology, School of Public Health, Fudan University, Key Laboratory of Public 
Health Safety, Ministry of Education, Shanghai, China; 2Suzhou Children’s Hospital, Suzhou 
University, Suzhou, China; 3Suzhou Municipal Center for Disease Control and Prevention, Suzhou, 
China; 4Chinese Center for Disease Control and Prevention, Beijing, China; 5US Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States 

Background: The disease burden and economic impact of influenza-associated hospitalization in 
children has been rarely reported in mainland China to date. We performed a prospective surveillance 
to describe the epidemiology, clinical characteristics, and economic burden of laboratory-proven 
influenza hospitalized children in Suzhou, China. Methods: A prospective study of laboratory-
confirmed influenza among children hospitalized in Suzhou Children Hospital (SCH) with severe acute 
respiratory illness (SARI) was performed from March 2011 through March 2013. Nasopharyngeal 
aspirates were collected for detecting influenza viruses by real-time reverse transcriptase-polymerase 
chain reaction. Data on demographics, clinical characteristics, therapy, direct medical and other 
relative costs, day care absence, parental work loss, and similar respiratory symptoms occurred in 
other members of the family  were collected by chart review, face to face interview, telephone survey, 
and billing data requirement. Results: In total, 1950 SARI cases were enrolled and 1398 (71.7%) of 
them had been collected nasopharyngeal aspirate specimens for virus detection. There was no 
significant difference on demographics and clinical characteristics between the sampled and 
nonsampled SARI cases. Overall, 13.2% of SARI cases were infected with influenza viruses (55.4% 
were influenza A and 44.6% were influenza B). The influenza positive rate increased with age. Similar 
respiratory symptoms were more likely developed in the family contacts of influenza positive children 
than others (34.9% vs 28.4%). A total of 61.5% SARI cases had over-the-counter medicine before 
physician visit and 51.4% had visited other hospitals before admission to SCH. In all influenza 
infected cases, pneumonia (85.1%) was the most common complication, followed by sinusitis 
(13.2%), diarrhea (10.3%), and asthma (2.9%). In terms of therapy, 37.6% of SARI cases required 
oxygen treatment, and the influenza positive children tended to require oxygen treatment (48.0% vs 
36.0%, P < .05). The median length of hospital stay was 7 days (IQR: 6-8). The median of direct 
medical cost for SARI hospitalizations was US$706.2 (IQR: 553.1-893.8), there was no significant 
difference between influenza positive children (US$760.2, IQR: 598.7-929.5) and influenza negative 
children (US$727.4, IQR: 595.5-908.5). However, the direct medical costs of influenza A 
hospitalizations (US$691.8, IQR: 542.0-886.7) was lower than that of type B cases (US$839.3, IQR: 
659.8-1006.3) (P < .05).The relative nonmedical costs for each SARI case was US$55.6 (IQR: 25.4-
111.1) (influenza positive vs negative: US$63.5 vs US$55.6). Daycare absence in influenza-positive 
children aged > 3 years was 7 days (IQR: 3-15), and 6 days (IQR: 5-14) in influenza negative 
children. In addition, the parents’ work loss in both influenza positive cases and negative cases was 7 
days (IQR: 5-8), resulting in a median lost income of US$158.7 (IQR: 88.9-238.1). Overall, the median 
total costs (including direct and indirect costs) was US$1090.4 (IQR: 863.3-1225.6) for influenza 
hospitalizations, and US$1010.5 (IQR: 826.6-1267.1) for hospitalizations without influenza. 
Conclusion: Influenza was an important cause to hospitalization in Suzhou children. The relatively 
high cost of hospitalization in children led to a heavy economic burden to local families. These results 
indicate the use of influenza vaccine in children > 6 months of age especially in those with ACIP high-
risk condition may have the potential effectiveness to reduce the health and economic impact of 
influenza. 
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Direct economic burden of medically attended influenza in western Kenya from 
the parental perspective, 2009-2011 

N Otieno1*, B Nyawanda1, G Emukule1, G Bigogo1, M McMorrow2, E Glaser3, DS Shepard3, J Mott2  

1Kenya Medical Research Institute/Centers for Disease Control and Prevention (KEMRI/CDC), 
Kisumu and Nairobi, Kenya; 2Centers for Disease Control and Prevention, Influenza Division, Atlanta, 
Georgia, United States; 3Brandeis University, Heller School, Waltham, Massachusetts, United States 

Background: The economic costs of influenza in tropical Africa remain under explored. Calculating the 
economic burden of influenza is crucial to estimating the costs and benefits of vaccine 
implementation. We estimated the direct costs of medically-attended influenza disease in Kenya from 
the parental perspective. Materials and Methods: We analyzed medical records for 7388 inpatients 
and outpatients at Lwak Mission Hospital (LMH) to identify persons with severe acute respiratory 
illness (SARI) or influenza-like illness (ILI) during January 1, 2009-December 31, 2011. LMH is 
located in a population-based infectious disease surveillance site in western Kenya. We examined 
medical chart data for prior outpatient consultations and medications taken for the current illness, 
routine diagnostic tests, medications administered to patients during the current visit, and length of 
stay (for hospitalized patients). We determined costs for consultation, routine diagnostic tests, 
medications, and hospital admission from the medical facility catalogue of prices. Cost estimates for 
consultations prior to any hospital visit were taken from published literature from western Kenya. 
Influenza diagnostics are not routine and were not included in direct cost estimates. We estimated the 
total cost of treatment per visit by adding the cost of consultation, over-the-counter drugs, routine 
diagnostics, medication, and admission (where applicable). We then estimated the mean direct cost 
of an episode of influenza-associated illness for outpatients and inpatients aged < 5 and ≥ 5 years old. 
We extrapolated the annual cost of influenza to Nyanza Province using published rates of hospitalized 
SARI, and nonhospitalized SARI in western Kenya. We also estimated rates of influenza-associated 
medically attended ILI in western Kenya using unpublished data. The population of Nyanza Province 
from the 2009 census (5.4 million) was multiplied by national age-specific population proportions to 
estimate the population of Nyanza Province that was under and over age 5. The direct costs were 
also calculated as a percentage of average monthly income in Kenya as a measure of impact on the 
family (Kenya National Bureau of Standards, 2012). Results: Out of 7388 patients, 4295 had SARI 
and/or ILI and were swabbed for influenza; 1639 had nonhospitalized SARI, 576 were hospitalized for 
SARI and 2080 were medically attended ILI patients. Of these, 419 (26%), 51 (9%) and 201 (10%) 
tested positive for influenza, respectively. The mean (SD) patient cost in Kenyan shillings (KSH) of 
influenza-associated outpatient ILI, outpatient SARI, and hospitalized SARI in children under age 5 
was 1254 (1129.1-1378.5), 937 (307.6-1566.9), and 2609 (2152.2-3064.8), respectively. 
Extrapolations of existing rates of influenza-associated outpatient ILI, outpatient SARI, and 
hospitalized SARI from population-based surveillance sites in western Kenya to Nyanza Province 
suggested an estimated 33,424-70,115 influenza-associated outpatient ILI, 28,512-48,142 influenza-
associated outpatient SARI, and 1,843-3,937 influenza-associated hospitalized SARI cases among 
children under age 5 in Nyanza Province annually. The total annual direct economic burden of 
influenza in children < 5 in Nyanza Province was estimated to be from 68.6 to133.0 million KSH 
(US$847,000-$1,642,000) for outpatients (ILI and SARI); and 4.8 to10.3 million KSH (US$59,000-
$127,000) for inpatients. The mean (SD) patient cost in KSH of influenza-associated outpatient ILI, 
outpatient SARI, and hospitalized SARI in persons aged 5 and older was 1155 (45.4-2265.5), 1997 
(1937.9-2055.5), and 3036 (2681.3-3389.9), respectively. Among persons aged 5 years and older, we 
estimated there to be 26,709-59,405 influenza-associated outpatient ILI, 106,674-133,617 influenza-
associated outpatient SARI, and 921-2,303 influenza-associated hospitalized SARI cases in Nyanza 
Province annually. The total annual direct economic burden of influenza in persons aged 5 and older 
in Nyanza Province was estimated to be from 243.8 to 335.4 million KSH (US$3,010,000-$4,141,000) 
for outpatients (ILI and SARI); and 2.8 to 7.0 million KSH (US$35,000- $86,000) for inpatients. The 
mean direct costs per outpatient visit and hospitalization for influenza of 1400 and 3000 KSH are 
approximately 5% and 11% of average monthly income (Kshs. 28,000), respectively. Conclusion: The 
direct costs of inpatient and outpatient care for influenza-associated illness are substantial. Further 
work should estimate the indirect costs of influenza, costs from the governmental perspective, and 
then the cost-effectiveness of influenza vaccination.  
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Expected public health impact of high-dose trivalent influenza vaccine 
compared with quadrivalent influenza vaccines in US elderly 

J Roiz1, B Briquet1, B Macabeo2, A Chit3,4* 

1Creativ-Ceutical Ltd, London, United Kingdom; 2Sanofi Pasteur, Lyon, France; 3Sanofi Pasteur, 
Toronto, Canada; 4University of Toronto, Toronto, Canada 

Background: Numerous seasonal inactivated influenza vaccines are available for use in persons aged 
65 years and older. With the availability of quadrivalent influenza vaccines (QIVs), trivalent influenza 
vaccines (TIVs) and a high-dose trivalent vaccine (TIV HD), healthcare providers must decide which 
vaccine to administer. Recently, Reed and colleagues developed an influenza epidemiological model 
and forecasted significant expected public health benefits of QIV over standard-dose TIV in the United 
States. The objective of our study was to assess the relative public health benefit of using TIV HD 
versus QIV for routine influenza vaccination of US elderly adults. Materials and Methods: We 
developed an epidemiological model to explore the comparative effectiveness of these 2 vaccines in 
reducing influenza-related health outcomes in US elderly patients. The model assumed strain-specific 
incidence rates based on US epidemiology from 1999/2000 through 2008/2009 seasons. We used the 
model developed by Coudeville and colleagues to estimate the expected strain-specific efficacy of TIV 
HD. Other epidemiological parameters were consistent with the Reed model, but we enhanced it by 
incorporating data on cross protective immunity of TIV HD against mismatched influenza B-lineage 
strains. Results: The probability of influenza infection in individuals vaccinated with QIV and TIV HD 
was estimated at 3.31% and 2.69%, respectively. This represented a reduction of 620 cases per 
100,000 individuals vaccinated with TIV HD instead of QIV. TIV HD can be expected to prevent an 
additional 26 influenza-related (IR) hospitalizations and 9 IR deaths per 100,000 vaccinated persons 
compared with QIV. At a population level (37,997,762 people aged 65 or older), assuming 67% 
coverage rate of each vaccine, the model estimates TIV HD could lead to a reduction of 157,963 
influenza cases, 6,593 IR hospitalizations, 2,301 IR deaths, and 42,431 IR workdays lost per season 
compared with QIV. Conclusions: Although some limitations exist, our model suggests a significant 
expected public health benefit from using TIV HD over QIV in US elderly adults. The validity of these 
findings will be revisited once the results of an ongoing relative efficacy study of TIV HD and standard 
dose TIV are available. Funding: Funding for this study was provided by Sanofi Pasteur. 
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Incidence of medically attended influenza-associated respiratory illness in 
children aged < 5 years in Bangladesh, 2011-2012 

N Homaira1*, SP Luby1,2, K Islam1, K Hossain1, M Uddin Bhuiyan1, M Rahman1, BM Sohel1, KC 
Banik1, M-A Widdowson2, J Bresee2, K Sturm-Ramirez1,2 M Rahman3, E Azziz-Baumgartner2

1icddr,b, Dhaka, Bangladesh; 2Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, 
United States; 3Institute of Epidemiology Disease Control and Research, (IEDCR), Dhaka, 
Bangladesh 

Background: Influenza is a common viral etiology of acute respiratory illness-associated morbidity and 
mortality in children. Most influenza infections are self limiting; however, some children will require 
medical attention, including hospitalization. Data on incidence of medically attended influenza-
associated illness in different risk groups can help policy makers assess the need for influenza 
specific interventions such as maternal immunization or routine influenza vaccination for children in 
Bangladesh. We combined influenza surveillance and health utilization survey data to estimate the 
incidence of medically attended influenza-associated respiratory illness among children aged < 5 
years in Bangladesh. Methodology: During January 2011-December 2012, we conducted surveillance 
in 4 tertiary level hospitals located in 4 diverse locations of the country. One day every 2 weeks in the 
out-patient department (OPD) and 1 day every week in the in-patient department (IPD), surveillance 

247Disease Burden and Health Economics 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

physicians collected nasal and throat swabs from all children aged < 5 years, who presented with any 
2 symptoms, including fever, cough, or difficulty breathing within 7 days of symptom onset and 
resided in the primary catchment areas of the hospitals. Respiratory specimens were tested for 
influenza viruses using real-time reverse transcription polymerase chain reaction. Investigators 
identified the primary catchment areas of the hospitals by reviewing the hospital log books and 
identifying the areas where majority of the patients resided. During 2008-2009, we conducted a health 
utilization survey in the primary catchment areas of the 4 hospitals to determine the proportion of all 
episodes of respiratory infection among children aged < 5 years meeting the case definition (any 2 of 
fever, cough , or difficulty breathing) in the preceding 12 months that received outpatient or inpatient 
care  at the surveillance hospitals. We estimated the incidence of medically attended and hospitalized 
influenza-associated illness by dividing the estimated number of children who were laboratory 
confirmed for influenza in the OPD and IPD by the population aged < 5 years of the catchment areas 
and adjusted for the proportion of children who sought care at the surveillance hospitals. Results:  In 
2011, 569 children were enrolled from the OPD and 209 from the IPD.  In 2012, 709 children were 
enrolled from the OPD and 153 from the IPD. In 2011, 9% (50/569) of respiratory specimens from 
children attending OPD and 3% (6/209) from children admitted in the IPD tested positive for influenza. 
Similarly in 2012, 6% (43/709) of respiratory specimens from children attending OPD and 2% (3/153) 
from children admitted in the IPD tested positive for influenza. Of the 93 specimens that were positive 
for influenza infection from OPD in both years, 48% were laboratory confirmed for influenza B, 27% 
for influenza A/H3 and 25% for A(H1N1)pdm2009. Among the 9 respiratory specimens that were 
laboratory confirmed for influenza infection from IPD, 7 (78%) were influenza B; 1 was influenza A/H3 
and the other was for influenza A(H1N1)pdm2009. The median age of influenza positive children 
attending OPD was 22 months (IQR 13-36 months) and that of influenza positive children admitted in 
the IPD was 12 months (IQR 6-22 months). From the health utilization survey, we identified 744 
children who required ambulatory care for respiratory symptoms and 18 (2.4%) of them sought care at 
the OPD of the surveillance hospitals. Similarly 60 children required hospitalization due to respiratory 
symptoms in the preceding year and 21 (35%) of them were admitted in the IPD of the surveillance 
hospitals. The estimated incidence of ambulatory influenza illness per 100 children per year was 13.3 
(95% CI 10-20) in 2011 and 11.3 (95% CI 9-19) in 2012. Similarly, incidence of hospitalized influenza 
illness per 1000 children per year was 0.5 (95% CI 0.09-1.2) in 2011 and 0.3 (95% CI 2-4.3) in 2012. 
Conclusion: Data from our surveillance suggest that influenza is associated with a high incidence of 
illness requiring medical attention in very young children. Though influenza vaccine is not routinely 
recommended in the country, children in Bangladesh may benefit from influenza-specific 
interventions.  

P1-303 

Incidence of influenza like illness among children under 5 years of age in 
Suzhou community, China: multiple cross-sectional telephone surveys 

T Zhang1, J Wu1, LL Chen2, J Zhang2, YF Ding3, D Wang1, YW Jiang1, Q Geng1, JG Wei1, ZJ Feng4, J 
McFarland5, GM Zhao1* 

1Department of Epidemiology, School of Public Health, Fudan University, Key Laboratory of Public 
Health Safety, Ministry of Education, Shanghai, China; 2Suzhou Municipal Center for Disease Control 
and Prevention, Suzhou, China, 3Suzhou Children’s Hospital, Suzhou University, Suzhou, China; 
4Chinese Center for Disease Control and Prevention, Beijing, China, 5US Centers for Disease Control 
and Prevention, Atlanta, Georgia, United States 

Background: Influenza surveillance systems could not identify the true burden of illness caused by 
influenza in the community because they are restricted to consulting cases. A telephone survey was 
conducted to estimate the incidence and the burden of self-defined influenza like illness (ILI), and to 
describe healthcare seeking behavior in Suzhou children population. Methods: From January 2012 to 
April 2013, we conducted 4 (January 2012, October 2012, January 2013 and April 2013) random, 
population-based cross-sectional telephone surveys on children under 5 years of age. Each survey 
would not last longer than 1 month. The sampling frame was Suzhou immunization database stratified 
by region and age group. The sampling proportion was basing on the population size. Each survey 
would not last longer than 1 month. Results: In total, there were 14711 children had been sampled to 
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telephone survey, 7975 (54.2%) of them can be reached by phone at most 3 calls, with 7258 (91.0%) 
who agreed and finished the survey and 717 (9.0%) rejected. Of the 7258 children who finally finished 
the survey, 3820 (52.6%) were boys and 3438 (47.4%) were girls; and 24.7% were under 1 year old, 
23.8% of them were 1 year old, 18.9% were 2 years old, 16.5% were 3 years old and 16.1% were 4 
years old. The sample was representative in terms of gender, region, age, and population size. 
Overall, there were 3096 children reported with onset of fever, cough, sore throat, vomit, and/or 
diarrhea in the past month, and 1395 (45.1%) of them had visits to hospitals. In detail, there were 
1699 (23.4%) children had onset of runny rose, 1665 (22.9%) children had onset of cough, 660 
(9.1%) children had fever, 290 (4.0%) had diarrhea, 211(3.9%) with sore throat, and 145 (2.0%) had 
vomiting. The consultation rates were different when onset of different symptoms (fever 78.2% > sore 
throat 75.2% > vomiting 64.0% > diarrhea 63.7% > cough 55.5% > runny nose 36.3%). Of those who 
felt sick but didn’t visit hospitals, most of them (56.3%) were treated by themselves, and 41.3% of 
them stayed at home to recover. The child reported with onset of fever and cough or sore throat in the 
past month, we would count as one ILI case. The incidence rate of self-reported ILI in children under 
5 years old was 5.6 per 100 children (95%CI: 5.0-6.1). The highest ILI incidence was 7.0 per 100 
children (95%CI: 5.9-8.2) in January 2012, the lowest ILI incidence was 3.5 per 100 children (95%CI: 
2.6-4.4) in April 2013. There was no difference between boys and girls on ILI incidence. Of the 404 
self-reported ILI cases, 327 (80.9%) children sought health care in hospitals. The consultation rates of 
ILI varied from 73.7% to 85.0% by each survey, and the mean consultation rate was 80.9% (95%CI: 
77.1%-84.8%). The children who had ILI preferred to go to the local hospitals (26.0%), the tertiary 
children hospital (22.8%), and community health service centers (13.6%) to seek health care. 
Conclusion: The self-defined ILI causes a significant burden of illness in the children in Suzhou 
community and it is a frequent cause for consultation. These results are complementary to the 
influenza surveillance data in interpretation of the influenza disease burden. 
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The burden of influenza-associated respiratory disease in South Africa: a 
preliminary estimate 

A Cohen1, S Walaza2, E Variava3,4, S Madhi2,4 , H Dawood5,6, K Kahn4,7,8, J Moyes2, S Tempia1,2, M 
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Diseases and Meningitis, National Institute for Communicable Diseases, Johannesburg, South Africa; 
3Klerksdorp Tshepong Hospital, Klerksdorp, South Africa; 4Schools of Public Health and 
Pathology, University of the Witwatersrand, Johannesburg, South Africa; 5Medical Research 
Council: Respiratory and, Meningeal Pathogens Research Unit, Johannesburg, South Africa; 
5Pietermaritzburg Metropolitan Hospital Complex, Pietermaritzburg, South Africa; 6University of 
KwaZulu Natal, South Africa; 7Umeå University, Umeå, Sweden; 8INDEPTH Network, Accra, Ghana; 
9University of Pretoria, Pretoria, South Africa 

Background: South Africa, like many countries, has ongoing surveillance for respiratory disease in a 
select number of sentinel sites. However, apart from national estimates of excess mortality associated 
with influenza, there is limited information on the complete disease burden of influenza in South 
Africa. The objective of this study was to create the first, preliminary estimate of the annual number of 
cases of influenza-associated respiratory disease in South Africa. Materials and Methods: Based on 
data from a sentinel severe acute respiratory illness (SARI) surveillance programme conducted in 6 
hospitals in 4 provinces in South Africa, we used a multiplier model to estimate the annual national 
number of influenza-like illness cases, respiratory hospitalizations, and in-hospital deaths associated 
with influenza in South Africa from 2009-2011. We measured incidence rates of hospitalizations at 1 
large hospital in Soweto with population denominators. To estimate the number of deaths, we applied 
the in-hospital influenza-associated SARI case-fatality rate from all 6 hospitals in the surveillance 
programme to the influenza-associated SARI incidence from the 1 hospital. We accounted for deaths 
of SARI patients who were not enrolled in the surveillance system using data from two hospitals that 
have monitored the deaths of all patients hospitalized with respiratory illness at the hospital, whether 
enrolled in SARI surveillance or not. To estimate the number of influenza-like illness cases, we used 
the published literature to determine the ratio of cases to hospitalizations. To estimate the national 
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number of cases, hospitalizations, and deaths, we applied the age-specific incidence rates by age 
and HIV infection status from the one hospital with population denominators to the total population of 
South Africa using census data. Results: From 2009-2011, an annual mean of 2,986 (range 2890-
3155) SARI cases were enrolled, and a mean of 254 (8.5%) were laboratory-confirmed influenza. 
There were 24 deaths among the 790 influenza-associated SARI hospitalizations (case-fatality ratio 
3.0%). The mean crude annual incidence rate of influenza-associated SARI hospitalizations was 
highest in HIV-infected children < 5 years of age (452/100,000), followed by HIV-infected adults 20-64 
years of age (216/100,000) and HIV-uninfected children < 5 years of age (214/100,000). Over the 3 
years, the estimated mean incidence rate per 100,000 population was 13,149 (range 11,203-16,885) 
cases of influenza-like illness, 63 (range 55-77) hospitalizations, and 3 (range 3-3) deaths. 
Extrapolating data from this hospital to national census data, we estimate that there were 
approximately 6.6 million (range 5-6-8.4) influenza-associated cases of influenza-like illness, 31,000 
(range 27,740-38,491) hospitalizations for influenza-associated pneumonia, and 1500 (range 1353-
1674) in-hospital deaths from influenza-associated pneumonia annually in South Africa. The highest 
number of annual hospitalizations and deaths were among children < 5 years of age (mean 11,992 
hospitalizations and 158 deaths annually) and HIV-infected adults 25-64 years of age (mean 10,975 
hospitalizations and 938 deaths annually). The disease burden was highest in 2009, the year of the 
influenza A(H1N1)pdm09 pandemic. Overall, an estimated 16.9%, 11.3%, and 11.4% of the general 
population had influenza-associated respiratory disease in 2009, 2010, and 2011, respectively. The 
years of potential life lost to age 60 years were 67,276 in 2009, 54,822 in 2010, and 47,963 in 2011. 
Conclusions: These estimates suggest that influenza causes a substantial burden of respiratory 
disease in South Africa. The highest burden in Soweto and extrapolated nationally is among children 
< 5 years of age and HIV-infected adults. Influenza-associated deaths occur primarily among HIV-
infected adults. These disease burden estimates are likely an underestimate because patients with 
pneumonia in South Africa may not be hospitalized, SARI surveillance only monitors respiratory 
infection, and our mortality estimates are based on a small number of deaths identified through 
hospital-based surveillance. Extrapolating national estimates from one surveillance site may lead to 
bias if the site is not representative of the country as a whole. To reduce the burden of influenza in 
countries like South Africa, young children and adults with HIV infection should be targeted for 
interventions such as influenza vaccination. 

P1-306 

Two levels of the influenza severity pyramid caught with one system 

S Buda, M an der Heiden, K Köpke, W Haas, U Buchholz*  

Department of Infectious Disease Epidemiology, Robert Koch Institute, Germany 

Background: Most concepts of risk assessment concerning influenza (seasonal and pandemic) 
include at least 2 factors, transmission and severity. Usually a pyramid with different levels of severity 
is used showing symptomatic cases that do not need medical consultation at the base followed by 
outpatient influenza-like illness (ILI) or acute respiratory illness (ARI) surveillance, the hospital level, 
intensive care unit level (ICU) and fatal outcomes at the peak. Sentinel systems in primary care 
(outpatient surveillance) are established in European countries for about 20 years and provide 
valuable information about the time course and burden in the population. However, establishing 
respective systems at the hospital level is an unsolved challenge in many countries. Here we present 
an approach that uses data from primary care reporting data of the next higher level of the pyramid. 
Materials and Methods: About 550 sentinel primary care physicians of the Working Group Influenza 
(Arbeitsgemeinschaft Influenza) provide weekly data on ARI patients in different age groups, but also 
the weekly number of ARI patients that need hospitalisation due to their illness. With a negative 
binomial logistic regression model we estimated the excess of medically attended ARI (MAARI) due to 
influenza in five age groups and multiplied these estimated weekly influenza consultations with the 
age-groupspecific proportion of reported hospitalised ARI-Patients during the influenza season. 
Results: Between seasons 2001/02 and 2012/13 influenza consultations in Germany ranged from 1 to 
over 7 million per season (1300-9500 per 100,000 population), with considerable differences between 
age groups. Estimated influenza hospitalisations ranged from 4000 to over 37,000 per season (5-45 
per 100,000 population). For the 2012/13 season, 7.8 million outpatients and 30,000 inpatients were 
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estimated for influenza. Case-hospitalisation rate was 0.4% and had an age dependent inverted L-
shaped curve (preliminary data). In comparison, the mandatory notification system (where only 
laboratory confirmed cases are notified) reported 71,200 influenza cases of whom 11,400 were 
hospitalised (case-hospitalisation rate 15%). Conclusions: We used an indirect approach to get 
information about the number of hospitalized influenza patients and the case/hospitalisation ratio 
through the primary care physician sentinel. Although there is a risk of underestimating the number of 
influenza hospitalisations and only aggregated data in five age groups are available, valuable, age-
specific information about the severity of the influenza season was obtained in a timely manner. In 
combination with a system that focuses on the ICU this hospital “surveillance gap” could be closed.  

P1-307 

Acute respiratory infections and influenza-like illnesses: how many does a 
person have in a year?  

U Buchholz1*, C Remschmidt1, M an der Heiden1, K Tolksdorf1, M Herzhoff1, S Kaersten1, S Buda1, W 
Haas1, C Bayer1,2 

1Robert Koch Institute, Department for Infectious Disease Epidemiology, Berlin, Germany; 
2Postgraduate Training for Applied Epidemiology (PAE, German FETP) and European Programme for 
Intervention Epidemiology Training (EPIET) 

Background: Since 2011, the Robert Koch-Institute has been running the internet-based syndromic 
monitoring system GrippeWeb to measure acute respiratory infections (ARI) and influenza like 
illnesses (ILI) directly within the population. Usually, the incidence of ARI or ILI is determined by 
calendar week in a given population; however, the number of ARI or ILI per year in a given individual 
has been measured rarely, but are important for example for person-based socio-economic, and 
burden of disease calculations. Materials and Methods: Any person aged 14 years or older may 
register with GrippeWeb, parents can report for their children below the age of 14 years. Participants 
receive weekly reminders to report if they had a new onset respiratory illness in the previous weeks. 
We defined ARI as an acute respiratory infection with new onset and 1 of the symptoms fever, cough, 
or sore throat. ILI is defined as ARI with fever and cough or sore throat. We excluded the first 4 
reports from each participant, ignored ARI or ILI if they occurred immediately after a week when an 
ARI or ILI was reported, and restricted analysis to those who reported at least 90% of the 52 weeks 
between weeks 35/2011-34/2012. Results: 62% of GrippeWeb participants reported at least 90% of 
all weeks. Data from 780 participants could be analysed. The median number of annual ARI was 5.5; 
3; 3; 2 and 1 among participates aged 0-4, 5-14, 15-34, 35-59, and 60+ years. The median number of 
annual ILI was 2; 1; 0; 0; and 0 in the same age groups. Nine (1%) participants had between 10 and 
12 ARI per year and 4 (44%) of these were older than 14 years. During the analysed period 27% and 
16% of all participants included in this analysis attended health care at least once for an ARI or ILI, 
respectively. Conclusions: The presented results show that adherence of GrippeWeb participants to 
regular reporting is astonishingly good allowing cohort analyses, such as those presented. Numbers 
of ARI per year are strongly age-dependent. Frequent ARI among 0-4 year-old children, including 
possible sequelae, such as otitis media, are likely to have substantial socio-economic impact. Results 
may be used for burden of disease calculations.  
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P1-308 

Towards more specific and transparent research and development costs: the 
case of seasonal influenza vaccines 

A Chit1,2*, J Parker1, SA Halperin3, M Papadimitropoulos1,4, M Krahn1, P Grootendorst1 

1University of Toronto, Toronto, Ontario, Canada; 2Sanofi Pasteur, Toronto, Ontario, Canada; 
3Canadian Center for Vaccinology, Dalhousie University, Halifax, Nova Scotia, Canada; 4Eli Lilly 
Canada Inc, Scarborough, Ontario, Canada 

Background: The ability to calculate the development costs for specific medicines and vaccines is 
important to inform investments in innovation. Unfortunately, the literature is predominated by 
nonreproducible studies only measuring aggregate level drug research and development (R&D) 
costs. We describe methodology that improves the transparency and reproducibility of primary 
indication expected R&D expenditures. Methods: We used publically accessible clinical trial data to 
investigate the fate of all seasonal influenza vaccine candidates that entered clinical development 
post year 2000. We calculated development times and probabilities of success for these candidates 
through the various phases of clinical development. Clinical trial cost data obtained from university 
based clinical researchers were used to estimate the costs of each phase of development. The cost of 
preclinical development was estimated using published literature. Results: A vaccine candidate 
entering preclinical development in 2011 would be expected to achieve licensure in 2022; all costs are 
reported in 2022 Canadian dollars (CAD). After applying a 9% cost of capital, the capitalized total 
pretax R&D expenditure amounts to $474.88 million CAD. Conclusion: Clinical development costs for 
vaccines and drugs can be estimated with increased specificity and transparency using public 
sources of data. The robustness of these estimates will only increase over time due to public 
disclosure incentives first introduced in the late 1990s. However, preclinical development costs 
remain difficult to estimate from public data. Competing Interest and Funding: Ayman Chit is a current 
employee of Sanofi pasteur (SP) and a former employee of GlaxoSmithKline (GSK). Jayson Parker 
has worked in the pharmaceutical industry and advises a hedge fund which invests in life sciences. 
Scott Halperin has received research contracts and grants and has served on ad hoc advisory boards 
for vaccine manufacturers. Manny Papadimitropoulos is an employee of Eli Lilly & Company. Paul 
Grootendorst has provided expert testimony and/or reports on behalf of both generic and branded 
drug companies and has received financial and in-kind research support from pharmaceutical 
companies. Data base access to Trialtrove was provided through the GSK subscription. Other than 
Ayman Chit’s direct contribution, GSK and SP had no role in the study design, interpretation of 
results, or decision to publish. All opinions expressed are solely those of the authors. 

P1-309 

Will QIV be more cost-effective than TIV in preventing influenza in Taiwan? 

M Yang*, C Tan, J Su 

Institute of Health Policy and Management, National Taiwan University, Taipei, Taiwan 

Background: An influenza pandemic occurrence could lead to heavy economic burden and social 
disorder, and heavily strain the existing public health services. In Taiwan, the prevalence rate of 
influenza increased from 4.9 in 2009 to 6.4 per 100,000 in 2011 with the attack rate being 10%-20% 
among the general population and 40%-50% in densely populated areas such as schools, nursing 
homes, and hospitals. The mortality rate caused by influenza was 9.0% in 2011/2012. Vaccination is 
recommended by the WHO as the most effective way to prevent infection and severe outcomes 
caused by influenza viruses. Among healthy adults, influenza vaccine can prevent approximately 70% 
to 90% of influenza illness. Since 1998, Taiwan has initiated a government-funded trivalent influenza 
vaccine (TIV) vaccination program to priority groups as the first-line strategy to prevent seasonal 
influenza. These priority groups include the elderly, children aged 6 months to 6 years-old, school-
aged children, residents of nursing care facilities, health care workers, livestock breeding workers, 
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and animal epidemic prevention workers. The coverage rates of influenza vaccine were 61.9% in 
children aged 6 months to 6 years and 37.3% in the elderly.  The annual TIV is composed of 2 
influenza A virus strains, A/H1N1 and A/H3N2, and 1 influenza B virus strain. The B-lineage in the 
vaccine is either from the Yamagata or Victoria lineage. When the B-lineage strain that is included in 
the vaccine does not match the circulating B-lineage virus, the vaccine will not provide optimal 
protection against influenza B. Between 2000 and 2010, the circulating strains of influenza B 
compared with A has varied from 1.3% to 56.2%. However, in 2004/2005, the proportion of influenza 
B was over 70% and with 51% of the circulating influenza B strain not being covered by the vaccine. 
An alternative strategy is to provide a quadrivalent influenza vaccine (QIV) to increase the protection 
against influenza. A QIV adds a second influenza B strain representing the other influenza type B-
lineage which could eliminate a mismatch in lineage between the vaccine and circulating strains. The 
objective of the study is to assess the cost-effectiveness of QIV vs TIV as an influenza vaccine 
strategy from the perspective of the Department of Health (DOH) in Taiwan. Materials and Methods: A 
multicohort Markov model was applied to assess the costs and effects of QIV in Taiwan. Data related 
to medical resource use, efficacy of vaccine were derived from existing literature. Direct costs data 
were obtained from the National Health Insurance claims database released by the Collaboration 
Center of Health Information Application (CCHIA) of the Department of Health. An Excel-based 
program was used to conduct the simulation. Outcomes included computed life-years, quality-
adjusted life years (QALYs), influenza cases avoided, medical costs averted and incremental cost-
effectiveness ratios (ICERs). The perspective of the Department of Health is assumed and costs are 
expressed in US dollars (US$). The discount rate of costs and effect is 3.5% and the time horizon 
used in the model is 100 years. Results: Under a universal mass vaccination strategy utilizing QIV 
instead of TIV will avoid 3590 deaths and bring an additional 10,556.7 QALYs at an extra cost of 
US$429.4 million, yielding an ICER of US$40,670.5 per QALY gained. When herd effect is taken into 
consideration, the ICER was US$30,854.5 per QALY gained. The cocirculation of influenza A and B 
virus strains had the greatest impact on the uncertainty of the base case ICER. When setting the 
willingness-to-pay threshold at 3 times per capita GDP (US$61,134 in 2012), the probability that QIV 
is cost-effective when compared with TIV was 72% (with herd effect assumption) and 54% (without 
herd effect assumption). Conclusions: These results would aim to provide decision makers with health 
economic information about the cost-effectiveness of implementing QIV in a mass vaccination 
program as compared to TIV. From this perspective and in a public health context in Taiwan, the QIV 
could be considered a cost-effective strategy. 

P1-310 

Influenza-related mortality in the United Kingdom (UK): a linked General 
Practice Research Database (GPRD) analysis 2001-2009 

G Meier1*, RD Pockett2, P McEwan3, J Watkins4, I Humphreys2 

1GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United States; 2Swansea Centre for 
Health Economics, Swansea University, Swansea, United Kingdom; 3HEOR Consulting, Monmouth, 
United Kingdom; 4Public Health Wales and Cardiff University, Pontypool, United Kingdom 

Background: This study aimed to determine the mortality burden associated with seasonal influenza 
in the United Kingdom (UK) using linked: individual patient, hospital and family doctor records, 
including mortality stratified by: age, risk factors and complications. Materials and Methods: A cross-
sectional observational study was carried out using data derived from the linked General Practice 
Research Database (GPRD), between January 2001 and March 2009. Included subjects were all 
those with family doctor episodes of care coded for acute respiratory events related to infection 
(influenza, upper and lower respiratory tract infections [LRTI], and influenza-like illness [ILI]). Analyses 
were stratified by age and by “at-risk” categories (in the UK, people with certain conditions are 
recommended to be vaccinated against influenza). All-cause mortality, with and without 
hospitalisation was analysed. This included a period of 28 days post-discharge and stratified mortality 
by risk status, complication (cardiovascular, central nervous system, cerebrovascular, gastric bleed, 
renal, chronic obstructive pulmonary disease [COPD], upper/lower respiratory related) and by age 
groups (≤ 5, 5-18, 19-49, 50-64, and ≥ 65 years). Extrapolation of mortality data from this study to UK 
population was also considered. Results: 156,193 influenza-like episodes were recorded during the 
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study period (12.5 million population), of which 1,289 (0.8%) had an associated death which occurred 
either in primary or secondary care (within 28 days postdischarge). Of these, 87% of deaths were not 
associated with a hospital admission, 3% occurred in children aged ≤ 18 years and 60% in persons 
aged ≥ 65 years. The mean age of overall mortality was 70.6 years (SD = 22.6). For deaths that 
occurred in hospital, the mean age was 79.5 years (SD = 11.2) and it was noted that 10% of all 
hospitalisations were associated with a death. 89% of all hospital deaths occurred in subjects aged ≥ 
65 years and none in children. Analysis of all-cause death hospitalised and 28 days-post discharge 
increased the overall hospital related deaths by 7.7%. Mortality rates per 100,000 persons by study 
age group (including 28 days postdischarge) were 1.2, 1.3, 3.8, 5.3, and 46.7, respectively. The risk 
of mortality was lower in those vaccinated; odds ratio 0.78. With respect to comorbid conditions, 
chronic heart disease and diabetes were the most commonly recorded comorbidities in the at-risk 
cohort and were present in 49% and 28%, respectively, of all high risk deaths. Renal disease and 
immuno-compromised subjects had the highest likelihood of death, with 25% of all renal subjects 
getting influenza dying, as well as 11% of all immuno-compromised subjects. In subjects who died 
with a complicated influenza case, the major complications present were LRTI, COPD and 
cardiovascular complications. Highest mortality rates were in patients aged ≥65 years. When the 
burden and mortality demonstrated by this study are extrapolated to the UK population, it is estimated 
that 760,000 cases of ILI occur each season and that the mortality associated with influenza could be 
approximately 6250 each year. Conclusions: This study, the first of its kind in the UK, demonstrates 
that seasonal influenza, even at a time of low overall activity, is associated with substantial mortality 
and illness, which is potentially preventable by vaccination. This study is likely to underestimate the 
true impact of influenza due to only capturing individuals who visited a physician, as most affected 
individuals self-diagnose, and due to the incompleteness and coding errors inherent within 
administrative databases. 

P1-311 

Age and gender differences in hospitalization associated with influenza in 
Hong Kong, 2004-2010 

XL Wang1*, L Yang1, KH Chan2, KP Chan1, PH Cao1, JSM Peiris1,3, CM Wong1 

1School of Public Health, The University of Hong Kong, Hong Kong Special Administrative Region, 
People’s Republic of China; 2Department of Microbiology, Queen Mary Hospital, Hong Kong Special 
Administrative Region, People’s Republic of China; 3HKU-Pasteur Center, Hong Kong Special 
Administrative Region, People’s Republic of China  

Background: Influenza is associated with substantial hospitalization burden around the world. 
Identifying the high-risk groups of influenza-associated hospitalization is critical for optimal allocation 
of medical resources. Children, elderly and those with underlying conditions have long been 
recognized as high-risk groups for seasonal influenza and listed as priority groups for vaccination. 
However, few studies have explored the gender difference in influenza associated hospitalization 
risks, although men and women differ in their susceptibility of influenza virus infection, immune 
response to influenza virus infection, and vaccination and health seeking behavior. Moreover, these 
gender discrepancies likely have different patterns across age. In this study, we assessed the age-
gender-specific hospitalization burden associated with seasonal H1N1 (sH1N1), H3N2, pandemic 
H1N1 (pH1N1), and B viruses. Methods: We applied the quasi-Poisson regression model to weekly 
numbers of hospitalization from 2004 to 2010 in Hong Kong. Hospitalization from 2004 to 2010 in 
Hong Kong were aggregated into gender-specific weekly numbers for the following disease 
categories: acute respiratory disease (ARD) and pneumonia and influenza (P&I) for the age groups of 
0-17, 18-64 and 65+ years, and gender-specific cardiovascular disease (CVD), ischemic heart 
disease (IHD), cerebrovascular disease (stroke), and diabetes mellitus (diabetes) for the 65+ age 
group. Age- and gender-specific weekly proportions of positive specimens were respectively 
calculated for influenza A seasonal subtypes (sH1N1, H3N2), pandemic strain pH1N1, and influenza 
type B viruses, which were simultaneously entered into the Poisson models as virus proxy variables. 
Cocirculating respiratory syncytial virus, adenovirus and parainfluenza virus, as well as the long term 
and seasonal trend, temperature and relative humidity were adjusted in the model as confounding 
factors. Age- and gender- specific excess hospitalization numbers associated with each influenza 
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virus type/subtype were calculated by subtracting the baseline from the observed hospitalization. 
Here the baseline hospitalization for each influenza virus type/subtype was predicted from the models 
by setting the corresponding virus proxy to zero, ie, assuming no such virus was circulating. Excess 
hospitalization rate was obtained by dividing the excess hospitalization number with the population 
size. The 95% confidence interval of excess hospitalization rate was calculated by bootstrap method. 
The male/female ratio (M/F ratio) of excess hospitalization rate for each disease category was then 
calculated and its 95% confidence interval was estimated by delta method. Results: For ARD and 
P&I, excess hospitalization rates associated with seasonal and pandemic influenza type/subtype 
showed a U shape for the age groups of 0-17, 18-64 and 65+, but pH1N1-associated hospitalization 
rates were slightly elevated for adults aged 18-64 for both men and women. In the 0-17 age group, 
men showed higher excess hospitalization rates than women, with the M/F ratios ranging from 1.2 to 
1.8. These M/F ratios were statistically significant (P < .05) only for P&I hospitalization associated with 
sH1N1, H3N2, and pH1N1, respectively. In the 18-64 age group, the excess hospitalization rates 
were comparable between men and women, and none of the M/F ratios were significant. In the 65+ 
age group, men showed higher risk than women for seasonal influenza viruses, with the highest M/F 
ratios for H3N2 (1.9 for ARD and 2.1 for P&I), followed by sH1N1 and B. Men generally showed lower 
hospitalization rates associated with pH1N1 than women, although the M/F ratio was not significant. 
For CVD, IHD, stroke, and diabetes in the 65+ age group, men tended to have higher excess 
hospitalization rates associated with all seasonal influenza viruses than women. But men showed a 
lower risk than women for pH1N1 associated hospitalization rates of CVD, IHD, and diabetes. 
Conclusions: In children and the elderly, men had higher excess hospitalization rates associated with 
seasonal influenza viruses than women. But the gender effects were different between age groups for 
the pandemic virus, with a higher rate for men in children but for women in the elderly. In adults below 
65 years of age, the hospitalization burdens of seasonal and pandemic influenza are generally 
comparable between men and women.   

P1-312 

A Bayesian method to estimate the disease burden of multiple respiratory 
viruses 

L Yang1*, KP Chan1, SS Chiu2, KH Chan3, JSM Peiris1,4, CM Wong1

1School of Publish Health, The University of Hong Kong, Hong Kong Special Administrative Region, 
China; 2Department of Paediatrics and Adolescent Medicine, The University of Hong Kong, Hong 
Kong Special Administrative Region, China; 3Department of Microbiology, The University of Hong 
Kong, Hong Kong Special Administrative Region, China; 4HKU - Pasteur Research Centre, Hong 
Kong Special Administrative Region, China 

Background: Although the disease burden of influenza and respiratory syncytial viruses (RSV) has 
been intensively studies, few attempts have made on other respiratory viruses such as adenovirus 
and parainfluenza. Poisson models with virus proxies have become a commonly used modeling 
approach in disease burden studies, but it failed to derive reliable estimates simultaneously for 
multiple respiratory viruses. In order to improve the estimates of the disease burden respiratory 
viruses, here we introduced a Bayesian inference method in Poisson models and also assessed, its 
validity and reliability using empirical data. Materials and Methods: Poisson models were first fitted to 
weekly numbers of hospitalizations diagnosed with acute respiratory diseases in children aged less 
than 18 years in Hong Kong Island from 2004 to 2010. Virus proxy variables of weekly age-specific 
positive numbers for influenza A (seasonal subtypes sH1N1, H3N2 and pandemic strain pH1N1), 
influenza B, RSV, parainfluenza, or adenovirus, together with seasonal confounders of time and 
temperature, were simultaneously added into these models. A Bayesian inference method based on 
Gibbs sampling (BUGS) was then applied to estimate the parameters of each virus proxy. The 
baseline in assessing hospitalization associated with each virus was separately derived by setting the 
corresponding virus proxy to zero. Excess hospitalizations were calculated as the difference between 
observed and baseline rates. The performance of these models was quantified by the mean absolute 
percentage difference (MAPD) between estimates of excess hospitalization rates and true rates with 
laboratory confirmed infections in a cohort of pediatric patients. The model with smaller MAPD was 
regarded as the model with better performance. The classical maximum likelihood inference method 
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and a variety of virus proxies (age-specific and all-ages positive proportions of specimens) were also 
compared with the new Bayesian inference method. Results: In the models using the same virus 
proxies, the estimates from the Bayesian inference had smaller MAPD from the observed rates than 
the classical likelihood estimates, particularly for RSV, parainfluenza, and adenovirus. Compared with 
the proxy variables of all-ages and age-specific positive proportions, the proxies of age-specific 
positive counts provided the estimates closer to the observed hospitalization rates for influenza A 
subtypes, influenza B, RSV, parainfluenza, and adenovirus, regardless of inference methods. The 
combination of Bayesian inference and age-specific count proxies provided the better estimates than 
the other combinations, with smaller absolute percentage difference from the observed rates. This 
new modeling approach also successfully captured the change in the effects of seasonal influenza 
viruses and noninfluenza viruses during the 2009 pandemic period. Conclusions: The Bayesian 
inference combined with the proxies of age-specific positive numbers provided the most optimal 
estimates for excess hospitalization associated with multiple respiratory viruses in both the 2009 
H1N1 influenza pandemic and interpandemic period. This modeling approach could be applied to 
other warm and cold regions. 

P1-313 

Influenza-associated mortality in Thailand, 2006-2011 

S Aungkulanon1*, PY Cheng2, K Bundhamcharoen1, M Chittaganpitch3, M McCarron2, K Kusreesakul1, 
S Olsen2,4

1International Health Policy Program, Ministry of Public Health, Nonthaburi, Thailand; 2Influenza 
Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3National 
Institute of Health, Ministry of Public Health, Nonthaburi, Thailand; 4Thailand Ministry of Public 
Health–United States Centers for Disease Control and Prevention Collaboration, Nonthaburi, Thailand 

Background: Influenza related mortality in subtropical or tropical regions particularly in developing 
countries remains poorly quantified and often underestimated. The results for wealthy subtropical 
countries (eg, Hong Kong and Singapore) may not be comparable with the impact of influenza in low 
or middle income tropical countries in Southeast Asia. We analyzed data in Thailand, a middle-
income tropical country with good vital statistics and influenza surveillance data. Methods: Weekly 
mortality data for all-cause and 3 underlying causes of death—cardiovascular (International 
Classification of Diseases, Tenth Revision [ICD-10], codes I00-99),  respiratory diseases (ICD-10 
codes J00-99) and pneumonia and influenza (P&I) (ICD-10 codes J10-18) from 2006 to 2011 were 
obtained from Bureau of Policy and Strategy, Ministry of Public Health (MoPH), Thailand. Weekly 
numbers of positive influenza A viruses and influenza B viruses, as well as the total number of 
specimens tested, were obtained from influenza sentinel surveillance system at the National Institute 
of Health, MoPH. A negative binomial regression model was used to estimate deaths attributable to 
influenza in 2 age groups (< 65 and ≥ 65 years) by incorporating influenza viral data as covariates in 
the model. Of all-cause deaths among person aged < 65 and ≥ 65 years, ill-defined deaths accounted 
for 25% (58% of these occurred in community) and 54% (87% occurred in community), respectively. 
To account for the high proportion of ill-defined cause of death, we reapportioned ill-defined deaths by 
age (< 65 and ≥ 65 years) to the various categories (P&I, respiratory, circulatory) so that the final 
proportion in each category was equivalent to those found in the in-hospital deaths. Results were 
presented as a range with and without the reapportioned ill-defined deaths. Results: From 2006 to 
2011, the average annual number of influenza-associated deaths from underlying 
respiratory/circulatory and from underlying P&I ranged from 1926 to 3115 (3.03-4.91 per 100,000), 
and from 567 to 965 deaths (0.89-1.52 per 100,000), respectively. Three quarters of underlying 
respiratory/circulatory deaths and 90% of underlying P&I deaths occurred in hospital. Deaths among 
persons aged ≥ 65 accounted for 63% and 52% of all influenza-associated deaths with underlying 
respiratory/circulatory and P&I causes, respectively. For underlying respiratory/circulatory coded 
deaths, the estimates of annual influenza-associated excess mortality ranged from 1.21 to 1.47 for 
person aged < 65 and from 24.53 to 45.71 per 100,000 for person aged ≥ 65. For underlying P&I 
coded deaths, the estimates of annual rates of excess deaths range from 0.46 to 0.66 and from 5.90 
to 11.63 per 100,000 for person aged < 65 and ≥ 65, respectively. Conclusions: In Thailand, these 
data suggest that influenza-associated mortality is more than 10 times greater than previously 
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appreciated from surveillance data. The year-round presence of influenza viruses made it difficult to fit 
a model to the data, but our initial approach did provide an important step for developing better 
models in tropical regions. 

P1-314 

Mortality associated with influenza and respiratory syncytial virus among 
individuals ≥ 5 years of age in a high HIV–prevalence setting—South Africa, 
1998-2009 

S Tempia1,2,3*, S Walaza3, C Viboud4, A Cohen1,2, S Madhi3,5,6, M Venter3,7, C von Mollendorf3, J 
Moyes3,8, J McAnerney3, C Cohen3,8 

1Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 
2Influenza Division, Centers for Disease Control and Prevention, Pretoria, South Africa; 3Center for 
Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the National 
Health Laboratory Service, Johannesburg, South Africa; 4Fogarty International Center, National 
Institutes of Health, Bethesda, Maryland, United States; 5Faculty of Health Sciences, University of 
the Witwatersrand, Respiratory and Meningeal Pathogens Research Unit, Johannesburg, 
South Africa; 6Department of Science and Technology/National Research Foundation: Vaccine 
Preventable Diseases, University of the Witwatersrand, Johannesburg, South Africa; 
7Zoonosis Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, 
South Africa; 8Faculty of Health Sciences, University of the Witwatersrand, School of Public 
Health, Johannesburg, South Africa 

Background: Available data suggest that the burden of influenza and respiratory syncytial virus 
(RSV) infection may be higher in developing countries and among HIV-infected individuals. 
Understanding the burden of influenza and RSV would assist policy makers to prioritize interventions. 
However, data on mortality due to influenza and RSV infection in low- and middle-income countries 
and particularly from high HIV–prevalence settings remains scanty. Materials and Methods: We 
estimated the influenza- and RSV-associated mortality among individuals ≥ 5 years of age in 5 age 
categories (5-19, 20-44, 45-64, 65-74, and ≥ 75 years of age) using national vital statistics data coded 
according to the International Classification of Diseases, Tenth Revision. We modeled the excess 
mortality attributable to influenza and RSV infection by applying Poisson regression models to 
monthly all-cause, all-respiratory, all-circulatory, and pneumonia and influenza (P&I) deaths, using 
national influenza and RSV laboratory surveillance data as covariates. Since the diagnosis of AIDS is 
rarely coded on the death certificate, we indirectly estimated the annual influenza- and RSV-
associated deaths among HIV-infected and -uninfected children using Poisson regression models that 
incorporated year- and age-specific HIV prevalence and highly active antiretroviral treatment 
(HAART) coverage as covariates. Results: Over the study period, the influenza season peaked 
between May and August with 10 of the 12 years experiencing peak activity in June-July. RSV peak 
activity was observed between March and April in 8 of the 12 years with early or late peaks observed 
in February or May in the remaining years. The mean annual number of influenza-associated deaths 
in individuals ≥ 5 years of age was 9093 (21.6 per 100,000 person-years), 3613 (8.5 per 100,000 
person-years), 3156 (7.5 per 100,000 person-years), and 2186 (5.2 per 100,000 person-years) 
among all-cause, all-respiratory, all-circulatory, and P&I deaths, respectively. The influenza-
associated mortality rate per 100,000 person-years for all-cause deaths was 0.8 in the 5-19 year age 
group, 10.7 in the 20-44 year age group, 37.3 in the 45-64 year age group, 115.4 in the 65-74 year 
age-group, and 379.2 in the ≥ 75 year age group. Among individuals ≥ 5 years of age the influenza-
associated mortality rate for all-cause deaths was greater in HIV-infected as compared with HIV-
uninfected individuals (age-adjusted relative risk aRR: 7.9; 95% CI: 7.1-8.9). The increased risk of 
influenza-associated mortality among the HIV-infected individuals was greatest in the 5-19 (RR: 46.6; 
95% CI: 20.9-104.3) and 20-44 (RR: 72.8; 95% CI: 38.1-138.9) year age groups, while no increased 
risk of influenza-associated mortality due to HIV infection was identified in individuals ≥ 65 years of 
age. A similar trend was observed for all-respiratory and P&I influenza-associated mortality, while no 
excess risk associated with HIV infection was identified among all-circulatory influenza-associated 
deaths. Among individuals ≥ 5 years of age, the annual RSV-associated mortality was 511 (1.2 per 
100,000 person-years) for all-cause deaths, 429 (1.0 per 100,000 person-years) for all-respiratory 
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deaths and 292 (0.7 per 100,000 person-years) for P&I deaths. Nonsignificant RSV-associated 
mortality was identified among circulatory deaths only in the 5-19 age group (mean annual deaths: 8). 
The RSV-associated mortality rate per 100,000 person-years for all-cause deaths was 0.4 in the 5-19 
year age group and 2.4 in the 20-44 year age group, while no RSV-associated mortality was identified 
in individuals ≥ 45 years of age. Among individuals < 45 years of age, where the HIV burden is 
highest, the RSV-associated mortality rate for all-cause deaths was much higher in HIV-infected as 
compared with HIV-uninfected individuals (aRR: 66.1; 95% CI: 26.0-163.2). Similar trends were 
observed for the RSV-associated mortality among all-respiratory and P&I deaths. Conclusions: 
Among individuals ≥ 5 years of age, the mortality burden associated with influenza infection was 
substantial especially among elderly individuals and HIV-infected older children and adults. 
Conversely, mortality associated with RSV infection was observed only in individuals aged < 45 years, 
and it was mainly associated with HIV-infection. 

P1-315 

Can excess mortality models estimate the mortality burden of multiple 
pathogens when their seasonality is synchronous? South Africa as a case 
study 

S Tempia1,2,3*, S Walaza3, C Viboud4, AL Cohen1,2, SA Madhi3,5,6, M Venter3,7, C von Mollendorf3, J 
Moyes3,8, J McAnerney3, C Cohen3,8 

1Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 
2Influenza Division, Centers for Disease Control and Prevention, Pretoria, South Africa; 3Center for 
Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the National 
Health Laboratory Service, Johannesburg, South Africa; 4Fogarty International Center, National 
Institutes of Health, Bethesda, Maryland, United States; 5Faculty of Health Sciences, University of 
the Witwatersrand, Respiratory and Meningeal Pathogens Research Unit, Johannesburg, 
South Africa; 6Department of Science and Technology/National Research Foundation: Vaccine 
Preventable Diseases, University of the Witwatersrand, Johannesburg, South Africa; 
7Zoonosis Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, 
South Africa; 8Faculty of Health Sciences, University of the Witwatersrand, School of Public 
Health, Johannesburg, South Africa 

Background: Since many influenza and respiratory syncytial virus (RSV) infections are not confirmed 
by laboratory diagnosis, and related deaths may be attributed to other comorbid conditions or 
secondary infections, modeling techniques have been used to estimate the mortality burden 
associated with these pathogens. In recent years, Poisson and negative binomial regression models 
have become a popular tool to simultaneously estimate the relative burden of mortality or 
hospitalization for several pathogens that have similar seasonal patterns. In countries and settings 
like the United States of America and England, where the influenza and RSV seasons are 
synchronous, both influenza- and RSV-associated mortality has been reported across age groups 
(including elderly individuals) and underlying causes of death. Using data from South Africa where the 
RSV season precedes the influenza season in most years, we assessed the behavior of the Poisson 
regression model over different timing of the RSV season from 1998 through 2009 to determine if 
synchronous RSV and influenza seasons confound estimates of mortality from these pathogens. 
Materials and Methods: We estimated the influenza- and RSV-associated mortality among individuals 
≥ 45 years of age using national vital statistics data coded according to the International Classification 
of Diseases, Tenth Revision. We modeled the excess mortality attributable to influenza and RSV 
infection by applying Poisson regression models to monthly all-cause, all-respiratory, all-circulatory, 
and pneumonia and influenza (P&I) deaths, using national influenza and RSV laboratory surveillance 
data as covariates. We then implemented a sensitivity analysis whereby we applied a 1 month 
incremental shift (1 to 5 months) of the RSV season while keeping the influenza season constant. 
This allowed us to model synchronous RSV and influenza seasons and compare the results with 
those from the observed asynchronous seasons. We then refitted the Poisson model for each 
underlying cause of death to obtain estimates of influenza- and RSV-associated mortality under each 
scenario whereby the RSV season progressively approaches and then diverges from the influenza 
season.  Results: Over the study period, the influenza season peaked between May and August with 
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10 of the 12 years experiencing peak activity in June-July. RSV peak activity was observed between 
March and April in 8 of the 12 years with early or late peaks observed in February or May in the 
remaining years. The estimated mean annual all-cause RSV-associated deaths in individuals ≥ 45 
years of age was 0 when actual data with asynchronous seasons were used (ie, no incremental shift 
of the RSV season was applied). However, the mortality associated with RSV increased progressively 
as we shifted the RSV season to make the influenza and RSV seasons more synchronous. We found 
a peak mean annual RSV-associated mortality of 3661 deaths when the RSV and influenza seasons 
coincided in most years (2 months incremental shift). Thereafter, the estimated mean annual RSV-
associated mortality decreased again to 0 when the peak circulation of the 2 pathogens were further 
apart (5 months incremental shift). This trend was observed for all underlying causes of death 
evaluated in this study. Conversely, the influenza-associated mortality remained comparable across 
the analyses implemented over the monthly shifts of the RSV season. The mean annual all-cause 
influenza-associated deaths ranged between 5811 (2 months incremental shift) and 6635 (4 months 
incremental shift) and was 6442 when no incremental shift of the RSV season was applied (actual 
data). Conclusions: Modeling indicated that no RSV-associated mortality was identified in South 
African individuals ≥ 45 years when no incremental shift of the RSV season was applied. However, 
the model would indicate substantial RSV-associated mortality when the RSV and influenza seasons 
were made artificially more synchronous. This suggests that careful interpretation of the results of 
such excess mortality models should be applied when used to simultaneously estimate the mortality 
attributable to pathogens that cocirculate. Ecological studies conducted in settings similar to ours, 
where influenza and RSV peak activities are not synchronous, may assist in better differentiating the 
relative burden of these pathogens in adults. 

P1-316 

Evaluation of the burden of acute respiratory infections and healthcare 
utilization behaviour in rural and urban populations of Madagascar 

M Northover1*, R Rakotoarisoa2, A Andrianasolo2, F Girond1, A Randriamoramanana1, P Piola1, JM 
Heraud3, C Rogier5

1Epidemiology Unit, Institut Pasteur from Madagascar, Antananarivo, Madagascar; 2Sociology 
Department, Catholic University from Madagascar, Antananarivo, Madagascar; 3National Influenza 
Center, Virology Unit, Institut Pasteur from Madagascar, Antananarivo, Madagascar; 4Institut Pasteur 
from Madagascar, Antananarivo, Madagascar 

Background: Data on the burden of influenza-like illness (ILI) and severe acute respiratory infections 
(SARI) are scarce in developing countries. In Madagascar, hospital-based surveillance of SARI has 
been effective since November 2010 in 2 hospitals in Antananarivo and Moramanga. Our study aimed 
at evaluating the burden of ILI and SARI in urban and rural population settings in Madagascar. We 
also describe health utilisation behaviours in our study area. Methods: A cross-sectional community-
based study was designed, targeting 19 administrative units in and around the town of Moramanga. A 
1-stage stratified cluster design was used with a sampling rate of 1:2 urban and 2:3 rural houses. 
Structured interviews used case definitions of sudden fever and cough for 2 weeks for ILI, and sudden 
fever, cough, and dyspnoea during 1 year for SARI. Socio-demographic data, medical history, and 
healthcare utilisation were also collected. Results: A total of 21,754 individuals were interviewed, with 
a global yearly incidence of SARI estimated at 5.5%, and an averaged 2 weekly ILI incidence 
estimated at 6%. Children were most affected, and cost of treatment most often cited as a barrier to 
care. In multivariate random effects models, living in urban areas, being < 5 years old, not being a 
farmer, being a professional, and living close to health facilities were all independently associated with 
improved access to health care facilities. Residual household effect on healthcare access behaviour 
remained significant (P < .0001). Rural populations were less likely to access care, more often visiting 
informal care structures. Urban populations were more likely to access private healthcare. 
Conclusions: The estimates of disease burden described demonstrate the importance of acute 
respiratory infections and suggest a larger toll on population health than previously documented. 
Future research into health care utilisation behaviours and ILI incidence will further improve public 
health planning and allow more targeted strategies. 
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Health facility-based surveillance for influenza in a health and demographic 
surveillance site in Ghana 

W Ampofo1*, M McMorrow2, I Asante1, M Adjabeng3, K Bonney1, F Dawood2, J Duque2, M Gyapong4, 
Y Karikari1, K Koram1, M Ntiri1, N Talla Nzussouo2, B Sarkodie3, J Amankwa3, M-A Widdowson2  

1Noguchi Memorial Institute for Medical Research, University of Ghana, Legon, Ghana; 2Influenza 
Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Public Health 
Division, Ghana Health Service, Accra, Ghana; 4Dodowa Health Research Centre, Ghana Health 
Service, Accra, Ghana 

Background: Influenza and other respiratory viruses cause substantial morbidity and mortality in 
developed countries. Recent data suggest that burden may be higher in less developed settings, such 
as Africa, where lower healthcare access and higher prevalence of certain coinfections such as HIV, 
malaria, and tuberculosis and other comorbidities exist. Among African children influenza has been 
shown to cause 22% and 10% of out-patient and in-patient respiratory illnesses respectively, and in 
Ghana, 30% of outpatient visits for respiratory disease during rainy seasons from 2008 through 2010 
were positive for influenza.  However these data are from sentinel surveillance, and few data exist in 
Africa, especially west Africa, on the rate of mild and severe disease in different groups and what 
specific risk factors may be important for severe disease. This study seeks to collect comprehensive 
data to determine seasonal baseline rates of influenza-like illness (ILI) and hospitalization due to 
severe acute respiratory illness (SARI) in a population of approximately 130,000 persons within an 
existing health and demographic surveillance system (HDSS) in Ghana. Materials and Methods: 
Surveillance for ILI and SARI was initiated in 17 health facilities serving the Dodowa HDSS population 
in February 2013. The case definition for ILI was an out-patient with a measured fever of at least 37.50 

C (axillary) and a cough, and for SARI was an in-patient with measured fever of at least 37.50 C 
(axillary) or a history of fever, and cough with onset in the last 7 days. In 9 of 17 facilities, 
epidemiologic data and nasopharyngeal (NP) and oropharyngeal (OP) samples are gathered from all 
patients meeting the SARI case definition and the first 5 ILI cases per week. The remaining 8 sites 
collect only epidemiological data on patients meeting the ILI case definition without collecting 
respiratory samples. Respiratory specimens are tested for influenza viruses at the National Influenza 
Center at the Noguchi Memorial Institute for Medical Research. The total number of hospitalizations 
and out-patient consultations are also collected from surveillance sites to assess the proportion of 
visits for respiratory illness, and the proportion of sampled patients who test positive for influenza 
viruses. Results: From February to April 2013, the total out-patient attendance for HDSS residents at 
9 health facilities was 7690 with 1177 (15.3%) visits for respiratory illnesses of which 136 (11.6%) 
were enrolled in ILI surveillance. Among 649 hospitalized HDSS residents, 87 (13.4%) had symptoms 
of respiratory disease, of which 56 (64.4%) met the SARI case definition and 47 (54.0%) were 
sampled. Additionally, epidemiological data from the remaining 8 health facilities found 2966 total 
outpatient visits among HDSS residents, of whom 612 (20.6%) had respiratory symptoms, and 132 
(21.6%) of these cases met the ILI case definition. To date, a total of 183 respiratory samples, 136 
(74.3%) from ILI and 47 (25.7%) from SARI patients have been tested for the presence of influenza 
virus.  Seven (5.1%) ILI patients and 1 SARI case (2.1%) were positive for influenza A/H3N2 infection. 
Conclusions: February, March and April are some of the hottest and driest months in Ghana. Despite 
this, influenza continued to circulate. Nearly year-round circulation of influenza viruses has been 
noted in other tropical climates with peak incidence following the rainy season. In such climates the 
burden of influenza may be even higher than in temperate countries, which makes documentation of 
influenza burden important in Ghana. In the initial 2 months of surveillance for SARI and ILI we have 
overcome challenges such as generalized classification of various admissions as respiratory related 
diagnosis and hard copy questionnaires preferred over personal digital assistants by clinical staff. 
Enhanced surveillance activities in these health facilities on the established platform will enable an 
estimation of influenza disease burden in Ghana.  
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Cost of all-cause and influenza-associated acute respiratory infections in north 
India 

DR Purakayastha1*, S Peasah2, FS Dawood2, S Saha2, R Amarchand3, S Broor3, V Rastogi3, M-A 
Widdowson2, RB Lal2, A Krishnan1

1Centre for Community Medicine, All India Institute of Medical Sciences, New Delhi, India, 2Centers 
for Disease Control, Atlanta, United States; 3INCLEN Trust International, New Delhi, India 

Background: Acute respiratory infections (ARI) are important causes of mortality and morbidity, 
especially among children. Data on the economic burden of ARI are important to guide policy 
decisions about options for ARI prevention, such as national recommendations for available vaccines 
against pneumococcal and influenza. However, the economic burden of ARIs is not well documented 
in India where a large proportion of the population incurs out of pocket expenditure for medical care 
and the annual per capita income is US $1375. We evaluated costs to patients for medically attended 
(outpatient and inpatient) episodes of ARI in select public and private hospitals in and around Delhi, 
India. Materials and Methods: A cross-sectional survey was conducted among patients attending the 
outpatient departments or hospitalized at 3 public and 8 private hospitals from September 2012 to 
March 2013. Participants were asked about direct medical costs (costs of consultation, investigations, 
and medications), nonmedical costs (travel, food, etc), and indirect costs (loss of wages) for treatment 
of ARI episodes. Participants were initially surveyed at the time of the outpatient consultation or 
during hospitalization and then followed up till the end of the episode. Nasopharyngeal swabs were 
taken only from hospitalized children (< 10 y) and elderly (> 60 y) patients and tested for influenza 
viruses by reverse transcription polymerase chain reaction. Data on the cost of outpatient services 
and hospital beds for public hospitals were obtained from the World Health Organization–Choosing 
Interventions that are Cost Effective (WHO-CHOICE, 2011) and these costs were added to costs 
reported by patients to calculate total direct medical costs of hospitalization; all costs were converted 
to 2013 US dollars using the Wholesale Price Index (WPI) of India. Median and interquartile range of 
costs per ARI episode were calculated by type (public vs private) and level of facility 
(Primary/Secondary/Tertiary); the private nursing homes were also categorized as secondary or 
tertiary based on availability of ICU care for the study. Results: A total of 523 patients were enrolled, 
including 309 outpatients and 214 hospitalized patients. Of the 309 (149 aged < 5 y) outpatients, 232 
were seen at public and 77 at private health facilities. The median direct and indirect costs to the 
patient per outpatient ARI episode were US$3.8 (IQR 2.70-9.69) and US$1.9(IQR 1.9-3.8) for public 
facilities, and US $9.5 (IQR 4.0-28.0) and US$3.8 (IQR 1.9-3.8) for private facilities. Among the 214 
(63 aged < 5 y) hospitalized patients, 88 were admitted to public and 126 to private facilities; the 
median length of hospitalization was 5 days (IQR 4-7). Compared with hospitalizations at public 
facilities, total costs (medical and nonmedical) were significantly higher at private facilities (US$117.6 
IQR 70.9-283.5 versus US$236.31, IQR 155.0-375.0, P < .001); medical costs alone were also 
significantly higher (US$92.4, IQR 56.2-198.3 versus US$203.5, IQR 140.4-336.8, P < .001). In 
contrast, caregiver’s median wage loss due to hospitalization was lower at private facilities (US$19.1; 
IQR 15.2-25.2) than at public facilities (US $28.8; IQR $19.1-61.1), likely due to shorter hospitalization 
in private hospitals. Of the 112 hospitalized patients, 6 (5.4%) had respiratory specimens positive for 
influenza viruses. Conclusion: The economic impact of ARI in India is substantial, with a single 
hospitalization costing more than the monthly per capita income in India. The impact may vary if 
measured in the public or private sector. Data from other parts of the country are needed to obtain an 
accurate picture of the cost of ARI in India. This study was supported in part by cooperative 
agreement U01 IP000492 from the Centers for Disease Control and Prevention, Atlanta, United 
States. 

261Disease Burden and Health Economics 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-319 

Systematic review and meta-analysis of influenza-associated hospitalizations 
among children in China 

M Shang1, SZ Zhou1, J McFarland1, MA Widdowson2*, K Lafond2

1Centers for Disease Control and Prevention, CDC China Office, Beijing, People’s Republic of China; 
2Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Children < 5 years old are recommended by WHO for influenza vaccination. 
Immunization coverage for recommended vaccines is very high among the approximately 80 million 
children < 5 years old in China. Uptake of new influenza vaccine recommendations would likely be 
very high in this age group. As influenza surveillance has increased nationally, there have been an 
increased number of outbreaks reported among school-aged children in recent years. However, there 
are limited national data on influenza-associated severe outcomes in young and school-aged children 
(< 5 and 5-18 years). We reviewed the literature to assess the role of influenza in respiratory disease 
hospitalization in children in China. Materials and Methods: We conducted a systematic search of 
biomedical databases (PubMed, Embase, Global Health, CINAHL, WHOLIS, Web of Science, 
LILACS, IndMed) for English articles and China National Knowledge Infrastructure (CNKI) for Chinese 
articles, published from 1996 and 2012 reporting influenza testing among children under 18 
hospitalized for respiratory disease. The review of the literature followed PRISMA guidelines. Search 
terms included key words from 2 categories: respiratory infection (respiratory infection/respiratory 
disease, pneumonia, bronchiolitis, bronchitis, influenza-like illness, ILI, SARI, ARI, ALRI, LRTI, CAP), 
and viral etiology (influenza, influenza virus, influenza A, influenza B, influenza C, viral etiology). We 
used “or” to combine each key word to maximize sensitivity in identifying eligible papers. The 
inclusion criteria were: 1) original data; 2) hospitalizations for community-acquired respiratory disease; 
3) laboratory-confirmed influenza infection; 4) includes and describes criteria for testing; 5) study
spans at least 1 year (12 continuous months of influenza testing); 5) at least 50 individuals tested for 
influenza; 6) influenza diagnostic assay specified; 7) total number of individuals tested and total 
positive for influenza specified. We extracted data on study year, case definition, sample type, test 
method, total tested number tested for influenza, and total number positive for influenza from each 
eligible paper. We also stratified the data by 3 age groups, < 2 year old, < 5 year old, and < 18 year 
old. We analyzed reasons for heterogeneity and then estimated the pooled result with a random 
effects regression model in Stata12. Results: We identified 2551 potentially relevant articles, and 219 
warranted full text review. 79 studies met inclusion criteria. The 79 studies cover 22 provinces/areas: 
11 areas from northern China (29 papers) and 11 from southern China (50 papers). The 79 studies 
were conducted from 1996 to 2012. The diagnostic methods used included: polymerase chain 
reaction (PCR) (n = 13 studies), immunoassay (n = 56), serology (n=1), culture (n = 1), multiple tests 
not including PCR (n = 6); other methods: (n = 3). The pooled percentage of influenza positive among 
inpatient children < 2 years old was 4.7 % (95% CI 4.0%-5.4%), for northern China was 7.1 (95% CI 
5.3%-8.9%), and for southern China was 3.8% (95% CI 3.1%-4.6%). For the < 5 year age group, the 
overall proportion was 7.3% (95% CI 6.4%-8.1%), northern China is 10.4 (95% CI 8.3%-12.4%), 
southern China is 5.9% (95% CI 5.0%-6.9%). For children < 18 years old, the overall proportion is 
7.9% (95% CI 7.1%-8.7%), northern China is 9.8% (95% CI 8.2%-11.5%), southern China is 7.1% 
(95% CI 6.1%-8.1%). Studies using PCR for influenza diagnosis had a higher percentage positive 
than those using other assays, and this difference was statistically significant for the < 5 and < 18 
years old groups (P < .04 and P < .02 respectively). Among this subset using PCR, the pooled 
percentage of influenza positive among children < 2 years hospitalized with respiratory disease is 
7.0% (95% CI 4.2%-9.8%), among < 5 years is 8.9% (95% CI 6.8%-11%), under < 18 years is 8.8% 
(95% CI 7.0%-10.7%). Conclusions: Influenza is an important cause of respiratory hospitalizations 
among children in China. Our results are consistent with burden studies conducted in other countries. 
Our results also support the use of PCR for influenza testing, as the use of other diagnostic methods 
may result in an underestimate of the true influenza burden. These data suggest that influenza 
vaccination should be considered as a routine intervention at least for children < 5 years old in China.  
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Estimating the provincial burden of influenza-associated severe acute 
respiratory illness in South Africa 

J Murray1*, A Cohen2, S Walaza3, M Groome4, S Madhi3,4,5, E Variava6, K Kahn5,7,8,9, H Dawood7,10, S 
Tempia2,3, A Tshangela3, M Venter3,11, D Feikin1, C Cohen3,5

1Johns Hopkins International Vaccine Access Center, Baltimore, Maryland, United States; 2Centers 
for Disease Control and Prevention, Pretoria, South Africa and Atlanta, Georgia, United States; 
3National Institute of Communicable Diseases, Johannesburg, South Africa; 4Medical Research 
Council: Respiratory and, Meningeal Pathogens Research Unit, Johannesburg, South Africa; 
5Schools of Public Health and Pathology, University of the Witwatersrand, Johannesburg, 
South Africa; 6Klerksdorp Tshepong Hospital, Klerksdorp, South Africa; 7University of KwaZulu 
Natal, South Africa; 8Umeå University, Umeå, Sweden; 9INDEPTH Network, Accra, Ghana;
10Pietermaritzburg Metropolitan Hospital Complex, Pietermaritzburg, South Africa; 11Zoonoses 
Research Unit, Department of Medical Virology, University of Pretoria, Pretoria, South Africa 

Background: South Africa has few estimates of the annual national number of cases of influenza 
illness, and the rates may vary by province based on differences in risk factors for severe influenza-
associated hospitalizations. This study was a secondary analysis of severe acute respiratory illness 
(SARI) surveillance data from South Africa and the published literature to estimate the provincial 
burden of influenza-associated SARI in South Africa. Materials and Methods: We used a multiplier 
model to estimate numbers of individuals with hospitalized and nonhospitalized influenza-associated 
SARI for each province in South Africa for 4 age groups (< 5, 5-24, 25-44, and ≥ 45 years) for 2009-
2011, stratified by HIV serostatus. Surveillance in 1 large public hospital in Soweto, Gauteng Province 
was used to estimate incidence rates of SARI in the population (base incidence). These rates were 
adjusted for the provincial-level prevalence of known risk factors for pneumonia (from the South Africa 
Demographic and Health Survey and the Actuarial Society of South Africa) to obtain an estimate of 
SARI incidence for the other 8 provinces in South Africa. Risk factors included indoor air pollution, 
crowding, malnutrition, low birth-weight, and nonexclusive breastfeeding; relative risks were 
determined from the published literature. The incidence rates were subsequently multiplied by the 
percent of SARI associated with influenza virus from sentinel surveillance. These were then further 
adjusted for health-seeking behavior for pneumonia from a healthcare utilization survey to get the rate 
of hospitalized and nonhospitalized influenza-associated SARI. Results: The relative risks for SARI for 
exposure to indoor air pollution and crowding used in this model were 1.8 and 1.4, respectively. 
Nonexclusive breastfeeding, malnutrition, and low birth-weight had relative risks of 1.9, 1.8, and 1.4, 
respectively. The mean annual base incidence rates of influenza-associated SARI (per 100,000) in 
HIV-positive individuals from 2009-2011 were 453, 119, 203, and 232 for the < 5, 5-24, 25-44, and 
45+ year age groups, respectively. The mean annual base incidence rates of influenza-associated 
SARI (per 100,000) in HIV-negative individuals from 2009-2011 were 215, 11, 13, and 36 for the < 5, 
5-24, 25-44, and 45+ year age groups, respectively. From 2009-2011, the estimated annual number 
of hospitalized and nonhospitalized influenza-associated SARI cases in South Africa ranged from 
27,047 to 43,378, and 6295 to 8073, respectively. The number of hospitalized cases of influenza-
associated SARI was highest in 2009 with 43,378 cases; when pandemic influenza A(H1N1) 
circulated. The number of hospitalized and nonhospitalized cases was highest among children under 
5 years of age in 2009 with 21,614 cases. In subsequent years, the 25-44 year old age group had the 
highest number of hospitalized and nonhospitalized cases with 13,652 cases in 2010 and 16,020 
cases in 2011. The number of hospitalized cases in Gauteng Province (population of 11 million and 
HIV prevalence of 11.2%) ranged from 7553 in 2009 to 4907 in 2010. In adults aged 25-44 (highest 
HIV prevalence) the average incidence of hospitalized cases was 62 per 100,000. Kwa-Zulu-Natal 
Province (population of 10.3 million and HIV prevalence of 15%) consistently had the highest 
estimated number of cases, ranging from 11,729 in 2009 to 8169 in 2011. Northern Cape Province 
(population of 1.1 million and HIV prevalence of 7%) consistently had the lowest number of cases 
ranging from 971 in 2009 to 569 in 2010. The average incidence of hospitalized cases in 25-44 year 
olds in Kwa-Zulu-Natal and Northern Cape were, respectively, 113 and 57 per 100,000 adults. 
Conclusion: These results indicate that influenza morbidity varies by province and the groups at 
higher risk include HIV-positive individuals and young children under 5, similar to other published 
studies. The magnitude of influenza burden in each province is related to the prevalence of risk 
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factors in the population, in particular HIV prevalence. The high HIV prevalence in Kwa-Zulu-Natal 
drives the number of cases up in this province. Understanding the relative burden of influenza in 
different groups and regions can help guide more effective use of resources to prevent and control 
influenza. 

P1-321 

All-cause and respiratory mortality in a rural community in northern India: a 
comparison of prepandemic, pandemic, and postpandemic influenza periods 

SK Rai1*, S Kant1, R Srivastava1, A Krishnan1, S Broor2, FS Dawood3, KE Lafond3, S Saha3, RB 
Lal3, M-A Widdowson3

1All India Institute of Medical Sciences, New Delhi, India; 2The INCLEN Trust, New Delhi, 
India; 3Centers for Disease Control and Prevention, Atlanta, GA, United States 

Background: The 2009 Pandemic mortality were estimated to be 42,000-159,000 deaths in Asia 
during first year of circulation, although few of these were laboratory-confirmed. Accurate pandemic 
mortality estimates for India may be challenging because of inadequate vital statistics and limited 
availability of testing. Therefore we used verbal autopsy and death reporting data from a rural 
community in Northern India to assess impact of 2009 pandemic influenza on all-cause and 
respiratory mortality. Materials and Methods: Ballabgarh Comprehensive Rural Health Services 
Project has conducted health research in Northern India since 1967, with a current population under 
surveillance of 90,240. Ballabgarh Health and Demographic Surveillance System (HDSS) assigns a 
unique identification number to each member of the community, and routinely gathers information on 
vital events, including births, deaths and cause of death. A validated verbal autopsy questionnaire is 
used to interview family members (between 2-4 weeks after a death) to elucidate the cause of death. 
Two physicians assign cause of death on the basis of verbal autopsies. Since 2003, the crude annual 
death rate in Ballabgarh HDSS has ranged from 6.1 to 7.4 per 1000 population. We conducted a 
retrospective analysis of HDSS death reports and verbal autopsy data with population denominator 
from to calculated the mean monthly rate of all-cause and respiratory mortality for prepandemic (July 
2008-August 2009), pandemic (September 2009-October 2010 as defined by confirmed cases of 
pH1N1 during this period in CHRSP area), and postpandemic (November 2010-December 2011) 
period. We also calculated age-stratified average monthly rate of these mortality indicators for < 5 
years (U5), 5-14, 15-65, and ≥ 65 years. Kruskal Wallis test was used to assess any significant 
difference between the prepandemic to that of pandemic and postpandemic periods for each mortality 
indicator. Results: Of the 2221 total deaths recorded during July 2008-December 2011, all-cause 
mortality were similar during prepandemic (n = 757), pandemic (n = 736), and postpandemic (n = 728) 
periods. Likewise, of the 289 respiratory cause deaths, 97 (33.6%) and 90 (31.1%) deaths were 
recorded during pre- or postpandemic periods, with slight increase (102; 35.2%; NS) during pandemic 
period. The average monthly crude death rates were 0.62, 0.59 and 0.57 per 1000 population (P = 
.64), and respiratory death rates were 0.79, 0.82 and 0.71 per 10000 (P = .54) respectively, for 
prepandemic, pandemic, and postpandemic periods, respectively. Age stratified all-cause mortality 
was higher among 15-64 years (n = 859; 39%) and > 65 years (811; 37%), as compared with children 
U5 (493; 22%) and least among children ages 5-14 (58; 3%). The average monthly all-cause U5 
mortality rate was 1.36/1000 and 1.17/1000 during pre- and postpandemic period respectively, with 
slightly higher during pandemic period at 1.44/1000 (P = .49). No difference in mortality rates were 
observed for adult age groups; 0.40, 0.34, and 0.34 per 1000 among persons aged 15-64 years (P 
=.07); and 4.3, 4.3, and 4.4 per 1000 among persons ≥ 65 years (P = .94). Age stratified respiratory 
mortality was highest among > 65 years (146/289; 50.5%), followed by children U5 (73; 25.2%), ages 
15-64 years (66; 22.8%) and least among children 5-14 years (4; 1.3%). Similarly on age stratification, 
U5 respiratory mortality rates were 1.24, 1.93, and 2.68 per 10,000 (P = .44); in 15-64 years were 
0.39, 0.23, and 0.22 (P = .76); ≥ 65 years 8.4, 9.3, and 5.8 (P = 0.07) during pre-, pandemic and 
postpandemic periods. Overall mortality indicators did not differ significantly during the pandemic 
period compared with the pre- and postpandemic periods. Conclusions: A statistically significant 
difference in crude and respiratory mortality rates was not detected between the prepandemic, 
pandemic, and postpandemic periods, although a trend towards increased crude mortality in U5 
children was observed during the pandemic period. While detection of excess mortality in the current 
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study was limited by the size of the population under surveillance, the short time period for defining 
baseline mortality patterns, and the possible contributions of seasonal influenza viruses and other 
pathogens to mortality in the area; however, routine collection of population-based mortality data at 
HDSS sites can serve as a potential platform for describing excess mortality associated with influenza 
and other pathogens. 

P1-322 

Strain-specific influenza burden of disease among hospitalized Canadian 
adults during the 2011/12 season: a Public Health Agency of Canada/Canadian 
Institutes of Health Research Serious Outcomes Surveillance Network Study 

S McNeil1*, A Ambrose1, M Andrew1, G Boivin2, W Bowie3, A Chit4, M ElSherif1, K Green5, F 
Haguinet6, T Hatchette1, B Ibarguchi4, J Johnstone7, K Katz8, J LeBlanc1, M Loeb7, D MacKinnon-
Cameron1, A McCarthy9, A McGeer5, J Powis10, D Richardson11, M Semret12, V Shinde6, G Stiver3, S 
Trottier2, L Valiquette13, M Wilcox1, D Webster14, L Ye1, on behalf of the Public Health Agency of 
Canada/Canadian Institutes of Health Research Influenza Research Network (PCIRN) Serious 
Outcomes Surveillance Network and the Toronto Invasive Bacterial Diseases Network (TIBDN) 

1Canadian Center for Vaccinology, IWK Health Centre and Capital Health, Dalhousie University, 
Halifax, Nova Scotia, Canada; 2Centre Hospitalier Universitaire de Québec, Quebec, Quebec, 
Canada; 3University of British Columbia, Vancouver, British Columbia, Canada; 4GlaxoSmithKline, 
Mississauga, Ontario, Canada, 5Mount Sinai Hospital, Toronto, Ontario, Canada; 6GlaxoSmithKline 
Biologicals, Rixensart, Belgium;7McMaster University, Hamilton, Ontario, Canada; 8North York 
General Hospital, Toronto, Ontario, Canada; 9The Ottawa Hospital, Ottawa, Ontario, Canada; 
10Toronto East General Hospital, Toronto, Ontario, Canada; 11William Osler Health Centre, Brampton, 
Ontario, Canada; 12McGill University, Montreal, Quebec, Canada; 13Université de Sherbrooke, 
Sherbrooke, Quebec, Canada; 14Horizon Health, Saint John, New Brunswick, Canada 

Background: In Canada, publicly funded seasonal trivalent inactivated influenza vaccine (TIV) is 
recommended for all adults aged 65 years or older, children under 60 months and all others with 
medical comorbidity placing them at increased risk of influenza complications. The goal of Canada’s 
influenza immunization program is prevention of hospitalization and death. As policy-makers 
anticipate the availability of quadrivalent influenza vaccines (QIV), assessment of the contribution of 
influenza A and B and of the contribution of the B lineages to serious outcomes will be critical to 
assess potential disease and economic impacts of quadrivalent vaccines. Sentinel surveillance for 
influenza among hospitalized adults provides a platform for assessment of strain-specific influenza 
burden of illness. Materials and Methods: In 2011/12, the PCIRN Serious Outcomes Surveillance 
Network conducted active surveillance for influenza among hospitalized adults from 1 Nov to 25 May 
in 40 acute care facilities in 6 provinces, encompassing ≈ 15,000 beds. A nasopharyngeal swab (NP) 
for influenza polymerase chain reaction (PCR) testing was obtained from all patients admitted with 
community-acquired pneumonia, exacerbation of chronic obstructive pulmonary disease or asthma, 
unexplained sepsis, any respiratory diagnosis or symptom, and, on one day per week, acute coronary 
syndrome, stroke, or other cardiac diagnoses with temperature ≥ 37.5°C. Positive NP swabs were 
sent to the PCIRN central lab in Halifax for subtyping of influenza strains. Ribonucleic acid was 
extracted from NP swab material using an automated system, and subsequently tested by real-time 
Reverse Transcriptase-PCR (RT-PCR). A primary screening RT-PCR assay targeting the Matrix gene 
differentiated the influenza strains as A or B, thereby determining which of two secondary assays 
directed at the HA gene was used to subtype the virus. The influenza A subtyping identified pH1N1 
and sH3N2 strains, and B subtyping determined the Victoria and Yamagata B lineages. Results: In 
2011/12, the PCIRN SOS network enrolled 540 lab-confirmed influenza cases; viral subtyping was 
available in 460 (85%) cases. Among patients for whom subtyping was available, mean age was 67y 
(19-100 y); 41.7% of cases were > 75 y and 45.4% were male. 35% of hospitalizations were caused 
by influenza A strains (61.5% by H1N1, and 37.9% by H3N2; 0.6% were untypeable), and 65% were 
caused by B strains. Among the B strains, 29.8% were antigenically related to the 2011/12 vaccine 
strain B/Brisbane/60/2008 (Victoria lineage) and 68.2% were similar to B/Wisconsin/1/2010 strain 
(Yamagata lineage); in 2% the lineage was not determined. Overall, the non-vaccine Yamagata 
lineage-like strain was responsible for 44.3% (n = 204) of the total hospitalizations. The mean age 
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was 61 y (SD ± 20) and 70 y (SD ± 19) for those infected with A and B strains, respectively; mean age 
was highest in patients with B/Yamagata infection (73.6y ± 17.2 y) followed by those with A/H3/N2 
(71.2y ± 20.1 y). Mean length of stay ranged from 8.8-11 days and did not vary by influenza subtype. 
Overall, 11.3% of patients required admission to ICU and rates of ICU admission were not 
significantly different by infecting strain (A/H1N1 15.2%, A/H3N2 11.5%, B/Victoria 13.5% and 
B/Yamagata 8.8%, p=). Overall the mortality rate was 7.2% and was similar for patients with influenza 
A compared to influenza B (6.2% vs 7.7%, respectively) but was higher amongst those with A/H3N2 
than those with A/H1N1 (11.5% vs 3.0%, respectively; P = .04) and amongst those with B/Yamagata 
than those with B/Victoria (9.8% vs 3.4%, respectively; P = .06). Conclusion: In 2011/12, almost half 
of hospitalized influenza cases in Canadian adults were caused by a B/Yamagata-like influenza strain 
alone, the only circulating strain not represented in the vaccines used in Canada that season. 
Mortality associated with influenza B was similar to that observed with influenza A but interestingly, 
appeared to be lower with the vaccine-strain influenza B (B/Victoria) than the non-vaccine strain 
influenza B (B/Yamagata) suggesting attenuation of disease by vaccination. Influenza B is an 
important contributor to serious outcomes in adults in Canada, suggesting that use of a quadrivalent 
vaccine may offer benefits over TIV in supporting the goal of the Canadian influenza immunization 
program, reduction of hospitalization and death.  Funding: This study was funded by the Public Health 
Agency of Canada, the Canadian Institutes of Health Research and GlaxoSmithKline Biologicals SA. 

P1-323 

Estimation of seasonal influenza disease burden in Pakistani population using 
sentinel site data during 2011-12  

M Mehmood1*, U Bashir Aamir1, M Ranjha2, N Badar1, N Nisar1, BM Kazi1, SSZ Zaidi1

1National Influenza Center, Virology Department, Public Health Laboratories Division, National 
Institute of Health, Islamabad, Pakistan; 2Epidemic Investigation Cell, Public Health Laboratories 
Division, National Institute of Health, Islamabad, Pakistan 

Background: Acute respiratory disease including influenza related severe acute respiratory infection 
(SARI) constitute a major cause of morbidity and mortality globally. Influenza A (H1N1) pdm09 
pandemic highlighted the need for reliable disease burden estimation from lower and middle income 
countries like Pakistan to better understand the impact of this vaccine preventable disease. These 
estimates would enable governments to make evidence based decisions for priority allocation of 
limited health resources where needed. This retrospective study was designed to estimate age-
specific incidence of influenza related SARI in Islamabad region of Pakistan over a 2-year period 
(2011-12). Materials and Methods: The incidence rates were estimated according to the WHO manual 
for disease burden estimation of Influenza. The catchment area was mapped based on SARI data 
from one designated influenza sentinel site and other healthcare facilities in Islamabad region. A 
proportion of respiratory samples were tested using CDC real-time PCR protocol. From the calculated 
number of Influenza associated SARI from 1 sentinel hospital, proportion of lab confirmed influenza 
cases was inferred for the catchment population (denominator) after adjustment of sampling fraction. 
The proportion of SARI-associated hospitalizations reported outside the catchment area was 
determined for the total population under demographic surveillance and incidence rates were adjusted 
accordingly. The incidence rate was calculated as per 100,000 for each age group with 95% 
confidence interval. Results: The catchment population for sentinel site was 0.7 million against the 
total denominator of 1.1 million and incidence rates were accordingly adjusted. During January 2011 
to December 2012, among 2491 hospitalizations, 2136 (86%) patients were enrolled; 422 of these 
(19.7%) were positive for influenza. During 2011, A (H1N1) pdm09 dominated with 48% detection rate 
followed by seasonal influenza including A/H3 (22%), A/Un-typed (18%) and influenza B (12%). In 
comparison, during 2012 A/H3 subtype was detected (64%) more frequently followed by Influenza B 
(21%). Influenza A(H1N1)pdm09 was detected in only 7% and 8% of Influenza A isolates remained 
un-typed. Influenza B-associated hospitalization rates were almost 2-fold higher during 2012 as 
compared with 2011. During both years, male patients reported more frequently (55.6%) than females 
across all age groups. Furthermore during the study period, 15 to < 50 year age group had the 
highest number of hospitalized SARI and influenza positive cases. The proportion of influenza positive 
hospitalized patients with acute medical illness was significantly higher during 2011 than 2012 
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(194/842 vs 228/1649 patients, P = .0001). The Incidence rates of all cause respiratory and influenza 
related SARI were highest among children under 5 years during 2011 and 2012; highest incidence 
was found in 0 to < 1 year group with 301/100,000 cases (95% Cl: 200-453) followed by 153/100,000 
in children aged 1 to < 5 years (95% Cl: 79-259), and lowest in, 5 to < 15 years (18/100,000 in 95% 
Cl: 15-23). During both years, influenza associated hospitalization rates were highest among persons 
aged 15-50 years, followed by children aged 5-14 years and lowest in persons over 65 years. The 
estimated average annual influenza-associated hospitalization incidence during the study period was 
84.4/100,000 persons. Conclusion: Our study found the maximum incidence rates for influenza 
associated hospitalizations in children under 5 years. In our population, 48% of the burden of 
influenza associated hospitalizations was accounted for by A(H1N1)pdm09 influenza virus in 2011 
with other seasonal influenza A viruses accounting for 40% of the burden. In contrast during 2012 
A/H3 predominated and resulted in high hospitalization rates. Based on these findings, we understand 
that influenza accounts for a significant proportion of respiratory morbidity and hospitalization. These 
estimates from 1 sentinel site can serve as a first step towards accurate estimation of national 
influenza-associated disease burden. Furthermore, it is necessary to test for other respiratory 
pathogens such as respiratory syncytial virus, human metapneumovirus and rhinoviruses in influenza-
negative samples for more clear disease burden estimation. Reliable disease burden estimates will 
assist public health managers and policy makers to prioritize allocation of health resources for 
surveillance, prevention and control, and plan immunization strategies for the high-risk groups. 

P1-325 

Excess deaths and excess hospitalizations associated with common 
respiratory viruses in Hong Kong, 2004-2010 

L Wei1*, P Wu1, D Ip1, J Wu1, G Leung1, B Cowling1 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 

Background: Respiratory viruses cause acute respiratory illnesses in populations at any age group, 
and lead to a substantial burden of hospitalizations and deaths every year. Laboratory-confirmed 
cases are usually an underestimate of the impact of respiratory virus infections, given the difficulty in 
clinical settings to identify all the cases potentially associated with a virus. Comprehensive studies 
involving assessment and comparison of the severity of different respiratory virus infections, 
especially for noninfluenza viruses are limited. This study aimed to estimate excess all-cause and 
cause-specific hospitalizations and mortality attributable to common respiratory viruses in Hong Kong, 
and thereby assess the impact of virus infections in 2004-2010. Materials and Methods: Weekly age-
specific deaths and hospitalizations by principal discharge diagnosis (pneumonia and 
influenza/respiratory diseases) from 2004 to 2010 were obtained from the Hospital Authority in Hong 
Kong. Weekly positive proportions of specimens tested for common respiratory viruses, including 
influenza A(H1N1), A(H3N2), A(H1N1pdm09) and B, respiratory syncytial virus (RSV), parainfluenza 
virus, and adenovirus, and weekly consultation rates of influenza-like illness (defined as fever > 38°C 
and cough/sore throat) for sentinel surveillance at public outpatient clinics and private general 
practitioner clinics were obtained from the Department of Health of Hong Kong SAR. Linear 
regression models were applied to investigate the association between type/subtype specific virus 
infections and all-cause/ cause-specific hospitalization or mortality rates based on the assumption that 
increase in the virus’s activities would be associated with additive increase in mortality and 
hospitalizations. The activity of each virus was estimated by the weekly proportion of the ILI 
consultation rates multiplied by the weekly positive detection rate of each virus. The excess 
hospitalization/death rates were estimated by subtracting the predicted rates estimated from the fitted 
regression model by setting virus activity to zero from the predicted rates from the model based on 
the reported weekly virus activity. The 95% confidence intervals for excess hospitalization/mortality 
rates were estimated with a bootstrap approach. Results: The annual (2004 to 2010) all-cause excess 
mortality rate associated with the 7 respiratory viruses ranged from 1.18 to 7.07 per 100 000 person-
years, except for parainfluenza that was not associated with substantial excess mortality. For most 
viruses investigated, the highest excess all-cause and respiratory mortality occurred among the 
elderly aged > 65 y. The all-cause excess hospitalization rate associated with 3 subtypes of influenza 
A virus, RSV, and adenovirus ranged from 30 to 100 per 100 000 person-years. Most these 

267Disease Burden and Health Economics 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

respiratory viruses were associated with relatively higher excess hospitalization rate in young children 
0-4 years and in that age group the excess hospitalization burden associated with RSV and 
parainfluenza was similar to that attributable to influenza A viruses during the study period. We found 
that the ratios of excess deaths to excess hospitalizations were estimated to be 0.02-0.07 for RSV 
and influenza A(H1N1), A(H3N2), and the ratios were higher among > 65 y age group compared with 
younger age groups. Conclusions: Influenza virus, RSV, and adenovirus were associated with most of 
the excess deaths caused by common respiratory virus infections among the elderly, while the 
highest excess hospitalization rates associated with influenza viruses, RSV, and parainfluenza were 
estimated in the youngest age group (0-4 y). Our results were also consistent with increasing 
seriousness of infection with age. Compared with other common respiratory viruses, seasonal 
influenza A (H3N2) virus was associated with the highest burden of hospitalizations and mortality in 
Hong Kong in 2004-2010.  

P1-326 

Healthcare utilization for influenza-like illness and severe acute respiratory 
infection in a province in northern Vietnam  

TTY Nguyen1*, HT Nguyen1, DT Pham1, PT Nguyen1, BT Nguyen1, ND Tran1, TQM Le1, VT Nguyen2, 
TT Do3, JC Kile3, J Partridge3, D Iuliano4, TH Nguyen1 

1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2Preventive Medicine Centre in Thai 
Binh, Vietnam; 3Influenza Program, US Centers for Disease Control and Prevention, Hanoi, Vietnam; 
4Influenza Division, US Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Influenza-like illness (ILI) and severe acute respiratory infection (SARI) surveillance 
have shown that seasonal influenza viruses circulate year-round in Vietnam. However, the disease 
burden posed by influenza in the population is poorly defined since the sentinel surveillance system 
only identifies cases that sought healthcare at selected sites and the population served by these sites 
is not well quantified. We conducted a household survey in Thai Binh Province in northern Vietnam to 
ascertain retrospectively the number of self-reported ILI and SARI episodes and associated health-
seeking behaviors in order to estimate the incidence of self-reported ILI and SARI in this population. 
Methods and Materials: A sample size requirement of 6500 people was calculated based on a 
previous report of the incidence of acute respiratory infections in a community in Vietnam. Thirty 
clusters were selected by using the probability proportional to size method. In each cluster, 70 
households were selected for investigation. For the selection of the first household of a cluster, we 
randomly selected a household to begin the survey. The next houshold was selected following the 
“door to door” principle until the sample size was reached. Household socio-demographic, economic, 
and health data were collected using a standardized questionnaire. When a household member 
reported having an episode of ILI in the previous 30 days or SARI in the previous 12 months, an 
additional standardized questionnaire was used to collect data on healthcare utilization. Data were 
entered into a Microsoft Access 2007 database and analyses will be performed by using Stata 
Version 10.1 (StataCorp, College Station, Texas, United States). Results and Conclusions: A total of 
2100 households with 6804 household members were enrolled in the study. From the 6804 
household members, 662 (10%) self-reported having had an episode of ILI (541 episodes) or SARI 
(121 episodes) in the previous 30 days or 12 months, respectively. Six (0.9%) people with ILI or SARI 
did not seek any healthcare. Of the 656 patients who sought healthcare, 249 (37.9%) went to 
commune health centers, 224 (34.1%) went to hospitals, 41 (6.2%) went to private clinics, and 76 
(11.6%) went to pharmacies. Fifty-two (7.9%) ill subjects reported self-treatment, 7 (1.1%) sought care 
from unlicensed providers, and 7 (1.1%) went to traditional healers. Further analysis of the data is 
ongoing. Detailed results and conclusions will be done by August 2013 and added to the abstract. 

268Disease Burden and Health Economics 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-327 

SARI/ILI in the north of Vietnam: burden, economic impact and healthcare 
utilization 

TTY Nguyen1*, ND Tran1, HT Nguyen1, DT Pham1, PT Nguyen1, BT Nguyen1, TQM Le1, VT Nguyen2, 
TH Nguyen1 

1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2Preventive Medicine Centre in Thai 
Binh, Vietnam 

Background: The burden of disease, economic impact and health care utilization related to influenza 
viruses is not well described for hospitalized severe acute respiratory infection (SARI) patients in the 
north of Vietnam. Pandemic A/H1N1 2009 is circulating in Vietnam and may pose patients at critical 
condition in ICU or at risk to die. Influenza diseases were mild most of the cases, but still there were 
some cases that were hospitalized in ICU or dead due to pandemic A/H1N1 and other seasonal 
influenza viruses. Our study proposes to describe the burden of human influenza illness in terms of 
morbidity, mortality, socioeconomic impact, and understand healthcare utilization at hospitals in Thai 
Binh province, north of Vietnam. Materials and Methods: A modified WHO case definition of SARI was 
used. Adults and children meeting the definition were enrolled at three hospitals (a provincial hospital, 
a pediatric hospital, and a district hospital) in Thai Binh, north of Vietnam. For each patient, the direct 
and indirect costs, work days lost, and school absenteeism associated with hospitalization and 
influenza treatment, and a nasal or throat swab were collected for influenza virus detection by real-
time reverse transcription polymerase chain reaction at the National Influenza Centre. Results: From 
January 2013 through August 2013, of 9346 hospitalized patients at enrolled hospitals in Thai Binh, 
2826 (30%) were identified as SARI. Of 750 SARI cases tested, 83 (11%) were positive for influenza 
viruses, including A/H3N2 (37%), B (32%), and pA/H1N1 2009 (31%). Both normal and low white 
blood cell counts were found in influenza-related SARI patients. Of influenza related SARI patients, 
15% required treatment in ICU. More severe cases were found in the pediatric hospital and provincial 
hospital in Thai Binh. There were 4 SARI deaths at the 3 district hospitals. The median hospital stay 
was 5 days (IQR 4-8). Of 750 survey respondents, 3 (< 1%) reported receiving an influenza 
vaccination during the past 12 months. Socioeconomic impact included direct and indirect costs per 
patient of 1,500,00 VND ($US70), an average of 7 work days lost and 5 school days lost, and care 
giver 6 days lost. Conclusions: No deaths data due to influenza causes were available at the moment; 
the complete data will be manageable and reportable in August 2013. By preliminary results, we 
found the most frequent influenza viruses identified were A/H3N2 and B. A low rate of influenza 
vaccination was found in the study population. The costs due to SARI case hospitalization are 
important to patients with limited resources (per capita monthly income = 1,387,000 VND ($66)), even 
for only 1 week of the treatment. 

P1-328 

The duration of illness of laboratory confirmed influenza A and B in the 
community in France and Turkey: 2010-2012 

J-M Cohen1*, M-L Silva1, A Mosnier1, MA Ciblak2, G Matias3, S Badur3, WJ Paget4, DM Fleming5 

1Open Rome & Réseau des GROG, Paris, France; 2Istanbul University, National Influenza Reference 
Laboratory, Istanbul, Turkey; 3GSK Biologicals, Rixensart, Belgium; 4Netherlands Institute for Health 
Services Research, Utrecht, the Netherlands; 5RCGP Surveillance and Research Centre, 
Birmingham, United Kingdom 

Background: Knowledge about the burden of illness is essential for rational policy decisions on cost 
effective management in healthcare. The introduction of influenza vaccines containing 2 B lineages 
has created a need for more information regarding the burden of disease of influenza B. The influenza 
B study in General Practice (IBGP) was undertaken to provide comparative information about clinical 
and socio-economic aspects of laboratory confirmed influenza B and A patients in France and Turkey 
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in the seasons 2010/11 and 2011/12. Materials and Methods: We used routine influenza surveillance 
networks to compare influenza B (“cases”) and influenza A (which we defined as “controls”) detected 
in France and Turkey in seasons 2010/11 and 2011/12 (defined as season 1 and 2). Established 
sentinel surveillance networks in France (570 physicians) and Turkey (515) participated. Case 
recruitment was from willing persons with laboratory confirmed diagnoses. Subjects were recruited by 
sentinel physicians who were responsible for follow-up and data collection. Specimens taken and an 
accompanying simple investigation request form were sent (mostly by post) to the National Influenza 
Centres (NIC) for diagnosis (including subtyping of influenza A and lineage characterization of 
influenza B viruses). Validation of the testing procedures was undertaken at the Mill Hill Influenza 
reference centre using a 10% sample. Potential controls were identified by the national coordination 
team in each country using reports provided by the NIC. Clinical data were collected when the swab 
was taken and subsequently 7 and 28 days later at telephone contact follow-up using the same 
questions and similar forms in each country. The respective cohorts were compared in each country 
with respect to age, gender, symptom presentation, therapeutic interventions, and frequency of 
consultation. Duration of illness (defined as the number of days from reported date of first symptoms 
to recovery defined by the practitioner) was measured as the primary outcome variable in a 
multivariate regression analysis. Results: The dominant A and B circulating viruses differed between 
countries and between seasons. In season 1 in France, 95% of those characterized were B Victoria 
whereas in Turkey, 98% were B Yamagata. In Season 2 in France, both B strains circulated in similar 
proportions whereas in Turkey all were B Victoria. In France 231 cases (215 influenza A controls) and 
in Turkey 216 influenza B cases (153 influenza A controls) were recruited for the IBGP study. The 
symptom profile of cases and controls in both countries was similar. Few recruits consulted their GP 
more than once: in France around 73% consulted once for influenza B (66% in Turkey) and 67% for 
influenza A (77% in Turkey). There were age and gender differences between countries (eg, 67% of 
cases were aged 0-14 in France compared with 29% in Turkey), reflecting the differing delivery of 
health services, as well as the differences in circulating viruses and in surveillance networks. Based 
on this finding, we carried out country-specific analyses. In the multivariate regression analysis, after 
controlling for potential confounders (eg, gender, age, and season), we found no significant 
differences in the duration of illness for influenza A and B in both countries. Conclusions: The IBGP 
study shows that in 2 very distinct settings the presentation of illness and the duration of illness due to 
influenza B (both B Victoria and B Yamagata) do not differ from influenza A. This finding is set against 
a background of very different circulation of B lineage viruses in the 2 seasons considered. These 
findings will help determine the public health value of introducing influenza vaccines containing 2 B 
lineages. 

P1-329 

Assessing the burden of influenza in relation to age, its impact on out-patients 
and hospitalized patients; a case study in Uganda  

T Byaruhanga*, JT Kayiwa, J Kiconco, R Chiza, B Namagambo, B Bakamuntumaho, JJ Lutwama 

Uganda Virus Research Institute, Entebbe, Uganda 

Background: The World Health Organization has emphasized assessing the severity of influenza virus 
in hospitalized patients. In regards to out-patients and hospitalized individuals, there is risk of spread 
of influenza in areas where relative contact between persons is high which in turn affects the burden 
of disease. Influenza virus is highly associated with age of the patient with younger individuals 
believed to be more likely infected with influenza than adults. This is of importance in targeting the 
most suitable group for vaccination. Method: Demographic and clinical data, together with nasal 
pharyngeal and or throat swabs were collected from enrolled patients using 2 case definitions; 
influenza-like illness (ILI) for out-patients and severe acute respiratory infection (SARI) for 
hospitalized patients. Samples were screened at the National Influenza Center (NIC)/Uganda Virus 
Research Institute (UVRI) for influenza A and B using real-time PCR. Data were statistically analyzed 
using SPSS. The impact was assessed by evaluating the number of days lost from school at hospital 
among school attending children. Results: A total of 2123 specimens from enrolled patients were 
tested for ILI and SARI on real-time PCR. 684 (32%) were hospitalized SARI patients and 1439 (68%) 
were ILI out-patients. 254 patients were SARI and ILI positive for influenza; with 189 (74%) ILI and 65 
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(26%) SARI. The results showed that in out- patients (ILI), there was a 1-time more likelihood to have 
Influenza (OR 1.44, 95% CI: 1.069-1.939) than hospitalized patients (SARI) and this was statistically 
significant (P .018). 1940 (91%) of the patients were from children aged < 17years, and 183 (9%) 
patients were from individuals aged > 17 years. 242 (12.5%) patients of the children aged < 17 years 
were positive to influenza compared with 12 (6.5%) in individuals aged > 17 years. The results 
showed that children aged < 17 years were twice more likely to be infected with influenza (OR 2.031, 
95% CI: 1.114-3.703) compared with individuals aged > 17years. The study had P 0.017, and hence, 
statistically significant. There is no substantial statistical significance of burden of influenza in 
individual case definitions of ILI and SARI in relation to age with P 0.223 and P 0.67 respectively. 
Children aged < 17 years lost an average of 3 school days in hospital. Conclusion: There is more 
influenza among ILI out-patients (74%) than among SARI (26%), indicating a high burden of influenza 
in ILI than SARI patients. Influenza virus is associated with age of an individual. There is loss of days 
at school among school attending children. 

P1-330 

Estimating the incidence and severity of seasonal influenza in the United 
States using population-based surveillance data 

C Reed1*, S Chaves1, MI Meltzer1, P Daily Kirley2, D Aragon3, E Hancock4, L Butler4, G Hollick5, M 
Laidler6, A Thomas6, L Finelli1 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2California Emerging 
Infections Program (EIP), Oakland, California, United States; 3Colorado EIP, Colorado Department of 
Public Health and the Environment, Denver, Colorado, United States; 4New Mexico EIP, New Mexico 
Department of Health, Santa Fe, New Mexico, United States; 5New York EIP, University of Rochester, 
Rochester, New York, United States; 6Oregon Public Health Division, Portland, Oregon, United States  

Background: Surveillance for influenza is complicated by the fact that only a fraction of all infected 
persons will seek medical care and an even smaller group will be tested and confirmed to have 
influenza. This limits our ability to understand the full incidence and severity of an epidemic. 
Moreover, death certificates and hospital discharge records which traditionally have been used to 
estimate excess hospitalizations and deaths and characterize the annual variation in the incidence of 
severe influenza are not generally available in a timely manner. During the 2009 H1N1 pandemic, to 
provide more timely estimates of the burden of influenza-related illnesses, hospitalizations and deaths 
in the United States, CDC developed a model to correct surveillance data for biases in influenza 
detection using a series of probabilistic multipliers. Postpandemic, we sought to further explore this 
approach for the annual estimation of the incidence of seasonal influenza-related health outcomes. 
Materials and Methods: To estimate influenza disease burden for the 2010-11 and 2011-12 influenza 
seasons, we used surveillance data on population-based rates of laboratory-confirmed influenza 
hospitalization from the Influenza Hospitalization Surveillance Network (FluSurv-NET). Additional data 
were collected to characterize influenza detection probabilities during hospitalization and deaths 
occurring outside the hospital. We explored two different methods to estimate hospitalizations and 
deaths in the US population. First, we used the probabilistic model developed in 2009. We estimated 
a correction-factor to adjust the observed rate of influenza-associated hospitalization based on the 
frequency and sensitivity of hospital influenza testing and then extrapolated rates of hospitalization to 
the US population. We calculated deaths using a ratio of deaths to hospitalizations and the probability 
of death occurring outside of the hospital. In a second analysis, we used the data on rates of 
hospitalization and detection of hospitalizations and deaths, and combined with prior information and 
associated uncertainty in a Bayesian evidence synthesis framework. After fitting the model, posterior 
estimates of model parameters were used to estimate the number of hospitalizations and deaths in 
the US population. Results: Using the multiplier method, we estimated 2.7-4.9 times the rate of 
hospitalization than reported in surveillance across both years. This multiplier varied by age group, 
with the lowest in children aged < 18 years and the highest in adults aged ≥ 65. In the second season, 
the multiplier remained similar for children and older adults, but increased for adults aged 18-64 
years. For the 2010-11 influenza season, we estimated a total of 198,600 hospitalizations (95% CI: 
121,153-342,306) and 8,684 deaths (95% CI: 4176-18,280); for the 2011-12 season, 77,681 
hospitalizations (95% CI: 40,992-136,497) and 3885 deaths (95% CI: 1911-7688). Persons aged ≥ 65 
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years of age accounted for 47%-58% of deaths and 39%-49% of hospitalizations, varying by season. 
Using the Bayesian method, we estimated that surveillance detected 31%-50% of influenza-
associated hospitalizations and 14%-46% of deaths in the surveillance catchment area, varying by 
age group and season. For the 2010-11 season we estimated a total of 175,870 influenza-associated 
hospitalizations (95% credible interval: 164,030-188,960) and 7932 (95% CI: 6177-10,147) deaths; for 
the 2011-12 season, 66,950 influenza-associated hospitalizations (95% CI: 59,390-75,980) and 2519 
(95% CI: 1647-3787) deaths. Future plans involve expanding the models to estimate illness incidence 
and include outcomes such as medically attended illness and intensive care admission. Conclusions: 
Using these probabilistic approaches, we were able to produce estimates of annual influenza disease 
burden in a more timely fashion. Multiplier values and detection probabilities can vary over time if 
changes in public awareness of seasonal influenza lead to different levels of influenza detection and 
reporting. Data collected in two post-pandemic seasons, in multiple sites and age groups, improved 
our understanding of influenza detection and reporting and can allow for better estimates of the 
annual disease burden of influenza. Exploring different methods to synthesize surveillance data and 
correct for biases can further refine estimates of the annual influenza disease burden to provide public 
health officials with necessary information to evaluate annual programs and allocate resources 
effectively.  

P1-331 

Public health impact of applying QIV as seasonal influenza vaccine 

C Tan*, M Yang, J Su 

Institute of Health Policy and Management, National Taiwan University, Taipei, Taiwan 

Background: Vaccination is currently recommended by the WHO as the most effective way to prevent 
infection and severe outcomes caused by influenza viruses. Trivalent influenza vaccine (TIV) is 
composed of 2 influenza A viruses strains and 1 of the 2 influenza B lineages. The strains which 
selected in the annual vaccine are based on viral surveillance data. When the B-lineage strain that is 
included in the vaccine does not match the circulating B-lineage virus, the vaccine will not provide 
optimal protection against influenza B. An alternative strategy is to provide a quadrivalent influenza 
vaccine (QIV) to increase the protection against influenza. A QIV adds a second influenza B strain 
representing the other influenza type B-lineage which could eliminate a mismatch in lineage between 
the vaccine and circulating strains. However, it remains unclear how additional public health benefit 
could be gained by applying QIV as seasonal influenza vaccine. The objective of this study was to 
estimate the public health impact of applying QIV instead of TIV on influenza-related outcomes over 
ten influenza seasons in Taiwan. Materials and Methods: Two vaccination strategies were compared 
accounting for vaccine coverage, circulation of influenza A and 2 influenza B viruses and vaccine 
effectiveness. The baseline strategy was use of the existing TIV as occurred during the influenza 
seasons. The alternative strategy is the hypothetical use of QIV during these same seasons. We 
estimated the hypothetical impact over the previous 10 influenza seasons, from the 2000/2001 
season through 2009/2010 season. We calculated the net difference for rate of illness, hospitalization 
and influenza-related death by gathering data from observed data, literature and government 
statistical report. First, we adjusted these rate by estimates of annual vaccine coverage (VC) and 
vaccine effectiveness (VE) to back-calculate the hypothetical rate which would occur without TIV. 
Second, we applied VC and VE estimate for QIV to calculate the expected rate of influenza-related 
health outcomes. Third, we calculate the difference of observed rate of influenza-related health 
outcomes from TIV compared to QIV. We identified the distribution of influenza A, influenza B and 
subtype of 10 influenza season in Taiwan. We also estimated the mismatching rate between influenza 
B lineage and annual TIV vaccine and incorporated the vaccine coverage rate and vaccine 
effectiveness by different subtype. Data on annual VC was obtained from government statistical 
report. Data on VE was collected from previous published studies. All calculations were performed by 
Microsoft Excel worksheets. Results: Applying QIV as an alternative vaccine strategy result in fewer 
influenza cases, hospitalizations, and death. The average avoided illness was 154,497 in the 10 
seasons with a rate of 371.6 per 100,000 (range: 2-1627 per 100,000). The average avoided 
hospitalizations were 50,984 with a rate of 223.0 per 100,000 (range: 1-976 per 100,000). The 
average avoided death was 1117 with a rate of 4.9 per 100,000 (range: 0-22 per 100,000). The 
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additional health benefit is more significant when the mismatching of annual TIV vaccine and the 
circulation of B virus. In the 4 of the 10 seasons, the avoided influenza case increased from 188.5 to 
1334.6 per 100,000 and the avoided hospitalization and influenza-related death were also higher 
during these seasons. Conclusions: In recent years, public health authorities have great interest in the 
influence of including both type B lineages in the season influenza. The effectiveness of TIV against 
influenza B viruses could reduce when the B-lineage strain that is included in the vaccine does not 
match the circulating B-lineage virus. Using a simple model, we demonstrate that the use of QIV is 
expected to result in an annual reduction in influenza-related health outcomes when compared to TIV. 
The potential net impact of QIV on influenza-related health outcomes is expected to vary among 
seasons, which is dependent on the annual circulation of the 2 influenza B lineages, vaccine 
coverage and effectiveness. Including a second lineage of influenza B in the annual seasonal vaccine 
could result in a modest additional protection. 

P1-332 

A study of health outcomes in vaccinated and unvaccinated subjects with 
reported respiratory infections in the United Kingdom 

G Meier1*, RD Pockett2, P McEwan3, J Watkins4, I Humphreys2

1GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United States; 2Swansea Centre for 
Health Economics, Swansea University, Swansea, United Kingdom; 3HEOR Consulting, Monmouth, 
United Kingdom; 4Public Health Wales and Cardiff University, Pontypool, United Kingdom 

Background: The present study aimed to determine the burden of seasonal influenza in the United 
Kingdom, by vaccination status, and to assess whether the characteristics of vaccinated patients 
differed from unvaccinated patients. Materials and Methods: A cross-sectional observational study 
was performed using data derived from the linked General Practice Research Database (GPRD), 
between January 2001 and March 2009. Subjects were included if they had an episode of care coded 
by their family doctor for acute respiratory infections (ARI) related to: influenza, upper and lower 
respiratory tract infections, and influenza-like illness. Analyses were stratified by age, by at-risk 
categories and by vaccination status. The at-risk status of the subjects was assessed using the 
National Institute’s for Health and Care Excellence guidelines (UK Department of Health); these 
guidelines identify subjects who are at high risk of infection and at high risk of subsequent 
complications, ie, fall in 1 or more of the following clinical risk groups: chronic respiratory disease, 
chronic neurological conditions, diabetes, chronic heart disease, pregnant, chronic liver disease, 
chronic renal disease, immunosuppressed, and anyone aged 65 years or older. Means were 
compared using independent-samples t-test, assessing each age group separately, using age and the 
number of risk conditions as test variables. Results: In the at-risk group, the mean age of those 
vaccinated was 65.1 years (SD 16.5), vs 48.2 years (SD 20.4) in those unvaccinated; the difference 
between the means was 16.9 years (95% CI 16.4-17.4; P < .001). The mean number of risk 
conditions in the vaccinated group was 1.29 (SD 0.60), vs 1.15 (SD 0.45) in the unvaccinated group; 
the difference between means was 0.14 (95% CI 0.12-0.15; P < .001). Similar results were seen in 
the not-at-risk group; the difference between the mean ages was 27.9 years (95% CI 27.7-28.2; P = 
.003). The majority of ARI episodes occurred in unvaccinated patients, only 16.0%-22.1% of subjects 
with an ARI episode were vaccinated annually. By age, the proportion of vaccinated subjects 
increased to 74.6%-82.6% for at-risk subjects aged 65 years and older, and decreased to 0.0%-2.2% 
for not-at-risk subjects younger than 5 years of age. 58.2% of subjects at-risk were vaccinated. More 
resources were consumed by unvaccinated not-at-risk patients, while in at-risk patients the opposite 
was true. Conclusions: The majority of patients suffering an acute respiratory event were not 
vaccinated. This analysis also confirmed that vaccinated subjects had more at-risk conditions than 
unvaccinated subjects which were generally younger than the at-risk group and therefore the two 
groups are not directly comparable. A considerable number of those unvaccinated were still at risk 
and should have received vaccine. 
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Influenza pneumonia surveillance among hospitalized adults substantially 
underestimates the burden of severe influenza disease 

J Ortiz1,2*, C Goss1, C Cooke3 

1Department of Medicine, University of Washington, Seattle, Washington, United States; 2Department 
of Global Health, University of Washington, Seattle, Washington, United States; 3Department of 
Medicine, University of Michigan, Ann Arbor, Michigan, United States 

Background: Studies seeking to estimate the burden of influenza among hospitalized adults often use 
case definitions that require presence of pneumonia. This requirement neglects the fact that influenza 
can also present with nonpneumonia respiratory manifestations or exacerbate chronic nonrespiratory 
illness such as congestive heart failure. We sought to assess the extent to which restricting influenza 
surveillance to only those adults hospitalized with pneumonia could underestimate the total burden of 
influenza disease. Materials and Methods: We conducted a retrospective cohort study from January 
2003 through March 2009 using hospitalization databases from the Healthcare Cost and Utilization 
Project (HCUP) and regional influenza surveillance data from the US Centers for Disease Control and 
Prevention. We used data from all inpatient discharge abstracts for adults aged 18 years and older 
from community hospitals in the HCUP State Inpatient Database from Arizona, California, and 
Washington during the study period. Our objective was to estimate the proportion of influenza-
associated events that would be missed by requiring a pneumonia diagnosis to be part of a 
surveillance case definition. Our exposures of interest were positive laboratory tests for influenza A 
(H1N1), influenza A (H3N2), and influenza B from 2 contiguous US Federal Regions: Region 9 
encompassing Arizona and California and Region 10 encompassing Washington. The 2 outcomes of 
interest (with ICD-9-CM diagnosis and procedure codes) were: 1) respiratory and circulatory 
hospitalizations (390-519); and 2) severe illness hospitalizations—defined as acute respiratory failure 
(96.7 and any of 518.5, 518.81, or 518.82), severe sepsis (995.92, 785.52, or any codes for infection 
and organ dysfunction), and in-hospital death. We linked the hospitalization datasets with the virus 
surveillance datasets by geographic region and month of hospitalization. We used negative binomial 
regression models to estimate the number of influenza-associated events among patients hospitalized 
with the two outcomes of interest. We sub-categorized the 2 outcomes of interest to include: 1) all 
outcomes; and 2) all outcomes that listed an ICD-9-CM code for pneumonia (480-486). Results: 
During the study period, there were 28,176,969 hospitalizations in the 3 states; 16,044,193 (57% of 
total) hospitalization records contained a code for a respiratory or circulatory diagnosis, while 
2,066,072 (7% of total) met the definition of a severe illness. Using multivariate binomial regression 
models, we estimated that there were 80,793 influenza-associated respiratory and circulatory 
hospitalizations and 26,666 influenza-associated severe illness hospitalizations. We repeated these 
analyses using only events that listed a diagnostic code for pneumonia. When a pneumonia diagnosis 
was required, the estimated number of influenza-associated respiratory and circulatory 
hospitalizations was 24,770, or 31% of 80,793 hospitalizations. The estimate for the number of 
influenza-associated severe illness hospitalizations decreased to 8,113 cases (30.4% of total) after 
requiring a pneumonia diagnosis. Within adult age groups, we estimated that requiring pneumonia 
diagnoses to define influenza-associated events would capture from 14.5% (for persons aged 75 to 
84 years) to 39.9% (for persons aged 18 to 49 years) of total influenza-associated respiratory and 
circulatory hospitalizations. For severe illnesses, requiring a pneumonia diagnoses would result in 
capture of only 23.0% (for persons aged 75 to 84 years) to 38.3% (for persons aged 50 to 64 years) 
of influenza-associated severe illness hospitalizations. Conclusions: If case definitions for events 
used to model influenza-associated hospitalizations require the presence of pneumonia, we estimate 
that ≈ 70% of the likely burden of influenza hospitalizations will be missed. Our study has limitations, 
as it excludes children and the modeling-based estimates of influenza-associated hospitalizations 
have not been validated with season-specific results from studies with laboratory-confirmation of 
influenza hospitalizations. However, we believe that our results do have implications for influenza 
burden of disease studies. Studies which only consider hospitalizations that include a diagnosis of 
pneumonia will underestimate the total burden of influenza hospitalizations, and often to a substantial 
degree. 
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Burden of outpatient visits due to influenza infection and cases averted by 
vaccination – United States, 2011/12 influenza season 

M Jackson1*, L Jackson1, B Kieke2, D McClure2, M Gaglani3, J Song3, R Malosh4, A Monto4, R 
Zimmerman5, I Foppa6, M Thompson6 

1Group Health Research Institute, Seattle, Washington, United States; 2Marshfield Clinic Research 
Foundation, Marshfield, Wisconsin, United States; 3Scott & White Healthcare, Temple, Texas, United 
States; 4University of Michigan School of Public Health, Ann Arbor, Michigan, United States; 
5University of Pittsburgh, Pittsburgh, Pennsylvania, United States; 6Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States 

Background: Public health policy makers need estimates of the burden of illness caused by influenza 
to allocate resources for prevention and treatment. They also need to evaluate the success of 
vaccination programs by estimating the reduction in disease burden associated with those programs. 
We used the United States Influenza Vaccine Effectiveness (US Flu VE) Network to estimate the 
incidence of outpatient visits due to laboratory-confirmed influenza infection and the reduction in 
incidence associated with influenza vaccination at 4 sites across the United States. Methods: We 
used administrative databases from health care payers and providers at 4 of the US Flu VE Network 
sites to enumerate cohorts of health plan enrollees and health care patients (subjects) for the 2011/12 
influenza season. To ensure that all cohort members were eligible for influenza vaccination, eligible 
subjects were restricted to those born prior to March 1, 2011. We used administrative databases to 
determine age, dates of influenza vaccination, and dates of medically attended acute respiratory 
illness (MAARI) defined by International Classification of Diseases, Version 9 (ICD-9) codes. We then 
identified the subset of cohort members who had been prospectively enrolled in the 2011/12 US Flu 
VE study. These participants were a subset of all cohort members who sought care for an acute 
respiratory illness, defined as fever and/or cough of less than seven days duration. Influenza VE 
participants were tested for influenza infection by rRT-PCR using probes developed by the US 
Centers for Disease Control and Prevention. We stratified influenza VE participants based on age, 
influenza vaccination, and number of MAARI visits (as 0, 1, or 2+), and assigned each participant in 
the influenza VE cohort a sampling weight. Sampling weights were the ratio of the total cohort size in 
the participant’s age/vaccination/MAARI visit stratum to the total number of influenza VE participants 
in that stratum. We used these weights to extrapolate the proportion of positive influenza tests among 
influenza VE enrollees to the cumulative incidence of laboratory-confirmed, medically attended 
influenza in the cohorts. Incidence was calculated overall and stratified by age group and vaccination 
status. We calculated cases averted per 1000 vaccinees as the difference in cumulative incidence 
between vaccinated and unvaccinated cohort members, assuming differences in incidence between 
vaccinated and unvaccinated persons are attributable to vaccination. Results: The study cohorts 
included 424,733 subjects, of whom 10.6% were children < 10 years of age, 9.4% were children 10-
17 years of age, and 39.2% were adults 50 years of age and older. Overall vaccination coverage 
ranged from 17.9% to 46.4% across the 4 sites. Across the 4 sites, the overall cumulative incidence of 
laboratory-confirmed, medically attended influenza ranged from 5.0 to 16.5 cases per 1000 
population. Cumulative incidence ranged from 13.7 to 39.8 per 1,000 for children < 10 years of age; 
from 5.2 to 30.1 per 1,000 for children 10-17 years of age; from 6.4 to 13.2 per 1000 for adults 18-49 
years of age; and from 3.6 to 13.4 per 1000 for adults 50 years of age and older. Influenza cases 
averted by vaccination ranged from 0.7 to 5.1 cases per 1,000 vaccinees across the 4 sites. Cases 
averted by vaccination ranged from 6.4 to 16.8 per 1000 vaccinees among children < 10 years of age; 
from 1.4 to 15.4 per 1000 vaccinees among children 10-17 years of age; and from -3.6 to 4.0 per 
1000 vaccinees among adults 50 years of age and older. Conclusions: The 2011/12 influenza season 
was mild in the United States. The cumulative incidence of medically attended influenza ranged from 
5 to 16 per 1000 population across our study sites. This low incidence of laboratory-confirmed 
infection parallels low rates of outpatient visit for influenza-like illness and pneumonia/influenza 
mortality observed from national US influenza surveillance. In this mild seasonal epidemic, influenza 
vaccination showed modest impact at the US Flu VE Network sites, with between 1 and 5 cases of 
medically attended influenza prevented per 1000 persons vaccinated. 
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Excess mortality associated with influenza among tuberculosis deaths in 
South Africa, 1999-2009 

S Walaza1,4*, S Tempia1,2,3, A Nanoo1, AL Cohen2,3, S Madhi1,5, J McAnerney1, C von Mollendorf1,4, J 
Moyes1,4, C Cohen1,4 

1National Institute for Communicable Diseases of the National Health Laboratory Service, 
Johannesburg, South Africa; 2Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 3Influenza Division, Centers for Disease Control and Prevention, Pretoria, 
South Africa; 4Faculty of Health Sciences, University of the Witwatersrand, South Africa; 5Department 
of Science and Technology/National Research Foundation: Vaccine-Preventable Diseases, University 
of the Witwatersrand, South Africa 

Background: Data from the 1918 influenza pandemic suggests that many individuals who died had 
active tuberculosis (TB), and that underlying TB infection may have contributed to the elevated 
mortality observed in young adults. Increased mortality associated with seasonal influenza virus 
infection has been described for a number of underlying causes of death including chronic respiratory 
and cerebrovascular diseases and diabetes. However, little is known about the mortality burden 
associated with seasonal influenza virus infection among patients with TB. The lung damage induced 
by pulmonary TB (PTB) may result in increased risk of mortality subsequent to influenza virus 
infection. In South Africa, approximately 80% of TB cases are HIV-infected and HIV is a known risk 
factor for influenza-associated mortality. We aimed to estimate the influenza-associated mortality 
among individuals who died of TB in South Africa from 1999 through 2009. In addition, we compared 
influenza-associated mortality among deaths with underlying TB to HIV-infected and -uninfected non-
TB respiratory related deaths. Materials and Methods: We estimated the influenza-associated 
mortality among individuals < 65 and ≥ 65 years of age using national vital statistics data coded 
according to the International Classification of Diseases, Tenth Revision. We modelled the excess 
mortality attributable to influenza by applying Poisson regression models to monthly PTB, 
extrapulmonary TB (EPTB) and all non-TB respiratory deaths, using national influenza laboratory 
surveillance data as a covariate. Since the diagnosis of AIDS is rarely coded on the death certificate 
in South Africa, we indirectly estimated the annual influenza-associated deaths among HIV-infected 
and-uninfected non-TB respiratory deaths using Poisson regression models that incorporated year- 
and age-specific HIV prevalence and highly active antiretroviral treatment (HAART) coverage as 
covariates. Results: From 1999 through 2009 a mean of 550,769 (range 418,729-621,002) deaths 
occurred annually among South African individuals. Of these, 118,995 (22%), 63,596 (12%), and 
9722 (2%) deaths were attributable to non-TB respiratory, PTB, and EPTB, respectively. Over the 
study period, the influenza season peaked between May and August with 9 of the 11 years 
experiencing peak activity in June-July. PTB deaths were seasonal with increased mortality in winter 
each year, coinciding with the period of influenza virus circulation. Our model estimates that, among 
individuals of any age the mean annual influenza-associated mortality rates per 100,000 person-years 
were 164 (n = 437) among PTB, 27 (n = 1125) among HIV-infected non-TB respiratory, and 5 (n = 
2367) among HIV-uninfected non-TB respiratory deaths. No influenza-associated mortality was found 
among EPTB deaths. Among individuals < 65 years of age, the mean annual influenza-associated 
mortality rates per 100,000 person-years were 141 (n = 374) among PTB, 27 (n =1 125) among HIV-
infected non-TB respiratory, and 2 (n = 937) among HIV-uninfected non-TB respiratory deaths. In this 
age group, individuals with PTB experienced a greater risk of influenza-associated mortality as 
compared with HIV-infected individuals with non-TB respiratory disease (relative risk (RR): 5.2; 95% 
CI: 4.6-5.9) and HIV-uninfected with non–TB respiratory disease (RR: 61.0; CI: 41.4-91.0). Among 
individuals ≥ 65 years of age the mean annual influenza-associated mortality rates per 100,000 
person-years were 836 (n = 64) among PTB and 64 (n = 1430) among HIV-uninfected non-TB 
respiratory deaths (RR: 13.0; 95% CI: 12.0-14.0). In this age group where the HIV burden is lowest no 
influenza-associated mortality was found among HIV-infected non-TB respiratory deaths. Conclusion: 
Our models indicate that mortality associated with influenza infection among individuals with PTB was 
substantial, whereas no peak in EPTB mortality was observed during the influenza epidemics. 
Individuals < 65 years of age with PTB experienced an increased risk of influenza-associated 
mortality as compared with non–TB respiratory disease, irrespective of the HIV status. An increased 
risk associated with PTB was observed also among individuals ≥ 65 years of age where the HIV 

276Disease Burden and Health Economics 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

burden is lowest. If confirmed in other settings, this may support recommendations for active inclusion 
of patients with TB for influenza vaccination and empiric antiviral treatment of patients with TB 
presenting with acute respiratory symptoms during influenza epidemics. 
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O-852 

A potent cytotoxic T-cell epitope in the extracellular domain of influenza B 
virus NB promotes virus clearance 

K Roose1,2, M Schotsaert1,2, B Schepens1,2, A Smet1,2, T Ysenbaert1,2, W Fiers1,2, Xavier Saelens1,2* 

1Department for Molecular Biomedical Research, VIB, Ghent, Belgium; 2Department of Biomedical 
Molecular Biology, Ghent University, Ghent, Belgium 

Background: Influenza B viruses are a serious threat to human health since they are responsible for 
about one out of three influenza epidemics. Influenza B viruses drift easily, and two antigenically 
different lineages co-circulate, with one usually being dominant over the other. Surprisingly, little is 
known about the type and contribution of influenza B virus-specific T-cell responses in human or 
experimental hosts. Materials and Methods: We generated recombinant proteins comprising fusions 
of the conserved ectodomain of the NB protein (NBe) of influenza B virus with a leucine zipper-based 
tetramerizing domain resulting in NBe-tGCN4-Flag. NBe-tGCN4-Flag was used to immunize 
laboratory mice with different adjuvants (alum, LTR129G, water-in-oil). Antibody and T-cell responses 
directed against NBe were quantified by peptide ELISA, ELISPOT, intracellular cytokine staining, and 
in vivo killing assays. Protection studies were performed with B/Memphis/10/1997 virus and using 
body weight and lung virus titers as readouts. Results: NBe-tGCN4-Flag was purified from an E. coli–
based expression system and behaved as a stable, soluble tetrameric protein. Immunization of mice 
with this NBe-fusion protein induced strong H2b-restricted NBe-specific cytotoxic T-cell responses, 
which, upon challenge, were associated with stronger influenza B virus clearance from the lung when 
compared with challenged control immunized mice. Such specific T-cell responses were also 
observed following infection of mice with influenza B virus and were restricted to the H2b haplotype 
(C57/Bl6 mice). These cellular responses were specific for the CD8+ T-cell compartment and mapped 
to a highly conserved, membrane-distal T-cell epitope in NBe. In vivo killing assays confirmed the 
induction of strong cytotoxic activity following immunization with NBe-fusion protein. These T-cell 
responses could be induced by vaccination with NBe-tGCN4-Flag adjuvanted with alum, administered 
via the mucosal route or by using a water-in-oil adjuvant. In addition, we demonstrated that Flumist 
containing B/Brisbane/60/08 virus induces NBe-specific T-cell responses in mice. Conclusions: This is 
the first identification of immune protection provided by the ectodomain of the NB protein and, to our 
knowledge, the first record of a protective CD8+ T-cell epitope for influenza B in the mouse. 

O-853 

Human cytotoxic T lymphocytes directed to seasonal influenza A viruses 
cross-react with the newly emerging H7N9 virus 

C van de Sandt*, J Kreijtz, G de Mutsert, S Vogelzang-van Trierum, M Geelhoed-Mieras, M Hillaire, A 
Osterhaus, R Fouchier, G Rimmelzwaan 

ErasmusMC, Department of Viroscience, Rotterdam, the Netherlands 

Background: Since the first human case of infection with the avian influenza A(H7N9) virus in China in 
March 2013, 132 cases have been reported, of which 37 had a fatal outcome. Due to the absence of 
H7N9 virus–specific antibodies in the human population, the virus may have the potential to cause a 
pandemic, although at present (May 2013) there is no evidence of efficient human-to-human 
transmission. It has been suggested that cross-reactive cell-mediated immunity may afford protection 
against infection with antigenically distinct influenza viruses. Virus-specific CD8+ cytotoxic T 
lymphocyte (CTL) responses induced after infection with seasonal H3N2 (sH3N2) and H1N1 (sH1N1) 
viruses or the pandemic H1N1 (pH1N1) virus are mainly directed to conserved internal proteins. 
Therefore, these CTLs may contribute to cross-protection against influenza A of novel subtypes, 
including H7N9. In this study we tested the cross-reactivity of CTLs specific for sH3N2, sH1N1, and 
pH1N1 viruses with the H7N9 virus. Materials and Methods: The amino acid sequence of known CTL 
epitopes was compared with their sequence in the H7N9 viruses, and variant epitopes that were 
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identified were synthesized. Polyclonal CTL populations were obtained from HLA-typed donors (2008-
2012) after in vitro stimulation with sH3N2, sH1N1, or pH1N1 viruses. Cross-reactivity of these T cells 
with the H7N9 virus was assessed by determining IFN-γ production and their capacity to lyse H7N9 
virus–infected cells. Results: Sequence comparison of 20 known influenza A CTL epitopes revealed 
that 12 were fully conserved in the H7N9 virus, which indicates that CTLs elicited after infection with 
seasonal influenza A viruses are likely to cross-react with the avian H7N9 virus. Cross-reactivity of 
polyclonal CTL populations with four of the eight variant epitopes was assessed by IFN-γ ELISpot 
assay. Furthermore, the cross-reactivity with H7N9 virus–infected cells was assessed by determining 
the frequency of CTL producing IFN-γ or their lytic activity, which showed a large extent of cross-
reactivity of CTL specific for sH3N2, sH1N1, or pH1N1. Conclusions: Apart from some individual 
epitopes displaying amino acid variation, CTLs elicited after sH3N2, sH1N1, and pH1N1 virus 
infections display considerable cross-reactivity with the avian influenza A(H7N9) virus. The pre-
existing cross-reactive CTLs in the human population may afford some level of protection and may 
dampen the impact of a potential pandemic of the H7N9 virus. 

O-854 

Induction of broadly neutralizing influenza virus group 2 HA antibodies 
through natural infection and novel vaccination strategies 

I Margine1,2*, F Krammer1, R Hai1, R Albrecht1, P Palese1,3 

1Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, United 
States; 2Graduate School of Biological Sciences, Icahn School of Medicine at Mount Sinai, New York, 
New York, United States; 3Department of Medicine, Icahn School of Medicine at Mount Sinai, New 
York, New York, United States 

Background: Influenza caused by pandemic and epidemic influenza virus strains remains a public 
health concern worldwide. Current influenza virus vaccines contain H1N1 (group 1 hemagglutinin), 
H3N2 (group 2 hemagglutinin), and influenza B virus components. Their narrow breadth of protection 
frequently renders them ineffective against the continuously drifting seasonal influenza viruses. Also, 
predicting the subtype of the next pandemic virus is still impossible. Indeed, the recent H7N9 outbreak 
in China as well as reports of novel H3N8 strains circulating among harbor seals, human infections by 
swine-origin H3N2 variant strains, and sporadic human infections with H4, H7, and H10 avian 
influenza viruses have raised concerns about future influenza virus pandemics. Hence, a vaccine with 
broader protective activity toward newly emergent strains would be a major improvement to the 
present strategy. Recently, the highly conserved stalk domain of the hemagglutinin protein has 
attracted increasing attention as a potential candidate for rational design of a broadly protective 
influenza virus vaccine. Many functional epitopes in the stalk domain of group 1 hemagglutinins have 
been described through characterization of a large number of broadly neutralizing stalk antibodies. 
However, only three stalk antibodies directed against group 2 influenza hemagglutinins have been 
isolated so far, providing very little information about the epitopes found in these domains. Also, very 
little is known about the general level of induction of these antibodies by influenza virus vaccination or 
infection. Materials and Methods: We performed a quantitative and qualitative characterization of the 
anti-stalk humoral response in the mouse model as well as in humans by using chimeric 
hemagglutinin constructs previously developed in our group. Furthermore, we tested the breadth of 
the humoral response elicited in mice by a vaccination strategy based on the stalk domain of group 2 
HAs. Results: Influenza virus infection induced significant titers of stalk-reactive antibodies in both 
humans and mice, while immunization with inactivated influenza virus vaccines failed to do so. 
Furthermore, the hemagglutinin stalk-directed antibodies induced in mice and humans had broad 
reactivity and neutralizing activity in vitro and in vivo. We also demonstrated that a novel vaccination 
strategy based on the stalk domain of the H3 hemagglutinin is able to induce broadly neutralizing anti-
stalk antibodies in mice that are highly cross-reactive to various H3, H7 (including the novel Chinese 
H7N9), H10, H14, and H15 hemagglutinins. Conclusion: These observations are relevant for the 
development of universal influenza virus vaccines and are encouraging, as they suggest that broadly 
neutralizing stalk-reactive antibodies against group 2 HAs can be induced in humans. 
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O-855 

Type I interferon antagonistic properties of IAV polymerase proteins determine 
pathogenicity 

S Liedmann1*, ER Hrincius1,2, D Anhlan1, T Wolff3, JA McCullers2,4, S Ludwig1, C Ehrhardt1

1Institute of Molecular Virology, Center of Molecular Biology of Inflammation, University of Muenster, 
Muenster, Germany; 2Department of Infectious Diseases, St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 3Division of Influenza/Respiratory Viruses, Robert Koch 
Institute, Berlin, Germany; 4Department of Pediatrics, University of Tennessee Health Sciences 
Center, Memphis, Tennessee, United States.   

Background: Infection with influenza A viruses (IAVs) results in an early and strong activation of 
cellular innate immune responses, dominated by the most prominent host antiviral defense 
mechanism—the type I interferon (IFN) system. To ensure efficient replication, IAVs have evolved 
several strategies counteracting these host immune responses. Two well-known IFN antagonists of 
IAVs are the NS-1 and PB1-F2 proteins. However, besides the well-characterized functions in 
replication and transcription of vRNA, the polymerase complex of IAVs also seems to play a crucial 
role in the inhibition of the immune response of host cells. In the current study, we discovered new 
virulence-determining amino acid positions within the viral polymerase proteins PB1 and PA, which 
are crucial for type I IFN inhibitory properties. Material and Methods: Specific mutant strains carrying 
alterations in the depicted amino acid positions of the PB1 or PA protein were created using standard 
reverse genetic approaches. Activation of the type I IFN response was analyzed at four different steps 
in the pathway: (i) analysis of the activation of interferon regulatory factor 3 (IRF3) using the pTATA-
luc-4x-IRF-3 reporter gene construct; (ii) analysis of the transcriptional activity of the IFNβ promoter 
using the pGL-IFNβ-luc reporter gene construct; (iii) measurements of the mRNA levels of ifnβ and 
the interferon-dependent genes (ISG) mxa, oas, and rig-I in qRT-PCR; and (iv) analysis of 
phosphorylation of STAT1 in Western blot analysis, which is provoked by viral-induced and -secreted 
IFNα and β via their receptor IFNAR. To assess virulence and replication fitness in vivo, BALB/c, 
C57Bl/6 wt, and C57Bl/6 IFNAR-/- mice were used. Body-weight loss and lethality upon infection were 
monitored for 15 days. Additionally, accumulation of infectious progeny virus in the mouse lung was 
analyzed in a standard plaque titration assay. Results: We identified six amino acid positions within 
the viral polymerase proteins PB1 and PA, which are crucial for regulation of innate immune 
responses. Mutation of these amino acids led to dramatically reduced virulence due to an increase in 
type I IFN induction, as evidenced by experiments using IFNAR-/- mice. In addition, our data show 
clear differences in the induction of the type I IFN response in human lung epithelium, but no 
differences in the accumulation of viral RNA, suggesting an interplay of the viral polymerase proteins 
and virulence regulation on the level of type I IFN inhibition. The interferon antagonistic properties of 
these virulence-determining amino acids were also verified in the H5N1 virus system. Moreover, 
deeper analysis of the impact of the depicted sites in PB1 and PA suggested a corresponding 
interplay of the identified amino acids within these two proteins, leading to a strong reduction in 
replication. In summary, our data revealed the molecular basis of the interferon antagonistic 
properties of the viral polymerase proteins PB1 and PA—a function that contributes to the virulence of 
IAV. Conclusions: In the current study, we identified six amino acid positions within the polymerase 
proteins PB1 and PA that strongly affect virulence and significantly inhibit the host type I IFN 
response. These data shed new light on viral strategies for counteracting the host type I IFN 
response, since PB1 and PA—like NS1 and PB1-F2—seem to be part of the type I IFN counteracting 
strategy evolved by IAVs. 
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O-856 

Protection against influenza infection was associated with neutralizing 
antibodies detected in the absence of HI antibodies for pandemic H1N1 but not 
for H3N2 in a natural infection cohort 

LNM Hoa1*, J Bryant1, LA Nguyet1, LQ Mai2, LT Thanh2, PQ Thai2, NTT Yen2, TN Duong2, DD 
Thoang3, H Wertheim1,4, J Farrar1,4, NT Hien2, P Horby1,4, A Fox1,4

1Oxford University Clinical Research Unit and Wellcome Trust Major Overseas Programme, 
Vietnam; 2National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 3Ha Nam Centre for 
Preventive Medicine, Ha Nam, Vietnam; 4Center for Tropical Medicine, Nuffield Department of Clinical 
Medicine, University of Oxford, Oxford, United Kingdom 

Background: Defining components of natural acquired immunity could provide insights into the 
development of cross-protective or universal influenza vaccines. We have been conducting an 
influenza cohort study since 2007 in a community that has never had influenza vaccination and found 
that haemagglutination inhibition (HI) antibody titer is associated with protection against H3N2 but not 
H1N1 infection. In this study we compared pre-pandemic serum from influenza-infected versus likely 
exposed but non-infected community cohort members using assays to detect neutralizing antibodies. 
Materials and Methods: The Ha Nam community cohort comprises 270 households under active ILI 
surveillance. Blood is collected before and after each peak in RT-PCR–confirmed influenza 
transmission for HI assay. Seroconversion is defined as a four-fold or greater rise in HI titer. 
Participants with an RT-PCR–positive swab sample and/or seroconversion are considered to be 
infected. Households with at least one symptomatic influenza case or 2 asymptomatic cases were 
selected for further assessment of sera from infected versus non-infected but likely exposed 
community members. Pre- and post-transmission and some acute sera were tested at dilutions from 
1:5 to 1:640 by microneutralization (MN) assay. Results: A total of 110 members of 32 households 
were eligible for investigation of pre-pandemic H1N1 2009 sera, of whom 71 were infected and 39 
were non-infected. The median (IQR) age of the infected population was 14 (8-33) years compared 
with 36 (27-44) for the non-infected population. The majority of children were infected: half of the 
mothers and 30% of the fathers. MN titers in pre-pandemic sera were above 5 in 14 participants, 
including 12 that were not infected, and geometric mean titers were significantly higher in non-infected 
compared with infected persons in univariate analysis (P = .002) and in a multivariate analysis 
including age, relationship, sex, and HI titer (P = .008). Twenty percent of participants who MN 
converted did not HI convert, including 5 with PCR-confirmed infection, and titer increases were lower 
for HI compared with MN (r2 = 0.682). The non-HI converters were significantly older (P = .004). A 
total of 54 members from 19 houses were eligible for investigation of sera from the pre-H3N2 season; 
33 were infected and 21 were not infected, both groups had a median ages of about 30 years. A 
substantial proportion had pre-season HI and MN titers of 20 or more, and both were associated with 
infection in univariate analysis, whereas only the HI titer was associated with infection in multivariate 
analysis. H3N2 HI and MN conversion was concordant, and titer changes were very similar (r2 = 
0.826). Conclusions: H1N1 reactive antibodies that can be detected by MN but not HI assay were 
found in both pre- and post-pandemic sera and may account for some of the protection against novel 
H1N1 infection that is associated with increasing age and prior H1N1 infection, whereas protection 
against H3N2 infection was largely due to HI antibody with no clear detection or influence of non-HI 
neutralizing antibody. Further investigations are planned to characterize the extent of cross-reactivity, 
isotype, and epitopes and the conditions required for induction of these antibodies. 

282Innate and Adaptive Immunity

International Research
ScholarshipSCHOLARSHIP



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

O-857 

Inhibition of cellular p38 MAP kinase impairs influenza virus–induced primary 
and secondary host gene responses, thereby protecting mice from lethal H5N1 
infection 

Y Boergeling1, M Schmolke1,2, K Koether1, C Ehrhardt1, S Ludwig1*

1Institute of Molecular Virology, Center of Molecular Biology of Inflammation, University of Muenster, 
Muenster, Germany; 2Present address: Icahn School of Medicine at Mount Sinai, Department of 
Microbiology, Madison Avenue, New York, New York, United States 

Background: MAP kinases are major signal transducers in the cell. All four thus far known MAP 
kinases (ERKs, JNKs, p38 MAPKs, ERK5) are activated by influenza A virus (IAV) infection. While the 
JNK MAPK pathway promotes the antiviral cytokine response, we have shown previously that the 
MEK/ERK MAPK pathway is exploited by IAV to support viral RNP export. Accordingly, we have 
demonstrated that inhibition of this signaling cascade blocks virus replication in vitro and in the animal 
model, representing a suitable target for a novel antiviral strategy. Materials and methods: Here we 
have investigated the role of p38 MAPK in the antiviral response against IAV in cells and animals. 
Results: Global gene expression profiling of HPAIV-infected cells in the presence of the p38 inhibitor 
SB202190 revealed that inhibition of p38 leads to reduced expression of type I interferons (IFNs) and 
other cytokines after H5N1 and H7N7 infection. More than 90% of all virus-induced genes were either 
partially or fully dependent on p38. This was confirmed by siRNA-mediated knock down of p38 
isoforms or expression of a dominant negative mutant of the p38 upstream kinase MKK6. The broad 
impact of p38 could be attributed to the fact that inhibition of the kinase not only affects primary gene 
expression responses to infection but also impairs the secondary gene expression response by 
interference with the JAK/STAT pathway. Specifically, p38 coregulates NF-κB and AP1 transcription 
factors in the initial response to accumulation of 5´PPP vRNA. In the secondary response to virus-
induced IFNs, p38 specifically phosphorylates STAT1 at serine 727 and thereby enhances STAT1 
transcriptional activity. In vivo inhibition of p38 leads to a nearly complete shutdown of virus-induced 
cytokine expression, thereby protecting mice from lethal H5N1 IAV infection. These observations 
show that p38 acts on two levels of the antiviral type I IFN response: initially the kinase regulates IFN 
induction and later p38 controls IFN signaling by STAT phosphorylation and thereby promotes 
expression of IFN-stimulated genes. Conclusion: In summary, these data show for the first time that 
p38 is a crucial regulator of the innate cytokine and type I IFN responses and that this broad 
suppression of the virus-induced cytokine burst by p38 inhibition is sufficient to protect mice from 
lethal influenza virus infection. 
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P1-338 

Local antibody immune response to seasonal, pandemic and potentially 
pandemic (avian) live attenuated influenza vaccines in human nasal swab and 
saliva samples 

G Petukhova*, S Donina, S Kuznetsova, I Losev, L Rudenko, A Naykhin 

Institute of Experimental Medicine RAMS, St. Petersburg, Russia 

Background: Local immunity of upper airways is a key factor of protection against influenza viruses. In 
contrast with inactivated influenza vaccines, which stimulate mainly serum antibody response, live 
attenuated influenza vaccines (LAIVs) induce pronounced mucosal antibody immunity, so local 
immunity studies are of great importance in the development of LAIV immunogenicity criteria. For this 
reason, detailed analysis of local antibody production to different vaccine strains is required. Local 
immune responses can be assessed by quantification of virus-specific IgA in nasal swabs. Saliva is a 
promising material for anti-influenza immunity studies due to the possibility of very easy and rapid 
saliva collection using simple non-invasive technique. Our previous studies showed a direct 
correlation between anti-influenza protection and IgA levels in both nasal swabs and saliva. However, 
more extended studies of salivary antibody response to LAIVs are necessary as is an analysis of the 
interaction of antibody levels in saliva, nasal swabs and serum. The objective of this work was to 
study and compare local immune responses to seasonal, pandemic and potentially pandemic (avian) 
LAIVs in human nasal swab and saliva samples. Materials and Methods: Trivalent seasonal LAIVs 
and monovalent А/17/California/2009/38 (Н1N1), А/17/Duck/Potsdam/86/92 (Н5N2), 
A/17/Mallard/Netherlands/00/95 (H7N3) and A/17/Turkey/Turkey/05/133 (H5N2) LAIVs were used for 
single-dose (for seasonal) or two-dose (for monovalent) intranasal vaccination of young healthy 
volunteers. Nasal swab, saliva and serum samples were collected before vaccination, 28 days after 
vaccination and 28 days after revaccination. Serum virus-specific antibody titers were measured using 
HAI (haemagglutination inhibition) assay. Local virus-specific IgA levels in nasal swab and saliva 
samples were estimated by ELISA. A urea test was used for an antibody avidity study. Total protein 
was measured with a BCA assay. Results: Analysis of nasal swab samples from volunteers 
vaccinated with seasonal LAIVs showed a reduction in the percentage of vaccine-induced antibody 
conversions during the last 10 years. At the same time, geometric mean titers of local preexisting 
antibodies before vaccination rose progressively from year to year. However, the percentage of 
vaccine-induced antibody conversions in persons with low background antibody titers remained high: 
43% – 88%. Preexisting levels of local antibodies to А(H1N1)pdm2009 and avian strains А (H5N2) 
and А (H7N3) were low or absent. In some volunteers, cross-reactive antibodies to А(Н1N1)pdm2009 
were detected in nasal swab, saliva and serum samples. For avian strains only, local preexisting 
cross-reactive antibodies were observed. After two-dose vaccination with А(Н1N1)pdm2009 IgA, 
conversions were observed in 54% of nasal swab and 38% of saliva samples. Avian strains induced 
20% – 54% of conversions in nasal swab and 20% – 38% in saliva samples. Geometric mean 
antibody titers increased after both first and second vaccinations for avian strains and only after the 
first dose for А(Н1N1)pdm2009. LAIVs were also able to magnify local antibody avidity. Preexisting 
immunity was shown to significantly affect local immune response intensity to both seasonal and 
monovalent LAIVs. Inverse correlation was observed between antibody levels before and after 
vaccination for both nasal swabs and saliva. Results obtained with non-invasive techniques 
immunogenicity matched those obtained by HAI assay in 40% – 67% of cases and were able to 
provide additional information about LAIV immunogenicity. Conclusions: Seasonal, pandemic and 
avian LAIVs were able to induce marked antibody production in nasal swab and saliva samples of 
young healthy volunteers. Local immune responses in both nasal swab and saliva samples depended 
on preexisting antibody levels and were most evident in volunteers with low preexisting antibody 
titers. There are low levels of cross-reactive local antibodies in humans that can partially neutralize 
avian viruses. Non-invasive techniques of LAIV immunogenicity estimation provide additional 
information to serum antibody tests. Saliva is a promising material easily accessed for evaluation of 
antibody production and for rapid measurements of preexisting antibody levels before vaccination. 
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P1-339

Cross-reactive antineuraminidase antibodies against pandemic A(H1N1) and 
avian A(H5N1) influenza in sera of healthy volunteers 

T Smolonogina*, I Desheva, S Donina, L Rudenko 

Institute of Experimental Medicine, Russian Academy of the Medical Sciences, St. Petersburg, Russia 

Background: Humoral immunity induced by influenza virus neuraminidase (NA) can reduce viral 
shedding and decrease the severity of influenza illness. NA-specific antibodies have been previously 
demonstrated to provide cross-protection against viruses of the same NA-serotype in animal 
challenge experiments. These antibodies are believed to be of particular importance in cases of 
possible new antigenic shift of influenza virus hemagglutinin (HA). However, limited information is 
available on the presence of cross-reactive antineuraminidase antibodies against pandemic and 
potentially pandemic strains in humans. Materials and Methods: In the present study we examined 
serum antibodies cross-neutralizing NA activity of pandemic virus A/California/07/09(H1N1) 
(H1N1/2009pdm) among volunteers 1-82 years old before and 1 year after pandemic strain 
appearance. The role of prior seasonal influenza A(H1N1) infections in induction of NA-specific 
antibodies against H1N1/2009pdm was studied. We also evaluated preexisting serum antibodies 
against avian influenza A/Vietnam/1203/04(H5N1) (H5N1/2004) among healthy people aged 1-91 
years, examined between 2005 and 2011. A total of 465 serum samples collected in the fall of 2005, 
2010, and 2011 were analyzed using a peroxidase-linked lectin micro-procedure previously reported 
by Lambre et al. To avoid non-specific inhibition in the enzyme-linked lectin NA inhibition assay, 
A(H7N1) reassortant influenza strains containing A/equine/Prague/1/56(H7N7) HA and NA of 
H1N1/2009pdm or H5N1/2004 virus were generated and used to establish N1-specific titers. Results: 
Before pandemic strain appearance, in 2005, preexisting NA-inhibiting (NI) anti-H1N1/2009pdm 
antibodies in titers > 1:20 were detected among 7.1% (4 of 56) of volunteers aged 18-20 years; only 
one person demonstrated NI antibody titer against H1N1/2009pdm higher than 1:40. A year after the 
pandemic A(H1N1) virus first emerged in Russia, 27.0% (44 of 163) of volunteers aged 1-82 years 
expressed NI anti-H1N1/2009pdm antibodies in titers ≥ 1:40. To determine a possible origin of 
revealed NI antibodies against H1N1/2009pdm, we separated volunteers into several groups on the 
basis of HA-inhibiting (HI) serum antibody levels against A(H1N1) strains circulated between 1934 
and 2009. Volunteers presumably exposed to seasonal A(H1N1) viruses according to HI assay but 
with low (≤ 1:10) HI anti-H1N1/2009pdm titers had a 2.1-fold higher mean NI antibody titer against 
H1N1/2009pdm than subjects unexposed and completely seronegative to various seasonal and 
pandemic A(H1N1) strains (P < .05). Our data suggest that exposure to seasonal A(H1N1) viruses 
may have contributed to the induction of NI antibodies against H1N1/2009pdm. Since homology 
between amino acid sequences of H5N1/2004 and H1N1/2009pdm NAs is higher than between avian 
A(H5N1) strain and epidemic A(H1N1) viruses circulating until 2008 (87.9% vs 82.6%), we aimed to 
reveal changes in levels of preexisting NI antibodies against H5N1/2004 caused by H1N1/2009pdm-
like strains. According to NI assay, the mean antibody titer against H5N1/2004 virus among 
volunteers aged 18-20 years had increased 2.9-fold over the period from 2005 to 2011 (P = .04). In 
2005, only 7.1% (4 of 56) of young people had antibodies of this specificity in titers ≥ 1:40, while in 
2011 the percentage was more than 4-fold higher (P = .015): 30.8% (8 of 26). In general, 17.9% (95% 
CI, 13.6-23.2%) of 246 volunteers of a wide age range examined in the fall of 2011 had pre-existing 
NI antibodies against A(H5N1) influenza virus in titers ≥ 1:40. The mean NI anti-H5N1/2004 antibody 
titer among subjects who were seropositive to H1N1/2009pdm, according to NI assay, was 4.5-fold 
higher than that among seronegative volunteers (1:22.3 vs 1:5.0; P < .0001). The results of this study 
suggest that H1N1/2009pdm appearance and circulation have led to increase in titers of NI antibodies 
cross-reacting with potentially pandemic avian influenza A(H5N1) due to presumable common NA 
epitopes. Conclusions: Existing cross-reactive NI antibodies against highly pathogenic avian influenza 
A(H5N1) in sera of some part of human population alone or in association with another correlate of 
immune cross-subtype protection may moderate the severity of a possible pandemic or explain the 
relative insusceptibility to infection of some age groups. 
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P1-340 

Cell-mediated and antibody responses to MF59®-adjuvanted and non-
adjuvanted seasonal influenza vaccines in children under three years of age 

L Zedda1*, G Galli1, A Vertruyen2, M Raes3, W Jansen1, H Clouting1, G Del Giudice1*, M Beatty1, E 
Forleo1, F Castellino1  

1Novartis Vaccines and Diagnostics, Cambridge, MA, United States; 2Sint Vincentius Ziekenhuis, 
Antwerp, Belgium; 3Kinderartsenassociatie, Hasselt, Belgium 

Background: Annual seasonal influenza epidemics result in around 3 to 5 million cases of severe 
illness and around 250,000 to 500,000 deaths worldwide. Influenza infection is especially dangerous 
for individuals at higher risk for complications of influenza disease, such as the very young, the 
elderly, or chronically ill individuals, where infection may result in hospitalization and death. 
Nonadjuvanted, trivalent, seasonal influenza vaccines (TIV) are suboptimal in young children and 
infants. This phase 2, randomized clinical trial was conducted (between May 2011 and February 2012 
across 2 study sites in Belgium) to evaluate cell-mediated and antibody responses to an MF59®-
adjuvanted (Novartis Vaccines and Diagnostics), trivalent, influenza vaccine (ATIV) compared with 
TIV in children under 3 years of age.  Materials and Methods: Previously nonvaccinated children (6 to 
< 36 months) received 2 doses of either ATIV (n = 43) or TIV (n = 41) 4 weeks apart (days 1 and 29). 
The antigen content of ATIV and TIV were identical; one 0.25 mL vaccine dose contained ≈ 7.5 µg of 
haemagglutinin surface antigen from each of the 3 strains, A/California/7/2009 (H1N1), 
A/Perth/16/2009 (H3N2), and B/Brisbane/60/2008. Blood samples were collected prevaccination (day 
1) and 3 weeks after administration of the second dose (day 50) for immunogenicity analyses. Purified
peripheral blood mononuclear cells were restimulated overnight in vitro with either A/H1N1, A/H3N2, 
or B strain subunit antigens, then permeabilized, stained intracellularly for cytokine, and analysed by 
flow cytometry. Antibody titres were measured by haemagglutination inhibition (HI) assay and 
assessed according to European licensure criteria. Solicited local and systemic adverse events were 
recorded for 7 days after each vaccination. Unsolicited adverse events were recorded throughout the 
entire study period (day 1-50). Results: In agreement with the results of previous studies in this age 
group, the most commonly reported solicited local adverse event after the first vaccine dose was 
tenderness at the site of injection. There were no reports of severe local reactions in response to 
ATIV or TIV. The frequencies of systemic reactions were similar in both ATIV and TIV groups. No 
serious adverse events (SAEs) occurred in the ATIV group, whereas 2 children in the TIV group 
experienced a SAE. No cases of high fever (≥ 40°C) occurred in ATIV recipients after the first or 
second doses; 3 subjects in the TIV group experienced high fever after the first dose, and 1 subject 
after the second dose. Both vaccines induced strong increases in HI antibody titres. Geometric mean 
antibody titres (GMTs) against the 3 viral strains were much higher in response to ATIV than TIV. All 3 
of the European (CHMP) licensure criteria were met against both A strains in both vaccine groups. 
Against the B strain, all criteria were met for the ATIV group, while the criterion for seroprotection 
against the B strain was not met for the nonadjuvanted TIV group. Higher cross-reactive antibody 
responses against heterologous A/H3N2 and B strains were observed in response to ATIV compared 
with TIV. Both ATIV and TIV induced an increase in influenza antigen-specific T cells. Overall, the 
cytokine secretion profiles of CD4+ T cells in response to ATIV and TIV were similar and responses 
were dominated by IL-2 and TNF-α. IL-13 was not detected, demonstrating that MF59 adjuvantation 
did not result in any Th2-type bias. Conclusions: These data demonstrated enhanced immunogenicity 
of the ATIV, Fluad® (Novartis Vaccines and Diagnostics) compared with nonadjuvanted TIV in 
children under 3 years of age. The MF59-adjuvanted vaccine was well tolerated, and induced higher 
antibody titres and CD4+ T cell responses compared with TIV. Differences between antibody 
responses to ATIV and TIV were more pronounced against the heterologous strains. The presence of 
MF59 did not affect the quality of the cellular response to influenza antigen, nor did MF59 bias the 
immune response towards a Th2 functional phenotype. 
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P1-341 

Effect of ts mutations in polymerase genes of influenza A virus on its 
virulence, immunogenicity, and protective efficacy in a mouse model  

S Kuznetcova, I Isakova-Sivak, V Kuznetcova, G Petukhova, I Losev, L Rudenko, A Naikhin* 

Institute of Experimental Medicine RAMS, Departmet of Virology, St. Petersburg, Russia 

Background: Live attenuated influenza vaccines (LAIVs) are administered intranasally and provide 
protection and significant mucosal and cell-mediated immune responses, mainly due to their ability to 
mimic natural infection. Vaccine strains for LAIVs have cold-adapted (ca), temperature-sensitive (ts), 
and attenuated phenotypes that are guaranteed by the presence of specific mutations from master 
donor virus (MDV) in their internal genes. Mutations responsible for ts/ca phenotype of Russian MDV 
A/Leningrad/134/17/57 (H2N2) were recently established, but the impact of these mutations on the 
width and intensity of vaccine-induced immune responses has been poorly studied. Materials and 
Methods: We used a number of reverse genetics–derived mutant viruses based on virulent virus 
A/PR/8/34, which contained different combinations of one or more ts/ca mutations specific for MDV: 
PB2–V478L; PB1–K265N,V591I; and PA–L28P,V341L. Groups of female СBA mice were infected 
intranasally with one dose of 100 MID50 of tested mutant viruses. Infectious viral titers were 
determined 3 dpi in mouse lung and nasal turbinates to assess the virulent potential of the mutants. 
Organ homogenates were titrated in chicken embryos by limited dilutions and expressed as 
log10EID50/ml. Antibodies against whole A/PR/8/34 virus in mouse sera and upper respiratory tract 
washes were analyzed at 7 and 28 dpi by HAI assay and/or ELISA. To assess protective efficacy of 
the studied mutants, mice were challenged with 100 LD50 of A/PR/8/34 virus 30 dpi. Survival rate, 
weight loss, and the reduction of virus titers in lungs compared with the mock-immunized group were 
the measures of protection. Results: The ts phenotype of the mutant viruses, established in our 
previous study, did not always correlate with their virulence in mice. Thus, mutations in the PA gene 
did not alter the ability of the virus to replicate at high temperatures, but addition of the mutations in 
the PB2 and/or PB1 genes slightly reduced the virus titer in mouse lung. PB2-V478L had the greatest 
impact on virus attenuation, followed by PB1–K265N and PA–L28P,V341L. Addition of a single PB2 
mutation reduced the virus titer in lung by 2.3 log10, and subsequent inclusion of the PB1–K265N 
mutation additionally reduced the lung titer by 1.7 log10. Inclusion of all five mutations in polymerase 
genes of A/PR/8/34 resulted in fully attenuated virus with a lung titer as low as 1.7 log10. Study of the 
humoral immune responses revealed a reduction in HAI antibody titers of 28 dpi after inclusion of a 
single PB2 mutation (GMT value: 63.5 vs 142.5 for A/PR/8/34 virus). Sequential addition of mutations 
in the PB1 and PA genes showed a stepwise decrease in HAI titers, and we found good correlation 
between virus attenuation (ie, virus titers in lung) and the level of serum HAI antibody titers. In 
general, this correlation was confirmed by ELISA of serum virus-specific IgG and IgA antibody levels. 
Thus, the mutant virus bearing all five mutations was the most attenuated for mice from one side, but 
from the other side it induced the lowest levels of anti-virus serum antibody titers. However, when two 
mutations in the PA gene were excluded from this mutant, the virus was significantly more 
immunogenic, but still attenuated for mice. Interestingly, immunization with all mutant viruses 
protected mice from subsequent challenge, despite the variations in their serum antibody levels. Mice 
survived the challenge and did not exhibit weight loss, despite the fact that some virus titer was 
detected in mouse lungs from groups with low antibody levels. These data support previous findings 
that the protection induced by LAIVs is mediated by a wide range of factors, not only by serum 
antibodies. Conclusions: In summary, we showed that individual mutations in polymerase genes of 
influenza A virus are involved and/or responsible for changes in virus virulence and in humoral 
adaptive immune responses. In addition, we demonstrated that it may be possibility to modify the 
immunogenic potential of LAIV strains by varying the combinations of tested mutations in order to 
improve vaccine efficacy. This work was supported by RFBR Grant №12-04-31364. 
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P1-342 

A longitudinal analysis reveals an increase in neutralizing antibodies to both 
previously encountered seasonal as well as pandemic influenza A virus strains 

MS Miller1*, TJ Gardner1, F Krammer1, LC Aguado1, D Tortorella1, CF Basler1, P Palese1,2

1Department of Microbiology, and 2Department of Medicine, Division of Infectious Diseases, Icahn 
School of Medicine at Mount Sinai, New York, New York, United States 

Background: Antigenic diversity shapes humoral immunity in unique and unexpected ways. This is 
particularly true of the antibody response generated against influenza A viruses. While it is known that 
immunologic memory developed against previously encountered influenza A virus strains impacts the 
outcome of subsequent infections, exactly how sequential exposures to antigenically variant viruses 
shape the humoral immune response in humans remains poorly understood. Materials and Methods: 
To address this important question, a longitudinal analysis of antibody titers against various pandemic 
and seasonal strains of influenza virus spanning a 20-year period (1987-2008) was performed using 
samples from 40 individuals obtained from the Framingham Heart Study. Results: Longitudinal 
increases in neutralizing antibody titers were observed against previously encountered pandemic 
H2N2, H3N2 and H1N1 influenza virus strains. Antibody titers against seasonal strains encountered 
later in life also increased longitudinally at a rate similar to that against their pandemic predecessors. 
Titers of cross-reactive antibodies specific to the hemagglutinin stalk domain were also investigated, 
as they are known to be influenced by exposure to antigenic diversity. These titers rose modestly over 
time, even in the absence of major antigenic shifts. No sustained increase in neutralizing antibody 
titers against an antigenically more stable virus (human cytomegalovirus) was observed. Conclusion: 
The results herein describe a unique role for antigenic variation in shaping the humoral immune 
compartment, and provide a rational basis for the hierarchical nature of antibody titers against 
influenza A viruses in humans. 

P1-343 

Chicken IFITM3 restricts influenza viruses and lyssaviruses in vitro 

SE Smith1*, MS Gibson2, RS Wash1, F Ferrara3, E Wright4, N Temperton3, P Kellam1,5, M Fife2 

1Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, United Kingdom; 2The 
Pirbright Institute, Compton Laboratory, Compton, Berkshire, United Kingdom; 3Viral Pseudotype Unit, 
School of Pharmacy, University of Kent, Central Avenue, Chatham Maritime, Kent, United 
Kingdom; 4Viral Pseudotype Unit (Fitzrovia), School of Life Sciences, University of Westminster, 
London, United Kingdom; 5MRC/UCL Centre for Medical Molecular Virology, Division of Infection and 
Immunity, University College London, London, United Kingdom 

Background: Interferon inducible transmembrane protein 3 (IFITM3) is an effector protein of the innate 
immune system that confers potent, cell intrinsic resistance to infection by diverse enveloped and 
non-enveloped viruses both in vitro and in vivo, including influenza viruses, West Nile virus, dengue 
virus and reovirus. IFITM3 prevents cytosolic entry of these viruses by blocking complete virus fusion 
with cell endosome membranes. Materials and Methods: Assessment of avian IFITM3 was initially 
carried out in a stable over-expression system using HA-tagged proteins in human A549 cells. The 
stable cell lines were established using lentiviruses produced by a triple plasmid transfection in 
HEK293T cells. Endogenous expression was subsequently assessed by qRT-PCR in a range of 
chicken tissues, and viral restriction was tested by flow cytometry in chicken DF-1 fibroblast cells. 
Results: Although the IFITM locus, which includes IFITM1, 2, 3 and 5, is present in mammalian 
species, this locus has not been unambiguously identified or functionally characterised in avian 
species. Here we showed that the IFITM locus exists in chickens and is syntenic with the IFITM locus 
in mammals. Using lentiviruses expressing IFITM genes, we obtained human cell lines expressing the 
IFITM proteins with a C-terminal HA tag. Using this model we showed that the chicken IFITM3 protein 
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restricts cell infection by influenza A viruses and lyssaviruses to a level similar to that of its human 
orthologue. Furthermore, we showed that chicken IFITM3 is inducible in chicken DF-1 cells by 
quantitative RT-PCR and that knock-down of constitutive expression in chicken fibroblasts results in 
enhanced infection by influenza A virus. Chicken IFITM2 and 3 are constitutively expressed in all 
tissues examined, whereas IFITM1 is expressed only in the bursa of Fabricius, gastrointestinal tract, 
caecal tonsil and trachea. Conclusions: Despite being highly divergent at the amino acid level, IFITM3 
proteins of birds and mammals can restrict replication of viruses that are able to infect different host 
species, suggesting that IFITM proteins may provide a crucial barrier for zoonotic infections. 

P1-344 

Outcome of 2009 pandemic H1N1 virus infection in pregnant ferret model 

SW Yoon1*, SS Wong1, H Zhu2-4, Y Guan2-4, R Webby1 

1Division of Virology, Department of Infectious Diseases, St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 2Joint Influenza Research Centre, Shantou University Medical 
College, Shantou, PR China; 3State Key Laboratory of Emerging Infectious Diseases (HKU-Shenzhen 
Branch), Shenzhen Third People’s Hospital, Shenzhen, PR China; 4State Key Laboratory of Emerging 
Infectious Diseases/Centre of Influenza Research, School of Public Health, The University of Hong 
Kong, Hong Kong SAR, PR China 

Background: Pregnant woman are at increased risk of mortality and morbidity due to influenza virus 
infections, as highlighted during the 2009 pandemic. The mechanisms that affect influenza virus 
infection outcome in this population, however, are not well defined. In the present study, we 
investigated the consequence of 2009 pandemic H1N1 influenza virus (H1N1pdm09) infection during 
pregnancy using the ferret model. Materials and Methods: To understand the outcome of infection 
during early gestation, we analyzed viral shedding and histopathological and immunological changes 
in pregnant ferrets infected by H1N1pdm09. Results: We found quantifiable differences in viral titers in 
the respiratory tracts of infected pregnant and non-pregnant ferrets, with higher viral loads detected in 
the former. We observed that H1N1pdm09-infected pregnant ferrets had elevated levels of numerous 
cytokines in the upper respiratory tract, while no significant changes in cytokine levels were found in 
the lung or spleen tissue. Interestingly, the total numbers of CD8+ peripheral blood T lymphocytes 
were significantly lower in pregnant ferrets than in non-pregnant ferrets following infection. Similarly, 
influenza-specific B-cell ELISPOT responses in H1N1pdm09-infected pregnant ferrets were lower 
than those of non-pregnant ferrets. Conclusions: These results suggest that pregnancy alters the 
immune response, which in turn increases susceptibility to an influenza infection during pregnancy.  

P1-345 

Study of the innate immunity in chickens infected with low pathogenic avian 
influenza viruses of different subtypes 

B Stegniy1, D Muzyka1, P Shutchenko1*, H Lillehoj2, M Stegniy1, O Obukhovska1, A Stegniy1, L 
Kovalenko1

1National Scientific Center Institute of Experimental and Clinical Veterinary Medicine, Kharkiv, 
Ukraine; 2Animal Parasitic Diseases Laboratory, Animal and Natural Resources Institute, Beltsville 
Agricultural Research Center, Beltsville, Maryland, United States  

Background: Today, it is important to study innate immunity in birds infected with various infections 
(bacterial, viral, parasitic) to elucidate the mechanisms of natural protection that will allow developing 
more effective means of specific prevention and treatment. The objective of our research was to study 
the natural immune response in chickens infected with low pathogenic "wild" avian influenza viruses 
(LPAIV). The second objective of our study was to investigate the immunostimulatory effect of the 
phytonutrient Vitastim on the immune response in birds after infection with LPAIV. Materials and 
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methods: In our study, we used LPAIV H5N2, H4N6, H13N5, H6N4 isolated from wild birds in 
Ukraine. Infection was introduced intranasally in the dose of 106,0-106,5 EID50. On days 1, 3, 5, 7, 10, 
14 postinfection, we studied clinical state, the presence of histopathologic changes, the presence of 
the virus in the inner organs, the level of antibodies in the serum as well as the level of cell immunity. 
We investigated the immune response in chickens after infection with LPAIV followed by 
administration of Vitastim added in their drinking water using labeled streptavidin-biotin method 
(LSAB). Results: Low pathogenic "wild" influenza viruses did not cause clinical disease in birds during 
14 days. There was no virus detected in inner organs. Specific antibodies were found in the serum of 
20% to 40% of infected birds in 7-14 days after infection in low titers by ELISA and HAI. Suppression 
of immune response on CD4, IgM, IgG, IgA, macrophages was registered during first 5 days. A sharp 
increase of activity of these cells was observed later on starting from the seventh day and till the last 
day of investigation ending on 21st day. At the same time their level in chickens infected with the low 
pathogenic avian influenza virus was higher than in intact bird. The same situation was observed in 
lungs. However, the results of studying CD4 showed depressed state during all period of 
observations. The state of cell immunity in spleen of the infected birds as compared with the control 
group of birds in terms of CD4 and macrophages was more active than the state of humoral immunity. 
As far as the lungs were concerned, unlike the spleen, the former demonstrated the state of humoral 
immunity in terms of IgM, IgG, IgA levels was more active. Increase of the number of macrophages 
was registered in earlier stages than in other subpopulations that is on the third day through the 
seventh day. Percentage of all investigated cell subpopulations in caeca and trachea of infected 
chickens was higher than that in healthy birds. Though suppression of immune response was 
registered on the first day, nevertheless, the cell level immunity in infected chickens was higher 
starting from the first day. It was determined that Vitastim had a more substantial effect on humoral 
immune response for norm and for LPAI (caeca, trachea, lungs), which was an evidence of a more 
intensive formation and accumulation of B-lymphocytes that produce immunoglobulins. When 
studying spleen amplified proliferation of T-lymphocytes, macrophages was determined, which is 
characteristic of the activation of cell immune response. The investigation of 7 subpopulations of 
immune cells allows determination of  immune response at the stage of early direct influence on 
pathogen—CD8, at the stage of cooperation and transmission of antigenic products—CD4, at the 
stage of its processing and presentation—macrophages and IgG-, IgM-, and IgA-producing cells. 
Conclusion: As can be seen from above low pathogenic wild viruses isolated from wild birds in 
Ukraine did not cause clinical disease in chickens, but at the same time, we registered an immune 
response at the level of cell and humoral immunity. The findings suggest the need for 
further research. We have established immunostimulating effect of Vitastim that can be 
recommended for application in order to stimulate the immune response of poultry. 

P1-346 

Cellular and humoral immune responses to a high-dose influenza vaccine 

HK Talbot1*, M Mishina2, Y Zhu1, W Cao2, J Kim2, A Reber2, M Griffin1, M Rock1, D Shay2, S 
Spencer2, M Thompson2, S Sambhara2  

1Vanderbilt University Medical Center, Nashville, Tennessee, United States; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States 

Background: Immunesenescence, or immunologic changes associated with aging, increases the risk 
of serious complications of influenza infection in older adults and decreases the response to 
vaccination. Internal viral proteins in the split-virus influenza vaccines are key proteins that will likely 
induce or recall T-cell responses. We investigated whether the new high-dose split-virus vaccine 
stimulated both higher antibody responses and greater cellular responses than the standard-dose 
split-virus vaccine. Materials and Methods: We conducted a double-blind, randomized controlled trial 
to compare the immune responses of high-dose with standard-dose influenza vaccine in adults ≥ 65 
years during the fall of 2010.  Subjects had blood drawn on days 0, 7, 14, and 28 post-vaccination for 
both peripheral blood mononuclear cells (PBMCs) and for serum for hemagglutination inhibition (HAI) 
testing. A randomly selected subset of PBMC samples underwent testing. To assess antigen (Ag)-
specific T-cell responses, PBMCs were infected with viruses at a multiplicity of infection of 1 for 1 hr, 
followed by viral neutralization and overnight incubation. Cells were then treated with Brefeldin A (10 
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µg/ml) for 5 to 6 hours prior to antibody staining. Cells were first stained with Dead Cell Stain dye and 
then surface stained with fluorochrome-conjugated CD4, CD8, and CD69 and permeabilized for 
intracellular staining of the cytokines TNF-α, IL-2, and IFN-γ for flow cytometric analysis. T-cells 
studies were restricted to influenza A due to difficulty growing influenza B. The number of 
plasmablasts was assessed by staining cells with fluorochrome-conjugated CD3, CD20, IgD, CD27, 
and CD38. The number of Ag-specific plasmablasts (IgG+ or IgM+) derived from pre-existing memory 
B cells was measured by Ag-specific ELISPOT assay. PBMCs (10-15 x 105 cells/well) were plated 
onto ELISPOT plates coated with either 5 µg/mL anti-human IgG or IgM or 10 µg/mL of monovalent 
influenza vaccines. Spot-forming units were counted using ImmunoSpot® and were expressed as % 
Ag-specific IgG or IgM B cells out of the total IgG- or IgM-secreting B cells. Results: During the fall of 
2010, 105 adults aged ≥ 65 years were randomized to receive either high-dose or standard-dose 
seasonal trivalent split-virus influenza vaccine. Sera were collected from 103 subjects for HAI testing, 
and 48 subjects were randomly selected for collection of PBMCs to evaluate cellular immunity. 
Seroprotection (HAI titer ≥ 40) values against 3 vaccine strains (A[H1N1]pdm09, A[H3N2], and B) at 
day 28 were 80%, 82%, and 80%, respectively, among those who received high-dose vaccine 
compared with 57%, 45%, and 61% (P < .05), respectively, for those who received the standard dose. 
Of the samples from the 48 participants tested for cellular immune response, there were no 
differences in age, sex, or underlying health problems among those who received high-dose (n = 26) 
vs standard-dose (n = 22) vaccine. Percentages of activated T helper cells (CD4+CD69+) at day 28 
for H1N1 and H3N2 viruses were 51.4 ± 18.3 and 40.9 ± 17.7, respectively, in the high-dose group 
and 54.1 ± 17.5 and 44.0 ± 16.9 in the standard-dose group. Percentages of activated T-cytotoxic 
cells (CD8+CD69+) at day 28 for H1N1 and H3N2, respectively, were 71.4 ± 17.4 and 61.1 ± 17.3 in 
the high-dose group and 73.5 ± 12.5 and 64.4 ± 14.2 in the standard-dose group. Pre-vaccination 
response to stimulation was the only significant predictor of activity of activated polyfunctional T 
cells—ie, cells that secrete more than one cytokine (IFN-γ, IL-2, or TNF-α) (P < .0001)—in a model 
that included age and vaccine type. The percentage of plasmablasts at 7 days post-vaccination was 
higher in the high-dose group than in the standard-dose group (0.350 ± 0.291 vs 0.142 ± 0.105; P = 
.03). IgG+ plasmablasts for influenza A(H1N1) and IgM+ plasmablasts for both influenza A(H1N1) 
and H3N2 were more frequently found in the high-dose group compared with the standard-dose 
group (P < .05). Conclusions: High-dose vaccine resulted in higher rates of seroprotection for all three 
vaccine strains and increases in the percentage of Ag-specific plasmablasts.  Pre-vaccination 
response to stimulation strongly predicted T-cell immune response to influenza vaccination. However, 
we found no significant differences in T-cell immune responses between high-dose and standard-
dose vaccines. 

P1-347 

Phospholipase D inhibition alters intracellular trafficking kinetics and protects 
against productive influenza infection 

TH Oguin III1,2*, CK Jones3,4, JS Daniels3,4, CW Lindsley3,4,5, PG Thomas1, HA Brown3,5,6 

1Department of Immunology, St. Jude Children’s Research Hospital, Memphis, 
Tennessee; 2Department of Biological Sciences, University of Memphis, Memphis, 
Tennessee; 3Department of Pharmacology, Vanderbilt University School of Medicine, Nashville, 
Tennessee; 4Vanderbilt Center for Neuroscience Drug Discovery, Vanderbilt University School of 
Medicine, Nashville, Tennessee; 5Department of Chemistry and The Vanderbilt Institute of Chemical 
Biology, Vanderbilt University School of Medicine, Nashville, Tennessee; 6Department of 
Biochemistry, Vanderbilt University School of Medicine, Nashville, Tennessee 

Background: Despite advances in understanding influenza virus pathogenesis and replication, new 
antiviral therapeutics remain elusive. Clinically useful inhibitors of virus-specific processes can rapidly 
lose efficacy because of the virus’ unparalleled ability to mutate the target. The host cell lipid 
metabolic response to infection provides a potential target to block viral entry and restrict infectivity. 
Here we demonstrate that phospholipase D (PLD) catalytic activity is initiated during entry of influenza 
viruses, and chemical inhibitors of this enzyme are highly effective at protection against the pathologic 
consequences of infection. Focusing on virus-dependent host cell processes expands the inventory of 
therapeutic targets and reduces the likelihood of viral resistance. Materials and Methods: A549 cells 
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were used for all in vitro experiments. The PLD2-selective inhibitor VU0364739 was always used at 
10 µM, and cells were pretreated for 1 hour before infection. Viruses were used at indicated MOI, and 
at 0.01 MOI for trafficking experiments. Lipids were extracted and analyzed by LC/MS.  Microscopy 
data were analyzed using Nikon Elements and ImageJ. All data were analyzed using GraphPad 
Prism. Results: To assess if influenza infection can stimulate PLD activity, A549 cells were cultured in 
the presence of a primary alcohol, n-butanol. PLD will use n-butanol to make phosphotidylbutanol. Six 
hours after infection with A/California/04/2009 (H1N1), we observed a more than two-fold increase in 
phosphotidylbutanol levels compared with uninfected cells, indicating that PLD activity increases 
during influenza infection. RNAi was used to knockdown each isotype of PLD. By counting the 
number of infected cells in culture, we determined that knockdown of PLD2 led to more potent 
protection from A/Brisbane/59/2007 (H1N1). Using traditional virologic assays, A549 cells were 
drugged with 10-µM VU0364739 and/or 1-µM oseltamivir carboxylate 1 hour before infection with 0.01 
or 5 MOI A/Brisbane/10/2007 (H3N2), and supernatant was titrated using TCID50 assay. Regardless 
of MOI, PLD2 inhibition resulted in a dramatic decrease in infectious particle production. Additionally, 
PLD2 inhibition was more efficacious than oseltamivir carboxylate treatment, and the two treatments 
may have some synergistic effect during a low MOI infection. Knowing that proper PLD function is 
important in many receptor recycling models, we hypothesized that inhibiting PLD would alter 
endocytosis kinetics. We measured the accumulation of endosome trafficking proteins during 0.01 
MOI A/California/04/2009 (H1N1). Less clathrin accumulated 50 and 80 minutes after infection when 
PLD2 was inhibited. In cells treated with VU0364739, early endosomal marker Rab5 and late 
endosome marker CD63 also accumulated to much lower levels 30 and 90 minutes after infection, 
respectively. The innate immune response to influenza is critical for overcoming infection. MxA has 
been identified as a key effector protein that can neutralize incoming influenza particles. We 
measured accretion of MxA during infection when PLD2 was inhibited. Ninety minutes after a 0.01 
MOI A/California/04/2009 (H1N1) infection, significantly more MxA accumulated in cells treated with 
VU0364739. Conclusions: This study has demonstrated influenza infection stimulates an increase in 
PLD activity, and that isotype PLD2 plays a critical, beneficial role in the pathogenesis of early 
influenza infection. Inhibition of PLD2 by small molecule reduces cell-cell spread of multiple influenza 
strains and leads to fewer infectious particles being released from those cells that are infected. The 
mechanism of protection appears to be tied to viral endosome trafficking. PLD2 inhibition changes the 
kinetics of intracellular trafficking, and this slowdown perhaps gives the cell more time to sense the 
infection and mobilize antiviral effector proteins to protect against infection. Using a lipidomic 
approach combined with high-throughput drug screens, we’ve identified a host protein critical to 
influenza infection and built a small molecule therapeutic that protects the host from infection with little 
or no toxicity. 

P1-348 

The human antibody response to 2009 H1N1pdm neuraminidase 

J Gao1, L Couzens1, H Wan1, M Memoli2, E Dunham2, K Talaat3, B Thumar3, J Wrammert4, P Wilson5, 
R Ahmed4, R Karron3, J Taubenberger2, M Eichelberger1*

1Food and Drug Administration, Bethesda, Maryland, United States; 2National Institutes of Health, 
Bethesda, Maryland, United States; 3Johns Hopkins University, Baltimore, Maryland, United 
States; 4Emory University, Atlanta, Georgia, United States; 5University of Chicago, Chicago, Illinois, 
United States 

Background: Epidemiologic and human virus challenge studies have demonstrated a correlation 
between neuraminidase (NA) inhibition (NI) antibody titers and influenza disease. The NA-specific 
response following vaccination and infection is poorly characterized and was of particular interest 
during the 2009 H1N1 pandemic because potential cross-reactivity between antibodies specific for the 
NA of seasonal and pandemic H1N1 viruses may have contributed to protection against severe 
disease. Materials and Methods: NI antibody titers were measured by enzyme-linked lectin assay 
(ELLA) in human sera collected before and after vaccination with a monovalent 2009 H1N1pdm 
vaccine and in acute and convalescent sera from individuals with confirmed influenza infection in the 
fall of 2009. The IRB-approved vaccine and natural history studies were conducted at the Center for 
Immunization Research, Johns Hopkins University and the NIH Clinical Center, respectively.  We also 
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identified NA-specific human monoclonal antibodies (mAbs) in a mAb panel that had been generated 
from plasmablasts of 2009 H1N1pdm-infected patients and characterized their specificity and 
biological activity using virus-coated plates or NA-transfected cells by ELISA. The biological activity of 
these human mAb was assessed by determining the mAb concentration that inhibited 50% of NA 
activity using fetuin as a substrate in the ELLA. Results: Pre-existing NI antibodies against the 2009 
H1N1pdm virus A/California/7/2009 (CA/09) were evident in the elderly and correlated with increased 
NI titers following vaccination. There was evidence of antigenic competition between hemagglutinin 
(HA) and NA in both vaccinated and infected individuals, with the greatest HA inhibition titers elicited 
when pre-existing NI titers were low. NI antibody titers that increased in response to 2009 H1N1pdm 
infection often also increased to the previously circulating seasonal H1N1 virus, supporting the idea of 
antigenic sin in which recall responses to conserved antigenic domains predominate. This idea was 
further verified by examining the fine specificity of NA-specific human mAbs. An NA-specific mAb 
isolated from a patient likely to have had a primary infection specifically inhibited the enzyme activity 
of only the infecting strain. Asn at residue 369 was essential for the binding of this mAb to NA. 
Another 5 NA-specific mAbs were reactive with the NA of CA/09 in addition to a variety of seasonal 
strains, including the NA of A/Brevig Mission/1/1918. This suggests that these mAbs were the result 
of a recall response. These mAbs did not bind to the NA of an H5N1 virus. Sequence analysis 
showed numerous somatic mutations in the hypervariable regions of these mAbs, confirming that they 
resulted from the expansion of pre-existing memory B cells. We identified amino acids 249 and 273 
as residues essential for the binding of these mAbs. Two human mAbs were identified that could bind 
to all N1-containing viruses tested, including A/Vietnam/1203/2004 (H5N1). Only one of these mAbs, 
1009-3A02, whose epitope included Asn 248 at the lip of the enzyme active pocket, inhibited NA 
activity. Conclusions: Our results show that NA is an important 2009 H1N1pdm virus and vaccine 
antigen, with evidence of antigenic sin in both vaccine and infectivity studies. Examination of the 
reactivity of NA-specific mAbs selected from plasmablasts in the circulation of patients infected during 
the 2009 H1N1 pandemic provides further evidence of a recall response to conserved antigenic 
domains—in most instances these mAbs are cross-reactive with the NA of previously circulating 
seasonal H1N1 viruses. Further studies to identify NI antibody titers that protect against disease are 
warranted, as this is essential for evaluating NA-specific immunity in different population groups. 

P1-349 

Evolution helps us understand the mystery of childhood and adult mortality in 
the 1918 influenza pandemic 

D Fedson*

Sergy Haut, France 

Background: In the 1918 influenza pandemic, there was remarkably high mortality among younger 
adults, but much lower mortality among children. To influenza virologists, the cause of this high adult 
mortality has remained a mystery. Many have sought an explanation for this exceptional virulence by 
studying the molecular features of the 1918 pandemic virus. Results: Clinicians and epidemiologists 
have identified the different conditions that are associated with increased risk of mortality due to 
seasonal and pandemic influenza. Regardless of patient age, these high-risk conditions share one 
feature in common – chronic low-grade inflammation that is characteristic of what cardiovascular 
scientists call “metabolic syndrome.” In these patients, the “immune rheostat” seems to be set at a 
different and perhaps more precarious level. Thus, intrinsic features of the host response are 
responsible for the increased risk, which helps us understand the pattern of mortality seen in the 1918 
influenza pandemic. Some investigators believe the high mortality rate in young adults was due to 
secondary bacterial pneumonia, but this explanation is incomplete and unsatisfactory: children were 
infected more frequently than adults with the pandemic virus, and they likely had higher rates of 
nasopharyngeal colonization with the same bacteria that were associated with pneumonia deaths in 
young adults, yet few children died. It is more likely that adults died with bacterial pneumonia, not 
necessarily because of it. In other words, influenza induced changes in the innate and adaptive 
immune responses of young adults but not of children. These changes set the stage for secondary 
bacterial pneumonia that was seen in young adults who died. Lower mortality in children compared 
with adults is not unique to influenza. It is also seen in first infections with several viruses (eg, mumps, 
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polio, varicella) and in bacterial infections (eg, invasive pneumococcal disease, staphylococcal and 
streptococcal bacteremia). It is also seen in the acute lung injury that occurs in severe malaria and 
other conditions, such as sickle cell chest syndrome and extensive soft tissue trauma and burn injury. 
Thus, across a broad range of infectious and non-infectious conditions, children tolerate acute lung 
injury much better than adults. The dividing line between the two occurs in the second decade of life, 
around the time of puberty. Evolutionary biologists have dramatically confirmed this mortality pattern 
by documenting steep increases in the annual probability of death during the second decade of life in 
different human populations over historical time (Burger O, et al. Proc Natl Acad Sci USA. 
2012;109:18210). Surprisingly, few investigators have sought explanations for the difference in pre- 
and post-pubertal mortality in animal models of acute lung injury, and, until recently, no one had 
studied it for influenza. In a new report, mortality in PR8-infected C57BL/6 mice was much lower in 
the period immediately before puberty compared with the period after puberty (Suber F, et al. Am J 
Respir Crit Care Med. 2013;187:A1704). When mice were either castrated or ovariectomized to delay 
the onset of puberty, the low influenza mortality rate was maintained, but when they were treated with 
estrogen, mortality rates rose to the level seen in control post-pubertal mice. This model should allow 
influenza virologists to undertake experiments that discriminate between host-related and virus-
related factors that determine influenza-related survival and death. Conclusions: An increased risk of 
influenza-related mortality is seen in patients with chronic low-grade inflammation characteristic of 
metabolic syndrome, and these changes—not secondary bacterial pneumonia—underlie the higher 
mortality rates of young adults compared with children seen in the 1918 influenza pandemic and in 
other infectious and non-infectious conditions associated with acute lung injury. The risk of death rises 
steeply at the time of puberty, and this increase appears to be the heritage of human evolution. A new 
model of influenza in pre- and post-pubertal mice should allow influenza scientists to undertake 
experiments to help us better understand the mystery of childhood and adult mortality in the 1918 
influenza pandemic.  

P1-350 

The role of antigen presenting cells induced by influenza and pneumococcal 
coinfections: an in vitro model 

J Hoffmann1*, M Perret2, O Ferraris1,3, J-N Telles1, G Paranhos-Baccalà1

1Emerging Pathogens Laboratory, Fondation Mérieux, Lyon, France; 2Team Inflammasome and 
Bacterial Infections, Lyn, France; 3Unité de Virologie, Institut de Recherche Biomédicale des Armées, 
Lyon, France 

Background: Viral and bacterial coinfection is frequently observed in children with severe acute 
respiratory infections and accounts for much of the morbidity and mortality during seasonal and 
pandemic influenza. We set up an in vitro model to simultaneously challenge immune cells 
(macrophages and dendritic cells [DCs]) with Streptococcus pneumoniae (Sp) and Influenza A/H1N1 
virus to mimic human respiratory coinfection. We hypothesized that the synergistic production of 
specific pro-inflammatory cytokines and chemokines released by macrophages and DCs during 
concurrent influenza virus and pneumococcal infection affects pathogenesis and disease severity. 
Materials and Methods: Human monocyte-derived macrophages (MDM) and a monocytic leukemia 
cell line (THP-1) were seeded in a 96-well plate (1 x 105 per well) and exposed to viable or heat-
inactivated Influenza A/H1N1 virus at MOI 0.5 (IAV; A/Solomon Island/3/06) for 1 h in serum-free 
conditions and for a subsequent 3 h in the presence of fetal bovine serum. Cells were washed, 
medium was removed, and fresh medium containing viable or heat-inactivated Sp (1 x 103, 1 x 104, 1 
x 105 CFU) was added. After a 2-h incubation, gentamicin 100 µg ml-1 was add to kill extracellular 
bacteria and maintained in the cell culture until the end of the experiment. Culture supernatants were 
harvested 4H/8H/24H post-coinfection and used for measurement of 27 cytokines, chemokines, and 
growth factors that mediate immunity and inflammation. Cell viability was monitored by Annexin/PI 
staining analysis, and total mRNA from coinfected cells was extracted for transcriptional analysis. 
Viral RNA and bacterial DNA loads were quantified by in-brew molecular assays. Results: We 
established a coinfection system involving human macrophages, which play a pivotal role in mounting 
effective innate and adaptive responses to IAV and Sp coinfections. We found a significantly 
synergistic production of TNF-α, IL-6, IL-1ß, and IP-10 at 24 h post-coinfection in IAV-infected THP-1 
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and MDM challenged with high-dose Sp  (1 x 105 CFU). IAV or Sp single infection or challenge of IAV-
infected cells with a lower dose of Sp (1 x 103, 1 x 104 CFU) induced low or no soluble 
immunomodulators. In the earlier time (4 h/8 h) post-coinfection, a weak and non-synergistic 
response was observed. The priming of activated macrophages to promote the immunomodulation, in 
our coinfection system, was bacterial viability–dependent but viral replication–independent. It seems 
that it is not the virus viability infection itself but the cellular response to the coinfection that is 
responsible for the increased cytokine release. Interestingly, we observed that IAV-infected THP-1 
cells exposed to heat-inactivated Sp secreted higher amounts of interferon gamma-induced protein 
10, which is currently described in the literature as a potential biomarker of several respiratory 
infections. Moreover, preliminary results showed that, in viable Sp single-infected human monocyte-
derived DCs, the production of soluble immunomodulators was identical to that released by human 
macrophages. As recently reported elsewhere with infected DCs, we also observed a time- and dose-
dependent production of IL-12p70. Furthermore, Sp-infected immune cell viability sharply decreased, 
suggesting an effect of bacterial virulence factors on the immune system. Conclusions: The host 
cytokines response mounted by immune cells following viral and bacterial coinfections strongly 
influences the nature of innate and adaptive immune responses. Our preliminary results show a 
specific, synergistic, time- and dose-dependent modulation of the immune response orchestrated by 
macrophages and DCs during viral and bacterial coinfection. Taken together our results suggest that 
pathogen entry into the antigen presenting cells seems to be the key to the immunomodulation but not 
the replication itself. This in vitro approach is being complemented by experiments involving 
respiratory epithelial cells to evaluate the complex cross-talk between host and pathogens, mimicking 
a human respiratory physiopathology, and then validation in an animal model. This work was 
performed within the framework of the LABEX ECOFECT (ANR-11-LABX-0042) of Université de 
Lyon, within the program "Investissements d'Avenir" (ANR-11-IDEX-0007) operated by the French 
National Research Agency (ANR). 

P1-351 

The NS1 protein of seasonal influenza A viruses inhibits ISG15 induction in 
human cells  

J Knepper*, VK Weinheimer, T Wolff 

Robert Koch Institute, Division 17 Influenza Viruses and Other Respiratory Viruses, Berlin, Germany 

Background: Influenza A virus (IAV) infection provokes an antiviral immune response, including 
activation of interferon (IFN) and IFN-stimulated proteins. One of these proteins is the interferon-
stimulated gene product 15 (ISG15), which is a ubiquitin-like polypeptide that can be covalently 
attached to target proteins. ISG15 was shown to have antiviral activity against a variety of DNA as 
well as RNA viruses, including influenza viruses, but its precise mode of action is not well understood. 
The aim of this study was to elucidate the impact of ISG15 on IAV propagation as well as on species 
specificity. Materials and Methods: The following influenza virus strains were used in this study: 
A/Panama/2007/1999 (H3N2), A/New Caledonia/20/1999 (H1N1), A/duck/Alberta/60/1976 (H12N5), 
A/mallard/Germany/439/2004 (H3N2), and A/Puerto Rico/8/1934 (H1N1). The lung epithelial cell line 
A549 was used for infection experiments as well as growth curve analyses. Knock down of ISG15 in 
A549 cells was established using siRNAs. Expression of ISG15, other ISGs, and virus proteins such 
as NP or NS1 was determined by fluorescent-activated cell sorting (FACS). Transfection-based 
experiments were performed in human embryonic kidney 293T cells. More than 10 NS1 proteins 
originating from human as well as avian virus strains were investigated with regard to their ability to 
suppress ISG15 expression. In brief, 293T cells were transfected with the different NS constructs, 
stimulated with interferon at 24 hours post-transfection, and analyzed for NS1 as well as ISG15 
expression via FACS. Results: We devised a FACS-based assay to assess expression of viral 
antigen and IFN-stimulated genes in infected cell cultures in a quantitative manner. Analysis of human 
cell cultures infected with seasonal IAV at low and medium multiplicity revealed an unexpected 
distinction of cell populations expressing either viral antigen or ISG15, but not both. This was in 
contrast with infections with Newcastle disease virus or influenza B virus, which generated large 
numbers of infected and ISG15- double positive cells, suggesting that seasonal IAV is capable of 
suppressing ISG15 expression during infection. In order to determine whether ISG15 was suppressed 
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by other IAVs, we compared seasonal with avian virus strains. The proportion of both infected and 
ISG15-positive cells was 3-4–fold higher after infection with low-pathogenic avian IAV in comparison 
with seasonal IAV, suggesting that these non-human viruses are debilitated in inhibiting ISG15-
expression. The proportion of double-positive cells increased up to 6 times upon infection with a 
mutant virus lacking the NS1 gene, indicating a role for NS1 in the suppression of ISG15 in infected 
cells. Along this line, transfection-based experiments demonstrated that the presence of an active 
viral polymerase was sufficient to induce ISG15, which was inhibited by co-expressed NS1 protein. In 
a similar transfection assay, NS1 proteins of seasonal IAV significantly reduced subsequent IFN-
stimulated ISG15 induction, whereas this was not observed for NS1 proteins of low-pathogenic avian 
IAV. Notably, the NS1 protein of the newly emerged H7N9 virus also did not inhibit ISG15 induction. 
Finally, knock down of ISG15 had no effect on replication of seasonal IAV but led to 2-6–fold higher 
virus titers of low-pathogenic avian IAV at different time points. Conclusions: Our study demonstrates 
on a single-cell level that NS1 proteins of seasonal IAV strains are able to suppress ISG15 induction 
in infected or NS1-transfected cells. On the contrary, NS1 proteins expressed by low-pathogenic 
avian IAV or the novel H7N9 virus are unable to inhibit IFN-induced ISG15 expression. Preliminary 
data suggests that the suppression of ISG15 by NS1 is most likely due to a mechanism on the post-
transcriptional level, which is currently being investigated. In conclusion, we propose that the ISG15 
system contributes to limiting the IAV host range. 

P1-352 

Localized antibody responses in influenza virus-infected mice 

OTW Li*, LL Poon 

Center of Influenza Research & School of Public Health, The University of Hong Kong, Hong Kong, 
China 

Background: Traditionally, vaccine-mediated protective responses were quantified by measuring the 
level of increase of influenza virus–specific antibodies circulating in blood. However, virus-specific 
antibodies in serum do not necessarily correlate with protection in vaccinees receiving intranasally 
administrated live attenuated influenza vaccines (LAIVs). Local mucosal and cellular immune 
responses are believed to be the protective mechanism induced by LAIVs. Recently, antibody 
secreting cell (ASC) responses derived from peripheral blood mononuclear cells (Cherukuri A, et al. 
Vaccine. 2012;356:685-696) of ferrets and antibody obtained via human nasal washes, but not the 
systemic serum (Barria MI, et al. J Infect Dis. 2013;207:115-124), were found to better correlate with 
B-cell responses induced by LAIV. ASCs are found in the upper and lower respiratory tract in 
influenza infections and play an important role in combating influenza infections. Analyses of antigen-
specific B-cell receptors on these ASCs were limited by cell-based assays such as ELISPOT or FACS 
probe by hapten or B-cell tetramers. Although the localized mucosal and systematic ASC responses 
of Influenza A virus–infected mice are different (Joo HM, et al. Vaccine. 2010;28:2186-2194), direct 
comparisons of antibodies secreted by ASCs at these locations are lacking. Here, we isolate 
antibodies secreted by ACSs at multiple anatomical sites and characterize the epitope specificity and 
other properties of these antibodies systematically. Materials and Methods: Mice intranasally infected 
with influenza virus (A/HK/68) were used as a model. Lymphocytes from different nodes (eg, cervical 
lymph nodes [CLNs], which drain the upper respiratory tract, and mediastinal lymph nodes [MLNs], 
which drain the lower respiratory tract) and from the spleen of infected mice were harvested for cell 
cultures at days 3, 7, and 28 post-infection. In addition, supernatants of nasal washes, 
bronchoalveolar lavage fluid, and serum of the mice were harvested. Antibodies secreted by the 
cultured cells and antibody presented in the harvested body fluids were characterized by influenza A–
specific isotyping ELISA, micro-neutralization assay, as well as fine epitope mapping assay using a 
yeast surface display library for H3 hemagglutinin. Results: Antibody in lymphocyte supernatants 
(ALS) from cultured cells of MLNs and spleen and antibody in serum were found to be positive for 
influenza virus–specific IgM at day 3 post-infection. Nasal washes, bronchoalveolar lavage fluid, and 
ALS from CLNs and MLNs were found to be IgA-positive at day 7 post-infection. High IgG1 and IgG2a 
responses were detected in ALS from MLNs at day 7 post-infection. The control ALS from cells 
derived from iliac lymph nodes, which drain the mouse tail but not the respiratory tract, was negative 
for influenza-specific IgA, IgG1, IgG2a, and IgM throughout the study. Bronchoalveolar lavage fluid 
collected at day 28 post-infection and ALS from MLNs collected at day 7 post-infection demonstrated 

297Innate and Adaptive Immunity



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

a weak neutralization property in a standard micro-neutralization assay. Antibody repertoire mapping 
of ALS from MLNs collected at day 7 and of serum collected at day 28 post-infection was also 
performed. The antibody repertoire mappings were comparable and both identified a major 
immunodominant antigenic site in HA1 and a weaker antigenic site located in HA2. However, two 
additional antigenic sites were identified in the mapping of ALS from MLNs collected at day 7 when 
compared with the mapping of the serum obtained at day 28 post-infection. Conclusions: This study 
illustrated the feasibility of recovering ASC specificity at different localizations after influenza A 
challenge. With the use of cell-free supernatant, the properties of the ASC-secreted antibodies can be 
further characterized by various methods traditionally used for serum. The method described will 
provide information about influenza A–induced antibody responses early post-infection, ie, at the time 
when the virus was cleared. 

P1-353 

A comparison of human influenza A H1N2 nucleoprotein T-cell epitopes with 
circulating influenza A viruses from 1918 to 2003 

N Komadina1,2*, S Quinones Parra3, K Kedzierska3, J McCaw4, R Hall2, K Leder2,5, J McVernon4,6 

1World Health Organisation Collaborating Centre for Reference and Research on Influenza, North 
Melbourne, Australia; 2School of Public Health & Preventive Medicine, Monash University, Melbourne, 
Australia; 3Department of Microbiology and Immunology, The University of Melbourne, Parkville, 
Australia; 4Vaccine & Immunisation Research Group, Murdoch Children’s Research Institute & 
Melbourne School of Population Health, The University of Melbourne, Parkville, Australia; 5Victorian 
Infectious Diseases Services, Melbourne, Victoria, Australia; 6Victorian Infectious Diseases Reference 
Laboratory, North Melbourne, Australia 

Background: In 2000, an H1N2 influenza virus arose in the human population and was reported as a 
sporadic cause of illness across the globe for approximately 3 years. Its greatest impact was in the 
UK, where it accounted for 54% of influenza A viruses isolated during the 2001-2002 season. The 
greatest number of infections occurred in the 5-14–year age group (39%) followed by the 14-44–year 
age group (32%). This H1N2 virus did not contain novel surface antigens or genes because it was a 
reassortant of the H1N1 and H3N2 viruses that were circulating in the population at the time. Natural 
influenza infection induces production of neutralising antibodies and stimulates long-lived CD8+ 
memory T-cell immunity.  T cells are targeted directly at the conserved internal proteins of the 
influenza virus, thereby providing a level of cross-protective immunity against type A influenza 
viruses. This study examined the T-cell epitopes for all HLA types found in the H1N2 nucleoprotein 
(NP) for evidence of drift or novel epitopes that might explain its emergence as the dominant 
circulating strain in the UK over a season. Materials and Methods: H1N2 NP was used as the 
reference data set and consisted of 46 H1N2 NP sequences originating worldwide, with 10 originating 
from the UK. The NP epitopes were compiled using Immune Epitope Database and Analysis 
Resource. Epitopes were identified in the data sets using the Identify Short Peptides feature available 
in the Influenza Research Database. Data sets of H1N2, H2N2, H1N1 and H3N2 viruses isolated from 
1918 to 2003 were sourced from GISAID EpiFlu™. The full spectrum of reference epitopes available 
for each site in combined H1N1, H2N2 and H3N2 NP data sets was identified and characterised as 
either a perfect match or otherwise with the reference epitope data set. The percentage of strains 
achieving a perfect match for each epitope sequence was recorded in 5-year blocks to allow 
assessment of the potential for exposure of population cohorts over time to viruses antigenically 
related to the emergent H1N2. Results: The reference H1N2 data set had a high degree of similarity 
in all 55 epitopes expressed in the NP, except for 3 viruses—from Asia (2) and North America (1)—
with sporadic point mutations expressing novel epitopes not seen elsewhere. These were not 
considered further, restricting the reference data set to 43 strains. The extent of H1N2 epitope match 
with the aggregated historical virus data set was as follows: 100% match (20% of epitopes), 75%-99% 
match (20%), 505%-74% match (49), 255%-49% match (4%) and 15%-24% match (7%). Four 
epitopes circulated from 1918 until the mid 1960s, re-emerging again in the late 1970s, and epitope 
NP17-25, which had circulated before 1950 and re-emerged in the late 1990s; 14% of epitopes found in 
the H1N2 virus emerged as novel epitopes in the early 1970s, and a further 16% of epitopes also 
emerged for the first time in the mid 1990s.  A further two epitopes that had been predominant in the 
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H2N2 viruses during 1956-1968 and continued to circulate sporadically were no longer seen in 
viruses other than the H1N2 by the late 1990s. Conclusions: Amino acid substitutions in both epitope 
anchor points and residues, which interact with the T-cell receptor, have an impact on recognition by 
specific T cells. This study showed that, although some NP epitopes have been highly conserved over 
the past century, a number of novel epitopes emerged in the late 1990s. These epitopes were 
incorporated from parent strains into the reassortant H1N2 viruses examined in this study. H1N2 
viruses were predominately isolated from individuals up to the age of 44 years in the UK in 2001-
2002, many of whom were anticipated to have had prior exposure to both H1- and N2-containing 
viruses. We hypothesise that the relative novelty of a number of the NP epitopes may have 
contributed in part to the success of this strain. 

P1-354 

Pregnant women infected with the pandemic influenza A(H1N1)pdm09 virus 
show a differential cytokine and chemokine response related to disease 
severity 

N Periolo1,2, M Russo1, M Avaro1, E Benedetti1, A Pontoriero1, A Campos1, A Czech1, L Martinez 
Peralta2, E Baumeister1*   

1National Influenza Centre PAHO/WHO, Laboratorio de Referencia Nacional, Servicio Virosis 
Respiratorias, Departamento Virología, Instituto Nacional de Enfermedades Infecciosas, ANLIS 
Malbrán, Buenos Aires, Argentina; 2Instituto de Microbiología y Parasitología Médica, Universidad de 
Buenos Aires-Consejo Nacional de Investigaciones Científicas y Tecnológicas 

Background: The innate immune system is the first line of defense against viruses inducing cytokine 
and chemokine expression. During pregnancy, immunological and hormonal alterations place women 
at increased risk of certain infections and associated complications. Pregnant women represent a 
disproportionately higher percentage of severe cases of influenza with an increased risk ranging from 
4- to 10-fold that of the general population. Increased morbidity and mortality in pregnant women were 
reported based on data from seasonal influenza. The impact of pregnancy on the immune response is 
not well known. Although A(H1N1)pdm09 infection resulted in increased disease severity in pregnant 
women, the precise mechanisms responsible for this risk are not yet defined. The present study 
aimed to investigate the host cytokine profiles in A(H1N1)pdm09 infection regarding disease severity 
in pregnant women. Materials and Methods: This study included 41 pregnant women with confirmed 
A(H1N1)pdm09 infection during the 2009 pandemic: 12 died as a consequence of the infection (ID), 
and 29 survived the infection (IS) Samples of 17 non-infected pregnant women were included as 
control (NI). Respiratory samples, tracheal aspirates (TAs), as well as nasopharyngeal (NP) 
secretions were obtained and collected from July to September 2009. Samples were sent to the 
National Influenza Reference Laboratory, which houses the WHO National Influenza Center (NIC) for 
A(H1N1)pdm09 diagnosis. Specimens have been kept at -80°C since then. The A(H1N1)pdm09 
infection was confirmed by real-time RT-PCR using the CDC protocol. Total RNA from cells was 
extracted using the QIAamp® Viral RNA Mini kit QIAGEN™. cDNA was synthesized with Oligo-dT 
primers and Superscript III reverse transcriptase (Invitrogen) and quantified by real-time quantitative 
PCR analysis. The gene expression profiles for cytokines (IFN-β, TNF-α, IL-6, IL-12, TGF-β, IL-17), 
chemokines (IL-8, RANTES, MCP-1), and viral Matrix (M1) gene were quantified and normalized 
using the house-keeping gene product β-actin mRNA. We used a SYBR green PCR MASTER MIX 
(Applied Biosystems). The M1 gene copy number was measured to evaluate viral replication in each 
sample. Statistical analysis was performed using the GraphPad Prism software by ANOVA. This study 
was approved by the Independent Ethics Committee. Results: IL-6 mRNA expression in ID was 
significantly higher than in IS (5.424 ± 0.9513 vs 1.370 ± 0.4333, P < . 01) or NI (1.578 ± 0.3566, P < 
.001), expressed as copies of IL-6 mRNA/β-actin mRNA, respectively, while both ID and IS showed 
increased expression of TNF-α and IL-8 in comparison with NI. Conversely, TGF-β mRNA was lower 
in both groups with influenza infection than in NI. RANTES, MCP1, and IL-12 levels were not 
significantly different among all groups. Interestingly, the expression of INF-β in ID was significantly 
lower than in the other two groups (0.6000 ± 0.08528 vs 1.275 ± 0.1058 [P < .0001] and 1.293 ± 
0.1147 [P = .000], respectively) in relation to the increased M1 gene transcription in ID compared with 
IS. Conclusions: The present study shows that the expression of several cytokines and chemokines 
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may play a role in the pathogenesis of the severity of the respiratory disease in pregnant women 
during the A(H1N1)pdm09 virus infection. The decreased expression of TGF-β may contribute to 
disease progression inducing proinflammatory cytokines and chemokines in ID and IS. The highly 
elevated expression of IL-6 and low INF-β in ID probably allowed an increase in viral replication, 
indicated by M1 gene expression. These results may serve as important biomarkers for the 
identification of patients at risk of severe complications during the A(H1N1)pdm09 infection, but the 
underlying mechanism awaits further detailed investigations. Addressing these issues will be 
necessary to ensure that pregnant women receive appropriate guidance and health care in the event 
of influenza pandemic or epidemic. The importance of a comprehensive preventive vaccination 
campaign in pregnant women is highlighted. 

P1-356 

The presence of bacterial LPS inhibits influenza virus infection of human 
macrophages and the consequent induction of CD8+ T-cell immunity 

KR Short1*+^, M Vissers2+, S de Kleijn2, AL Zomer2, K Kedzierska1, E Grant1, PC Reading1,3, PWM 
Hermans2, G Ferwerda2§, DA Diavatopoulos2§+

1Department of Microbiology and Immunology, The University of Melbourne, Australia; 2Laboratory of 
Pediatric Infectious Diseases, Radboud University Medical Centre, Nijmegen, the Netherlands; 3WHO 
Collaborating Centre for Reference and Research on Influenza, Victorian Infectious Diseases 
Reference Laboratory, Australia; +§These authors contributed equally; ^Current address: Department 
of Viroscience, Rotterdam, the Netherlands 

Background: It is well established that infection with influenza A virus (IAV) facilitates secondary 
bacterial disease. However, there is now a growing body of evidence that the microbial context in 
which IAV infection occurs can affect both the innate and adaptive responses to the virus. For 
example, recent studies in mice suggest that exposure to bacterial species and ligands, such as those 
derived from the normal bacterial flora, can facilitate the development of an effective anti-viral immune 
response and reduce the severity of an IAV infection. To date, these studies have been restricted to 
murine models of disease, and the relevance of these findings in primary human cells remains to be 
elucidated. Of particular interest is how bacterial pre-stimulation affects IAV infection of human 
macrophages. Macrophages are a key leukocyte present in the nasal cavity—an area of high 
bacterial density and diversity as well as the first site of infection for IAV. Moreover, macrophages are 
long-lived and crucial for tissue homeostasis as well as protection against IAV. Training of these cell 
types by bacterial ligands in the nasopharyngeal mucosa could therefore have a lasting influence on 
the immune response toward a viral infection.  Materials and Methods: We used primary human 
monocyte-derived macrophages (MDMs) to investigate the effect of pre-stimulation with bacterial 
ligands on IAV infection of MDMs. Results: We showed that pre-stimulation with the bacterial ligand 
lipopolysaccharide (LPS), but no other bacterial ligand, reduced the ability of IAV to infect MDMs. 
Specifically, LPS blocked virus transcription in MDMs by inducing an anti-viral/type I interferon 
response. We then demonstrated that this reduced rate of viral infection is associated with a reduced 
ability to present a model (non-IAV derived) antigen to autologous CD8+ T cells. Conclusions: Taken 
together, these data provide the first evidence that exposure to bacterial ligands such as LPS can 
play an important role in modulating IAV infection of primary human cells, which may then have 
important consequences for the development of the host’s adaptive immune response.   
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P1-357 

Severe immunopathology induced by influenza A virus is due to PB1-F2–
mediated activation of the NLRP3 inflammasome  

A Mansell1, M Tate1, C MacKenzie-Kludas2, A Pinar1, W Zeng2, A Stutz3, E Latz3,4, L Brown2, JL 
McAuley2* 

1Centre for Innate Immunity and Infectious Diseases, Monash Institute of Medical Research, Monash 
University, Victoria, Australia; 2Department of Microbiology and Immunology, University of Melbourne, 
Melbourne, Victoria, Australia; 3Institute of Innate Immunity, University Hospitals, University of Bonn, 
Bonn, Germany; 4Department of Infectious Diseases and Immunology, University of Massachusetts 
Medical School, Worcester, Massachusetts, United States  

Background: The ability of a host to recognize infection is critical for virus clearance, and the anti-viral 
response often begins with induction of inflammation. It has been demonstrated that PB1-F2 
expressed by pathogenic influenza A viruses (IAVs) contributes to the enhancement of early 
inflammation in an infected host, although the mechanism responsible is unclear. Activation of the 
NLRP3 inflammasome has been linked to induction of inflammation and implicated in responses to 
IAV infection, but whether identified virulence proteins can be activators of this complex is unknown. 
Therefore, we investigated PB1-F2–mediated activation of the NLRP3 inflammasome as a 
mechanism responsible for overt inflammatory responses to IAV infection. Materials and Methods: 
Immortalized wild-type, ASC-/-, caspase1-/-, and NLRP3-/- C57BL/6 macrophages; primary cells; and 
human peripheral blood mononuclear cells (PBMCs) were infected with wild-type or genetically 
modified virus unable to produce PB1-F2 (delPB1-F2 X31) or exposed to PB1-F2 peptide matching 
amino acids 61-87 from either A/Puerto Rico/8/34 (PR8) or A/Wuhan/359/1995 (Wuh) IAVs. 
Phagolysosomal uptake of peptide and ASC speck formation were visualized using pHrodo labeling 
and real-time confocal microscopy. Secretion of cytokines IL-1β and TNFα were detected by ELISA. 
Activation of caspase-1 was detected via immunoblot. Wild-type and NLRP3-/- mice were infected with 
wild-type or delPB1-F2 X31 virus or exposed to the PR8 or Wuh peptides, and enhancement of the 
inflammatory response was evaluated via quantitative assessment of the bronchoalveolar lavage fluid 
for neutrophil, macrophage, and lymphocyte cellular contents via flow cytometry and for inflammatory 
IL-1β and TNFα cytokine content by ELISA. Results: Using wild-type and NLRP3-/- mice, we showed 
that PB1-F2 induces secretion of pyrogenic cytokine IL-1β by activating the NLRP3-inflammasome, 
contributing to inflammation triggered by pathogenic IAV. Compared to infection with wild-type virus, 
mice infected with delPB1-F2 X31 virus had decreased IL-1β secretion and cellular recruitment to the 
airways. Moreover, mice exposed to PB1-F2 peptide derived from the pathogenic PR8 IAV had 
enhanced IL-1β secretion compared to mice exposed to the seasonal IAV derived PB1-F2 Wuh 
peptide. Implicating the NLRP3-inflammasome complex specifically, we show PB1-F2 peptide 
induced IL-1β secretion was Caspase-1 and NLRP3-dependent in mice, as well as in vitro using 
human PBMCs and murine macrophages. Importantly, we demonstrate PB1-F2 is incorporated into 
the phagolysosomal compartment, and upon acidification, induces ASC speck formation. 
Furthermore, NLRP3-deficient mice exposed to PB1-F2 peptide had reduced airway cellular 
recruitment and decreased IL-1β and TNFα production compared to wild-type mice. Conclusions: 
Elucidating immunostimulatory PB1-F2 as a mediator of NLRP3-inflammasome activation provides 
further understanding of disease attributable to induction of exuberant inflammatory responses to IAV 
infection. Many IAV strains evolving in mammals become truncated for PB1-F2 protein production. 
We have begun exploring whether genetic modification of the naturally truncated PB1-F2 of seasonal 
isolates to encode a full-length protein modifies the inflammatory response to infection and activates 
the inflammasome complex. Our novel findings may significantly contribute to knowledge of activators 
of inflammasomes and their contribution to host inflammatory responses to infection. This work was 
supported by funding from NHMRC grants 566780 and 606976, and the Victorian Government’s 
Operational Infrastructure Support Program. J McAuley’s attendance at the conference is supported 
by NHMRC Program Grant 567122. 
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P1-358 

Evaluation of immunogenicity and cross-reactivity of influenza A viruses with 
different receptor-binding specificity in a mouse model 

V Kuznetcova*, I Isakova-Sivak, S Kuznetcova, L Rudenko 

Institute of Experimental Medicine, St. Petersburg, Russia 

Background: Influenza pandemics are usually caused by influenza viruses that acquire receptor 
binding preference to human-like α2,6-sialic acid (SA) receptors. Some avian influenza viruses with 
α2,3-SA receptor specificity were able to infect humans with a high mortality rate. These viruses are 
recognized as potentially pandemic, and specific vaccines have been extensively developed and 
studied. It was recently shown that the immunogenicity of influenza vaccines varies depending on the 
receptor specificity of virus hemagglutinin (HA), and study of the impact of the mutations affecting 
receptor binding preferences on the induction of adaptive immune responses is of great interest. In 
addition, there is a need to move from egg-based vaccine production to more reliable and well-
established cell-based production. Egg-derived influenza A viruses can acquire mutations after 
replication in MDCK cells, and the impact of these changes on virus immunogenicity is not fully 
understood. Materials and Methods: A pair of highly related influenza viruses derived from an 
A/Singapore/1/57 (H2N2) heterogeneous population was used in this study. These viruses differed by 
three amino acids in their HA: E156K, Q226L, and G228S (H3 numbering); the E–Q–G variant 
displayed α2,3-SA receptor binding specificity, whereas K–L–S had α2,6-SA receptor specificity, 
which was determined by their agglutination of various red blood cells. Egg-grown viruses were used 
to immunize groups of 12 female CBA mice intranasally at a dose of 105.0EID50. Serum samples, 
saliva, and washes of upper airways were collected 14 days after inoculation to determine virus-
specific antibodies by HAI assay and IgA, IgG, and IgM antibodies by ELISA. Adaptation of H2N2 
viruses to MDCK cells was performed by serial passage at MOI = 0.001. HAs of MDCK-adapted 
viruses were sequenced to find adaptive changes, and these MDCK-grown viruses were also used as 
antigens for ELISA assay to assess cross-reactivity of antibodies raised by egg-grown variants. 
Results: Two viruses with E–Q–G and K–L–S residues at positions 156, 226, and 228, respectively, 
induced equal homologous serum HAI titers, but differed in their ability to induce cross-reactive 
immune responses. Antibodies induced by the E–Q–G variant cross-reacted well with the K–L–S 
variant, but not vice versa. The same trend was noted in serum IgA and IgG antibodies: while 
homologous GMT values differed by only 2 to 3 times (with K–L–S variant being more immunogenic), 
E–Q–G–specific antibodies were 30 to 500 times more cross-reactive than K–L–S–specific ones. 
Both homologous and heterologous IgM antibody levels differed significantly between variants: K–L–S 
was more immunogenic, but E–Q–G was more cross-reactive. Interestingly, local IgA antibody levels 
correlated well with HAI titers: both viruses induced equal homologous titers, whereas E–Q–G–
induced antibodies cross-reacted better than K–L–S–specific ones by 8 times. Adaptation of K–L–S 
variant to MDCK cells resulted in acquisition of two mutations in HA1 subunits: G158E and L321P, H3 
numbering; the 158th residue is located in the receptor binding site, and receptor specificity of the 
MDCK-adapted variant changed significantly. These two mutations decreased homologous and 
heterologous IgG antibody titers induced by egg-grown viruses by 4 and 8 times, which confirms the 
impact of adaptive changes on virus antigenicity. L321P change was also noted in MDCK-adapted E–
Q–G variant. In addition, the virus acquired P221S and A96V mutations in HA1 and HA2 subunits, 
respectively. As a result, K–L–S–specific IgG antibodies cross-reacted well with the MDCK-adapted 
E–Q–G variant, while they were unable to recognize the egg-grown E–Q–G variant. The 
immunogenicity and cross-reactivity of the MDCK-grown variants are being studied. Conclusions: 
Mutations affecting receptor-binding specificity of influenza A viruses can occur during virus 
propagation in cell culture. These changes can affect virus immunogenic and cross-reactive potentials, 
which is important in terms of producing cross-protective influenza vaccines targeted to potentially 
pandemic avian influenza viruses. 
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P1-359 

Production of interferon α and β and pro-inflammatory cytokines and the 
expression of suppressor of cytokine signaling (SOCS) in obese subjects 
infected with influenza A/H1N1 

E Terán-Cabanillas, M Montalvo-Corral, E Silva-Campa, G Caire-Juvera, SY Moya-Camarena, J 
Hernández* 

Centro de Investigación en Alimentación y Desarrollo, A.C, Department of Nutrition,  Hermosillo, 
Sonora, Mexico 

Background: During the 2009 H1N1 influenza pandemic, obesity was recognized as an independent 
risk factor for increased influenza morbidity and mortality. Mechanisms involved in the high mortality 
risk from obesity during influenza A virus infection have been described in murine models and include 
delayed pro-inflammatory response, aberrant type I interferon expression, impaired DC antigen 
presentation, and altered antigen-specific CD8+ T cell responses and T-cell memory, which lead to a 
higher rate of morbidity and mortality. Additionally, obese individuals have changes in their circulating 
T-cell population: an increased frequency of CD4+ T cells, a reduced frequency of CD8+ T cells, and 
an impaired immune response to the 2009 A/H1N1 influenza vaccination. We have previously shown 
that increased levels of suppressor of cytokine signaling-3 (SOCS3) in obese subjects are responsible 
for the impaired immune response of PBMCs after Toll like receptor (TLR) stimulation. These results 
lead us to propose that this aberrant response in obese individuals could explain, at least in part, the 
complications observed in obese individuals infected with influenza A/H1N1. The aim of this work was 
to evaluate the production of type I interferons and pro-inflammatory and anti-inflammatory cytokines 
in PBMCs from obese and lean subjects with and without confirmed infection of influenza A/H1N1. 
The expression levels of SOCS1, SOCS3, and nuclear factor-kB were also evaluated. Materials and 
Methods: Cytokines were measured by real-time quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) and/or by ELISA in PBMCs stimulated with TLR-3 and TLR-7 ligands from either 
8 obese (body mass index > 30 kg/m2) or 4 non-obese (body mass index ≤ 25 kg/m2) volunteers 
infected with influenza A/H1N1. Additionally, as control groups, 9 obese and 4 lean subjects not 
infected with influenza were included. The mRNA expression of both SOCS1 and SOCS3 were 
evaluated by qRT-PCR. Results: The obese volunteers infected with influenza A/H1N1 showed a 
diminished ability to produce type I interferon in response to TLR-3 ligand. Interestingly, the pro-
inflammatory response was also affected in TLR-3 stimulated PBMCs. Obese influenza-free 
volunteers showed an increased basal expression of SOCS3, but not of SOCS1. During influenza 
infection, SOCS1 and SOCS3 expression was higher in the lean infected volunteers, in contrast with 
those who were obese infected. Conclusions: These data suggest that obesity is related to TLR-3 
impairment and explain, at least in part, the inadequate immune response of obese individuals during 
infection with influenza A/H1N1 virus. 
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P1-360 

CD8+ T cells correlate with protection against symptomatic illness following 
natural pandemic influenza infection in humans 

S Sridhar1*, S Begom1, A Bermingham2, K Hoschler2, W Adamson3, W Carman3, T Bean4, W Barclay5, 
J Deeks6, A Lalvani1

1Department of Respiratory Medicine, National Heart and Lung Institute, Imperial College London, 
London, United Kingdom; 2Respiratory Virus Unit, Centre for Infections, Public Health England, 
London, United Kingdom; 3West of Scotland Specialist Virology Centre, Glasgow, Scotland, United 
Kingdom; 4HPA Microbiology Services, Porton Down, United Kingdom; 5Department of Virology, 
National Heart and Lung Institute, Imperial College London, United Kingdom; 6Department of Public 
Health, Epidemiology and Biostatistics, School of Health and Population Sciences, University of 
Birmingham, Birmingham, United Kingdom 

Background: The role of T cells in mediating heterosubtypic protection against natural influenza 
illness in humans is uncertain. Heterosubtypic immunity in murine and non-human primate models is 
primarily mediated by cross-reactive cytotoxic CD8+ T cells. Experimental challenge studies in 
humans lacking pre-existing antibodies demonstrated an inverse association for influenza-specific T-
cells and symptomatic illness providing proof-of-concept for the protective capacity of T cells against 
influenza illness. Whether cross-reactive T cells impact clinical outcomes of natural influenza infection 
remains unanswered. The 2009 pandemic provided a unique natural experiment to determine 
whether cross-reactive cellular immunity is associated with limiting symptomatic illness following 
influenza infection in antibody-naive individuals. Materials and Methods: A total of 342 healthy adults 
(> 18 years of age) recruited between September and November 2009 after the first UK pandemic 
wave were followed from 2009 to 2011 to determine clinical outcomes of pH1N1 infection. Infection 
was defined by a four-fold rise in haemagglutination inhibition titre and/or detection of virus by RT-
PCR in nasal swab samples. Among infected individuals, symptoms reported from the online surveys 
defined clinical outcomes associated with the influenza infection. The quality and quantity of cellular 
immune responses were measured using IFN-γ/IL-2 fluorescence-linked immunospot assay and multi-
parameter flow cytometry. We correlated pre-existing cellular immune responses with live pH1N1 
virus and conserved CD8 T-cell epitopes from virus core proteins with clinical outcomes following 
incident pH1N1 infection. Results: Of 51 pH1N1-seronegative individuals who developed pH1N1 
infection during the study, 43 had complete clinical data and viable baseline PBMCs available. Of 
these 43 incident cases, symptoms and symptom scores for the clinical episode when influenza 
infection occurred was reliably determined in 25 individuals. Pre-existing cross-reactive T-cells to 
pH1N1 virus were detected in all 43 seronegative individuals with a predominance of T cells with an 
IFN-γ+IL-2- cytokine-secreting profile. Individuals developing mild illness without fever (or cough or 
sore throat) had higher frequencies (P = .04) of pre-existing influenza-specific cross-reactive T cells 
than those with symptoms or fever. Total symptom score correlated inversely with frequencies of pre-
existing cross-reactive T cells to pH1N1 virus (r = -0.39, P = .05) and conserved CD8 epitopes (r = -
0.5, P = .01). Of three functional T-cell subsets, only IFN-γ+IL-2- T cells were associated with limiting 
illness severity and viral shedding. Within this influenza-specific functional T-cell subset, CD8+ cells of 
late-effector CD45RA+CCR7- phenotype inversely correlated with symptom score (r = -0.49, P = .02) 
and expressed CCR5 tissue homing and CD107 degranulation markers on exposure to live virus. 
Conclusions: In the absence of protective antibodies, cross-reactive CD8+ T cells correlate with 
protection against symptomatic pandemic influenza. This immune correlate of protection could guide 
the development and evaluation of universal T-cell–inducing influenza vaccines.  
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P1-361 

Highly pathogenic H5N1 influenza viruses overcome a block in the replication 
cycle to promote productive replication in macrophages 

SA Marvin*, TD Cline, J Johnson, EA Karlsson, BJ Seufzer, S Schultz-Cherry

Department of Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, Tennessee, 
United States 

Background: The highly pathogenic avian (HPAI) H5N1 influenza viruses cause high morbidity and 
mortality in mammals. We recently identified that HPAI H5N1 viruses that are associated with the 
systemic spread and lethal disease in animal models productively replicate in macrophages. Unlike 
H1N1 influenza virus, HPAI H5N1 overcame a block early in the viral life cycle, allowing for efficient 
nuclear entry and subsequent viral transcription in an H5 HA-dependent manner. However, where the 
block occurs and the molecular mechanism(s) for the block remain unknown. Materials and Methods: 
RAW264.7 macrophages and Madin-Darby Canine Kidney (MDCK) epithelial cells were infected with 
various influenza strains, and viral localization was monitored by confocal microscopy. Viral protein 
production was monitored by Western blot analysis, and replication was quantified by real-time RT-
PCR. Results: These studies demonstrate that the addition of the HPAI H5 HA on an H1N1 virus 
promotes trafficking into the nucleus with subsequent viral replication and release of infectious 
progeny. Surprisingly, the use of a “deselected” H5 HA (removal of the multibasic cleavage site) led to 
a second block downstream of viral replication and prior to release. Conclusions: The ability of HPAI 
H5N1 to productively replicate in macrophages may contribute to their increased pathogenesis. In 
vivo studies to determine whether productive replication of influenza viruses can be detected and 
whether replication in macrophages contribute to HPAI increased pathogenesis are ongoing.  

P1-362 

Single-cell cloning of mouse anti-HA immunoglobulins for repertoire analysis 

JR Wilson1*, W-P Tzeng1, A Spesock1,2, M Khristova1, N Music1, Z Guo1, R Barrington3, J Stevens1, 
RO Donis1, JM Katz1, IA York1

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; Present 
address: 2Medimmune, Santa Clara, California, United States; 3University of South Alabama, Mobile, 
Alabama, United States 

Background: Infection with influenza or immunization with hemagglutinin (HA) produces a diverse 
antibody response with many specificities, including subtype-specific neutralizing antibodies, broadly 
neutralizing antibodies, and non-neutralizing antibodies. However, the relative proportion of each type 
of antibody is not known. Materials and Methods: To quantify these components of the anti-HA 
response, we immunized C57BL/6 mice with H1N1pdm09 virus and boosted them with inactivated 
vaccine. Three days later we harvested spleens, stained with an antibody cocktail including 
biotinylated HA and anti-CD19, and used flow cytometry and sorting to isolate B cells specific for HA. 
We used PCR to amplify and sequence heavy and light chains from individual B cells. Where heavy 
(IgH) and light (IgL) chains were amplified from the same B cell, we subcloned the variable regions 
into plasmid vectors providing human heavy and light constant regions and analyzed HA binding of 
the resultant recombinant monoclonal antibodies (rmAb), including using a panel of HA containing 
point mutations to identify specific antigenic sites targeted. Results: We obtained sequences of 
variable regions of 54 IgH chains and 52 IgL chains. Analysis of the redundancy of germline usage 
allowed us to infer that the overall response to HA involves about 100 heavy chain germline 
sequences and about 40 light chain germline sequences; junctional diversity, somatic hypermutation, 
and IgH/IgL chain pairing will increase the diversity of the actual immunoglobulin repertoire above this 
level.  Eighteen of the IgH and IgL chains were cloned from the same cell and therefore represented 
functional antibodies. Chimeric antibodies with these variable regions and human constant heavy or 
light regions were expressed in cells and the antibodies were tested for reactivity with HA. Two sets of 
IgH and IgL chains failed to assemble into antibodies; 15 of the remaining 16 pairs reacted with HA in 
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ELISA, and 11 reacted with high affinity.  Epitope mapping, using a panel of H1N1pdm09 recombinant 
HA point mutants, identified the binding region for 10 of these antibodies. All bound to the HA1 region 
of the protein and have hemagglutination inhibition (HI) and microneutralization (MN) properties and 
therefore may be protective in vivo. One antibody cross-reacted efficiently with other strains of virus 
(including H3, seasonal H1, and H7 subtypes), but this antibody failed to show HI or MN activity. 
Conclusions: This particular immunization regimen generated mainly (50%-90%) HA1-specific, 
subtype-specific antibodies that are neutralizing in vitro and may be protective in vivo.  Further 
experiments are in progress to optimize immunization strategies that more efficiently generate broadly 
neutralizing antibodies. 

P1-363 

Evidence of cross-reactive protection against H1N1 pdm due to exposure to 
past H1N1 influenza viruses: preliminary findings from a prospective cohort 

R Markovic Delabre1,2*, N Salez3, M Lemaitre4, M Leruez-Ville5,6, X De Lamballerie3,7,8, F Carrat1,2,9 

1Université Pierre et Marie Curie-Paris 6, Paris, France; 2Institut National de la Santé et de la 
Recherche Médicale, Paris, France; 3Unité des Virus Emergents, Aix-Marseille Université and Institut 
de Recherche pour le Développement, Marseille, France; 4National Agency for the Safety of Medicine 
and Health Products, St. Denis, France; 5Université Paris Descartes, Sorbonne Paris Cité, Paris, 
France; 6Laboratoire de Virologie, Hôpital Necker, AP-HP, Paris, France; 7Laboratoire de Virologie, 
Pôle Hospitalier de Microbiologie et Maladies Infectieuses, Assistance Publique, Hôpitaux de 
Marseille, France; 8Ecole des Hautes Etudes en Sante Publique, Rennes, France; 9Assistance 
Publique-Hôpitaux de Paris, Hôpital Saint Antoine, Unité de Santé Publique, Paris, France 

Background: Evidence of cross-reactive protection against 2009 pandemic influenza A (2009 
H1N1pdm) has been found among individuals born before 1957 who may have been exposed to 
influenza viruses genetically similar to the 2009 H1N1pdm virus. Using data from a French cohort 
study, designed to identify risk factors of recurrent influenza infection, we examined potential 
associations between hemagglutination inhibition (HI) antibody titers against past H1N1 influenza 
viruses and 2009 H1N1pdm and investigated an age-dependent immune response. We hereby 
present preliminary findings with the influenza A/1956 H1N1 strain. Materials and Methods: A total of 
592 subjects were recruited to the cohort from 2008 to 2009; 534 subjects were followed until 2010. 
Subjects were selected using a stratified sampling method during medical visits with their general 
practitioner. Subjects were stratified by age (10-year age groups) and reason for medical visit 
(influenza-like illness [ILI] or an illness unrelated to ILI). Subjects in the ILI strata had an inclusion 
visit, and annual study visits were performed for all subjects. All visits included data collection, 
including vaccinal status (via questionnaires) and serological samples. Virological samples were 
collected for ILI subjects at inclusion and during ILI-related visits for all subjects. Influenza A was 
detected by RT-PCR; serological samples were tested for antibodies against 2009 H1N1pdm and 
1956 H1N1. Infection by 2009 H1N1 pdm was defined as a positive RT-PCR sample or four-fold 
increase in 2009 H1N1 pdm titers. Seroprotection was defined as a pre-pandemic HI titer ≥ 1:40. This 
analysis relied on a total of 1575 serological samples (1132 in 406 unvaccinated and 443 in 165 
vaccinated subjects) collected throughout the study. Correlations between titers were examined using 
Spearman’s correlation. Regression models for interval-censored data were used to estimate 
geometric mean titers (GMTs) for HI assays and to explore potential associations; models with binary 
covariates estimated the multiplicative factor by which GMTs increased between the two groups, and 
models with continuous covariates estimated the increase in GMTs for a one-unit increase. GMT 
estimations were restricted to unvaccinated subjects to avoid confounding; however, associations 
between titers against 1956 and 2009 H1N1pdm and seasonal vaccine receipt were investigated 
separately. Results: Titers against 2009 H1N1pdm and 1956 H1N1 were highly correlated (r = 0.19, P 
< .001). Of 273 study subjects born after 1956, the correlation was highly significant (r = 0.19, P < 
.001) but was not significant among the 133 subjects born before 1956 (r = 0.09, P = .09). Titers 
against 2009 H1N1pdm were 1.13 times higher in subjects born before  than in those born after 1956 
(P < .001), and titers against 1956 H1N1 were 1.52 times higher (P < .001). High titers against 2009 
H1N1pdm were associated with high titers against 1956 H1N1 among subjects born after 1956 (P < 
.001) but not among subjects born before 1956 (P = .16). Restriction of the analysis to samples 
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collected before the 2009 H1N1pdm season (662 serological samples for 364 unvaccinated subjects) 
produced similar findings. In comparisons of vaccinated and unvaccinated subjects, titers against 
1956 H1N1 were 1.39 times higher among vaccinated subjects who were born after 1956 (n = 33, P < 
.001); titers were not significantly different between subjects born before 1956 (n = 251, P = .146). 
Thirteen infected subjects were identified by RT-PCR (n = 3) or seroconversion (n = 10). None was 
seroprotected against 2009 H1N1 pdm, and one was seroprotected against 1956 H1N1 at baseline. 
Conclusion: High HI antibody titers against 1956, among subjects born before 1956, may have 
conferred protection against 2009 H1N1pdm infection. Recent influenza vaccination was associated 
with 1956 H1N1 antibody titer in subjects born after 1956, but not before. This suggests a potential 
vaccine-induced cross-protective response in subjects not previously exposed to H1N1 influenza 
viruses. These preliminary results contribute to understanding age-specific immunity to 2009 
H1N1pdm within the population. Further analysis using other H1N1 antigens is planned, which will 
provide a comprehensive profile of pre-existing immunity in the population and may enhance 
knowledge of the effects of repeated exposures to H1N1 viral strains.  

P1-364 

Antibody landscapes: quantifying the antibody response to vaccination and 
infection 

J Fonville1,2*, S James1,2, L Xue3, A Hurt3, M Ventresca1,2, A Fox4, M Aban3, S Wilks1,2, Y Wong1,2, A 
Mosterin1,2, R Bodewes5, G van der Net5, C Russell1,2,8, G Rimmelzwaan5, F Pistoor6, N Masurel5†, A 
Palache7, J de Jong5, W Beyer5, A Osterhaus5, I Barr3, P Horby3, R Fouchier5, D Smith1,2,5,8

1Centre of Pathogen Evolution, Department of Zoology, University of Cambridge, Cambridge, United 
Kingdom; 2WHO Collaborating Centre for Modelling, Evolution and Control of Emerging Infectious 
Diseases, Cambridge, United Kingdom; 3WHO Collaborating Centre for Reference and Research on 
Influenza, Melbourne, Australia; 4Oxford University Clinical Research Unit, Hanoi, 
Vietnam; 5Department of Virology, Erasmus MC, Rotterdam, the Netherlands; 6Gilead Sciences 
Netherlands B.V., Amsterdam, the Netherlands; 7Abbott Laboratories, Weesp, the Netherlands;
8Fogarty International Centre, National Institutes of Health, Bethesda, Maryland, Unites 
States; †Professor Masurel is deceased 

Background: Interpreting antibody profiles of human sera is difficult, as they reflect a history of 
multiple infections and vaccinations. We exploit antigenic cartography to enable a detailed 
quantitative interpretation of human multi-exposure serological data by explicitly controlling for 
antigenic variation among viruses – the primary confounder in these data – in a method we call 
“antibody landscapes.” Antigenic cartography creates a quantitative visualisation of binding assay 
data, such that the distance between viruses in the antigenic map represents their antigenic 
difference. An antibody landscape extends the antigenic map with a third axis representing serological 
titres: high titres are shown as peaks, while antigenic regions with low antibody responses are 
displayed as valleys. Fitting a surface through these points creates an antibody landscape that 
increases the resolution of the serological values and predicts outcomes for untested strains. 
Materials and Methods: The method involved analysis of pre- and post-vaccination sera from 76 
volunteers (18-74 years) vaccinated with A/Nanchang/933/95 and 81 volunteers (18-75 years) 
vaccinated with A/Sydney/5/97, which were titrated against 63 viruses isolated between 1992 and 
2011 in a haemagglutination inhibition (HI) assay. Sera from 36 individuals in 6 Vietnam households 
in the Ha Nam cohort (5-54 years) were collected in 5 consecutive years, and HI titres against 38 
viruses were determined. Results: The pre-vaccination landscape was high against older strains and 
lower against strains circulating after the time of serum collection. The large variability observed 
among individual pre-vaccination landscapes is presumably the result of diverse infection histories. 
Some individuals had antibody landscapes with titres below the HI assay threshold (< 10) only, while 
their post-vaccination responses had a range of responses. Additionally, we quantified the increase in 
antibody titres between the pre- and post-vaccination sera to evaluate the strength and breadth of the 
immune response and compared the responses to the two different vaccines. Interestingly, it was 
found that the landscape shape of a given individual is temporally conserved. Conclusions: 
Controlling for antigenic variation in serological data enables a consistent interpretation of human 
serological data. The intuitive high-resolution visualisations additionally showed fine-grained details 
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such as the conserved shape of the antibody landscape of an individual over time, the localised and 
global titre changes as a result of infection and vaccination and the variation in antibody levels that 
exists among different members of the population. 
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O-858 

Effectiveness of seasonal trivalent influenza vaccine for preventing influenza 
virus illness among pregnant women: a population-based case-control study 
during the 2010-2011 and 2011-2012 influenza seasons 

MG Thompson1*, DK Li2, P Shifflett3, LZ Sokolow1, JR Ferber2, S Kurosky4, S Bozeman3, SB 
Reynolds1, R Odouli2, ML Henninger4 , TL Kauffman4, LA Avalos2, S Ball3, JL Williams5, SA Irving4, 
DK Shay1, AL Naleway4 for The Pregnancy and Influenza Project Workgroup 

1Influenza Division, Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United 
States; 2Division of Research, Kaiser Foundation Research Institute, Oakland, California, United 
States; 3Abt Associates, Inc., Cambridge, Massachusetts, United States; 4Center for Health Research, 
Kaiser Permanente Northwest, Portland, Oregon, United States; 5National Center on Birth Defects 
and Developmental Disabilities, CDC 

Background: Although vaccination with trivalent inactivated influenza vaccine (TIV) is recommended 
for all pregnant women, no vaccine effectiveness (VE) studies of TIV in pregnant women have 
assessed laboratory-confirmed influenza outcomes. Materials and Methods: In our case-control study, 
we estimated influenza VE in preventing influenza illness among pregnant women in two metropolitan 
areas in the United States over two influenza seasons (2010-2011 and 2011-2012). We compared the 
proportion vaccinated among 100 cases, defined as women with acute respiratory illness (ARI) (with 
fever and cough) who were positive for influenza A or B by real-time RT-PCR, with the proportions 
vaccinated among 200 controls without ARI (matched by season, site, and trimester) and among 192 
controls with ARI but who tested negative for influenza. VE was estimated as 100% X (1 – odds ratio) 
adjusted for age, race, ethnicity, and high-risk medical conditions. Analyses using influenza-negative 
controls were also adjusted for site, season, trimester, whether or not the illness was medically 
attended, and interval between illness onset and respiratory specimen collection. Results: Among 
influenza cases, 42% were vaccinated during the current (study) season compared with 63% and 
58% vaccinated among matched ARI-negative controls and influenza-negative controls, respectively. 
The crude VE (95% confidence interval [CI]) of the current season vaccine against influenza A and B 
was 54% (CI = 26%-71%) using the ARI-negative controls and 48% (CI = 16%-68%) using the 
influenza-negative controls. However, receipt of the prior season’s vaccine had a similar effect as 
receipt of the current season’s vaccine, such that vaccination in either or both seasons had 
statistically similar adjusted VE using ARI-negative controls (VE point estimates range = 48%-76%) 
and influenza-negative controls (51%-76%). The likelihood of influenza virus infection was over 2-fold 
higher among women who received neither the current or prior season’s vaccination compared with 
women vaccinated in either or both seasons, using matched case-controls (adjusted odds ratio [AOR] 
= 2.84; CI = 1.67-4.84) and influenza-negative controls (AOR = 2.36; CI = 1.39-3.98). Conclusions: In 
the first study of its kind, influenza vaccination was shown to reduce the risk of ARI associated with 
laboratory-confirmed influenza among pregnant women by over one-half, similar to VE observed 
among all adults during these seasons. Those not vaccinated during the current or prior season were 
at heightened risk of influenza illness. Our findings highlight the need for all countries with influenza 
vaccination programs to vaccinate pregnant women, as recommended by the World Health 
Organization. Supported by the Centers for Disease Control and Prevention (contract 200-2010-F-
33132 to Abt Associates Inc.). The findings and conclusions in this report are those of the authors and 
do not necessarily represent the views of CDC, Abt Associates, Inc., or Kaiser Foundation Research 
Institute.  
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O-859 

Pandemic live attenuated influenza vaccines prime for a long lasting immune 
response 

C Luke1*, K Talaat2, T Babu3, S Khurana4, T Fitzgerald3, B McMahon2, R Karron2, K Lewis5, H 
Golding4, K Neuzil5, J Treanor3, and K Subbarao1  

1National Institutes of Health, Bethesda, Maryland, United States; 2Johns Hopkins Bloomberg School 
of Public Health, Baltimore, Maryland, United States; 3University of Rochester, Rochester, New York, 
United States; 4Center for Biologics Evaluation and Research, US Food and Drug Administration, 
Bethesda, Maryland, United States; 5PATH Vaccine Solutions, Seattle, Washington, United States 

Background: The pandemic threat posed by avian influenza (AI) A viruses of the H5 and H7 subtypes 
has led to the development and evaluation of pandemic vaccines. We generated pandemic live 
attenuated influenza vaccines (pLAIV) that contained the hemagglutinin (HA) and neuraminidase 
genes from potential pandemic viruses and the internal protein genes of the cold-adapted A/Ann 
Arbor/6/60 Master Donor Virus. The pLAIVs showed promising immunogenicity and efficacy in 
preclinical studies but were severely restricted in replication and variably immunogenic in humans. We 
undertook 2 studies to see if pLAIVs primed subjects for an improved antibody response to 
subsequent pandemic inactivated subvirion influenza vaccine (pISV). Materials and Methods: 
Previous recipients of pLAIV were invited to participate in studies where they would receive a single 
dose of 45 μg of unadjuvanted pISV and their responses were compared to those of vaccine naïve 
subjects. In the first study, 11, 10, and 8 previous recipients of two doses of VN04 (H5N1), HK03 
(H5N1), or BC/04 (H7N3) pLAIV received a single dose of 45 μg VN04 H5N1 pISV more than 4 years 
later and compared to 20 naive subjects who received 1 dose and 20 naive subjects who received 2 
doses of H5 pISV. In the second study, 8, 5, and 6 previous recipients of 2 doses of Neth03 (H7N7 
pLAIV), 1 dose of H7N3 pLAIV or two doses of MO/06 (H2N3) pLAIV received a single dose of 45 μg 
H7N7 pISV approximately 18 months afterward, and were compared to 20 naive subjects who 
received a single dose of 45 μg of H7N7 pISV. The kinetics, magnitude and breadth of serum 
hemagglutination inhibition (HAI) and neutralizing antibody responses to H5N1 or H7 influenza 
viruses were compared among the groups. Results: Subjects who were primed with either VN04 
pLAIV or HK03 pLAIV had a significantly better response to a single dose of H5N1 pISV than did 
naïve subjects or those who had previously received H7N3 pLAIV. In addition, subjects who had been 
primed with two doses of H7N7 (Eurasian lineage) pLAIV had a significantly greater response to a 
single dose of H7N7 pISV than did naïve subjects or those who previously received a single dose of 
H7N3 (North American lineage) or H2N3 pLAIV. The antibody response in VN04 pLAIV primed 
subjects also exceeded that following 2 doses of H5N1 pISV in naïve subjects. Recall antibody 
responses in primed subjects developed rapidly. Responses in primed subjects were also broadened. 
H5N1 pLAIV primed subjects developed antibody responses that neutralized 2 or more clades of 
H5N1 viruses while few subjects even in the 2 dose H5N1 pISV group developed cross-clade 
neutralizing antibodies. The affinity of antibodies against the HA1 domain of the H5 HA in the H5N1 
pLAIV- primed groups were significantly higher than the 2 dose ISV group, and this correlated with 
cross-clade H5N1 neutralization. Subjects who were primed with H7N7 pLAIV, but not those who 
previously received H7N3 pLAIV also had a broad response that recognized H7 viruses in both the 
North American and Eurasian/Oceanic lineage. Conclusions: Previous exposure to pLAIV primes for 
vigorous responses to subsequent exposure to pISV even in the absence of detectable antibody 
responses to primary vaccination. The high titer and high quality, broadly cross reactive antibody 
response seen with H5N1 and H7N7 pLAIV priming followed by an ISV boost should prompt interest 
in novel vaccine schedules that combine different types of vaccines. 
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O-860 

Effectiveness of seasonal influenza vaccination of children in tropical 
developing Africa: a cluster-randomized trial 

J Victor1*, A Diallo2, M Niang3, J Ortiz1, D Diop2, J Sugimoto4, K Lewis1, B Diarra2, A Faye3, K Lafond5, 
S Zangeneh4, C Sokhna2, O Diop3, M Halloran4, K Neuzil1, M Widdowson5

1PATH, Seattle, Washington, United States; 2Institut de Recherche pour le Développement, Dakar, 
Senegal; 3Institut Pasteur de Dakar, Dakar, Senegal; 4Fred Hutchinson Cancer Research Center, 
Seattle, Washington, United States; 5Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States 

Background: The benefit of influenza vaccine to children in tropical developing populations has not 
been well-studied. Additionally, because the pattern of influenza circulation and the role of children in 
transmission may differ markedly from those in temperate, developed settings, population-level effects 
of wide-spread influenza vaccination of children, including total, indirect, and overall effectiveness of 
vaccination, are unknown. Therefore, we initiated a multi-year project in rural Senegal to evaluate 
these effects after vaccination of children with seasonal trivalent inactivated influenza vaccine (TIV). 
Materials and Methods: Twenty villages of the Niakhar Demographic Surveillance System were 
randomized 1:1 for vaccination of children 6 months through 10 years of age with TIV formulated for 
the 2008-2009 northern hemisphere influenza season (Vaxigrip, Sanofi-Pasteur) or inactivated 
poliovirus vaccine (IPV) (Sanofi-Pasteur). Commercial presentations of vaccines were masked and 
coded before delivery to the site, and children received dosing per the manufacturer’s instructions (for 
TIV recipients, two 0.25 mL doses for those 6-35 months, two 0.5 mL doses for those 3-8 years, and 
one 0.5 mL dose for those 9-10 years; for IPV recipients, equivalent numbers of doses of the 0.5 mL 
presentation). After immunizations were completed, surveillance for laboratory-confirmed febrile acute 
respiratory illness (FARI) was conducted using active, community-based (with weekly visits to 
households), and enhanced passive health post-based surveillance. Individuals reporting symptoms 
were assessed clinically, and nasal swab and throat swab specimens were collected for influenza 
testing using CDC’s real-time reverse transcription polymerase chain reaction protocol. The primary 
study objective was an intention-to-treat analysis of total effectiveness of vaccination (VETotal) (direct 
and indirect protection among vaccinees), with the cumulative incidence of laboratory-confirmed 
symptomatic seasonal influenza among consenting children in TIV villages compared with that in IPV 
villages and adjusted for village randomization. Indirect effectiveness was estimated among age-
ineligible unvaccinated children and adults, and overall effectiveness was measured among the entire 
community. Results: Of 11,626 children eligible for study vaccinations, 5840 were from TIV villages 
and 5786 were from IPV villages. Starting May 26, 2009, we enrolled 3929 children in TIV villages 
and 3851 children in IPV villages. Median village participation rates were 73% (TIV) and 74% (IPV). 
During year one surveillance, beginning mid-July 2009 and ending June 2010, 1465 cases laboratory-
confirmed as seasonal influenza were identified. A total of 1445 (99%) of these cases were A/H3N2, 
and nearly all occurred from July through November 2009 (approximately 28% of FARI cases 
detected during this period). Antigenic characterization of a subset of specimens indicated with high 
probability that all were A/Perth/16/2009 (H3N2)-like infections—a strain drifted from that included in 
available TIV. Twenty cases of influenza B occurred during 2010. Among age-eligible children 
participating in vaccinations, 812 A/H3 cases were detected, among age-eligible children not 
participating in vaccinations 238 were detected, and among the rest of the population 395 were 
detected. The average attack rate among age-eligible participating children in TIV villages was 8% 
while in IPV villages it was 13%. VETotal was 44% (95% CI, 16% to 63%) and increased with age 
(25%, 54%, 64%, and 60% among children 6-35 months, 3-5 years, 6-8 years, and 9-10 years, 
respectively). While not statistically significant, the indirect benefit to those not eligible for vaccination 
was 19% (95% CI, -12% to 42%). Overall, vaccination of children was 33% effective in reducing FARI 
confirmed as influenza in the entire population (95% CI, 6% to 52%). Conclusions: To our knowledge, 
this is the largest influenza vaccine trial conducted in sub-Saharan Africa. Our cluster randomized 
design allowed for the measurement of total, indirect, and overall vaccine effectiveness. Although 
available vaccine was not matched to the drifted A/H3 strain that circulated widely in the population, 
significant reduction in laboratory-confirmed influenza was still measured among vaccinated children. 
Moreover, significant benefit was measured at the level of the entire community, including 
unvaccinated children too young to receive vaccine and unvaccinated adults. These data provide 
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evidence that current inactivated influenza vaccines can provide benefit to developing country 
populations. 

O-861 

Trivalent inactivated influenza vaccine immunogenicity in HIV-infected 
pregnant women and transplacental antibody transfer 

MC Nunes1, CL Cutland1, L Kuwanda1, S Jones1, A Hugo1, B Dighero2, JR Ortiz3,4, K Neuzil3,4, KP 
Klugman1,5, EAF Simões2, A Weinberg2,SA Madhi1,6* for the MatFlu team 

1University of the Witwatersrand, Johannesburg, South Africa; 2University of Colorado, Colorado, 
United States; 3PATH, Seattle, Washington, United States; 4University of Washington, Seattle, 
Washington, United States; 5Emory University, Atlanta, Georgia, United Sates; 6National Institute of 
Communicable Diseases, Sandringham, South Africa 

Background: Pregnant women, possibly more so if HIV-infected, and young infants are high-risk 
groups for severe influenza illness. WHO recommends pregnant women as a priority group for 
vaccination with seasonal inactivated influenza vaccine (IIV). Maternal vaccination may also confer 
protection against influenza illness to their infants < 6 months of age for whom there is no licensed 
influenza vaccine. IIV vaccination of pregnant women is immunogenic and safe in HIV-uninfected 
women, as well as increases the concentrations of transplacental HAI (hemagglutination-inhibition) 
antibody transfer to their foetuses. There are limited data on the immunogenicity of IIV in HIV-infected 
pregnant women, which suggest a lower response to the seasonal vaccine compared with HIV-
uninfected pregnant women. Additional data in a larger study of monovalent pandemic H1N1 (pH1N1) 
vaccine found reduced immunogenicity of IIV in HIV-infected pregnant women compared with 
historical controls. The aim of our study was to assess the safety and immunogenicity of IIV in a large 
cohort of HIV-infected women vaccinated during the second/third trimester of pregnancy and the 
efficiency of transplacental antibody transfer to their foetuses. In a separate study, we calculated the 
vaccine efficacy to prevent clinical influenza-like illness and laboratory confirmed influenza in this 
same study cohort. Materials and Methods: We undertook a double-blind, randomized, placebo-
controlled trial in Soweto, South Africa during 2011. 194 HIV-infected women were randomized to 
receive IIV or normal saline intramuscularly between 20-34 weeks of gestational age. IIV was 
composed of the following vaccine strains: H1N1 A/California/7/2009 NYMC X-179A, H3N2 
A/Victoria/210/2009 NYMC X-187, and B/Brisbane/60/2008. Immune responses to each vaccine-
strain, using HAI assay were measured in the women prevaccination, 1 month postvaccination and 
within 7 days of delivery concurrently with HAI titres being determined in their newborns. HAI titres of 
≥ 1:40 were categorized as seroprotective and seroconversion was defined as at least a 4-fold 
increase of HAI titres 1-month postvaccination compared with prevaccination. Results: The median 
age of enrolled women was 27.9 years, the median HIV-1 viral load was 1067 copies/mL (IQR 61: 
13923), the median CD4+ cell count was 394 cells/µl (IQR 271: 557), including 75 participants 
(39.5%) who had a CD4+ cell count of < 350 cells/µl. Participants delivered 188 HIV-exposed babies, 
of whom 87% were term and none were HIV-infected. One month postvaccination, comparing 
vaccinees and placebo-recipients, the proportion of women who seroconverted were 36.4% vs 2.8% 
to H3N2, 42.9% vs 4.2% to H1N1, 44.2% vs 15.5% to influenza-B strain (all comparisons P < .001). 
Postvaccination, the proportion of women with seroprotective HAI titres were 49.4% vs 16.9% for 
H3N2, 68.8% vs 23.9% for H1N1 and 71.4% vs 42.3% for influenza-B (P < .001 for all comparisons). 
Among vaccinees, HAI geometric mean titres (GMTs) increased one month post-vaccination from 
17.9 to 43.0 for H3N2, 27.0 to 77.9 for H1N1 and 18.8 to 68.6 for influenza-B. Within 1 week of birth 
comparing newborns of IIV-recipients to placebo-recipients, the proportion of newborns with a 
seroprotective threshold of HAI titres were 42.9% vs 17.3% for H3N2, 58.3% vs 27.2% for H1N1 and 
83.3% vs 43.2% for influenza-B (P < .001 for all comparisons). The geometric mean ratio of newborn 
to maternal HAI titres ranged from 0.62 to 1.26; being higher in the placebo group for H3N2 (1.26 vs 
0.85, P = .003) and H1N1 (0.84 vs 0.62, P = .04). Conclusions: IIV vaccination of HIV-infected 
pregnant women induced a moderate immune response. Compared to an historical cohort of HIV-
infected adults from the same setting enrolled in 2008, seroconversion rates one month post-
vaccination were 36% vs 61% for H3N2, 43% vs 53% for H1N1 and 44% vs 54% for influenza-B. 
Influenza maternal antibodies were transferred transplacentally to the baby. New strategies for 
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influenza vaccination of HIV-infected pregnant women should be explored to improve the immune 
response in this high risk-group. 

O-862

A study of the local and systemic immune responses after intranasal influenza 
vaccination in children 

KG-I Mohn1*, G Bredholt1, HJ Aarstad2, R Pathirana1, K Brokstad3, RJ Cox1,4

1The influenza Centre, Department of Clinical Science, University of Bergen, Bergen, 
Norway; 2Department of Clinical Medicine, Head and Neck Surgery, Haukeland University Hospital, 
Bergen, Norway; 3Broegelmann Research Laboratorium, Department of Clinical Science, University of 
Bergen, Bergen, Norway; 4Department of Research and Development, Haukeland University Hospital, 
Bergen, Norway 

Background: Children are the main source of the spread of influenza in the community, with WHO 
estimates of 20% infected annually. Annual influenza vaccination is recommended for high-risk 
patients and administered parenterally, but may not be the best vaccine for children. In Europe, the 
live attenuated influenza vaccine (LAIV) was approved for children in 2012. The palatine tonsils are 
rich in lymphocytes and play an important role as a reservoir of memory and effector cells. The tonsils 
protect the upper respiratory tract and are important in activating an immune response toward 
respiratory pathogens such as the influenza virus. In this study we have recruited children undergoing 
elective tonsillectomy and immunized them with LAIV administered as a nasal spray. The aim of the 
study was to investigate systemic and local immune responses by studying T- and B-cell responses 
after vaccination. Materials and Methods: Fifty-eight children aged 2-17 years, scheduled for elective 
tonsillectomy, were recruited from the Ear-Nose-Throat Clinic at Haukeland University Hospital in 
Bergen, Norway. Thirty-nine children were immunized with FLUENZ—a LAIV seasonal vaccine–3, 7, 
or 14 days prior to tonsillectomy. Thirty children received 2 doses of vaccine, 9 children received 1 
dose of vaccine, and 16 children were controls. Two children withdrew after the first dose. Blood and 
saliva samples were collected prior to and 21 and 56 days after vaccination and at time of 
tonsillectomy. Mononuclear cells were separated from the blood and tonsils for use in immunological 
assays. The humoral immune response was evaluated using a direct antibody-secreting cell and a 
memory B cell ELISPOT. The cellular immune response was evaluated by IFNγ ELISPOT. CD4+ Th1 
cells were evaluated by intracellular cytokine staining for INFγ, IL-2, and TNFα using multiparametric 
flow cytometry. The serological response was measured by hemagglutinin inhibition assay. Results: 
The LAIV was generally well tolerated, with few side effects. No side effects were seen in 17/39 
children. Seven out of 39 children had only local reactions (stuffed/runny nose, airway symptoms), 
and 4 had only systemic symptoms (fever, myalgia, lethargy, headache, loss of appetite). There were 
no serious adverse events. We saw no significant changes in cytokine or chemokine profiles in the 
plasma after vaccination, corresponding with the clinical observation of low reactogenicity. Preliminary 
ELISPOT results showed an increased INFγ and memory B-cell response after the first vaccine dose. 
Flow cytometric analysis showed a significant increase in the Th1 CD4+ T-cell response after the 
second vaccine dose. Further research into the evaluation of immune responses in tonsils and saliva 
is ongoing. Conclusions: Vaccination with LAIV as a nasal spray in children is safe, is well tolerated, 
and induces a systemic immune response against all vaccine antigens. This vaccine may represent a 
good alternative for immunization of high-risk children against seasonal influenza in Europe.  
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O-863 

Effectiveness of 2011/12 seasonal influenza vaccines in the prevention of 
influenza-related hospitalization in Canadian adults: a Public Health Agency of 
Canada/ Canadian Institutes of Health Research (PCIRN) Serious Outcomes 
Surveillance Network Study 

S McNeil1*, A Ambrose1, M Andrew1, G Boivin2, W Bowie3, A Chit4, M ElSherif1, K Green5, F 
Haguinet6, T Hatchette1, B Ibarguchi4, J Johnstone7, K Katz8, J LeBlanc1, M Loeb7, D MacKinnon-
Cameron1, A McCarthy9, A McGeer5, J Powis10, D Richardson11, M Semret12, V Shinde6; G Stiver3, S 
Trottier2, L Valiquette13, M Wilcox1; D Webster14, L Ye1, on behalf of the Public Health Agency of 
Canada/Canadian Institutes of Health Research Influenza Research Network (PCIRN) Serious 
Outcomes Surveillance Network and the Toronto Invasive Bacterial Diseases Network (TIBDN)

1Canadian Center for Vaccinology, IWK Health Centre and Capital Health, Dalhousie University, 
Halifax, Nova Scotia, Canada; 2Centre Hospitalier Universitaire de Québec, Quebec, Quebec, 
Canada; 3University of British Columbia, Vancouver, British Columbia, Canada; 4GlaxoSmithKline 
Vaccines, Mississauga, Ontario, Canada; 5Mount Sinai Hospital, Toronto, Ontario, 
Canada; 6GlaxoSmithKline Vaccines, Rixensart, Belgium; 7McMaster University, Hamilton, Ontario, 
Canada; 8North York General Hospital, Toronto, Ontario, Canada; 9The Ottawa Hospital, Ottawa, 
Ontario, Canada; 10Toronto East General Hospital, Toronto, Ontario, Canada; 11William Osler Health 
Centre, Brampton, Ontario, Canada; 12McGill University, Montreal, Quebec, Canada; 13Université de 
Sherbrooke, Sherbrooke, Quebec, Canada; 14Horizon Health, Saint John, New Brunswick, Canada 

Background: In Canada, annual influenza vaccination is recommended for adults aged 65 years and 
older, younger adults with medical comorbidities putting them at increased risk of severe disease, and 
children under 60 months of age. The goal of the Canadian influenza immunization program is 
prevention of influenza-associated hospitalization and death but little data is available to assess the 
effectiveness of seasonal influenza vaccination in the prevention of these serious outcomes. Sentinel 
surveillance for influenza among hospitalized adults provides a platform for assessment of influenza 
burden of illness and vaccine effectiveness in the prevention of hospitalization due to lab-confirmed 
influenza. Methods: In 2011/12, the PCIRN Serious Outcomes Surveillance Network conducted active 
surveillance for influenza among hospitalized adults from 1 Nov to 25 May in 40 acute care facilities in 
6 provinces, encompassing ≈ 15,000 beds. A nasopharyngeal swab for influenza polymerase chain 
reaction (PCR) testing was obtained from all patients admitted with community-acquired pneumonia, 
exacerbation of chronic obstructive pulmonary disease or asthma, unexplained sepsis, any respiratory 
diagnosis or symptom, and, on 1 day per week, acute coronary syndrome, stroke, or other cardiac 
diagnoses with triage temperature ≥ 37.5°C. Cases were influenza PCR-positive; 1 or more test-
negative controls matched for date, site of enrolment and age of the case (≥ 65y vs < 65y) were 
enrolled for calculation of vaccine effectiveness (VE). Crude VE estimates were adjusted using 
multivariable logistic regression with stepwise backward selection of covariates with a P value of < .1 
in the univariate analysis. VE was estimated as (1- odds ratio of influenza in vaccinated versus 
unvaccinated patients) × 100. Results: In 2011/12, 514 cases and 814 controls were enrolled. 310 
(60.3%) cases were ≥ 65 years (mean age, 80.5 y; range, 65-100 y); 90.9% of cases had 1 or more 
comorbidities. 246 (47.9%) cases and 510 (62.7%) controls had received an influenza vaccine ≥ 2 
weeks prior to onset of symptoms. Vaccinated adults were more frail than unvaccinated adults prior to 
onset of illness (mean Frailty Index in patients ≥ 65 y 0.21 vs 0.18; P < .001) and were older (73.6 vs 
61.4; P < .001). Overall, 62 (12.1%) of cases required admission to the intensive care unit, 38 (7.4%) 
were ventilated, and 39 (7.6%) died. Overall adjusted VE in adults was 45.8% (90% confidence 
interval [CI]; 30.4% to 57.8%); VE in adults ≥ 65 y adjusted for age, Frailty Index, and children 5 years 
or under living in the home was 56.2% (90% CI; 32.7%-71.4%). VE in adults < 65 y adjusted for age, 
children 5 years or younger living in the home, seniors living in the home, and current or past smoking 
was 37.4% (90% CI; 4.1% to 59.1%). Overall adjusted VE against Influenza A was 45.6% (90% CI; 
19.9% to 63.1%): A/H3N2 VE 38.3% (90% CI; -20.4% to 68.4%); A/H1N1 VE 73.4% (90% CI; 44.6% 
to 87.2%). Overall adjusted VE against Influenza B was 37.2% (90% CI; 16.4% to 52.9%): 
B/Yamagata-like VE 35.3% (90% CI; 6.4% to 55.3%) and B/Victoria-like (vaccine strain) VE 43.2% 
(90% CI; 0.8% to 67.5%). Conclusion: In 2011/12, the seasonal influenza vaccines used in Canada 
were moderately effective in the prevention of hospitalization of adults due to lab-confirmed influenza 
despite co-circulation of a lineage-level mismatched B strain. The PCIRN Serious Outcomes 
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Surveillance Network provides critical infrastructure for the assessment of influenza burden of disease 
and component-specific effectiveness of influenza vaccines in the prevention of influenza-related 
hospitalization. Funding: This study was funded by the Public Health Agency of Canada, the 
Canadian Institutes of Health Research, and GlaxoSmithKline Biologicals SA. 

O-876 

Vaccine-induced anti-HA2 antibodies promote virus entry and enhance 
influenza A virus pathology 

S Khurana1*, CL Loving2, AL Vincent2, H Golding1

1Division of Viral Products, Center for Biologics Evaluation and Research (CBER), FDA, Bethesda, 
Maryland, United States 2Virus and Prion Research Unit, National Animal Disease Center, USDA, 
Agricultural Research Service, Ames, Iowa, United States 

Background: During the 2009 influenza (pH1N1) pandemic several reports suggested prior 
vaccination with the 2008-2009 seasonal inactivated influenza vaccine increased severity of clinical 
disease following infection with pH1N1 influenza virus in humans. The mechanism of Vaccine 
associated enhanced respiratory disease (VAERD) has not been fully understood. Methods: We 
developed a swine model to evaluate mismatched influenza vaccination associated enhanced 
respiratory disease (VAERD) following pH1N1 infection. Apart from following clinical diseases and 
symptoms in vaccinated pigs following pH1N1 challenge, polyclonal antibody repertoire generated 
following vaccination against was various antigenic domains in pH1N1 hemagglutinin was analyzed 
by surface plasmon resonance–based real-time kinetics assays. Epitopes recognized by vaccine-
induced serum antibodies were mapped using phage display and impact of these antibodies on 
pH1N1 virus entry and pathology was investigated in various virus-cell interaction functional assays. 
Results: Vaccinating pigs with whole inactivated H1N2 virus vaccine (WIV-H1N2) enhanced 
pneumonia and disease following pH1N1 infection compared with nonvaccinated challenged animals. 
We elucidated the quality and specificity of antibody response elicited by the heterologous WIV-H1N2 
vaccine in different assays. WIV-H1N2–induced HI antibodies against H1N2 strain but not pH1N1. 
WIV-H1N2 immune sera contained high titers of cross-reactive anti-pH1N1 antibodies that bound 
exclusively to HA2 domain of virus hemagglutinin that mapped to aa 46-91 residues of pH1N1-HA2 
sequence. The cross-reactive anti-HA2 antibodies enhanced infection of MDCK cells with pH1N1 by 
promoting virus fusion activity. The enhanced fusion activity correlated with lung pathology for 
individual pigs. Conclusions: This is the first study that suggests a major role for fusion-enhancing 
anti-HA2 antibodies in VAERD, especially in absence of receptor-blocking antibodies. These findings 
should be carefully considered in the development of future universal influenza vaccines that are 
designed to elicit exclusively HA2 stem antibodies in the absence of anti-HA1 specific antibody 
response.  
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O-877 

Synthetic generation of Influenza vaccine viruses for rapid response to 
pandemics 

P Suphaphiphat1*, P Dormitzer1, D Gibson2,3, D Wentworth2, T Stockwell2, M Algire2, N Alperovich2, M 
Barro4, D Brown2, S Craig1, B Dattilo4, E Denisova2, I De Souza1, M Eickmann5, V Dugan2†, A Ferrari1, 
R Gomila1, L Han1, C Judge1, S Mane1, M Matrosovich5, C Merryman2, G Palladino1, G Palmer1, E 
Settembre1, T Spencer1, T Strecker5, H Trusheim1, J Uhlendorff5, Y Wen1, A Yee2, J Zaveri2, B Zhou2, 
S Becker5, A Donabedian4, P Mason1, J Glass2, R Rappuoli1, J Venter2,3

1Novartis Vaccines and Diagnostics, Cambridge, Massachusetts, United States; Holly Springs, North 
Carolina, United States; and Siena, Italy; 2The J. Craig Venter Institute, Rockville, Maryland, United 
States, and San Diego, California, United States; 3Synthetic Genomics, Inc., La Jolla, California, 
United States; 4The United States Biomedical Advanced Research and Development Authority, US 
Department of Health and Human Services, Washington, District of Columbia, United States; 5Institut 
für Virologie, Philipps-Universitӓt Marburg, Marburg, Germany; †Present address: Division of 
Microbiology and Infectious Diseases, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, U.S. Department of Health and Human Services, Bethesda, Maryland, United 
States 

Background: During the 2009 H1N1 influenza pandemic, vaccines became available in large 
quantities only after human infections peaked. To accelerate vaccine availability for future pandemics, 
we developed a synthetic approach that very rapidly generates vaccine viruses from sequence data. 
This technology addresses 3 major technical barriers to more rapid and reliable influenza outbreak 
and pandemic responses: the speed of synthesizing DNA cassettes to drive production of influenza 
RNA genome segments, the accuracy of rapid gene synthesis, and the yield of hemagglutinin (HA) 
from vaccine viruses. Materials and Methods: Beginning with HA and neuraminidase (NA) gene 
sequences, oligonucleotides are designed and chemically synthesized. Through an entirely 
enzymatic, cell-free process, the oligonucleotides are assembled into HA and NA DNA segments, 
corrected for errors, and combined with key regulatory elements required for virus rescue by reverse 
genetics. The synthetic HA and NA gene cassettes are mixed with plasmid DNAs encoding viral 
backbone genes and transfected into an MDCK cell line qualified for vaccine manufacture. After 48 to 
72 hours, influenza viruses are recovered, amplified in MDCK cells, and then rapidly analyzed for HA 
and NA sequence identity, growth in culture and HA production. Results: We have demonstrated that 
an enzymatic system of gene assembly with error correction lowers error rates sufficiently to allow the 
HA and NA gene cassettes to be used to rescue influenza vaccine viruses with pre-specified HA and 
NA sequences and backbones with high fidelity. The reliability of influenza virus rescue on a vaccine 
manufacturing cell line and yields of HA are increased through the use of improved vaccine 
backbones. Use of the system to generate a diversity of synthetic influenza viruses demonstrates the 
system’s robustness. This process was implemented to launch an emergency vaccine seed virus 
development effort in response to the outbreak of human infections with avian H7N9 influenza in 
China that was first reported on March 31, 2013. On April 1, we employed our synthetic approach to 
make influenza vaccine viruses using downloaded coding region nucleotide sequences of 
A/Shanghai/2/2013 as the strain-specific starting materials rather than viruses or nucleic acids 
shipped from the site of the outbreak. A potential vaccine virus was recovered 5 days later.  A number 
of A/H7N9 vaccine viruses have been rescued and characterized thus far in this effort, containing 
different backbones and 5’ and 3’ untranslated regions. Preliminary analyses indicate that viruses with 
our proprietary backbones produce higher HA yields than viruses made with the conventional PR8 
backbone. Conclusion: Generation of synthetic vaccine viruses, together with more efficient vaccine 
release assays, could accelerate responses to influenza pandemics through a system of 
instantaneous electronic data exchange followed by real time, geographically dispersed vaccine 
production.  
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O-878 

Structure and accessibility of HA trimers on intact 2009 H1N1 pandemic 
influenza virus to stem region-specific neutralizing antibodies 

A Harris1,2, J Meyerson1, Y Matsuoka2, O Kuybeda3, A Moran3, D Bliss3, S Das4, J Yewdell4, G 
Saipro5, K Subbarao2, S Subramaniam1* 

1Laboratory of Cell Biology, National Cancer Institute, Laboratories of 2Infectious Disease and 4Viral 
Diseases, National Institutes of Allergy and Infectious Diseases, and 3National Library of Medicine, 
National Institutes of Health, Bethesda, Maryland, United States; 5Department of Electrical and 
Computer Engineering, University of Minnesota, Minneapolis, Minnesota, United States 

Background: The influenza virus infects millions of people worldwide on an annual basis. The major 
surface glycoprotein hemagglutinin is the major antigen to which neutralizing antibodies are elicited. 
Although vaccines and drugs are available, the virus continues to be a major health problem due to its 
abilities to change the antigenic makeup of hemagglutinin, and its zoonotic nature, allowing animal 
viruses to infect humans to which the human population has no preexisting immunity. Thus, antigenic 
variation of influenza virus hemagglutinin (HA) remains the principal challenge in developing more 
effective vaccines. However, some antibodies target stem regions of HA and show broad 
neutralization of influenza viral strains and subtypes making the stem region of HA an attractive target 
for universal influenza vaccine efforts. However, how stem antibodies bind influenza virions and how 
extensive is antibody binding and distribution on intact influenza virions have been unresolved 
questions. Materials and Methods: Using cryo-electron tomography and subtomogram averaging 
methods, we determined of the 3D structures of HA trimers on intact 2009 H1N1 pandemic virus 
particles in the absence and presence of neutralizing antibodies. We studied HA trimer structures 
bound to C179, a broadly neutralizing antibody that is reactive to the conserved stem region of HA 
and that neutralizes viruses expressing a broad range of HA subtypes (H1, H2, H5, and H9). We 
deduced the locations of the molecular surfaces of HA involved in interaction with this antibody. 
Results: Our results show that despite the dense packing of HA trimers on the surface of the virus, 
and the location of the stem region close to the viral membrane, we show that ≈ 75% of HA trimers 
have C179 bound to the stem domain. Conclusions: Thus, in conclusion, the majority of HA trimers on 
intact virions are available to bind antistem antibodies that target conserved HA epitopes, suggesting 
that universal influenza vaccines that elicit such antibodies could be effective. 

O-879 

Universal influenza vaccinia vaccine requires CD4+ T cells for heterosubtypic 
protection 

SA Valkenburg1*, OTW Li1, PWY Mak1, CKP Mok1, JM Nicholls2, JSM Peiris1, LiP Perera3, LLM Poon1

1Centre of Influenza Research and School of Public Health, The University of Hong Kong, Hong 
Kong; 2Department of Pathology, The University of Hong Kong, Hong Kong; 3Metabolism Branch, 
Center for Cancer Research, National Cancer Institute, NIH, Bethesda, Maryland, United States 

Background: Current influenza vaccines are ineffective against novel viruses and the source or strain 
of the next outbreak of influenza is unpredictable, therefore establishing universal immunity by 
vaccination is fundamental to limiting the impact of influenza. It is essential to improve influenza 
vaccines by utilizing multiple arms of the immune system. Virus-specific CD4+ and CD8+ T-cell 
responses are able to directly kill virus infected cells and co-ordinate local innate immune responses. 
Importanlty, T cells are able to react against different strains and subtypes of influenza. A novel 
vaccine has been developed using the immunogenic live vaccinia virus as a vaccine vector, 
containing multivalent influenza proteins derived from H5N1, plus IL-15 as an adjuvant. Previously, 
this vaccine demonstrated robust sterile cross-clade protection in mice for H5 influenza viruses, and 
here its use has been extended to mediate heterosubtypic immunity towards more distant group 1 
and group 2 influenza viruses. Materials and Methods: Heterologous protection by the vaccine was 
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assessed in the BalbC and B6 mouse models. T-cell responses elicited after vaccination and 
following influenza virus challenge were measured by Intracellular cytokine staining (ICS) assay. The 
T-cell compartment was selectively depleted by monoclonal antibody treatments. Results: The 
vaccine is able to induce robust immunological T-cell memory, enabling the survival of mice against 
challenge with many different influenza viruses. The vaccine protected mice against lethal challenge 
by increasing survival and significantly reducing virus loads against the most recent human H7N9, 
seasonal H3N2, pandemic-2009 H1N1, and highly pathogenic H7N7 influenza A viruses. Influenza-
specific antibody responses were detectable after vaccination but were not neutralizing against 
heterologous viruses, nor able to mediate protection by passive transfer. Importantly, influenza 
specific CD4+ and CD8+ T-cell responses are elicited by the vaccine, and recruited following viral 
challenge in the lung and periphery. Selective depletion experiments for T-cell subsets revealed an 
important role of CD4+ T cells in heterosubtypic protection depsite low peptide MHC-II epitope 
sequence conservation across different influenza viruses. Memory T-cell responses were found to act 
in synergy with higher viral loads in mice depleted of both CD4+ and CD8+ T-cell responses. 
Conclusions: This study has illustrated the potential use of multivalent-vaccinia virus as a universal 
influenza vaccine. The vaccine established influenza specific CD4+ and CD8+ T-cell responses, which 
were significantly larger upon viral challenge. We have established an essential role of CD4+ T cells in 
providing universal protection against influenza established by a vaccinia-H5N1 vaccine.  

O-880 

How we can use TLR2-agonist-based adjuvants to improve protection against 
influenza epidemics and pandemics 

B Chua*, C Wong, M Olson, A Tan, S Turner, D Jackson 

Department of Microbiology & Immunology, The University of Melbourne, Parkville, Victoria, Australia 

Background: The discovery of Toll-like receptors (TLRs) and the use of their agonists as adjuvants is 
a well-documented way of enhancing protective responses to immunization with an antigen and 
currently form the vanguard of a new generation of rationally designed vaccine technologies. Here, 
we showcase how vaccination of soluble protein antigen electrostatically bound to the TLR2-agonist-
based lipopeptide adjuvant R4Pam2Cys can result in the induction of protective antiviral immunity and 
how this strategy can be harnessed to improve and augment the efficacy of seasonal influenza 
vaccines. Materials and Methods: Evaluation of immune responses induced by vaccination with 
antigen formulated with R4Pam2Cys was performed in wild-type (C57BL/6 & BALB/c), transgenic 
(CD4 & B cell deficient), and knockout mice (TLR2 deficient), which enabled us to define and identify 
immune mechanisms mediating vaccine efficacy. Antibody responses 30 days later were measured in 
standard ELISAs, HI and NA assays in addition to in vitro virus neutralization assays and passive 
serum transfer experiments. Proliferative T-cell responses were measured 7 (primary) and 28 
(memory) days following vaccination. Qualitative and quantitative CD4+ T-cell responses were 
analysed for their ability to differentiate into T-follicular helper cells (TFH) and promote B cell germinal 
center formation whilst CD8+ T-cell responses were analysed by performing intracellular cytokine 
straining, in vivo killing assays and memory phenotyping by flow cytometry. The ability of vaccination 
to protect against homo- and heterosubtypic viral challenge on day 30 was evaluated by measuring 
lung viral titres in plaque forming assays. We also used a contact-dependent transmission model to 
assess virus transmissibility from vaccinated challenged animals to naive cohoused recipients. 
Results: Our results demonstrate that vaccination of antigens using R4Pam2Cys induces high levels 
of antigen-specific antibody as well as CD8+ cytotoxic T lymphocyte (CTL) responses characterised 
by rapid proliferation, multiple cytokine production, granzyme B expression, and acquirement of in 
vivo cytolytic ability. Moreover, using this adjuvant also promotes the differentiation of CD4+ T cells 
into TFH cells, drives the formation of B-cell germinal centers and augments the development of 
CD8+ T cell effector memory and central memory populations which can be recalled effectively to 
mediate pulmonary anti-viral clearing responses better than other traditional adjuvants. Our studies 
also demonstrate that vaccination of animals with R4Pam2Cys formulated with a dose-sparing 
amount of influenza split virus vaccine derived from a H1N1 subtype elicits high levels of systemic 
neutralising antibodies and pulmonary IgA responses against the homologous strain. In addition, 
vaccination with this adjuvant also induces virus-specific CTL-mediated immunity, a property not 
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inherent in current seasonal vaccines. These responses protect against homosubtypic as well as 
heterosubtypic challenge with a H3N2 subtype and can significantly mitigate the severity of infection 
caused by contact- dependent transmission. The absence of cross-reactive antibodies against the 
heterologous strain and the fact that heterosubtypic protection can still be demonstrated in antibody-
deficient animals indicates that immunity bestowed by the use of this adjuvant against a different 
subtype is CTL-mediated. Conclusion: These discoveries provide insights into how modification of 
existing seasonal vaccines to include a component that can target their delivery to TLR pathways to 
activate CTL responses could extend their utility and spectrum of protection to provide a level of 
cross-protective immunity against drift variants of viruses and at the same time reduce the impact of 
future pandemic strains. The induction of such responses could be especially beneficial for improving 
community protection particularly during the period between an outbreak and when a vaccine 
becomes available. 

O-881 

Evaluation of influenza A and B viruses isolated and passaged in the qualified 
MDCK suspension cell line (MDCK33016PF) and embryonated chicken eggs 

H Peck1*, A Foust2, J Dharmakumara1, G Atteberry2, C Baas1, A Johnson1, L-M Chen2, J Galletti1, X 
Xu2, H Trusheim3, RO Donis2, IG Barr1 

1WHO Collaborating Centre for Reference and Research on Influenza, Victoria, Australia; 2Influenza 
Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Novartis 
Vaccines & Diagnostics, Holly Springs, North Carolina, United States 

Background: To produce influenza vaccines, candidate vaccine viruses are isolated and propagated 
in embryonated chicken eggs, a process little changed since the 1940s. There are, however, a 
growing number of problems associated with this process, such as low isolation rates and poor growth 
with certain viruses as well as the ongoing issue of egg adaption changes. In this study conducted by 
the WHO Influenza Collaborating Centers at Atlanta, United Sates (WHO CC CDC) and Melbourne, 
Australia (WHO CC Melbourne) in collaboration with Novartis, we compared the isolation rates and 
characteristics of influenza A and B viruses isolated in eggs with those isolated in a qualified MDCK 
suspension cell line (MDCK33016PF), developed by Novartis Vaccines and Diagnostics. Materials 
and Methods: Influenza-positive respiratory samples that were received from 2008 to 2012 by the 
WHO CC Melbourne and WHO CC CDC were inoculated into both embryonated chicken eggs and 
the qualified MDCK suspension cell line MDCK 33016PF in parallel. Material was passaged 4 times in 
eggs and twice in cells at WHO CC Melbourne, and passed up to 3 times in eggs and 3 times in the 
Novartis suspension cells at WHO CC CDC. Virus was detected and analysed using a variety of 
assays. In addition, at CDC, we were interested to see if first adapting the A(H3N2) virus to the 
Novartis MDCK 33016PF suspension cell line would enhance it’s ability to then be propagated in 
eggs. A subset of isolates grown in the Novartis MDCK cell suspension were inoculated into 
embryonated chicken eggs and passaged up to 3 times. Results: Through 2012, a total of 758 
influenza positive original clinical samples were inoculated intoMDCK 33016PF cells and eggs by the 
WHO CC CDC. The overall isolation rate in the MDCK33016PF cell-line was 80% and 3% in eggs. 
By virus type, 582 of the 758 specimens were influenza A (the majority A specimens was H3N2 
subtype), and 176 influenza B. The influenza A isolation rate was 82% in MDCK 33016PF cell-line 
and 2% in eggs, while the influenza B isolation rate was 71% in cells and 6% in eggs. In addition, a 
total of 148 A(H3N2) isolates propagated in the MDCK 33016PF suspension cells were inoculated 
into eggs. The isolation rate was 10%. A total of 284 influenza-positive respiratory samples were 
inoculated in both MDCK 33016PF cells and eggs by the WHO CC Melbourne. The overall isolation 
rate was in the MDCK 33016PF cell-line was 84% and 40% in eggs. By virus type, 196 of the 284 
influenza-positive respiratory samples were influenza A, and 88 influenza B. The influenza A isolation 
rate was 88% in the MDCK 33016PF cell-line and 46% in eggs, while the influenza B isolation rate 
was 74% in the MDCK 33016PF cell-line and 28% in eggs. Sequencing of HA genes for all 
types/subtypes showed that cell-isolated viruses largely retained the genetic sequence of the original 
clinical samples, with no adaptation changes. Such changes were common in egg-isolated viruses. In 
particular, A(H3N2) egg-grown isolates had a high number of changes in comparison to the original 
influenza positive clinical samples sequence. Egg-isolated A(H1N1)pdm and B viruses also had 
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adaption changes, but not in as many as the A(H3N2) isolates. In comparison, MDCK33016PF 
isolates had virtually no adaptation changes when compared to the original influenza-positive 
respiratory sample sequence. This pattern was similar to the pattern seen with regular adherent 
influena-positive MDCK isolates. Conclusion: The virus isolation and characterisation results obtained 
by the 2 WHO CC were comparable and lead to the conclusion that the MDCK 33016PF suspension 
cell line is a superior vaccine substrate for isolating influenza A and B viruses compared with eggs. 
Viruses isolated in qualified cell lines offer an alternative to egg-grown viruses and may be important 
for future vaccine production, as they more closely resemble influenza viruses found in epithelial cells 
of the upper and lower respiratory tract in humans and have fewer adaption changes compared to 
embryonated hens eggs. 
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P1-367 

Cross-protective efficacy of vaccination with different forms of M2 vaccines 
and their combinations with HA vaccines against H5N1 influenza in mice 

B Zheng*, KY Yuen 

Department of Microbiology, the University of Hong Kong, Hong Kong SAR 

Background: Recent outbreaks of H5N1 avian influenza virus that causes severe diseases in humans 
have raised concerns over an imminent influenza pandemic. As yet, there is no effective and 
universal vaccine that could be used to prevent and combat H5N1 infection. In this regard, 
development of vaccines for the prevention of H5N1 avian flu is an urgent need. Methods: In this 
study, we aimed to develop universal vaccine based on different forms of M2 vaccine candidates and 
their combinations with HA against H5N1 infection. We designed and prepared mM2e (synthetic 
monomer M2e peptide), M2e-MAP (tetra-branched multiple antigen peptide), fusion protein M2e-ASP-
1 (1 M2e fused with ASP-1) and M2e3-ASP1 (3 M2e fused with ASP-1), DNA-M2, rAAV-M2, DNA-
HA, rAAV-HA, protein HA, and inactivated virus vaccine. We tested immune responses and protective 
effects of these vaccine candidates, as well as effects of different aduvants. Results: Our results 
showed that (1) M2e-MAP, M2e-SAP-1 and M2e3-ASP-1 elicited much stronger M2e-specific 
antibody responses than M2e, DNA-M2 and rAAV-M2; (2) M2e-MAP and M2e3-ASP-1 provided 
better protection and cross-protection against viral challenges of different clades/strains of H5N1 virus 
and H1N1 virus than M2e-ASP-1, whereas mM2e, DNA-M2 and rAAV-M2 did not show obvious 
protection against viral challenge of H5N1 virus; (3) consistently, the mice vaccinated with M2e-MAP 
and M2e3-ASP-1 showed much lower viral load detected and less inflammation found in lung tissues; 
(4) cross-protective effect of M2e-based vaccines might be related to the identity of the M2e sequence 
between the vaccine and the H5N1 virus; (5) rAAV-HA, DNA-HA and inactivated virus vaccine 
provided effective protection against infection of homologous H5N1 virus, whereas these vaccine 
candidates and protein HA provided poor cross-protections against heterologous H5N1 viral infection; 
and (6) combination vaccinations with M2e-based and HA-based vaccine candidates, particularly 
vaccination of both M2e-MAP and inactivated virus vaccine, provided potent cross-protection against 
challenges with heterologous strains of H5N1 virus. Conclusion: Taken together, this study has 
demonstrated that both M2e-MAP and M2e3-ASP-1 can provide potent cross-protection against 
infections of some heterologous strains of H5N1 virus and H1N1 virus, while the strategy of 
combination vaccinations with both HA-based and M2e-based vaccines may be able to improve the 
cross-protection against heterologous H5N1 virus infection. Therefore, this study has provided the 
theoretical and practical basis for development of effective and universal vaccines against H5N1 
influenza virus infection. 

P1-368 

Role of adjuvants in B-cell epitope repertoire and antibody avidity following 
influenza vaccination 

S Khurana*, H Golding 

Division of Viral Products, Center for Biologics Evaluation and Research (CBER), FDA, Bethesda, 
Maryland, United States 

Background: Pandemic influenza is a persistent threat to global health. The continuing evolution of 
avian and swine strains contribute to unpredictability and difficulties in preparing vaccines against the 
next highly transmissible virus. However, efforts are under way to improve vaccine effectiveness 
against heterologous strains through new vaccine approaches, including novel adjuvants, prime-boost 
protocols, and recombinant virus-like particle (VLP) platforms. Methods: The fact that the correlates of 
immunity/protection remain unclear is a significant barrier to influenza vaccine research. We have 
developed novel technologies to delineate the immune correlates of protection during natural infection 
and after vaccination. Whole Genome Fragment Phage Display Libraries (GFPDL) for pandemic 
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H1N1-2009 and H5N1 (Vietnam and Indonesia) strains were used to elucidate the complete antibody 
epitope repertoire following influenza vaccination with different vaccine modalities including, oil-in-
water adjuvanted subunit vaccines, VLP, and DNA prime followed by inactivated split virus vaccine in 
different age populations. In addition, surface plasmon resonance (SPR) was employed to investigate 
the magnitude and avidity of human polyclonal antibody response against different antigenic domains 
within hemagglutinin following vaccination or infection. Results: DNA prime-inactivated H5N1 boost 
and oil-in-water adjuvanted H5N1 vaccines generated antibodies with higher neutralization capacity 
not only against the vaccine- homologous strains, but also against more diverse heterologous strains. 
GFPDL analyses of the human sera following adjuvanted vaccination revealed more diverse epitope 
repertoires, targeting large conformational epitopes in HA1 receptor binding domain, compared with 
unadjuvanted subunit H5N1 vaccination. SPR analyses revealed that oil-in-water adjuvanted vaccines 
and the DNA prime- followed by subunit H5N1 boost at 6 month, elicited higher serum antibody 
binding to oligomeric rHA1, which strongly correlated with the neutralization titers. Most importantly, 
the oil-in-water adjuvanted vaccines significantly enhanced antibody affinity maturation to H5N1-HA1 
domain (but not HA2) as demonstrated by slower antigen-antibody complex dissociation rates in SPR, 
and increased resistance to 7M urea in ELISA. In the case of pH1N1 vaccination, the highest impact 
on antibody affinity was seen in young children. Conclusions: Thus, GFPDL and SPR identified 
attributes of influenza-specific antibodies, which are important for increased breadth of cross-
protection against heterosubtypic strains with pandemic potential. These technologies will help in 
deciphering the quality of immune responses against future vaccine candidates against diverse 
pathogens and contribute to the design of more effective vaccines. 

P1-369 

TLR7 agonist imiquimod in combination with inactivated influenza vaccine 
induces expeditious and augmented immune responses sufficient enough to 
protect BALB/c mice against immediate lethal virus challenge  

AJ Zhang1-3, C Li1, HS Zhu4, AC Lee1, CG Li, KK To 1-3, IF Hung4, KYYuen1-3* 

1Department of Microbiology, The University of Hong Kong, Hong Kong, People’s Republic of 
China; 2Research Centre of Infection and Immunology, The University of Hong Kong, Hong Kong, 
People’s Republic of China; 3State Key Laboratory of Emerging Infectious Diseases, The University of 
Hong Kong, Hong Kong, People’s Republic of China; 4Department of Medicine, The University of 
Hong Kong, Hong Kong, People’s Republic of China 

Background: The potential of targeting Toll-like receptors (TLRs) to enhance vaccination efficacy had 
previously been explored and had shown promising effects. In this study, we investigated the 
possibility of using a synthetic TLR7 agonist, imiquimod, as an immune response potentiator, in 
combination with inactivated influenza vaccine to expedite and enhance the adaptive immune 
responses against influenza infection in a mouse model. Methods: Groups of female BALB/c mice 
were intraperitonially injected with imiquimod and inactivated monovalent A(H1N1)pdm09 vaccine, 
alone or in combination, at 3, 2 or 1 days prior to pdmH1N109 influenza virus challenge, or immediately 
before virus challenge. The mice were then inoculated with 10x mouse LD50 dose of pdmH1N1-Mut 
virus intranasally. Body weight and survival rate were monitored for 14 days postchallenge. At 1, 2, 4, 
and 6 days after virus challenge, 3 to 5 mice from each group were sacrificed, and blood and lung 
samples were collected for further studies. Results: Combination of intraperitoneal injection of 
imiquimod and A(H1N1)pdm09 vaccine provided an effective protection against an immediate 
A(H1N1)pdm2009 lethal challenge. Survival rates of 80%, 70%, and 55% were achieved respectively 
when the mice were challenged with 10x LD50 of the virus at 3, 2, or 1 day after treatment, while all 
control mice succumbed at day 9 post challenge. The pulmonary viral load was significantly lower at 
all time points for the imiquimod-vaccine combination treatment group than control group (P < .05). 
Viral specific serum IgM and IgG were detectable much earlier in these treated mice when compared 
with the control mice (2 days vs 6 days post challenge). Conclusions: Our findings demonstrate that 
this synthetic TLR7 agonist, imiquimod, in combination with inactivated influenza vaccine can 
expedite and augmented the adaptive immune responses sufficient enough to protect BALB/c mice 
against immediate lethal virus challenge.  
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P1-370 

Broader neutralizing antibodies against H5N1 viruses using prime-boost 
immunization of hyperglycosylated hemagglutinin DNA and virus-like particles 

S-C Lin1, Y-F Lin1, P Chong2, S-C Wu1* 

1Institute of Biotechnology, National Tsinghua University, Hsinchu, Taiwan; 2National Institute of 
Infectious Diseases and Vaccinology, National Health Research Institutes, Zhunan, Taiwan 

Background: Highly pathogenic avian influenza (HPAI) H5N1 viruses and their transmission capability 
from birds to humans have raised global concerns about a potential human pandemic. The inherent 
nature of antigenic changes in influenza viruses has not been sufficiently taken into account in 
immunogen designs for broadly protective HPAI H5N1 vaccines. Methods: We designed a 
hyperglycosylated HA vaccine using N-linked glycan masking on highly variable sequences in the 
HA1 globular head. Immunization of these hyperglycosylated HA DNA vaccines followed by a 
flagellin-containing virus-like particle booster in mice was conducted to evaluate neutralizing antibody 
responses against various clades of HPAI H5N1 viruses. Results: We introduced nine N-X-S/T motifs 
in five HA1 regions: 83NNT, 86NNT, 94NFT, 127NSS, 138NRT, 156NTT, 161NRS, 182NDT, and 
252NAT according to sequence alignment analyses from 163 HPAI H5N1 human isolates. Although 
no significant differences of anti-HA total IgG titers were found with these hyperglycosylated HA 
compared with the wild-type control, the 83NNT and 127NSS mutants elicited significantly potent 
cross-clade neutralizing antibodies against HPAI H5N1 viruses. Conclusion: This finding may have 
value in terms of novel immunogen design for developing cross-protective H5N1 vaccines. 

P1-371 

Basic technological aspects of the development, safety assessment, and 
immunogenicity of a live cold-adapted equine influenza vaccine 

K Tabynov*, Zh Kydyrbayev, А Sansyzbay, Sh Ryskeldinova, N Assanzhanova 

Research Institute for Biological Safety Problems, Gvardeiskiy, Kazakhstan 

Background: For specific prophylaxis of equine influenza, the Research Institute for Biological Safety 
Problems developed a live vaccine based on the novel recombinant cold-adapted (Са) strain 
А/HK/Otar/6:2/2010. The Ca-strain contains 2 genes (HA, NA) from wild-type strain 
A/equine/Otar/764/2007 (Н3N8) and 6 genes (PB2, PB1, PA, NP, M, NS) from Са strain A/Hong 
Kong/1/68/162/35 (Н3N2). Materials and Methods: To optimize the cultivation of strain 
А/HK/Otar/6:2/2010 in chicken embryos (CE), various parameters such as the infection dose, 
temperature and incubation period were determined. To select the optimal stabilizing media for the 
vaccine virus, mono- and multicomponent media containing peptone, sucrose, trehalose, lactose, 
sorbitol, and glutamate in various concentrations were tested. For vaccine preparation, the virus was 
cultivated in CE using the optimal parameters. The oligosaccharide chitosan lactate (Sigma) was 
added to the viral biomass as an adjuvant (final concentration, 0.05%), then the vaccine mixture was 
mixed thoroughly, packaged into 1.0 mL vials, lyophilized and labeled. The safety of the vaccine was 
tested in 1-year-old foals and 5-year-old pregnant mares. The experimental animals 
were vaccinated intranasally with 10(8.2) lg EID50/mL; control animals were vaccinated with PBS. The 
clinical state and health of the animals was evaluated over 4 weeks. To determine the immunogenicity 
of the vaccine, blood samples were taken from vaccinated foals at 7, 14, and 28 days 
post vaccination (PV) to quantify antibody accumulation using the hemagglutination inhibition (HAI) 
assay and an enzyme-linked immunosorbent assay (ELISA). Blood samples were taken over 
the same period PV to investigate cell-mediated immunity using the lymphocyte blast-transformation 
reaction. To determine the protectivity of the vaccine, experimental and control foals were subjected 
to intranasal challenge with 10(8.0) EID50/mL of the wild-type virus A/equine/Otar/764/2007 
(H3N8) on day 28 PV. The animals were clinically observed for 28 days postchallenge, with 
daily measurement of body temperature. Nasal swabs (on 1, 3, 5, 7 days postchallenge) were placed 
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into tubes containing transport virus medium for titration of virus shedding in 10-day-old CE. Results: 
The optimal cultivation parameters for strain А/HK/Otar/6:2/2010 (H3N8) in CE were infectious dose 
of the virus: 100,000 EID50; age of CE: 10 days; incubation temperature: 34ºС; incubation period: 48 
hours. These parameters invariably led to the production of virus with infectious and HAI titers of 
not less than 10(8.5) lg EID50/mL and 1:512, respectively. Vaccine samples stored in protective 
medium containing peptone (6%) and lactose (3%) were stable at 37±0.5ºC for up to 20 days; the 
infectivity of the virus only reduced to 10(1.59) lg EID50/mL. We established that the developed 
vaccine was safe for foals and pregnant mares, as the clinical status of the vaccinated animals was 
normal during the entire period of monitoring, and pregnancy proceeded normally in vaccinated 
mares. Excretion of the vaccine virus in the upper respiratory tract of the vaccinated foals and 
pregnant mares was low; the virus was only detected on days 1 and 3 PV. In 1-year-old foals and 
pregnant mares vaccinated with a single dose, the antibody could not be detected using the HAI or 
ELISA on days 7, 14, and 28 PV. Cell-mediated immunity, as measured by the index of stimulation of 
peripheral blood lymphocytes, formed by day 14 PV in both foals and mares (1.73±0.26, 
1.56±0.18, respectively, both P < .05 vs control group); however, the values at 28 day PV were not 
significantly higher than the respective control groups (P > .05). Vaccinated foals were provided with 
100% protection against equine influenza with minimal virus shedding from the upper airway; virus 
shedding was higher and more prolonged in the control group than the vaccinated group at all periods 
of observation (P < .001 for days 1, 3, 5, and 7 postchallenge). Conclusions: We have developed the 
technology for manufacturing a live vaccine against equine influenza from the novel 
recombinant Ca strain A/HK/Otar/6:2/2010 which contains chitosan, allowing the preparation of a safe 
and immunogenic vaccine for equine influenza.  

P1-372 

Preclinical testing of the safety and immunogenicity of a chromatographic 
split-vaccine against seasonal influenza  

N Assanzhanova1, К Tabynov1*, Zh Kydyrbayev1, А Sansyzbay1, B Khairullin1, Sh Ryskeldinova1, Y 
Kozhamkulov1, D Inkarbekov1, Т Gotskina1, М Kassenov1, Zh Satybaldiyeva2, S Shin2, В Shnaukshta2 

1Research Institute for Biological Safety Problems (RIBSP), Gvardeiskiy, Kazakhstan; 2National 
Center for Drug Expertise, Medical Devices and Medical Equipment, Almaty, Kazakhstan 

Background: In contrast to existing centrifuge technologies for the production of human 
vaccines against seasonal influenza, the RIBSP have developed effective, cheaper 
chromatographic split production technologies for seasonal influenza vaccines from 
strains recommended by the WHO. This paper presents the results of 3 experimental series of 
preclinical testing of the safety and immunogenicity of the chromatographic split-vaccine 
against influenza in laboratory animals. Materials and Methods: The chromatographic split-vaccine is 
a suspension of recombinant strains of the influenza virus, grown in chicken embryos, purified and 
concentrated by ultra/diafiltration and gel filtration, inactivated with formaldehyde and split with 
detergent. The experimental group were injected with the chromatographic split-vaccine, the 
comparison group with Fluarix vaccine (GlaxoSmithKline Biologicals, Germany), and the control group 
with PBS. Acute toxicity tests included identification of the clinical signs of toxicity, blood 
morphological and biochemical analyses, and pathomorphological analyses, including necropsy, and 
macroscopic and histological examinations of the viscera of mice and rats at 24 hours, 7 days, and 
14 days postvaccination (PV). The allergenic properties of the vaccine were investigated using a 
model of delayed-type hypersensitivity in mice and immediate-type hypersensitivity in guinea pigs. 
The immunogenicity of the vaccine was determined on day 28 PV in mice. All studies were performed 
in accordance with national and international requirements and guidance on the use of 
laboratory animals. Results: During the acute toxicity tests, weight loss, and the clinical signs 
of poisoning were not observed in any mice or rats from the experimental, comparison, or control 
groups. All animals survived during the period of clinical observation. Morphological and biochemical 
analysis of peripheral blood samples revealed no significant differences between the 
experimental, comparison, and control groups, regardless of sex (P > .05). Pathologicoanatomic 
dissection followed by histological examination did not reveal any morphological or histological signs 
of disease or toxicity in mice and rats at any time point. Thus, administration of 
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the chromatographic split-vaccine series at a high dose (500 times the normal human dose in terms of 
the mass ratio of mice, and 350 times, in terms of the body weight of rats) did not exert a negative 
influence on any basic physiological function, and did not induce any pathological changes in mice or 
rats, indicating the preparation was tolerated and safe. Laboratory symptoms of allergy were not 
observed in any mice in the model of delayed-type hypersensitivity. The rate of limb edema 
stimulation in mice from the experimental group was 29.33% for females and 12.97% for males; the 
corresponding rates in mice vaccinated with Fluarix were 41.68% and 19.71%, respectively; none of 
these values were significantly different to the control group (P > .05). Three-fold immunization of 
guinea pigs with the vaccine induced mild respiratory system changes and reactions, observed as 
nose scratching and sneezing; however, these signs did not develop into fatal anaphylactic shock, 
which demonstrates the vaccine induces a weak immediate-type allergic effect. By day 28 after a 
single immunization of the vaccine, the mice formed antihemagglutinating antibodies with mean 
geometric titers (GMT) of 197.0±5.4 to 320.0±6.1 for subtype A/H1N1, 160.0±4.5 to 242.5±5.7 
for subtype A/H3N2, and 149.3±4.7 to 278.6 ± 7.7 for type B influenza virus. The GMT values of mice 
injected with the comparator vaccine ranged from 
130.0±4.1 to 113.1±3.8, 105.6±3.6 to 149.3±4.4, and 105.6±3.6 to 121.3±4.3, respectively. Compared 
with the similar commercial vaccine, the chromatographic split-vaccine had a 
more pronounced immunogenic activity against the three influenza strains included in the vaccine. 
Conclusion: Preclinical studies of the developed chromatographic split-vaccine against seasonal 
influenza indicate that the vaccine is well tolerated, safe, and immunogenic in laboratory animals. 

P1-373 

Safety and immunogenicity of a monovalent inactivated whole-virion 
chromatographic vaccine with aluminum against influenza А (H1N1) pdm09: a 
randomized, blinded, dose-dependent clinical study 

А Sansyzbay1, О Kiselev2, B Khairullin1, К Tabynov1*, ZH Kydyrbayev1, N Sandybayev1, М 
Kassenov1, М Stukova2  

1 Research Institute for Biological Safety Problems (RIBSP), Gvardeiskiy, Kazakhstan; 2 Research 
Institute of Influenza, St Petersburg, Russian Federation 

Background: The pandemic influenza A/H1N1 pdm09 emerged in 2009 and led to high demand for 
influenza vaccines, highlighting the limited vaccine manufacturing capacity world-wide. To meet 
the needs of Kazakhstan for an effective vaccine against pandemic influenza, the RIBSP developed 
a monovalent inactivated whole-virion chromatographic vaccine with aluminum (Refluvac). This paper 
presents the results of a clinical phase 2 single-use study of the vaccine in healthy volunteers 
aged 18-60 years. Materials and Methods: The study was conducted at the clinical facilities of the 
Research Institute of Influenza and the Research Institute of Vaccines and Serums (Russian 
Federation). For the study, 80 healthy adult volunteers were randomly assigned into two groups in a 
ratio 1:1 for a single dose of Refluvac (3.75 or 7.5 mcg of hemagglutinin [HA]). Antibody response 
(seroconversion and seroprotection rates, geometric mean titer [GMT], seroconversion factors) was 
determined using the hemagglutination inhibition (HAI) assay. Cellular immune response was 
assayed using the index of stimulation of peripheral blood mononuclear cells (PBMCs) and the 
production of cytokines by antigen supernatant-stimulated cells. Reactogenicity and safety were 
assessed by monitoring adverse reactions (local and systemic reactions), physical examinations, 
monitoring of vital symptoms and laboratory tests (general and biochemical blood tests, Ig 
E, urinalysis). The study was conducted in accordance with protocol VRK-II-00-03/2010 approved by 
the Federal Service on Surveillance in Healthcare and Social Development of the Ministry of Health 
and Social Development of the Russian Federation. Results: Volunteers vaccinated with the vaccine 
at a dose of 3.75 mcg HA did not have any systemic reactions related to the vaccination. Weak local 
reactions, presenting as pain and discomfort at the injection site, were observed in 10 of the 40 (25%) 
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volunteers vaccinated at a dose of 3.75 mcg HA; these reactions were not accompanied by the 
development of hyperemia or infiltrates, were transient (lasted no more than 2 days), and disappeared 
without medication. Among the volunteers vaccinated with the vaccine at a dose of 7.5 mcg HA, one 
medium systemic reaction was observed as an increase in temperature up to 37.8°C on the first and 
second days post vaccination (PV). Weak local reactions, presenting as pain and discomfort at the 
injection site were observed in 6 of the 39 (15.4%) volunteers vaccinated at a dose of 7.5 mcg HA; 
these reactions were not accompanied by the development of hyperemia or infiltrates, were transient, 
and disappeared without medication. Clinical and laboratory examinations of the volunteers on days 
7 and 21 PV revealed that the morphological and biochemical parameters of peripheral 
blood, including the total level of IgE, did not significantly alter from normal physiological values (all P 
> .05). Vaccination had no adverse effect on electrocardiogram (ECG) data PV, as the ECG data for 
all volunteers remained similar to the baseline values. In terms of rating the immunogenic activity of 
the vaccine, 85.0% of the volunteers vaccinated at a dose of 3.75 mcg HA had a 4-fold 
seroconversion rate; the seroprotection rate was 85%, the multiplicity of growth of the antibody titer 
was 13.8 and the GMT was 69.0. In the group vaccinated at a dose of 7.5 mcg HA, 92.3% of the 
volunteers had a 4-fold seroconversion rate; the seroprotection rate was 92.3%, the multiplicity of 
growth of the antibody titer reached 36.0, and the GMT was 180.0. Vaccination led to the formation of 
a cellular immune response, which was polarized towards Th-1 production. Conclusions: This Phase 
II clinical study of the Refluvac vaccine at doses of 3.75 mcg or 7.5 mcg HA in healthy volunteers 
aged 18-60 years-old indicates the antibody can induce pronounced immunogenicity, is well tolerated, 
has a low reactogenicity, is safe, and leads to the formation of a cellular immune response. 

P1-374 

Different immunity elicited by recombinant H5N1 hemagglutinin proteins 
containing pauci-mannose, high-mannose, or complex type N-glycans 

S-C Lin1, J-T Jan2, B Dionne3, M Butler3, M-H Huang4, C-Y Wu2, C-H Wong2, S-C Wu1* 

1Institute of Biotechnology, National Tsing Hua University, Hsinchu, Taiwan; 2Genomics Research 
Center, Academia Sinica, Taipei, Taiwan; 3Department of Microbiology, University of Manitoba, 
Winnipeg, Manitoba, Canada; 4National Institute of Infectious Diseases and Vaccinology, National 
Health Research Institutes, Zhunan, Taiwan  
Background: Highly pathogenic avian influenza H5N1 viruses can result in poultry and occasionally in 
human mortality. A safe and effective H5N1 vaccine is urgently needed to reduce the pandemic 
potential. Hemagglutinin (HA), a major envelope protein accounting for approximately 80% of spikes 
in influenza virus, is often used as a major antigen for subunit vaccine development. Methods: We 
conducted a systematic study of the immune response against influenza virus infection following 
immunization with recombinant HA proteins expressed in insect (Sf9) cells, insect cells that contain 
exogenous genes for elaborating N-linked glycans (Mimic) and mammalian cells (CHO). Results: 
While the antibody titers are higher with the insect cell–derived HA proteins, the neutralization and HA 
inhibition titers are much higher with the mammalian cell–produced HA proteins. Recombinant HA 
proteins containing tri- or tetra-antennary complex, terminally sialylated and asialyated-galactose type 
N-glycans induced better protective immunity in mice to lethal challenge. Conclusion: The results are 
highly relevant to issues that should be considered in the production of fragment vaccines. 
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P1-375 

Criteria of screening of H5N1 highly pathogenic avian influenza virus as a wild-
type parent for a prepandemic live attenuated reassortant influenza vaccine 
candidate 

N Larionova1*, I Kiseleva1, I Dubrovina1, I Isakova-Sivak1, E Bazhenova1, T Ross2, V Tsvetnitskiy3, E 
Fedorova1, L Rudenko1 

1Institute of Experimental Medicine, St. Petersburg, Russia; 2University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States; 3Program for Appropriate Technologies in Health (PATH), Seattle, 
Washington, United States 

Background: The H5N1 highly pathogenic avian influenza (HPAI) viruses pose a significant pandemic 
threat: they continue to circulate widely among wild birds and in poultry populations, and may cause 
severe disease and death in humans, who mostly have no immunity to them. Few amino acid 
substitutions might be sufficient for the virus to become airborne transmissible between mammals. 
The main effective antiviral prevention measure remains vaccination. Rapid evolution of H5N1 HPAI 
viruses requires constantly updating vaccines, but vaccine technology of the day cannot rapidly 
respond to the threat of newly emergent potentially pandemic influenza strains. The WHO's strategy is 
the creation of a bank of vaccines against potentially dangerous viruses for use in the event of 
emergency needs. Live attenuated cold-adapted reassortant influenza vaccines (LAIVs) are preferred, 
as they provide a broader and more long-lasting cross-protective immune response compared with 
inactivated influenza vaccines. The objective of this study was a selection of an H5N1 HPAI strain 
most suitable as a wild-type parent for a prepandemic reassortant LAIV candidate. The screening of 
prospective H5N1 HPAI viruses for an LAIV candidate was performed according to major virus 
properties that might determine pandemic potential: the antigenic novelty of the virus to the immune 
system, its virulence, and its ability to spread from person to person (transmissibility). Materials and 
Methods: Screening of H5N1 HPAIVs of different clades was performed to prepare the best 
prepandemic LAIV candidate. LAIV strains were generated by classical reassortment of cold-adapted 
temperature-sensitive master donor virus for Russian LAIV A/Leningrad/134/17/57 (H2N2) and PR8-
based H5N1 (H5N1/PR8) candidates for inactivated vaccine (IIV) as a source of H5 HA, or by reverse 
genetics (rg). H5N1/PR8 IIV candidates A/Vietnam/PR8-CDC, A/Indonesia/PR8-CDC and NIBGR-23 
were obtained from the CDC and WHO (corresponded wild-type strains A/Vietnam/1203/2004 clade 
1, A/Indonesia/05/2005 clade 2.1 and A/turkey/Turkey/1/2005 clade 2.2). To reduce virulence, the 
multibasic cleavage site of H5 HA was removed. Five LAIV candidates were analyzed: two LAIV 
candidates were rg-constructed on the base of A/Vietnam/1203/2004 and A/Egypt/321/2007 clade 
2.2, and three LAIV candidates were generated by classical reassortment. All LAIV reassortants were 
fully sequenced to detect spontaneous mutations. The pathogenicity of parental H5N1/PR8 strains 
and LAIV reassortants was evaluated by the macroscopic lessions observed on infected chicken 
embryos. Safety, attenuation, immunogenicity and protection of LAIV candidates were studied in 
ferret and mice models. Transmissibility of H5N1 parental viruses and LAIV candidates was tested in 
guinea pigs. Results: Four H5N1 viruses of different clades were studied as donors of HA and NA 
genes for LAIVs. H5N1 viruses tested were novel for the human immune system, were virulent for 
humans, and were isolated from autopsy samples so they may pose a pandemic threat. H5N1/PR8 
viruses have been chosen for LAIV development to reduce the pathogenicity to chicken embryos and 
for safety lab work. The microscopic examination of infected chicken embryos demonstrated that 
H5N1/PR8 viruses still kept some pathogenicity despite HA modification. The most substantial 
macroscopic lesions were observed in embryos infected with NIBRG-23. NIBRG-23 also 
demonstrated the greatest degree of airborne transmissibility in a guinea pig model. This correlates 
with the fact that the A/turkey/Turkey/1/2005 virus possesses a Thr-156-Ala mutation in HA that some 
researchers (Herfst, et al, 2012) associate with the enhancement of airborne transmissibility and Glu-
627-Lys mutation associated with increased virulence of H5N1 viruses in ferrets. All LAIV reassortants 
tested grew equally well in eggs, were attenuated in animal models, retained the antigenic properties 
of the parental H5N1 viruses, and were immunogenic for ferrets and mice. In contrast, NIBRG-23-
based LAIV promoted broader cross-clade immune response, which is a good background for a 
prepandemic vaccine. Conclusions: A/turkey/Turkey/1/2005 (H5N1) is a prospective prerequisite for a 
prepandemic vaccine. The LAIV reassortant with modified HA of A/turkey/Turkey/1/2005 lost virulent 
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determinants, it is safe, immunogenic and promotes the most broad cross-clade immunity among 
studied LAIV candidates in the animal model. This research was financially supported by PATH. 

P1-376 

Immunogenicity and protective efficacy of LAIV strains against potentially 
pandemic A(H2N2) influenza virus in a ferret model 

I Isakova-Sivak1*, T Smolonogina1, A Rekstin1, V Kuznetsova1, J de Jonge2, L Rudenko1 

1Institute of Experimental Medicine, Saint Petersburg, Russia; 2Centre for Infectious Disease Control, 
RIVM, Bilthoven, the Netherlands 

Background: Influenza A(H2N2) viruses have not circulated in the human population since 1968, so 
people under the age of 45 have no immunity to them and will be vulnerable to this virus if it returns to 
circulation. A(H2N2) influenza viruses continue to circulate among animals, maintaining an existing 
threat to global health should these viruses return to the human population. Therefore, generation of 
safe and cross-reactive H2N2 vaccine is of high priority. Materials and Methods: Classical 
reassortment technique was used to prepare two LAIV strains bearing HA and NA from either 
A/California/1/66 (H2N2) or A/Tokyo/3/67 (H2N2) wt viruses and internal genes from master donor 
virus (MDV) Len/17. Groups of 12 ferrets received one dose of 106 TCID50 of either H2N2 LAIV or 
MDV Len/17, by i.n. route. Control animals received placebo (PBS). Blood was collected at -1, 14, 21 
and 26 days after vaccination for HAI assay. At day 21 6 ferrets from each group were challenged 
with A/California/1/66 virus, and remaining 6 animals with A/Tokyo/3/67 virus at a dose of 106 TCID50. 
Subsequently, ferrets were weighed and monitored for 5 days for clinical disease; throat swabs were 
taken on days 21, 23, 24, and 26. Body temperature was recorded by implanted temperature loggers. 
The infectious viral titers in throat swabs and nasal turbinates were determined by end-point titration 
in MDCK cells. In addition, histopathological evaluation of nasal turbinates was performed. Results: 
To generate H2N2 LAIV strains by classical reassortment an intermediate H1N1 reassortant virus 
bearing HA and NA genes of H1N1 wt virus and 6 internal genes of Len/17 MDV was used as a 
source of Len/17-specific internal genes. The resulting H2N2 vaccine reassortants 
A/17/California/66/395 (17/Cal/395) and A/17/Tokyo/67/326 (17/Tok/326) were compared with the 
MDV in aferret study. All 3 H2N2 viruses induced high homologous HI antibody titers both at 14 and 
21 dpi. The 17/Cal/395 strain induced the highest homologous titers, followed by 17/Tok/326 and 
Len/17 respectively. In addition, the LAIVs induced high titers against the heterologous strains. The 
17/Cal/395 strain induced better cross reactive antibody titers than 17/Tok/326 and Len/17 strains. 
Virus replication in the placebo vaccinated animals was the highest for both challenge viruses. 
Interestingly, 17/Cal/395 protected better than 17/Tok/326 LAIV against challenge with A/Tokyo/3/67, 
whereas the 17/Cal/395 and 17/Tok/326 provided equal protection after challenge with 
A/California/1/66. In this respect, the parental Len/17 MDV performed less well. At day 26, high virus 
titers were detected in the nasal turbinates of the control group animals, whereas all the LAIV 
vaccinated animals showed a significant reduction of virus replication either for the homologous or 
heterologous challenge strains. Analysis of the body temperature showed a reduction in fever for 
either of the challenge viruses in LAIV vaccinated groups, compared with the placebo. The 
temperature increase over the course of the challenge phase (area under curve) was higher in the 
control animals than in the vaccinated animals. Differences between the vaccines were not observed. 
Histopathological evaluation of nasal turbinates of control animals showed moderate damage with 
end score of 2.3-2.4 on a scale of 0‐5. All animals vaccinated with the LAIVs showed less pathology 
than placebo-vaccinated ones after challenge with either of the 2 challenge strains. Between the 
different vaccine groups no statistical differences were observed for the end score; however, the 
percentage of tissue affected for the 17/Cal/395 vaccinated animals is significantly lower than for the 
Len/17 group when challenged with A/Tokyo/3/67. Conclusions: Three cold-adapted H2N2 LAIV 
strains were tested in a ferret challenge model, of which A/17/California/66/395 stimulated the best 
cross-reactive immune response and induced better cross-protection. These data allowed 
recommending A/17/California/66/395 strain for further evaluation in phase 1 clinical trial. This study 
was supported by WHO and PATH. 
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P1-377 

Development of the quadrivalent live attenuated influenza vaccine (LAIV) 
including two reassortant influenza B viruses based on B/USSR/60/69 donor
strain 

YA Desheva*, TA Smolonogina, SA Donina, NA Tolstova, EM Doroshenko, LG Rudenko 

Institute of Experimental Medicine, Russian Academy of Medical Sciences, Saint Petersburg, Russia 

Background: Since 2001 the simultaneous circulation of 2 antigenically distinct influenza B lineages 
B/Victoria and B/Yamagata resulted in need to introduce both influenza B variants into seasonal 
influenza vaccines. For these purposes we evaluated in preclinical and clinical study the 
coadministration of both B lineages vaccine viruses. Materials and Methods: The reassortant 
B/USSR/60/69-based influenza B viruses were prepared in the Virology Department. Preclinical 
studies of mix inoculation with 2 reassortant influenza B viruses belonging to B/Victoria and 
B/Yamagata antigenic lineages were conducted in developing chicken embryos (CE) and CBA mice. 
Limited clinical study in 32 adult volunteers 18-56 years old was conducted to estimate a safety and 
immunogenicity following single intranasal immunization of the quadrivalent LAIV (qLAIV), including 
both vaccine strains B/Victoria and B/Yamagata compare with trivalent LAIV containing single 
influenza B lineage. Results: Simultaneous inoculation in CE with various equal doses of B/Victoria 
and B/Yamagata vaccine strains had shown that shared influenza B viruses did not interfere with 
each other. The intranasal introduction of single B/Victoria or B/Yamagata vaccine strain into CBA 
mice induced the hemagglutination-inhibition (HI) antibodies which were not cross-reacting with 
distinct antigen lineage, although neutralizing antibody against B/Victoria lineage were little cross-
reacting against B/Yamagata. Mice immunized with 300 of 50% mouse infectious doses (MID50) of 
both influenza B vaccine strains had demonstrated 100% lung protection against the subsequent 
infection with 100 MID50 of wild-type influenza B viruses of any antigen lineage, whereas 
immunization with single B lineage provide only partial protection against heterologous wild-type 
influenza B virus. Clinical evaluation had shown that introduction of qLAIV comprising both 
reassortant influenza B viruses B/Victoria and B/Yamagata was safe and areactogenic. 28 days after 
administration of qLAIV the geometric mean titers of HI antibodies to each of the vaccine strains were 
very close to those in trivalent LAIV formulation (P > .05). Influenza B virus RNA was detected in 
nasal swabs of the vaccinated using real-time PCR analysis on day 3 and day 5 after vaccination. On 
day 5 both M and NP genes of influenza B virus were detected in nasal swabs of 2 from 10 volunteers 
receiving trivalent preparation containing В/60/Wisconsin vaccine strain compare with 3 from 12 
volunteers who were vaccinated with qLAIV (Fisher’s exact test, P = .594). Conclusions: Introduction 
of both vaccine viruses of B/Victoria and B/Yamagata antigenic lineages had no negative impact 
neither on a reactogenicity of qLAIV nor on an isolation of vaccine influenza B viruses compare with 
trivalent preparations. Following qLAIV administration the immune response was achieved to both 
B/Victoria and B/Yamagata unlike trivalent LAIV.  Introduction of the quadrivalent LAIV has to 
overcome influenza B antigen mismatching and to improve efficacy of seasonal flu vaccine. 

P1-379 

Gastrointestinal delivery of baculovirus-based bivalent vaccine: A broadly 
protective vaccine against H5N1 infection 

M Prabakaran*, F He, J Kwang 

Animal Health Biotechnology, Temasek Life Sciences Laboratory, National University of Singapore, 
Singapore 

Background: Continuous outbreaks of highly pathogenic avian H5N1 influenza in Asia and a current 
situation of new H7N9 bird flu in China are increasing the threat of the next influenza pandemic. 
Vaccination against influenza A viruses is the first and most important step in controlling the spread of 
the pathogen. However, currently available influenza H5N1 vaccines induce protective immunity only 
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towards vaccine-specific strains. Hence, influenza H5N1 strains already evolved and antigenically 
distinguished into 10 different clades and numerous subclades which hindered the selection of 
vaccine strain for pandemic preparedness. Therefore, it is important to develop a prepandemic 
vaccine that induces some degree of cross-protection against a future H5N1 pandemic strain. Several 
strategies have been evaluated in an effort to increase a cross-protective efficacy of the H5N1 
vaccine. Our vaccine development approach involved three elements; incorporation of antigenic 
targets or selection of vaccine strains to achieve broad cross-reactive immunity, utilization of vector 
based efficient antigen delivery and route of administration of the vaccine candidates. The main 
objective of this study was to demonstrate the cross-protective efficacy of baculovirus displayed HAs 
0f A/Indonesia/669/06 and A/Anhui/01/05 against heterologous H5N1 challenges in a mouse model. 
Materials and Methods: BALB/c were immunized intragastrically or subcutaneously with 200 µl 
containing 108 PFU of live or inactivated recombinant baculovirus vaccine. As a reference control, 
group of mice was vaccinated subcutaneously with either log 28 HA titer of inactive whole H5N1 virus 
(A/Indonesia/CDC669/2006) or 108 PFU of inactive bivalent-BacHA, emulsified with Montanide 
ISA563 adjuvant. For subcutaneous immunizations, the boost was administered on day 21 after the 
first immunization. For oral immunizations, the booster doses were administered on day 7 and 21 after 
first immunization. Results: The study results show that mice immunized orally or subcutaneously with 
live bivalent-BacHA vaccine significantly enhanced humoral immune responses when compared with 
inactivated bivalent-BacHA. In addition, oral administration of live bivalent-BacHA vaccine was able to 
induce significant level of antigen-specific mucosal IgA levels. Mice immunized with live bivalent-
BacHA vaccine induced cross-clade neutralizing antibody titer distinct H5N1 clades (1, 2.1, 2.2, 2.3, 4, 
7 and 8). Also, mice vaccinated orally or subcutaneously with live bivalent-BacHA stimulated both 
IFN-γ secreting TH1 cells and IL-4 secreting TH2 cells, whereas mice immunized subcutaneously with 
adjuvanted inactive bivalent-BacHA stimulated only IL-4 secreting TH2 cells. Cross-protective 
immunity study also showed that mice immunized either orally or subcutaneously with live bivalent-
BacHA provided complete protection against 5MLD50 of heterologous H5N1 infections. Conclusions: 
Oral immunization with live bivalent-BacHA vaccine induces antigen specific humoral, mucosal and 
cellular immunity, and provides protection against heterologous challenge in mice. Compared with 
systemic vaccines, oral vaccine stimulates antigen specific mucosal immunity and also showed 
increased patient adherence, safety, and ease of administration. Also, baculovirus-based delivery 
system is advantageous over other human viral vectors due to its low cytotoxicity, lack of replication in 
mammalian cells and absence of preexisting immunity in humans.  

P1-380 

Influenza vaccination coverage and effectiveness in a cohort of young children 
in Bangkok, Thailand 

WKittikraisak1, T Chotpitayasunondh2*, P Suntarattiwong2, J Levy1, S Fernandez3, FS Dawood4, SJ 
Olsen1,4

1Influenza Program, Thailand Ministry of Public Health—US Centers for Disease Control and 
Prevention Collaboration, Nonthaburi, Thailand; 2Queen Sirikit National Institute of Child Health, 
Ministry of Public Health, Bangkok, Thailand; 3Armed Forces Research Institute of Medical Sciences, 
Bangkok, Thailand; 4Influenza Division, US Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States 

Background: Since 2009, Thailand has recommended influenza vaccine for several groups at high 
risk for severe influenza, including children aged 6-24 months. However, the number of persons for 
which influenza vaccination is recommended far exceeds the supply of influenza vaccine purchased 
by the Thai government annually. We evaluated influenza vaccination coverage during 2010-2013 
and estimated the effectiveness of the 2011 Southern Hemisphere influenza vaccine in young 
children in Bangkok. Methods: In August 2011, we began a prospective cohort study of children aged 
≤ 36 months at Queen Sirikit National Institute of Child Health. The study enrolled an equal number of 
children with and without an underlying medical condition. We followed each child for 2 years and 
contacted parents weekly to inquire about whether their child had acute respiratory illness. Ill children 
came to the hospital and had a combined nasal and throat swab collected and tested for influenza 
viruses by realtime reverse transcription polymerase chain reaction. Influenza vaccination status was 
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verified since enrollment and every 6 months by reviewing each child’s vaccination card. Since 
Thailand uses Southern Hemisphere vaccine and influenza viruses circulate year-round, we defined 
the season from June, when vaccine was available, until May. Complete vaccination was defined as 
having received 2 vaccine doses in the current season that were administered ≥ 28 days apart or ≥ 1 
dose in any previous season and 1 dose in the current season. Partial vaccination was defined as 
having received only 1 of 2 recommended vaccine doses during the current season and no 
vaccination in the previous season. We limited analysis to children aged ≥ 6 months at the beginning 
of each season. For 2011-2012 and 2012-2013 seasons, VE was estimated as 100% × (1-hazard 
ratio). To adjust for age at respiratory illness and underlying disease condition, we used the Cox 
proportional approach. Results: During 2010-2013, 1050 children aged 6-44 months were enrolled 
(115 during the 2010-2011 season, 308 during 2011-2012, and 627 during 2012-2013); 424 (40.4%) 
children had ≥ 1 medical condition considered a risk for severe influenza. Vaccine coverage (partial or 
complete) by season was 27.8% (32/115), 40.2% (124/308), and 32.0% (201/627), respectively. 
Complete vaccination was 18.3% (21), 34.4% (106), and 23.9% (150), respectively. Only in the 2011-
2012 season, complete vaccination was significantly higher among children aged 24-44 months 
compared with those aged 6-23 months (22/37 [59.4%] vs 84/271 [31.0%]; P < .01). In 2012-2013, the 
complete vaccination rate was significantly higher among healthy children compared to children with 
medical conditions (106/373 [28.4%] vs 44/254 [17.3%]; P < .01), but this was not found in other 
seasons. In 2011-2012, there were 246 ARI episodes; of which 8 (3.2%) were influenza positive (age 
range, 9-36 months; 4.2 per 1,000 vaccinated child-weeks and 7.4 per 1000 unvaccinated child-
weeks). The unadjusted and adjusted VE for complete vaccination was 44% (95% confidence interval 
[CI]; -154%, 88%) and 62% (CI; -63%, 91%), respectively. In 2012-2013, there were 822 ARI 
episodes; of which 46 (5.6%) were influenza positive (age range, 7-46 months; 3.6 per 1000 
vaccinated child-weeks and 4.3 per 1000 unvaccinated child-weeks). The unadjusted and adjusted 
VE for complete vaccination was 28% (CI; -78%, 71%) and 37% (CI; -63%, 76%), respectively. 
Conclusions: Influenza vaccination rates were moderate in this cohort of young children in Bangkok; 
however, our data may not be representative of all Thai children. Additional efforts are needed to 
increase vaccination rates particularly in children aged 6-24 months or those with underlying disease. 
The 2010-2011 VE point estimate suggests the vaccine was moderately effective at protecting young 
children against influenza; however, it was much lower in 2012-2013. The VE estimates did not reach 
statistical significance, possibly due to the small number of influenza infections. Continued evaluation 
of influenza vaccination coverage and effectiveness is merited to evaluate national influenza 
vaccination program impact among young children who are at high risk of severe influenza. 

P1-381 

Identification of key amino acids in influenza matrix protein 2 ectodomain 
which affect vaccination effectiveness against high pathogenic influenza 
challenge 

V HC Leung*, C CS Chan, V KM Poon, BJ Zheng 

Department of Microbiology, University of Hong Kong, Pokfulam, Hong Kong SAR, China 

Background: The ectodomain of influenza matrix protein 2 (M2e) is an ideal target for universal 
vaccine development due to its highly conserved property among all subtypes of influenza virus. 
However, it has been reported that some alternations on the domain sequence could resulted in the 
vaccination ineffective. Methods: In this study we investigated the relationship between the vaccine 
protection and the amino acid alternation on the M2e sequence to identify critical amino acids that 
could affect M2e vaccine efficacy. M2e tetrameric peptide of Vietnam/1194/04 H5N1 strain (P0) and 9 
other peptides with amino acid changes were synthesized. Their protection against H5N1 viral 
challenge was investigated. Results: Our results showed that the protection would be completely 
abolished when amino acid at position 10, 14, and 16 changed respectively from Pro to Leu, Glu to 
Gly, and Glu to Gly. However, single amino acid altered at these positions would not affect the 
protection against the viral challenge. Increased protection was observed when amino acid at position 
20 changed from Ser to Asn. Antibody binding assay also supported the survival result, as there was 
a direct relationship between the binding ability of vaccine-induced antibodies and the protection 
against lethal viral challenge. Different secondary structures of these peptides were shown by 3D 
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prediction, which might affect the induction of antibodies. Conclusion: Our study has demonstrated 
some critical amino acids in M2e sequence which should be considered in development of universal 
vaccine based on M2e.  

P1-382 

Cross-protective immunity of a new trivalent MVAtor-H5HA vaccine candidate 
in mice and guinea pigs against various H5N1 influenza clades 

S Auer1*§, S Leyrer1§, M Prabakaran2§, F He2§, N Mytle1, J Schneider1, S Lockhart1, J Kwang2 

1Emergent BioSolutions Inc., Rockville, Maryland, United States; 2Animal Health Biotechnology, 
Temasek Life Sciences Laboratory, National University of Singapore, Republic of Singapore; § These 
authors contributed equally 

Background: Highly pathogenic H5N1 influenza strains have a potential for causing a pandemic 
disease that remains a serious public health concern. Moreover, influenza strains frequently evolve 
into new types by random mutation leading to diverse antigenic determinants, thus posing serious 
challenges to the control of influenza infection by currently existing vaccines. To overcome the 
limitations of individual strain-specific antigens the concept of universal vaccines covering a broad 
spectrum of strains is in the focus of vaccine developers around the globe. EPIC Bio, the joint venture 
of Emergent BioSolutions and Temasek Life Sciences Laboratory, developed a new trivalent 
MVAtor™ (modified vaccinia virus Ankara vector) vaccine candidate expressing 3 different H5HA 
antigens from the strains A/Vietnam/1203/04 (clade 1), A/Indonesia /669/06 (clade 2.1.3) and 
A/Anhui/02/2006 (clade 2.3.4). These H5HA antigens were selected for broad cross-protection 
against different clades by covering all major amino acid variations of neutralizing epitopes of H5HA in 
H5N1 strains. Therefore, the new trivalent vaccine candidate is intended to provide cross-clade 
protection against various H5N1 influenza strains. The aim of the reported study was to assess the 
immunogenicity of the trivalent MVAtor-H5HA vaccine candidate in mice and guinea pigs. Materials 
and Methods: BALB/c mice were immunized intramuscularly twice with 8 × 107 TCID50/animal on 
days 0 and 28 with trivalent MVAtor-H5HA or MVAtor-LacZ control. Serum of mice was collected at 
days 27, 47, and 63 and analysed by hemagglutination inhibition (HAI) assay and micro-neutralization 
assay. Mice were challenged at day 49 with 10 MLD50 of homologous clade 1.0 (A/Vietnam/1203/04) 
or heterologous clade 7.0 (A/Shanxi/2/06) H5N1 influenza virus. Immune response, survival, weight 
loss, and viral load in lungs were assessed. Additionally, immune sera in guinea pigs were created by 
immunization with trivalent MVAtor-H5HA with 8 × 107 TCID50/animal on days 0, 28, and 49, and sera 
for analysis in HAI and micro-neutralization assay were collected on day 63. Results: Immunogenicity 
and protective efficacy of a recombinant, trivalent MVAtor-H5HA vaccine candidate expressing three 
different H5HA influenza virus hemagglutinin antigens was evaluated in mouse and guinea pig 
models. After 2 immunizations, BALB/c mice vaccinated with trivalent MVAtor-H5HA showed a robust 
immune response evident by both HAI titers and serum micro-neutralization titers. Importantly, the 
trivalent MVAtor-H5HA vaccine candidate protected 100% of mice in a challenge study against 10 
MLD50 of homologous clade 1.0 (A/Vietnam/1203/04) and heterologous clade 7.0 (A/chicken/ 
Shanxi/2/06) H5N1 strains. Moreover, sera from vaccinated guinea pigs showed strong HAI response 
and effective neutralization against the three homologous H5N1 strains (A/Vietnam /1203/04, 
A/Indonesia/669/06 and A/Anhui/02/2006), as well as 14 different heterologous H5N1 strains, 
including strains from clade 0, 4, 7 and 9. Conclusions: The newly developed trivalent MVAtor-H5HA 
vaccine candidate induced high levels of cross-clade neutralizing antibodies in mice. In addition, the 
vaccine candidate provided cross-clade protection against homologous and heterologous H5N1 viral 
infection without any clinical symptoms. Furthermore, vaccination of guinea pigs with the trivalent 
MVAtor-H5HA resulted in high HAI titers and micro-neutralization titers against 3 homologous and 14 
heterologous H5N1 strains, indicating extensive cross-reactivity. These promising findings indicate the 
feasibility of the development of a prepandemic vaccine candidate that provides broad protection 
against various influenza H5N1 influenza strains by combination of carefully selected divergent H5HA 
antigens in a single vaccine. 
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P1-383 

Viral vectored vaccines against influenza 

R Antrobus, T Lambe, C Mullarkey, C Tully, SC Gilbert* 

Jenner Institute, University of Oxford, United Kingdom 

Background: Recombinant, replication-deficient viral vectored vaccines are among the leading 
candidates in the fields of HIV, malaria, and tuberculosis vaccine development. Clinical trials have 
demonstrated that they are safe and highly immunogenic in people of all ages. They are capable of 
inducing both humoral and T-cell–mediated immune responses against multiple antigens, and can 
prime novel immune responses as well as boosting existing memory responses. This talk will discuss 
progress in both preclinical and clinical development of viral-vectored vaccines against influenza, 
including approaches that are being taken to induce broadly cross-reactive T-cell responses to 
conserved internal antigens of influenza, as well as the use of haemagglutinin (HA) stem as an 
antigen. Materials and Methods: Viral vectored vaccines (both Modified Vaccinia virus Ankara and a 
simian adenovirus) expressing nucleoprotein and matrix protein 1 have been tested in a series of 
clinical studies of healthy volunteers aged between 18 and 85 years, including coadministration of 
trivalent inactivated vaccine (TIV) in one study. Immune responses to the vaccine were measured by 
interferon gamma ELISpot assay and HI titre. In preclinical studies, the effect of priming immune 
responses to HA stem prior to booster immunization with a series of vaccines has been assessed. 
Results: The viral-vectored vaccines were safe and immunogenic in all trials. T cell memory to NP and 
M1 was boosted, and coadministration of MVA-NP+M1 and TIV resulted in increased HI titres to TIV. 
Priming of influenza-naive animals with HA-stem resulted in changes in humoral responses to 
subsequent HA vaccination. Conclusions: These studies illustrate the potential of viral-vectors to 
produce a new generation of influenza vaccines that can induce broadly protective immunity to 
influenza in people of all ages. Combined with new improvements in vector design, this approach has 
much to offer. 

P1-384 

Efficacy of MVAtor-based trivalent vaccine candidate against heterologous 
pandemic influenza viruses 

N Mytle1*, S Leyrer1, M Lacy1, J Inglefield1, A Harris2, H Lu1, J Schneider1, S Lockhart1, MH 
Skiadopoulos1

1Emergent BioSolutions Inc., Rockville, Maryland, United States; 2BioQual, Inc. Rockville, Maryland, 
United States 

Background: Immunogenicity and efficacy of a MVAtor™-based (modified vaccinia virus Ankara-
based) vaccine candidate, expressing 3 influenza virus antigens, the nucleoprotein (NP), matrix 1 
(M1) protein, and extracellular domain of the matrix 2 (M2) protein, were evaluated in a mouse model. 
BALB/c mice were immunized intramuscularly twice before challenge with live influenza virus pH1N1 
(A/Mx/4108/09). Immune response, survival, weight loss, and viral load in respiratory tissues were 
assessed.  Materials and Methods: BALB/c mice were immunized intramuscularly twice with 8 × 107 
TCID50/animal on days 0 and 22 with trivalent MVAtor (NP/M1/M2) or MVAtor control. Serum of mice 
was collected at days 21, 39, and 56 and analysed by hemagglutination inhibition (HAI) assay and 
micro-neutralization assay and ELISA. Mice were challenged with 20 × LD50 (20 times the 50% lethal 
dose) of influenza virus pandemic H1N1 (pH1N1) (A/Mx/4108/09) virus on day 42, ie, during maximal 
immune response. Survival, weight loss, and viral load in lungs and nares were assessed. Results: 
Using ELISA, robust anti-NP and anti-M2 immune responses were quantified. All vaccinated animals 
survived the challenge with 20 LD50 of the pH1N1 virus, compared to 13% survival in the negative 
control group (MVAtor control). After maximal weight loss on day 3, vaccinated animals recovered 
their weight to baseline values; no weight recovery was observed in control animals. A 10-100–fold 
reduction in viral loads in nasal turbinates was observed in the vaccinated groups on day 4 
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postchallenge. No reduction in viral loads in lungs was observed in vaccinated groups on day 4 
postchallenge. Conclusion: A trivalent MVAtor-based vaccine candidate containing conserved 
influenza antigens has potential to be protective against pH1N1 pandemic influenza viruses. 

P1-385 

An updated review on the effectiveness of the Brazilian influenza vaccination 
policy 

EJA Luna1*, VLGattas2, SC Campos1 

1Instituto de Medicina Tropical, Universidade de Sao Paulo, Sao Paulo, Brazil; 2Instituto Butantan, 
Sao Paulo, Brazil  

Background: Since 1999, Brazil has undertaken annual influenza vaccine campaigns, free of charge, 
targeting the elderly population, health professionals, and immune-deficient patients. In 2010 new 
groups were included: children from 6 months to 2 years of age, pregnant women, and indigenous 
peoples. Campaigns have been considered largely successful. Uptake among the elderly in the first 
decade of the initiative reached the 70% target in all but 1 year. Recently, the target was increased to 
80%, and again it has been met. In 2010, the campaign against the pandemic A/H1N1 2009 virus 
vaccinated over 89 million people, almost 50% of the Brazilian population. Despite the success in 
vaccinating the target groups little is known about the effectiveness of the campaigns in reducing 
influenza related morbidity and mortality. We conducted, in 2010, the first systematic review of the 
literature on order to estimate the effectiveness of the initiative. Now, we present an updated review, 
including publications until May 2013. Methods: The keywords influenza, vaccine, Brazil, and 
effectiveness were used to search the following databases: Medline, PubMed, the Latin American 
Scielo, and Lilacs, the Brazilian BVS, and also Google Scholar. In this phase, there was no restriction 
in publication dates. In the second phase, we applied the inclusion and exclusion criteria. The 
inclusion criterion was any publication addressing the influenza vaccine campaigns conducted in 
Brazil since 1999. The exclusion criteria were: articles published before 1999, clinical trials of 
influenza vaccines conducted in Brazil, evaluation of influenza vaccination in occupational settings 
outside of the Brazilian public policy, outbreak investigations, papers on laboratory methods for 
influenza diagnosis, and review articles. Results: 657 publications matched our search keywords. 61 
of them remained in the review after the application of inclusion and exclusion criteria. They were 
classified into 5 categories: vaccine coverage surveys, adverse events studies, effectiveness studies 
using an ecologic design, effectiveness studies using an individualized design, and studies on the 
seasonality of influenza in Brazil. Conclusions: Vaccine coverage is high, though not so high as 
informed by the Information System of the National Immunization Program. Ecologic studies on 
mortality and hospital admissions due to influenza related causes present conflicting results: some 
observed a reduction in mortality and hospital admissions, some saw no changes, and some pointed 
to an increase in influenza related mortality and hospital admissions after the campaigns were 
introduced. Methodological issues such as the causes of death or hospitalization considered to be 
influenza related, the different time frames analyzed, the different geographic regions considered, 
might account for the opposing results. At least some of the different outcomes might be related to the 
different seasonal pattern of influenza in equatorial Northern Brazilian States and the subtropical 
South and Southeast. Influenza peaks apparently occur before winter months in North and 
Northeastern Brazil, and also before the scheduled dates of the vaccine campaigns. Only 2 studies 
presented estimates of vaccine effectiveness, 1 among transplant patients and the other among the 
elderly. Brazilian epidemiologists still owe society more and better studies on the effectiveness of the 
influenza vaccine campaigns. 
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Immunogenicity of MF59®-adjuvanted influenza vaccine in subjects ≥ 60 years 
old: results from a meta-analysis 

G Ruiz-Palacios1*, L Guerrero1, L Sollano2, J Casellas3, J Beygo3, TTsai3 

1Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, Mexico City, Mexico; 2Novartis 
Pharmaceuticals, Mexico City, Mexico; 3Novartis Vaccines and Diagnostics, Cambridge, 
Massachusetts, United States 

Background: An increased risk for influenza-related complications is demonstrable in adults over 60 
years and many countries recommend routine vaccination at that age. Older adults exhibit reduced 
immune responses to conventional influenza vaccines. To enhance antibody responses to influenza 
immunization in this age group, an adjuvanted subunit vaccine containing the oil-in-water emulsion 
adjuvant, MF59® (Novartis Vaccines and Diagnostics), was developed and licensed in Europe in 
1997. We reviewed evidence for the immunogenicity of the MF59-adjuvanted vaccine in subjects ≥ 60 
years-old. Materials and methods: The 17 randomized, observer blind, actively controlled clinical 
studies included in this meta-analysis were similar in design and part of an integrated clinical program 
performed for registration of an MF59-adjuvanted trivalent influenza vaccine (ATIV) in Europe. All 
subjects, ≥ 60 years old who would normally be candidates for routine seasonal influenza vaccination, 
received one dose of ATIV (Fluad®, Novartis Vaccines and Diagnostics; N = 2371) or nonadjuvanted 
subunit (TIV) vaccine (N = 1948). Subjects with immunodeficiency or severe acute diseases, and 
those with contraindications to influenza vaccination (eg, egg allergy) were excluded. All subjects 
were ambulatory except for some patients in 2 studies conducted in extended care facilities. Serum 
hemagglutination inhibition (HI) titers were determined at pre- and postvaccination periods (at 28 and 
180 days after vaccination). The immunogenicity variables assessed included: geometric mean 
antibody titers (GMTs) and percentages of subjects with HI titers ≥ 40. For the meta-analysis, the 
Dersimonian/Laird random effects model was used. Statistical heterogeneity was assessed using the 
Higgins I2 test. Meta-regression was also used to analyze the extent to which statistical heterogeneity 
between results of multiple studies was related to preimmunization titre and vaccine groups. All 
clinical trials were approved by corresponding local ethics committees. All subjects provided written 
informed consent. Results: Recipients of seasonal MF59-adjuvanted and of nonadjuvanted 
comparator influenza vaccines showed no significant differences for age, gender, weight, height, body 
mass index and history of previous influenza vaccination at study entry. The pooled analysis of 
immunogenicity showed that the mean percentage of subjects with HI titer ≥ 40 at day 28 
postvaccination ranged from 95.9% to 98.4% in the ATIV group and from 90.8% to 96.5% in the TIV 
group, depending on influenza vaccine virus strain. At 6 months postvaccination, mean percentages 
of subjects with HI titer ≥ 40 ranged from 88.8% to 97.0% and from 88.7% to 96.8% in ATIV and TIV 
groups respectively, fulfilling the CHMP criterion of > 60%. The MF59-adjuvanted influenza vaccine 
was more immunogenic than conventional influenza vaccines in subjects ≥ 60 years old; the pooled 
adjuvanted/comparator GMT ratios at day 28 for subtype A antigens (A/H3N2 and A/H1N1) were 1.34 
(95% CI 1.16, 1.53) and 1.17 (95% CI 1.05, 1.30) respectively, and for the B antigen 1.28 (95% CI 
1.20, 1.36).  We also analyzed the pooled ATIV/TIV GMT ratios at day 28 for different age groups: for 
the 60–64 age group (data available from three trials only; ATIV N = 63 and TIV N = 181) the 
ATIV/TIV GMT ratio for the A(H3N2) antigen was 2.21 (95% CI -0.3, 4.7), for A/H1N1 1.34 (95% CI 
0.4, 2.2) and for the B antigen 1.26 (95% CI 0.9, 1.56); for the ≥ 65 age group (data available from 17 
trials; ATIV N=2278 and TIV N = 1746) the ATIV/TIV GMT ratios were 1.23 (95% CI 1.13, 1.34), 1.41 
(95% CI 1.01, 1.26) and 1.30 (95% CI 1.22, 1.38) for the A (A/H3N2 and A/H1N1) and B antigens, 
respectively.  In all instances the MF59-adjuvanted influenza vaccine was more immunogenic than the 
non-adjuvanted conventional vaccines with no statistically significant differences between age groups 
(P-values for differences between age groups for the A/H3N2 = .16, A/H1N1 = .37, and B antigens = 
.44). Conclusions: The MF59-adjuvanted influenza vaccine was more immunogenic in subjects ≥ 60 
years of age than conventional non-adjuvanted influenza vaccines. Efficacy studies to assess the 
protective effect of the MF59-adjuvanted influenza vaccine against infection by different strains, 
pneumonia, hospitalization, and death in this age group are needed. 
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Indirect effectiveness of vaccinating school children against influenza 

VL Gattas1*, MRA Cardoso2, CM Machado3, G Mondini1, EJA Luna3 

1Instituto Butantan, Sao Paulo, Brazil; 2Faculdade de Saude Publica, Universidade de Sao Paulo, Sao 
Paulo, Brazil; 3Instituto de Medicina Tropical, Universidade de Sao Paulo, Sao Paulo, Brazil 

Background: Children and adolescents play an important role in maintaining the transmission of 
influenza. Moreover, with the occurrence of influenza in children, there are important socioeconomic 
consequences to families affected by the disease, related to absenteeism, spending on health 
services and medications. Some evidence suggests that vaccinating schoolchildren might reduce 
transmission to their unvaccinated household contacts. This study evaluates the direct and indirect 
effectiveness of influenza vaccination in school-age children and in their unvaccinated household 
contacts. It was conducted in 2009, in São Paulo, Brazil. Methods: A randomized double-blind 
community trial with a six-month follow-up was undertaken to assess the direct and indirect 
effectiveness of the Southern hemisphere trivalent vaccine. The experimental group received the 
influenza vaccine and the control group the conjugated meningococcal and varicella vaccines. After 
vaccination, the volunteers and their unvaccinated household contacts were followed for 6 months, by 
telephone calls, in order to identify cases of acute respiratory infection (ARI). When an ARI case was 
identified, the field teams visited the household to collect biological samples for the diagnosis of 
influenza with real-time PCR (RT-PCR). At the end of the study, we described the occurrence of ARI 
and laboratory-confirmed influenza (LCI). Results: 1742 schoolchildren enrolled in 10 schools (1021 in 
the experimental and 721 in the control group) and 5406 household contacts (3184 contacts of the 
experimental group and 2222 of the control group) participated in the study. 632 ARI cases were 
detected, of which 103 had a positive result for influenza. Influenza cases were classified as A/H1N1 
pdm 2009 (55 cases) or “seasonal influenza” (47 cases). Incidence density of “seasonal influenza” 
was 0.5 per 1000 person/week for the experimental group and 0.54 for the control group. Incidence 
density was 0.11 per 1,000 person/week among the household contacts of the experimental group 
and 0.28 among the contacts of the control group. The effectiveness of the vaccine in protecting 
infection with seasonal viruses was 61% (95% CI 5.8; 84.7) for household contacts, and 23.3% (95% 
CI 66.3%;-74.9%) among the schoolchildren. No serious adverse events were observed. Conclusions: 
The vaccination of schoolchildren with influenza vaccine protected, significantly, their household 
contacts against seasonal influenza, but the effectiveness among the vaccinated children could not be 
demonstrated. A high proportion of losses among the schoolchildren reduced the power of the 
analysis. The occurrence of the 2009 pandemic has probably also contributed to this result, once the 
pandemic virus circulated simultaneously to other seasonal subtypes and the 2009 seasonal vaccine 
did not protect against it. 

P1-389 

Single replication influenza vaccine M2SR elicits long-lasting, cross-protective 
immunity 

Y Hatta1, S Seymour1, T Ross2, C Crevar2, A Kelvin3, D Kelvin3, D Banner3, T Friedrich4, S 
Watanabe4, G Neumann4, Y Kawaoka4, P Bilsel1*

1FluGen, Inc., Madison, Wisconsin, United States; 2University of Pittsburgh, Pittsburgh, Pennsylvania, 
United States; 3University Health Network, Toronto, Ontario, Canada; 4University of Wisconsin, 
Madison, Wisconsin, United States 

Background: Influenza vaccines have remained virtually unchanged for decades. The most commonly 
used vaccine is the trivalent inactivated vaccine (TIV). Despite annual updating to match the 
circulating influenza strains, the effectiveness of TIV is only 60%. A vaccine with greater efficacy that 
also provides heterosubtypic protection would be considered a major transformation in the influenza 
vaccine market. Our M2SR (single replication) vaccine candidate, an influenza virus that does not 
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express M2 protein, has achieved these characteristics in animal models and against multiple 
influenza subtypes (H3N2, H1N, and H5N1). Flow cytometric monitoring of infection dynamics has 
shown that M2SR protein production kinetics, unlike FluMist, is similar to wild-type virus.  However, 
M2SR does not produce progeny virions; ie, does not shed virus, due to the deletion of M2. Materials 
and Methods: M2SR viruses—Viruses were generated by standard influenza rescue techniques. 
H5N1 and H1N1 M2SR viruses encode the hemagglutinin (HA) and neuraminidase (NA) from 
A/Vietnam/1203/2004 (VN1203, H5N1) and A/California/07/2009 (H1N1), respectively. Mice—Mice 
were intranasally inoculated with 1 or 2 doses of H5N1 M2SR or H1N1 M2SR (106 TCID50/mouse) or 
VN1203 HA protein (1.5 µg/mouse) administered intramuscularly or mock-immunized. Sera were 
collected on days 7, 14, 21 postinoculation. Mice were challenged with a lethal dose of VN1203 
(20MLD50) virus 20 weeks later and evaluated for weight loss, clinical symptoms, and survival. Mice 
organs were harvested on day 4 post-challenge for virus titer determination. Ferrets—Ferrets 
immunized with one or two doses of H5N1 M2SR or H1N1 M2SR (107 TCID50/ferret) were challenged 
8 weeks later with a lethal dose of VN1203 (104 pfu) and observed for weight loss, clinical symptoms 
and survival. Virus titer was determined in lungs, nasal turbinates, and brain harvested on days 3 and 
6 postchallenge and in nasal washes collected on days 1, 3, 5, 7, 9, and 14.  Immune assays—HA-
specific antibody responses were analyzed by ELISA or hemagglutination inhibition (HI) assays. 
Influenza-specific cell-mediated responses in bronchoalveaolar lavage or medial lymph nodes were 
analyzed by flow cytometry for cell surface markers and intracellular cytokines.  Ferret peripheral 
blood mononuclear cells were analyzed for interferon gamma secretion by ELISA. Natural killer (NK) 
cell activation by serum antibodies via antibody-dependent cell-mediated cytotoxicity (ADCC) was 
measured by flow cytometry. Results: Mice—H5N1 M2SR vaccinated mice induced high levels of IgG 
and IgA in both serum and lung wash. These mice also displayed high HI titers whereas the H1N1 
M2SR, VN1203 HA protein and mock-immunized groups did not display any HI activity. All of the 
M2SR vaccinated mice survived lethal VN1203 challenge whereas none of the mock-immunized and 
only 40% of the VN1203 HA protein group survived. The H5N1 M2SR vaccinated mice did not have 
any detectable challenge virus in any organ indicating sterile immunity. In contrast, virus was 
recovered from multiple organs in the mock-immunized mice (systemic infection). Ferrets—The H5N1 
and H1N1 M2SR ferrets vaccinated with two doses were 100% protected from lethal H5N1 challenge 
showing no clinical symptoms or weight loss. The single-dose vaccine groups (H5N1 M2SR and 
H1N1 M2SR) displayed ≈ 5% weight loss and minor clinical symptoms but recovered with 67% in 
each group surviving the lethal VN1203 challenge. Challenge virus levels in nasal washes of 
vaccinated ferrets were lower than in mock-immunized ferrets. H5N1 M2SR elicited HI titers against 
VN1203 whereas H1N1 M2SR did not. Mechanism of cross-protection—HA specific antibodies 
activated mice NK cells in the presence of HA proteins from either H5N1 or H1N1 viruses. This 
suggests that H1N1 M2SR virus induced cross-reactive antibodies that mediate ADCC capable of 
recognizing VN1203 influenza virus. Cell-mediated responses also contribute to M2SR cross-
protection. Conclusions: A single dose of M2SR vaccine induced long-lasting cross-protective 
immunity against lethal H5N1 challenge in mice and ferrets (supported by NIAID Contract # 
HHSN272201000031I). Preliminary results suggest that multiple cross-reactive immune responses 
contribute to the breadth of protective immunity afforded by M2SR against different influenza virus 
subtypes.  

P1-390 

Influenza vaccine effectiveness among southern California and Illinois 
residents in 2012-13 

J Radin, A Hawksworth*, G Brice 

Naval Health Research Center, San Diego, California, United States 

Background: For the 2012-13 influenza season, the US Centers for Disease Control and Prevention 
(CDC) estimated interim adjusted vaccine effectiveness (VE) to be 56% for overall influenza, 47% for 
influenza A(H3N2), and 67% for influenza B. They found similar VE estimates across age groups, 
except for lower VE in the > 65 year age group. VE fluctuates every year depending on the match of 
the influenza vaccine strains to circulating strains. It may also vary depending on the type of vaccine 
used (trivalent influenza vaccine (TIV) versus live, attenuated influenza vaccine (LAIV), and the age 
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and health of the population. Consequently, it is important to assess VE to evaluate the overall benefit 
of the vaccine, identify differences between vaccine type, and identify populations that may be at 
greater risk of infection even after vaccination. Materials and Methods: VE for the 2012-13 influenza 
season was assessed by the Naval Health Research Center (NHRC) using influenza-like illness (ILI) 
surveillance cases from DoD dependent and other civilian populations living in California and Illinois 
between December 2012 and March 2013. 1090 ILI cases were identified during the study period 
among four study populations. Among these cases, 935 with known vaccination status were included 
in this study. Influenza cases were laboratory confirmed by PCR assay and prior vaccine status was 
collected by chart review. Participants were considered vaccinated if they were more than 14 and less 
than 180 days postvaccination. Descriptive statistics, including frequencies and chi-square tests, were 
run to identify differences between cases and controls. Crude and adjusted VE were calculated using 
logistic regression and taking 1- OR. Characteristics with P <. 1 were assessed in the multivariate 
model and backwards selection (removing variables with P > .05) was used to create the adjusted 
model. Results: Among the 935 ILI cases in this study, 347 (37%) were vaccinated and 371 (40%) 
were influenza positive. Vaccination was higher among influenza negative cases (47%) compared 
with influenza positive cases (22%). The study population was young, with 71% under 25 years old, 
and had slightly more women (56%). Age group, hospitalization, symptom duration before seeking 
care, study population and vaccination status were all significantly different between those who were 
influenza positive and those who were influenza negative. Sex and vaccine type were not significantly 
different between the 2 groups. Adjusted VE was 64% (CI: 50, 73) for all types of influenza, 73% (CI: 
59, 82) for influenza A(H3N2), and 48% (CI: 21, 66) for influenza B. Type of influenza vaccine was 
available for 86% of vaccinated participants. The adjusted VE was 68% (CI: 53, 78) for TIV and 65% 
(CI: 19, 85) for LAIV. The adjusted, age stratified VE estimates were 64% (CI: 23, 81) for 0-4 years, 
64% (CI: 42, 78) for 5-24 years, 66% (CI: 10, 87) for 25-49 years, 51% (CI: -55, 84) for 50-64 years, 
and 81% (CI: 34, 95) for > 64 years. Conclusions: The results of our study indicate that influenza 
vaccine reduced overall influenza infection by approximately two-thirds. VE was lower, although not 
significantly different, against influenza B compared with influenza A(H3N2). Lower influenza B VE 
could be the result of 2 cocirculating influenza B strains for this season, of which only 1 was included 
in the vaccine. Our study showed similar VE for TIV and LAIV and did not show evidence of reduction 
in the elderly. In contrast to the CDC’s interim estimates, our study had higher VE for influenza 
A(H3N2) compared with influenza B which may reflect regional differences in circulating strains. VE 
estimates for overall influenza in our study population were also slightly higher than those calculated 
by the CDC. Some of these differences could be explained by variances in the study populations. 

P1-391 

Construction pre-pandemic vaccine strains of H5N1 avian influenza isolated in 
China since 2006 

H Bo1, L Dong1, Y Zhang1, J Dong1, Y Shu1* 

1National Institute for Viral Disease Control and Prevention, China CDC 

Background: Avian influenza viruses do not efficiently infect human for the viral genetic determinants 
and host factors. The first human case caused by highly pathogenic avian influenza H5N1 cross 
barrier was reported in Hong Kong in 1997. Since then, HPAI H5N1 viruses continue to evolve at both 
genetic and antigenic levels. HA gene diversity made H5N1 virus classification update periodically. 12 
new H5N1 clades have presented in recent years. At antigenic level, H5N1 virus showed intraclade 
and interclade cross reactivity. Despite the cross reactivity of certain H5N1 viruses, it became difficult 
to predict whether a vaccine strain will protect against a strain of a different clade (or even sometimes 
of the same clade). If an H5N1 strain becomes readily transmissible between humans, it likely will 
results in an influenza pandemic. In recent years, plasmid-based reverse genetics has been applied 
to the rational development of influenza virus high growth reassortants. 6:2 reassortants were created 
in which the HA and NA segments were derived from a variety of wild-type viruses, including H1N1, 
H3N2, H5N1, and H5N3 human and avian viruses with the remaining six segments from 
A/PR8/34.Materials and Methods: Cells, Virus and Sera—H5N1 human isolate A/Xinjiang/1/2006(XJ), 
A/Guangxi/1/2009(GX), A/Hubei/1/2010(HB), A/Guangdong/1/2011 (GD) virus, anti-XJ ferret serum, 
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anti-GX ferret serum, anti-HB ferret serum and anti GDSZ ferret serum were provided by the national 
influenza center, IVDC. Plasmid DNA: The plasmid containing the PR8 internal genes and pCIpolI 
vector were gift from US CDC. Isolation of viral RNA, reverse transcription, PCR amplification and 
sequencing. The RNeasy Kit (Qiagen) was used to extract vRNA. For RT-PCR, the One-Step RT-
PCR kit (Qiagen) was used according to the protocol provided. Mutagenesis and cloning: PCR was 
used to amplify the HA1 and HA2 genes of A/Xinjiang/1/2006, A/Guangxi/1/2009, 
A/Hubei/1/2010,A/Shenzhen/1/2011 to remove the multibasic amino acids located at the cleavage 
site. HA1 and HA2 genes were digested with SapI to form the blunt end, ligased with the pCIpolI 
vector. The NA gene was amplified by PCR, digested with SapI and ligased into the pCIpolI vector. 
The 6 internal genes of A/PR/8/34 have already ligased into the pCIpolI vector. Plasmids were 
sequenced and the sequences were compared with those generated from the wild-type virus. Virus 
rescue: The modified HA and NA of XJ, GX,HB,GDSZ plamids and the 6 internal genes of PR8 (1ug 
of each) were transfected to 293T cell. Cells were scratched after 72 h and inoculate eggs. Trypsin 
dependence study: Virus were examined by plaque assay in chicken embryo fibroblast cells. 
Confluent cell monolayers were infected with 10-fold dilutions of virus. Cells were covered with an 
overlay MEM containing 0.8% agar and 1 ug/ml TPCK-trypsin. After 3 days, the cells were stained 
with crystal violet. Chicken embryo lethality test: Ten-day-old chicken embryos were inoculated in the 
allantoic sac with 0.1 ml of log10 dilution of each virus with known infectious titers. After 48 hours, the 
embryo viability was recorded. Antigenic characterization by HI assay: Antigenic characterization of 
H5N1 viruses was performed using reference ferret antisera in a hemagglutination inhibition (HI) 
assay with turkey erythrocytes as described. Results: In this study, 4 recombinant viruses were 
rescued based on reverse genetics. Reassortants were created in which the HA and NA segments 
were derived from A/Xinjiang/1/2006, A/Guangxi/1/2009, A/Hubei/1/2010, A/Guangdong /1/2011 and 
the remaining 6 segments from A/PR/8/34. HA genes were modified to remove the multibasic amino 
acids in the cleavage site. All reassortant viruses showed high yield, avirulent and remained the 
antigenicity of parental virus respectively. Conclusions: This study suggests that four recombinant 
viruses might serve as candidate vaccine strains for the prevention the pre-pandemic H5N1 influenza 
viruses. 

P1-392 

Рreclinical studies of live cold-adapted influenza prepandemic vaccines 

A Rekstin, E Doroshenko, L Rudenko*

Instutute of Experimental Medicine, St Petersburg, Russia 

Background: Recent emergence of a new H7N9 virus and threat of transmission of avian viruses to 
human elevated the need for research and development of live attenuated cold-adapted influenza 
vaccines against newly appeared influenza viruses. The following paper describes the preclinical 
studies of new H1N1, H7N3, H5N2, H2N2 live attenuated influenza vaccine (LAIV) candidates in 
mice. The objectives of this study were: 1. Demonstration that cold-adapted (ca) reassortant influenza 
A vaccine candidates are indistinguishable from the parental A/Leningrad/134/17/57 (H2N2) master 
donor strain (MDS) virus with regards to replication efficiency in upper and lower respiratory tract of 
mice. 2. Demonstration of safety of LAIV candidates in toxicology studies in rodents. 3. Demonstration 
of immunogenicity of LAIV candidates at different doses in mice. 3. Demonstration of protective 
efficacy of cold-adapted (ca) reassortant influenza A vaccine candidates in mice against a 
homologous wild-type virus challenge. Materials and Methods: Virus replication kinetic and 
neuroinvasion potential. Female Balb/c mice, 6-8 weeks of age were inoculated with 100 MID50 of 
A/17/California/2009/38 (H1N1), A/17/mallard/Netherlands/00/95 (H7N3), A/17/Vietnam/1203/04 
(H5N1), A/17/turkey/Turkey/05/133 (H5N2), A/17/California/66/395 (H2N2), A/17/Tokyo/67/326 
(H2N2) and A/Leningrad/134/17/57 (H2N2) MDS as well as wild-type parent viruses and the viral 
loads were measured in respiratory and brain tissues collected at 3 and 6 days postinfection (dpi). 
Mice were inoculated intranasally with 50µl volume. Tissue homogenates were prepared using a 
disruptor and clarified supernatants titrated on eggs at permissive temperature to determine infectious 
virus concentration. Immunogenicity and Protection Studies. To assess the immunogenicity of LAIV 
candidates, groups of animals were inoculated with 1000 and 100 MID50 of each virus intranasally, 
after collecting a pre-immunization blood sample. A second blood sample was collected at 28 dpi and 
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on the same day animals received a second intranasal inoculation of the same virus that was used for 
priming at 0 dpi. A third blood sample was collected on dpi 56. To assess protection, all animals were 
infected on dpi 42 with 100 MID50 of wild-type parent virus by intranasal route. Four animals from 
each group were euthanized on 45 dpi and respiratory and systemic organs harvested for virus 
titration. HAI antibody titers were determined for individual serum samples collected on days 0, 28, 
and 42. Sera were tested for reactivity against homologous influenza viruses. Toxicology Studies. 
Evaluation of the acute toxicity of LAIV strains was performed after intraperitoneal administration of 
viruses in mice and intradermal administration in guinea pigs after single dose administration of 
preparation. The control animals received sterile saline. During the course of the study all animals 
were observed daily for clinical signs of toxicity, behavior, food and water uptake, weight change. 
After 7 days the animals (mice) were sacrificed and organs (brain, heart, liver, kidney, and spleen) 
were collected for histopathology study. Results: It was shown that H1, H5, H7 and H2 LAIV were 
indistinguishable from parental H2N2 MDS in terms of replication in lungs and noses of mice. All 
tested strains showed no neuroivasive capacity and failed to infect brains. Single dose administration 
of LAIV strains in volume maximal for injection did not cause death of animals, change of behavior or 
significant weight loss. The candidate vaccine preparations were well tolerated. The dynamics of 
weight change in vaccinated animals was similar to that of the control group that received placebo. 
LAIV candidates were immunogenic, elicited antibody response confirmed by HI and ELISA assays. 
Vaccinated mice were completely protected against homologous wild-type challenge strains. 
Conclusions: Live attenuated cold-adapted (ca) influenza vaccines are an effective means for the 
control of influenza, most likely due to their ability to induce both humoral and cellular immune 
responses. In our study, we confirm that new LAIV candidates are safe, immunogenic and confer 
protection in mice. Based on the results of pre-clinical studies the permits for phase 1 clinical studies 
were obtained from the Russian Federation Ministry of Health. The phase 1 clinical studies of LAIV 
are ongoing. The study was supported by PATH. 

P1-393 

Influenza vaccine effectiveness in preventing medically-attended influenza A 
(H3N2) and the effect of prior season vaccination on estimates: results from 
the US Flu VE Network, 2012-13 

A Fry1*,M Thompson1, H McLean2, J Clippard1, S Thaker1 , S Spencer1, R Zimmerman3, T Nowalk3, A 
Monto4, S Ohmit4, M Gaglani5, M Jackson6, L Jackson6, E Belongia2  

1 Centers for Disease Control and Prevention, Atlanta, Georgia, United States, 2 Marshfield Clinic 
Research Foundation, Marshfield, Wisconsin, United States, 3 University of Pittsburgh Schools of the 
Health Sciences, Pittsburgh, Pennsylvania, United States, 4 University of Michigan, Ann Arbor, 
Michigan, United States, 5 Scott and White Healthcare, Temple, Texas, United States, 6Group Health 
Center for Health Studies, Seattle, Washington, United States 

Background: In the United States, annual seasonal influenza vaccination is recommended for all 
persons ≥ 6 months of age. Historically, there have been inconsistent findings regarding the effect of 
annual vaccination on estimates of vaccine protection. During 2012-13, the A(H3N2) vaccine 
component (A/Victoria/361/2011) differed from the 2011-12 A(H3N2) vaccine component 
(A/Perth/16/2009). We compared the effect of vaccination during the previous season (“prior 
vaccination”) on the vaccine effectiveness (VE) of the current season vaccine (“current vaccination”) 
against A(H3N2) infection associated medically attended acute respiratory infection (MAARI) as 
measured by the US Flu VE network during 2012-13. Methods: We enrolled adults and children 
seeking outpatient care for ARI at participating health care facilities in Michigan, Pennsylvania, Texas, 
Washington and Wisconsin; only persons aged ≥ 9 years of age were included in this analysis. 
Persons were eligible if they had an acute respiratory illness with cough of ≤ 7 days duration. After 
consent, participants completed an enrollment interview and a combined nasal and throat swab was 
collected and tested for influenza, including subtype, using real-time reverse transcription polymerase 
chain reaction (RT-PCR) with CDC primers and probes. Applying the test-negative approach, 
influenza positive enrollees were “cases” and influenza negative enrollees were “controls”. 
Participants who received at least 1 dose of any seasonal influenza vaccine ≥ 14 days prior to illness 
onset were considered vaccinated. Vaccine effectiveness was estimated as 100 × (1 – adjusted odds 
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ratio) in logistic regression models adjusted for age group, race/ethnicity, study site, days from illness 
onset to enrollment, and self-rated health status. Effect modification of prior year vaccination was 
assessed using an interaction term. Additional VE analyses assessed vaccine exposure as a 4 level 
variable that included all combinations over two seasons: current only, current and prior, prior only, or 
no vaccination either year (referent). Results: During 2012-13, we enrolled 4608 patients aged ≥ 9 
years; 947 had A (H3N2) infection (cases), and 2973 were controls. Overall, 47% were vaccinated 
(27% received current and prior vaccination, 20% current only) and 53% were unvaccinated in 2012-
13 (7% received prior vaccination and 46% were not vaccinated either season). The adjusted VE 
against A (H3N2) was 45% (95% CI, 36 to 53) when prior vaccination was not included in the model. 
Among persons aged 9-17, 18-49, 50-64, and ≥ 65 years, the adjusted VE against A(H3N2) was 27% 
(-9, 51), 40% (23, 53), 54% (34, 67), and 23% (-25, 53), respectively.  Significant effect modification 
from prior vaccination was present (P = .0008). Influenza A(H3N2) infection was detected in 17% of 
patients who received current season vaccine only, 22% who received vaccine in both seasons, 21% 
who were vaccinated in prior season only, and 29% who were unvaccinated in both seasons. In the 
model that evaluated all combinations of vaccine exposure over two seasons, adjusted VE was 49% 
(37, 60) for current season vaccination only; 37% (23, 49) for current and prior season vaccination; 
and 38% (14, 55) for prior season vaccination only (referent group: unvaccinated in both seasons). 
Among persons aged 9-17, 18-49, 50-64, and ≥ 65 years, respectively, the adjusted VE in the two 
season vaccination model was: 67% (34, 84), 44% (23, 59), 55% (28, 71), 31% (-41, 67) for current 
vaccination only; 7% (-49, 42), 41% (18, 57), 57% (33, 72), 28% (-29, 60) for current and prior 
vaccination; and 58% (7, 81), 34% (-5, 59), 30% (-45, 66), 27% (-80, 70) for prior vaccination only. 
Conclusions: Compared with persons who were unvaccinated in both years, vaccination in 2011-12 
and/or 2012-13 was associated with a reduced risk of medically attended influenza A(H3N2) infection. 
Our results suggest that current year vaccine effectiveness was modified by prior year vaccination, 
when the A(H3N2) vaccine components were different. However, we cannot exclude unmeasured 
confounding in this association. Further studies are required to understand the interplay of virologic 
and host factors that affect measured VE.  

P1-394 

Effectiveness of influenza vaccine for preventing laboratory-confirmed 
influenza hospitalizations in older adults 

HK Talbot1*, Q Chen1, Y Zhu1, J Williams1, K Edwards1, M Griffin1  

1Vanderbilt University Medical Center, Nashville, Tennessee, United States

Background: Current evidence supporting the effectiveness of influenza vaccine in preventing 
hospitalizations in older adults is sparse. Methods: During 5 influenza seasons spanning 2006-2009 
and 2010-2012, adults aged ≥ 50 years hospitalized with acute respiratory symptoms were 
prospectively enrolled. The 2009-2010 pandemic influenza season was not included due to vaccine 
being unavailable during most of the season. Nose and throat samples were collected from 
participants and tested for influenza virus by reverse-transcriptase polymerase chain reaction. 
Verification of vaccination status was performed by contacting both primary care and non-traditional 
vaccine providers. Vaccine effectiveness was estimated by comparing vaccination status between 
influenza positive cases and influenza negative controls using logistic regression models with LASSO 
penalty on all covariates. LASSO type methods have been developed recently for high-dimensional 
data analysis when the number of parameters to be included in the model is large relative to the 
number of cases available. The penalty functions are chosen so that the model can yield zero 
estimates when the parameter values are close to zero and hence can perform the variable selection 
procedure. Covariates included in the model were age, gender, race, smoking status, insurance, 
week of enrollment, use of supplemental oxygen at home, immune suppression (cancer or 
immunosuppressive medications), kidney or liver disease, asplenia, pulmonary disease, 
cardiovascular disease, and diabetes. Confidence intervals were constructed using 1000 bootstrap 
samples. Results: Overall, 967 of 1656 (58%) eligible patients were enrolled; 932 (96%) had 
adequate respiratory samples and known influenza vaccination status. Of these, 247 (27%) had either 
only self-reported vaccination or verified vaccination within 14 days of symptom onset and 21 (2%) 
had missing data on covariates and hence were excluded leaving 664 participants in the final 
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analyses. The proportion of influenza positive patients was 7%, 19%, 4%, 16%, and 10% during the 
five successive seasons. The proportion of vaccinated patients was 62%, 60%, 72%, 70%, and 70% 
during the same five seasons. Overall, 29 of 68 (43%) influenza positive cases were vaccinated 
compared with 423 of 596 (71%) influenza negative controls. Patients included in the analyses had a 
median age of 67.6 years, 41% were male, 25% were black, 97% had insurance, 24% were smokers, 
and the median time of admission was 10 weeks into influenza season. The median duration of 
hospitalization was 3 days, 10% were admitted to intensive care units and 1.1% died in the hospital. 
Adjusted vaccine effectiveness for the 5 influenza seasons combined was 69.6% (95% Confidence 
Interval 40.0%, 80.7%). Adjusted vaccine effectiveness was 68.4% (28.0%, 85.3%) for adults <65 
years and 64.9%% (11.4%, 83.3%) for adults ≥ 65 years of age. Inclusion of those with self-reported 
vaccination yielded an adjusted vaccine effectiveness of 67.8% (33.4%, 78.5%) for all ages, 67.1% 
(27.4%, 84.8%) for adults < 65 years, and 58.6% (3.1%, 82.1%) for adults ≥ 65 years. Conclusion: 
Influenza vaccine prevents a significant number of acute respiratory hospitalizations in older adults 
including those aged ≥65 years.  

P1-395 

Safety and immunogenicity of a quadrivalent inactivated influenza vaccine 
(QIV) containing two influenza A and two influenza B strains among healthy 
children/adolescents, adults, and elderly subjects in phase III clinical studies  

S Pépin1*, Y Hutagalung2, C Salamand1, S Garg3, MP Kazek-Duret1

1Sanofi Pasteur, Lyon, France; 2Sanofi Pasteur, Singapore; 3Sanofi Pasteur, Swiftwater, 
Pennsylvania, United States 

Background: For more than a decade, strains from two distinct influenza B virus lineages (B/Victoria 
and B/Yamagata) have cocirculated worldwide. Selecting which influenza B-lineage strain to include 
in the annual trivalent influenza vaccines (TIVs) that will match with circulating strains during the 
season has been a challenge to public health authorities and often resulted in a TIV with a B-strain 
mismatch. In view of the current epidemiology of influenza B in which both lineages cocirculate, 
quadrivalent influenza vaccines have been developed that incorporate a strain from each of the two 
influenza B lineages. Materials and Methods: Two phase 3 clinical trials were conducted to evaluate 
the safety and immunogenicity of a quadrivalent inactivated influenza vaccine (QIV; Sanofi Pasteur) in 
children/adolescents 9 to 17 years of age (N = 385), adults 18 to 60 years (N = 2488), and elderly 
above 60 years (N = 785). In each study, healthy subjects were randomized to receive either (i) QIV 
(containing a A/H1N1, a A/H3N2, a B/Victoria and a, B/Yamagata strain), or (ii) a licensed TIV (Sanofi 
Pasteur’s Vaxigrip® containing a A/H3N2, a A/H1N1 and a B/Victoria strain) or in one study (iii) AltB-
TIV containing an influenza strain from alternate B-lineage (a A/H3N2, a A/H1N1 and a B/Yamagata 
strain). Injection-site and systemic reactions, other adverse events (AEs), and serious AEs (SAEs) 
were monitored post-vaccination. Humoral antibody responses to study immunogenicity of different 
vaccine formulations were evaluated using standard Hemagglutination Inhibition assay and influenza 
virus seroneutralization assays. Results: For 3653 subjects enrolled in these 2 studies, 3093 subjects 
received QIV, 337 subjects received TIV, and subjects received 223 AltB-TIV. The overall safety 
profile of QIV was similar to the TIVs. The most frequently reported adverse reaction following 
vaccination with was injection site pain. Most reactions occurred within the first 3 days following 
vaccination and resolved spontaneously within 1 to 3 days after the onset. Reactions were mild. 
Overall, adverse reactions were generally less frequent in elderly than in younger adults and 
children/adolescents. Other AEs and SAEs were reported at similar rates across age groups. Serum 
antibodies measured by HAI assay after vaccination with QIV show induction of robust immune 
responses against A/H1N1, A/H3N2, and both B strain lineages which either met or exceeded the 
CHMP immunogenicity criteria defined for adults and elderly population. In general, higher immune 
responses against all four strains were observed after QIV vaccination in children/adolescents when 
compared with responses observed in adults age group. QIV demonstrated superior immunogenicity 
when compared to TIV containing the alternate B strain. Thus QIV can provide superior coverage 
against all circulating influenza B strains. In addition, results of these studies provided evidence that 
the addition of the second B strain did not interfere with the generation of immune responses against 
other two influenza A or influenza B strains included in the vaccine. Same trends in immune 
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responses were also observed when serum samples were tested using the Seroneutralization (SN) 
assay. Conclusions: Sanofi Pasteur’s candidate QIV is a potential alternative to currently available 
licensed TIV and offers simultaneous protection against two influenza A strains and strains from both 
influenza B lineages. These studies were funded by Sanofi Pasteur. 

P1-396 

Adjuvanticity of mOMV for recombinant avian influenza virus antigen in the 
vaccination of mouse and chicken 

BJ Lee1, SH Lee2, DJ Kim2, YK Choi1*, SH Kim2*

1College of Medicine and Medical Research Institute, Chungbuk National University, Heungduk-Ku, 
Cheongju, Republic of Korea; 2Viral Infectious Disease Research Center, Korea Research Institute of 
Bioscience and Biotechnology (KRIBB), Daejeon, Republic of Korea 

Background: A recombinant H5N2 (rH5N2) virus was generated to be used as vaccine antigen 
towards avian influenza viruses H5N1 and H9N2. To increase efficacy of the rH5N2 vaccine against 
avian influenza virus infections in animals, a new particulate adjuvant called mOMV (modified outer 
membrane vesicle) was incorporated, and its potential adjuvant effects were evaluated in the animal 
models. mOMVs are derived from an E. coli K-12 msbB/pagP mutant possessing less-endotoxic 
penta-acylated lipid A moiety of LPS. Materials and Methods: The mOMV-adjuvanted rH5N2 vaccine 
was prepared by mixing with recombinant H5N2 whole virus antigen (rH5N2) generated by reverse 
genetics with combination of H5N1-HA gene and H9N2-NA gene in the PR-8 (H1N1) backbone. Mice 
and chickens were vaccinated by prime-booster regime with the rH5N2 vaccine dose (1.75 μg of HA 
equivalent) plus mOMV (10 μg) or aluminum hydroxide (alum) adjuvant. The vaccinated animals were 
challenged with lethal doses of H5N1 or H9N2 viruses, and body weight change and survival rates 
were monitored daily for 15 days post infection.Results: Both mOMV- and alum-adjuvanted rH5N2 
vaccine groups showed high survival rate and low level of body weight change compared with non-
adjuvanted control groups. Interestingly, the mOMV-adjuvanted group showed better results in the 
cross-reactivity of antibodies (in vitro) and cross-protection (in vivo) against heterologous virus (H5N1 
or H9N2) challenge. Conclusions: Our results suggest that mOMV could be used as vaccine adjuvant 
for development of cheap and effective veterinary vaccines controlling avian influenza A virus 
transmissions. 

P1-397 

Knowledge, attitudes, and practices about influenza vaccination among 
pregnant women in Thailand 

P Prapasiri1, A Greenbaum2, P Yoocharoen3, D Ditsungneon1, FS Dawood2, C Muangchana4*, SJ 
Olsen1,2 

1Influenza Program, Thailand Ministry of Public Health–US Centers for Disease Control and 
Prevention Collaboration, Nonthaburi, Thailand; 2Influenza Division, Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States; 3Department of Disease Control, Ministry of Public 
Health, Nonthaburi, Thailand; 4National Vaccine Institute, Ministry of Public Health, Nonthaburi, 
Thailand 

Background: In 2009, Thailand expanded recommendations for influenza vaccination to include 
pregnant women as a high-priority group for vaccination. Vaccine uptake among Thai pregnant 
women is likely low compared with other high-risk groups, but perceived barriers to vaccination have 
not been evaluated. This study examined knowledge, attitudes and practices related to influenza 
vaccination among Thai pregnant women. Materials and Methods: During Dec 2012-Feb 2013, a 
cross-sectional survey was conducted among Thai pregnant women aged > 15 years attending 
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antenatal clinics at government hospitals. We selected a convenience sample of eight of 77 
provinces. In each province, we selected the provincial hospital and a convenience sample of three 
geographically disparate district hospitals. Hospitals were visited on antenatal clinic days until the 
sample size was reached. The sample size was determined using an outcome frequency (vaccination 
or willingness to be vaccinated) of 50%, a precision of 3% and 95% confidence level. The allocation of 
the total sample size for each region was proportional to the regional live births. The number of 
pregnant women surveyed was equally distributed by hospital in each province. Self-administered 
questionnaires were used to ascertain demographics, perceived risk and severity of influenza as well 
as perceived benefits of and barriers to influenza vaccination, in conjunction with the health belief 
model. In bivariate analysis and logistic regression, we evaluated predictors of (1) influenza 
vaccination by comparing responses of women who had and had not received influenza vaccine 
during the current pregnancy, and (2) willingness to receiving influenza vaccine by comparing 
responses of women who said they were willing versus not willing to receive vaccine. In the model, we 
controlled for factors that were significant in the bivariate analysis, gestational age and economic 
status. Results: At 32 hospitals, 973 pregnant women were eligible to participate; 967 (99%) 
completed the survey. The median age among survey respondents was 25 years (IQR 20-30 years), 
the median gestational age at the time of the survey was 26 weeks (IQR 18-35 weeks), and 929 
(96%) and 599 (62%) reported having heard about influenza and influenza vaccine, respectively. 
During the current pregnancy, 174 (18%) women had received a health care provider 
recommendation for influenza vaccination and 25 (3%) had received influenza vaccine (28% in the 
first trimester, 44% in the second, and 28% in the third). The median gestational age at vaccination 
was 21 weeks (IQR 19-35 weeks). Of the 599 respondents who had heard about influenza vaccine, 
the vaccine was perceived as safe by 299 (50%), beneficial to the woman by 396 (66%), beneficial to 
the baby by 377 (63%), and as an effective influenza prevention method by 354 (59%). The most 
commonly reported barriers to vaccination were paying for the vaccine (38%), difficulty traveling to get 
vaccinated (16%) and lack of vaccine at the hospital (13%). Fifty-eight percent of the pregnant women 
who were not vaccinated expressed a willingness to get vaccine. In bivariate analysis, factors 
associated with influenza vaccination during the current pregnancy included any prior receipt of 
influenza vaccine (OR 8; 95% CI 3-25),receipt of influenza vaccine during a previous pregnancy (OR 
14; 95% CI 6-33), willingness to pay for vaccine (OR 5; 95% CI 1-21), and health care provider 
recommendation for vaccination during pregnancy (OR 22; 95% CI 7-66). Only health care provider 
recommendation for vaccination remained significant in multivariate analysis (OR 11; 95% CI 3-43.). 
When the outcome was changed to willingness to get influenza vaccine, hearing or reading a 
recommendation that pregnant women should receive the influenza vaccine was the only significant 
factor in the multivariate analysis (OR 6; 95% CI 2-17). Conclusions: Over half of Thai pregnant 
women were willing to get an influenza vaccine; however, influenza vaccine uptake was low. 
Subsidizing vaccine and encouraging health care providers of pregnant women to support influenza 
vaccination recommendations may be effective strategies to improve influenza vaccine uptake in Thai 
pregnant women. 

P1-398 

Recombinant adenovirus encoding hemagglutinin (HA) and conserved matrix 
protein M for induction of broad protection against influenza in mice 

EH Kim1, HJ Park1, GY Han1, MK Song1, A Pereboev2, JS Hong3, J Chang4, YH Byun5, B Seong5, HH 
Nguyen1* 

1Viral Immunology Section, International Vaccine Institute, Seoul, Korea, 2Gene Therapy Center 
and 3Department of Cell Biology, University of Alabama at Birmingham, Birmingham, AL, 4Division of 
Life and Pharmaceutical Sciences, Ewha Womans University, Seoul, Korea; 5Department of 
Biotechnology and Translational Research Center for Protein Function Control, Yonsei University, 
Seoul, Korea 

Background: Influenza vaccines aimed at inducing antibodies (Abs) against viral surface 
hemagglutinin (HA) and neuraminidase (NA) provide sterile immunity to infection with the same 
subtypes. Vaccines targeting viral conserved determinants shared by influenza A virus (IAV) subtypes 
offer heterosubtypic immunity (HSI), a broad protection against different IAV subtypes. We proposed 
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that vaccines targeting both HA and conserved ectodomain of matrix protein 2 (M2e) could 
concurrently induce sterile immunity to virus sharing the same HA and broader protection against 
other influenza A virus subtypes. Materials and Methods: We generated recombinant adenovirus (rAd) 
vector encoding both HA of H5 virus and M2e (rAdH5/M2e) and evaluated the induction of cross-
protection upon intranasal immunization with the rAd vector-based vaccine candidate. Mice were 
intranasally immunized with the vaccine candidates and 4 weeks later challenged with homotypic H5 
or heterosubtypic H1 virus. Results: We found that single intranasal immunization of mice with 
rAdH5/M2e induced significant HA and M2e specific Ab responses along with protection against 
homotypic and heterosubtypic challenge. The protection is greater as compared to that induced by 
adenovirus vector encoding either HA (rAdH5) or M2e (rAdM2e). While protection against homotypic 
H5 virus is mediated by virus neutralizing (VN) Abs, the cross-protection is associated with Abs 
directed to conserved stalk HA and M2e that seem to have synergistic effect. Accordingly, adoptive 
transfer of immune sera induced by rAdH5/M2e provided greater protection against heterosubtypic 
challenge as compared to that mediated by sera of mice immunized with rAdH5 or rAdM2e. 
Conclusions: The results underscore the usefulness of rAd vector encoding both H5 and M2e as a 
universal vaccine against pre-pandemic H5N1 influenza and outbreaks caused by newly emerging 
subtypes.  

P1-399 

Physical and antigenic stability of spray freeze-dried influenza vaccine for 
pulmonary delivery 

S Murugappan1*, H Patil2, A Huckriede2, HW Frijlink1, WLJ Hinrichs1 

1Department of Pharmaceutical Technology and Biopharmacy, University of Groningen, Groningen, 
The Netherlands; 2Department of Medical Microbiology, Molecular Virology Section, University 
Medical Center Groningen, Groningen, The Netherlands 

Background: One of the advantages of dry influenza vaccines over conventional liquid flu vaccines is 
that they can be used for alternative routes of administration. The pulmonary route improves 
compliance level by eliminating drawbacks like pain and needle fear, the chance for needle stick 
injuries and the need for trained health care workers to administer the injection. Moreover, pulmonary 
vaccination can potentially induce local immune response besides a systemic immune response. 
Spray freeze-drying is an excellent technique to produce vaccine powders that are suitable for 
pulmonary delivery. It would be preferable if could be possible to store these powders at room 
temperature without change in physical powder and biochemical properties to ensure reproducible 
lung deposition and immune response, respectively. Therefore, the aim of this study was to evaluate 
these aspects of storage stability of spray freeze-dried vaccine powders. Materials and Method: 
Whole inactivated influenza virus was spray freeze dried using inulin, dextran and mixture of 
dextran/trehalose as stabilizer. We evaluated the physical powder and immunogenic stability of the 
vaccine that was stored for three months at various temperatures. Results: The formulated powder 
vaccines were evaluated for its antigenic stability by. The physical stability of the powders were 
confirmed by Scanning electron microscopy, size distribution and specific surface area measurements 
indicated that the physical powder properties did not change during storage for three months at 30°C. 
Furthermore, TEM, SDS-PAGE and the haemagglutination titers indicated that also the biochemical 
properties of the flu vaccine did not change during storage under these conditions. Furthermore, in 
vivo experiments confirmed that the immunogenic properties of the vaccine were preserved during 
storage for three months at 30 °C. Conclusion: The physical powder and immunogenic properties of 
the flu vaccine spray freeze dried in the presence of inulin, dextran and mixture of dextran/trehalose 
were maintained during storage for three months at 30°C. Hence, it is expected that vaccine powders 
prepared with either of these sugars can be safely stored at room temperature for extended periods 
without loss of their potency after pulmonary administration. 
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P1-400 

Immunogenicity and safety of an EB66 cell culture-based H5N1 candidate 
influenza vaccine: a randomized controlled study 

A Schuind1*, N Segall2, L Chu3, M Drame1, V Mwangi1, BL Innis1 

1GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United States; 2Clinical Research Atlanta, 
Stockbridge, Georgia, United States; 3Benchmark Research, Austin, Texas, United States 

Background: New technologies to manufacture influenza vaccines, including cell culture-based 
methods, offer advantages over traditional methods with embryonated eggs, allowing for large-scale 
production to cover high demands for vaccines in case of pandemics. For influenza antigens that are 
poorly immunogenic, like H5N1, the use of adjuvants has been shown to improve the immune 
response to vaccination. We assessed the safety and immunogenicity of GlaxoSmithKline Vaccines’ 
inactivated EB66 cell culture-based A/Indonesia/5/2005 split virus H5N1candidate influenza vaccine 
(CC-PAN-H5N1) with or without the adjuvant AS03. Materials and Methods: In this phase I, observer-
blind, randomized, controlled study (NCT01236040) with staggered enrolment in the US, healthy 
adults aged 18–49 years were enrolled in 2 waves and randomized 1:1:1:1 into 4 groups per wave to 
receive 2 vaccine doses (at days 0 and 21). In wave 1, subjects received either (1) AS03A-adjuvanted 
CC-PAN-H5N1 containing 3.75 μg A/Indonesia/5/2005 hemagglutinin (HA) (CC-PAN-H5N1-3.75 
µg+AS03A), (2) nonadjuvanted CC-PAN-H5N1 containing 15 μg HA (CC-PAN-H5N1-15 µg), (3) 
nonadjuvanted egg-derived Q-PAN-H5N1 containing 15 µg HA (Q-PAN-H5N1-15 µg), or (4) saline 
placebo. In wave 2, subjects received either (1) CC-PAN-H5N1-3.75 µg+AS03A, (2) CC-PAN-H5N1-
1.9 µg+AS03B, (3) Q-PAN-H5N1-3.75 µg+AS03A, or (4) saline placebo. The AS03 adjuvant effect 
(co-primary objective) was evaluated in wave 1 based on the Center for Biologics Evaluation and 
Research (CBER) criteria and considered beneficial if, at day 42 (21 days post-dose 2), the lower limit 
(LL) of the 95% confidence interval (CI) for the A/Indonesia/5/2005 HA inhibition (HI) antibody 
geometric mean titer (GMT) ratio (CC-PAN-H5N1-3.75 µg+AS03A over CC-PAN-H5N1-15 µg) was > 
1.0, and if the LL of the 95% CI for the difference in seroconversion rates (SCRs) (CC-PAN-H5N1-
3.75 µg+AS03A minus CC-PAN-H5N1-15 µg) was > 0. Antigen-sparing effect of the adjuvanted CC-
PAN-H5N1 formulation (co-primary objective) was assessed in wave 1 on day 42 according to CBER 
immunogenicity criteria for A/Indonesia/5/2005 HI SCRs and seroprotection rates (SPRs) (LL of 95% 
CI for SCR ≥ 40%, for SPR ≥ 70%). HI responses to the drift variant H5N1 virus 
(A/Vietnam/1194/2004) and long-term persistence up to Month 12 were assessed on the entire study 
population (according-to-protocol cohorts for immunogenicity). Solicited symptoms were recorded for 
7 days after each vaccine dose. Serious adverse events (SAEs) were recorded until Month 12. 
Results: 521 subjects were included in the total vaccinated cohort (50 in CC-PAN-H5N1-3.75 
µg+AS03A, wave 1), 507 in the day 42 according-to-protocol cohort for immunogenicity (48 in CC-
PAN-H5N1-3.75 µg+AS03A, wave 1) and 504 in the Month 12 according-to-protocol cohort for 
immunogenicity. The criteria for confirmation of the adjuvant effect of AS03 in CC-PAN-H5N1 were 
met; the LL of the 95% CI for the HI GMT ratio at day 42 was 17.51 (> 1.0) and for the SCR difference 
was 56.37 (> 0). The HI antibody response to the homologous A/Indonesia/5/2005 virus induced by 
CC-PAN-H5N1-3.75 µg+AS03A exceeded CBER criteria, with a day 42 SCR of 97.9% (95% CI: 88.7-
99.9) and SPR of 100% (95% CI: 92.5-100). The HI antibody response to the drift variant 
A/Vietnam/1194/2004 at day 42 induced by CC-PAN-H5N1-3.75 µg+AS03A also exceeded CBER 
criteria (LL for SCR: 58.9%, for SPR: 71.1%). HI antibody responses against the homologous and drift 
variant viruses elicited by CC-PAN-H5N1-3.75 µg+AS03A declined over time but remained above 
baseline until Month 12. Pain was reported more frequently for the adjuvanted than the 
nonadjuvanted formulations of both the cell-culture and egg-derived vaccines. 13 nonfatal SAEs were 
reported throughout the study; none were assessed as vaccine-related. Conclusions: Antigen sparing 
properties of the AS03-adjuvanted EB66 cell culture-based H5N1 candidate vaccine were 
demonstrated: 21 days after a 2-dose vaccination schedule, the vaccine elicited homologous HI 
antibody responses that exceeded CBER criteria and were superior to those elicited by the 
nonadjuvanted formulation. The vaccine also induced cross-reactive HI antibodies against a drift 
variant. This study demonstrated for the first time the feasibility of producing an immunogenic 
inactivated split virus influenza vaccine with an acceptable safety profile using the novel EB66 cell 
line. Funding: GlaxoSmithKline Biologicals SA and BARDA. 
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P1-401 

Full inactivation of human influenza virus by high hydrostatic pressure 
preserves virus structure and membrane fusion while conferring protection to 
mice against infection 

C Dumard1, S Barroso1, G Oliveira1, C Carvalho1, J Couceiro2, D Ferreira2, J Silva1*, P Santos1 

1Biochemistry Institute of Federal University of Rio de Janeiro, Rio de Janeiro, Brazil; 2Virology 
Department of Microbiology Institute of Federal University of Rio de Janeiro, Rio de Janeiro, Brazil 

Background: Seasonal influenza virus causes significant morbidity and mortality worldwide and 
prevention is considered to be the most effective method of reducing the socio-economic burden of 
influenza. The currently available human vaccines are usually subunit vaccines, trivalent, containing 2 
influenza A and 1 influenza B subtypes. Whole virus vaccine formulation is described as more 
immunogenic in a naive population and may be needed in a pandemic situation to elicit an adequate 
immune response. Whole inactivated vaccines (WIV) preserving fusogenic activity are more protective 
then nonfusogenic WIV. In the current study we present a WIV based in a high hydrostatic pressure 
(HHP) inactivation as a possible candidate of vaccine model. Material and Methods: In this work, we 
show the inactivation, the structural alterations and glycoproteins activity of human influenza virus X-
31(H3N2) subjected to HHP (289.6 MPa). We also investigated the potential as a vaccine model 
using 2 routes of administration in BALB/c mice: intranasal and intramuscular (vaccination was 
performed in 2 doses with 15 days of interval and challenge was performed fifteen days after the 
second dose). To verify structural changes, we used spectroscopic measurements, light scattering, 
and electron microscopy. Inactivation was confirmed by TCID50 and RT-PCR. To investigate 
glycoproteins activity, we performed hemagglutination assay and evaluation of neuraminidase activity 
by fluorescence. Fusogenic activity was assayed by confocal microscopy. Immune responses were 
evaluated by ELISA assay for serum specific influenza IgG1, IgG2a, and IgA. Clinical signs were 
tested by monitoring weight change. Pulmonary physiological conditions were analyzed by positron 
emission tomography (PET) using labeled fluorinated glucose. Results: Structural changes detected 
by spectroscopy and light scattering show that these alterations are slight and essentially reversible 
when pressure is removed. Electron microscopy data show pore formation on viral envelope, but 
general morphology was well preserved and small variations were seen in the particle structure. The 
activity of hemagglutinin (HA) in the process of binding and fusion was affected in a time dependent-
manner, but neuraminidase (NA) activity was not affected. Infectious activities were abolished after 
three hours of pressurization and mice were protected from infection after being vaccinated, with 
strong Igs response. Preliminary results suggest that vaccination could prevent pulmonary 
physiological impairment as visualized by glucose uptake. Conclusions: Our results indicate that HPP 
is an efficient tool to inactivate entire virus to be used in vaccines. This kind of inactivation produces 
an antigen with many of the chemical and physical properties of the intact viral particles, which is 
essential for satisfactory immune response. A vaccine based on pressurized virus is a simple, fast, 
and low cost model that could offer an important alternative of large production vaccines. Despite our 
promising results, further investigations are necessary to evaluate the protection level, reactogenicity 
and immunological response of a based HPP WIV.  

P1-402 

Inactivation of infectivity of avian influenza viruses using BPL, formalin, and 
ether for preparation of candidate vaccines 

VB Murtadak, PV Shinde, SD Pawar*

National Institute of Virology-MCC, Pune, Maharashtra, India 

Background: Inactivation of virus infectivity is an essential step for preparation of inactivated vaccines 
and for use of virus antigens as reagents for diagnosis of avian influenza (AI). The available 
information on sensitivity or resistance of AI viruses to different inactivating agents is inadequate and 
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ambiguous. A rational choice of inactivating agents and inactivation conditions is crucial in preparation 
of inactivated vaccines. Beta-propiolactone (BPL), formalin, and ether have been used for preparation 
of inactivated vaccines. BPL is an alkylating agent which modifies the structure of nucleic acids 
inducing nicks in DNA, cross-linking between DNA and proteins as well as between the DNA strands 
in the double helix. The mechanism by which viral inactivation is achieved by aldehydes is through the 
alkylation of amino and sulphydrilic groups of proteins and purine bases. Formalin cross-links the viral 
proteins inhibiting the viral replication. Ether treatment of influenza virus causes disruption of the viral 
envelope to smaller fragments. In the current scenario of emerging AI viruses, the present study was 
undertaken to probe the structure, function and infectivity of highly pathogenic avian influenza (HPAI) 
and low pathogenic avian influenza (LPAI) viruses, using BPL, formalin and ether. Materials and 
Methods: A total of 9 AI viruses comprising 4 subtypes were included in the study. BPL, formalin and 
ether were used as inactivating agents. Viruses were treated with 0.05% and 0.1% BPL for 16 hours 
at 4°C; 0.02%, 0.04%, and 0.1% of formalin at 3 different incubation time points and with ether. The 
confirmation of virus inactivation was performed by 2 serial passages of inactivated viruses in 10-day-
old embryonated chicken eggs. Results: 0.1% BPL, 0.04%, and 0.1% formalin eliminated infectivity of 
AI viruses at all incubation time periods. The elimination of infectivity of few HPAI viruses using only 
ether may not be adequate. Treatment with all inactivating agents retained hemagglutinating titers of 
viruses. Inactivated viruses reacted with the immune sera raised against homologous antigens 
indicating that inactivated viruses retained their immunogenicity. Conclusions: 0.1% BPL, 0.04%, and 
0.1% formalin can be used for inactivation of infectivity of AI viruses. However, confirmation of virus 
inactivation after each inactivation treatment is necessary. This data might be useful for inactivation of 
AI viruses and is an important step for preparation of inactivated vaccines and reagents. 

P1-403 

Immunogenicity and safety of influenza vaccine given concomitantly with 13-
valent pneumococcal conjugate vaccine or 23-valent polysaccharide 
pneumococcal vaccine in adults aged ≥ 65 years 

YB Seo1, WS Choi1, JH Baek2, J Lee3, JY Song1, JS Lee2, HJ Cheong1*, WJ Kim1,4 

Division of Infectious Diseases, Department of Internal Medicine, aKorea University College of 
Medicine, Seoul, Inha University College of Medicine, Incheon, cHallym University College of 
Medicine, Chuncheon, dTransgovernmental Enterprise for Pandemic Influenza in Korea, Republic of 
Korea 

Background: 13-valent pneumococcal conjugate vaccine (PCV13) and 23-valent polysaccharide 
pneumococcal vaccine (PPV23) are being just introduced in the elderly in Korea. Although it is 
common to administer PCV13/PPV23 and trivalent inactivated influenza vaccine (IIV3) concomitantly 
for convenience, there is no direct comparison study that evaluates the immunogenicity and safety of 
IIV3 given concomitantly with 13-valent pneumococcal conjugate vaccine (PCV13) or 23-valent 
polysaccharide pneumococcal vaccine (PPV23) in the elderly. Materials and Method: Prior to the 
beginning of the 2012-2013 influenza season, healthy volunteers ≥ 65 years were randomized to 1:1 
to receive IIV3 with PCV13 or PPV23. Serum hemagglutination-inhibiting (HI) antibodies for IIV3 
strains were measured at the time of vaccination and then at 1 month after vaccination. At the time of 
vaccination, each patient received a clinical diary to monitor for any local or systemic reactions to the 
vaccines for 7 days to evaluate the safety. Results: Of 224 subjects recruited, 110 (98.2%) of PPV23 
with IIV3 and 110 (98.2%) of PCV13 with IIV3 volunteers were finally followed up. At 1 month after 
vaccination, both vaccine groups satisfied the Committee for Proprietary Medicinal Products (CPMP) 
criteria. Seroprotection rate, seroconversion rate and GMT fold were not significantly different 
between 2 groups. The most common local and systemic reactions were local pain at the 
pneumococcal injection site and muscle aches. For most local and systemic reactions, the severity 
was reported to be mild. The occurrences of each reaction were similar between two vaccine groups 
without statistical significance. Conclusions: Concomitant vaccination IIV3 with PCV13 or PPV23 
demonstrates acceptable immunogenicity and safety.  
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P1-404 

Rapid changes in serum cytokines and chemokines in response to inactivated 
influenza vaccination 

K Talaat1*, N Halsey2, A Cox1, A Durbin1, A Ramakrishnan3, J Bream3 

1Center for Immunization Research (CIR), 2Institute for Vaccine Safety, Department of International 
Health; 3Department of Molecular Microbiology and Immunology, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, Maryland, United States 

Background: Among the barriers to influenza vaccination is fear of side effects. Although the 
phenomenon of myalgias and malaise following vaccination is well described, the biological basis of 
these events is poorly understood. We examined serum cytokine kinetics in response to inactivated 
trivalent influenza vaccine (TIV) in attempt to define the relationship between markers of inflammation 
and TIV-related side effects. Materials and Methods: Healthy, nonpregnant adults aged 18-50 years 
were eligible for enrollment. Two small cohorts of 10 subjects each received the 2011-2012 US FDA-
licensed TIV. Cohort 1 had blood drawn at baseline and then 3, 7, 24, and 48 hours and 14 days later. 
Cohort 2 had blood drawn at baseline and 16 and 40 hours, and 14 days after vaccination. Subjects 
were questioned about local and systemic reactions to TIV. Sera were tested for a panel of 15 
cytokines and chemokines as well as antibody titers. Results: 89%-100% of subjects had a sero-
response to 1 or more of the influenza strains in the vaccine. Cytokine and chemokine responses 
were evident as early as 3-4 hours after immunization. Although serum cytokine responses varied by 
analyte, IFN-γ, IP-10, and IL-8 had distinctive temporal patterns. Significant increases in IFN-γ 
occurred by 7 hours and peaked between 16 and 24 hours before returning to baseline by 44 hours 
postvaccination. Similarly, IP-10 also increased significantly by 7 hours, with a peak at 24 hours, 
declining at 44 hours, with a return to baseline by day 14. IL-8 levels were decreased compared with 
baseline at 44 hours postvaccination and remained low at day 14. Fifteen of 20 subjects reported at 
least 1 adverse event after vaccination, the majority mild. One subject, however, who reported 
moderate myalgias and injection site pain after vaccination displayed an amplified cytokine response 
profile that included robust IL-6, IL-2, IL-8, IP-10, MCP-1, TNF-α, TARC, and MCP-4 responses 
between 3 and 24 hours after vaccination. Conclusions: Despite a modest sample size, we identified 
distinct serum cytokine patterns to TIV which began as early as 3 hours postimmunization. We also 
observed an outlier response that coincided with moderate side effects to the vaccine. These data 
suggest that early cytokine/chemokine responses may provide additional insight into vaccine 
responses.  

P1-405 

Results of phase I study of KD-295 (novel influenza vaccine by cell culture) 

T Naruse*, T Fukuda, M Ichikawa, Y Oda, S Tochihara, Y Kino, K Yokoi 

The Chemo-Sero-Therapeutic Research Institute (Kaketsuken), Kumamoto, Japan 

Background: Highly pathogenic avian influenza H5N1 viruses have the potential to become pandemic 
agent, thus representing a threat for humans. Although vaccination is one of the effective tools to 
defend against a pandemic threat, manufacture of traditional influenza vaccines that use egg-based 
technology could be restricted by the supply problem of chicken eggs in pandemic situation. 
Therefore, development of cell culture-derived vaccines, which has advantages of shorter lead-in 
times and greater flexibility of production, is desired. For these reasons, we developed AS03-
adjuvanted cell culture-based influenza vaccine (KD-295), and conducted phase 1 study. Materials 
and Methods: KD-295 investigational vaccine, contains purified and inactivated HA protein from 
influenza virus of A/Indonesia/5/2005(H5N1)/PR8-IBCDC-RG2 strain cultured using duck embryonic 
stem cell-derived cell line (EB66® 1) proprietary to Valneva) is the main component, which is mixed 
with AS03 adjuvant upon administration. AS03 is an o/w emulsion containing DL-α-tocopherol and 
squalene. Content of DL-α-tocopherol per 0.5 mL of KD-295 is 11.86 mg for AS03A, and 5.93 mg for 
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AS03B. Healthy male adult volunteers (20-40 years old) were the target population, and adverse 
events, clinical laboratory test results, HI antibody titers, and neutralization antibody titers after KD-
295 administration (0.5 mL) intramuscularly twice at 21-day interval were evaluated 21 days after the 
second administration. Three different doses of KD-295 [L group 1.9µgHA+AS03B, M group: 
3.8µgHA+AS03A, and H group: 7.5µgHA+AS03A] were administered to 20 subjects in each group 
(total of 60 subjects). The L group received half the volume of M group. Results: During the course of 
the study, no death, serious adverse events or any adverse events that led to discontinuation of the 
investigational drug administration were reported. In total, 54 subjects (90.0%) reported 202 adverse 
events; all of which were well tolerated. Injection site pain was the most frequently reported adverse 
event. There was no dose dependency in the incidence, time-to-onset, and duration of the adverse 
events. HI antibody (horse blood cells) met the criteria in the Japanese guidelines for a prototype 
vaccine (seroconversion rate: > 40%, rate of increase in geometric mean antibody titer: > 2.5, 
seroprotection rate: > 70%) for all groups. Neutralizing antibody titers made notable rise in all groups. 
Cross immunity of neutralization antibody against heterologous virus strains of the same H5N1 
subtype (Vietnam, Qinghai, and Anhui strains) were detected. Conclusion: AS03-adjuvanted cell 
culture based influenza vaccine named KD-295 (1.9µgHA+AS03B, 3.8µgHA+AS03A, and 
7.5µgHA+AS03A), administered as 2 doses, was highly immunogenic, and induced cross immunity, 
with a clinically acceptable safety profile. 1) EB66® cell line exclusively licensed from Valneva (created 
from the merger between Intercell AG and Vivalis SA) by GSK Biologicals S.A. for the field of 
Influenza and sublicensed to Kaketsuken. 

P1-406 

Uptake and effectiveness of a trivalent inactivated influenza vaccine in urban 
and rural Kenya, 2010-2012 

MA Katz1, E Lebo1, G Emukule1*, N Otieno2, D Caselton1, G Bigogo2, H Njuguna1, P Muthoka3, L 
Waiboci1, M Widdowson4, X Xu4, D Shay4, K Njenga1, J Mott1, R Breiman1

1Centers for Disease Control and Prevention, Kenya; 2Kenya Medical Research Institute/Centers for 
Disease Control, Kenya; 3Ministry of Public Health and Sanitation, Government of Kenya; 4Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States 

Background: In recent years, surveillance has demonstrated a high burden of influenza throughout 
Africa. However, influenza vaccine is rarely used on most of the continent. Little is known about the 
effectiveness of the vaccine in Africa, where HIV, malnutrition, malaria, and other comorbidities are 
prevalent. Materials and Methods: The Kenya Medical Research Institute/Centers for Disease 
Control-Kenya offered free influenza vaccine to children in 2 resource-poor communities in Kenya—
Kibera, an informal settlement in Nairobi, and Lwak, a rural community in western Kenya—with a 
population of ≈ 50,000. We conducted a case-control study to evaluate the effectiveness of trivalent 
inactivated influenza vaccine during 3 years. During July-September of 2010, April-June of 2011, and 
March-May 2012, we offered free vaccine (southern hemisphere composition) to children aged 6 
months-10 years who were residents of 3 sites in each of the 2 communities. We selected the 
vaccination period based on the availability of the vaccine, which varied each year, and surveillance 
data showing influenza peaks in both communities during June-August. Vaccination was voluntary 
and required parental consent; children < 9 years old were offered 2 doses of vaccine if they had not 
been previously vaccinated. We collected naso- and oro-pharyngeal swabs from children ≤ 10 years 
old who presented to the free medical clinic in each of the 2 communities with severe acute 
respiratory illness (SARI) or influenza-like illness (ILI). Swabs were tested for influenza A and B by 
real-time reverse-transcription polymerase chain reaction (rt RT-PCR); specimens positive for 
influenza A were subtyped by RT-PCR. Influenza-positive specimens were cultured, and isolates were 
sent to CDC-Atlanta for antigenic characterization using a panel of postvaccination ferret antisera. We 
compared the odds of vaccination among case-patients who tested positive for influenza to the odds 
of vaccination among controls who tested negative for influenza. Up to 4 controls were enrolled for 
each case-patient, matched on age (6-23 months; 2-5 years; and 5-10 years), date of sample 
collection (+/- 14 days from the date the case-patient sample was collected), syndrome (SARI vs ILI), 
and site (Kibera vs Lwak). We excluded 52 cases and controls who were partially vaccinated. We 
used a conditional logistic regression model that controlled for interval from symptom onset to sample 
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collection. For each year, our evaluation period was 9 months, starting 2 weeks after the final dose 
was administered. We estimated vaccine effectiveness (VE) as [100 x (1 - adjusted odds ratio)]. 
Results: Of the approximately 10,000 eligible children in the 2 sites, 30%, 36%, and 38% were fully 
vaccinated in 2010, 2011, and 2012, respectively; 11%, 12%, and 13% were partially vaccinated. 
During the three 9-month follow-up periods, there were 144, 77, and 102 cases of influenza, 
respectively, among children aged 6 months-10 years. The median age of cases was 4.8 years and 
149 (46%) were female. In the first 2 years, influenza A predominated (67% of cases in 2010-2011 
and in 2011-2012), and influenza A comprised 50% of influenza cases in 2012-2013. In 2010-2011 
and 2011-2012, most influenza A cases were influenza A(H1N1)pdm09, while in 2012-2013, influenza 
A(H3N2) predominated. We included 244 cases and 608 test-negative controls in our evaluation. VE 
among fully vaccinated children was 44% for the entire study period (95% confidence interval (CI) = 
20%-61%). Season-specific VE was 51% (95% CI = 16%-71%) during 2010-2011, 48% (95% CI = -
16%-77%) during 2011-2012, and 26% (95% CI =-29%-60%) during 2012-2013. We cultured 48/144 
specimens in 2010-2011 and 29/77 specimens in 2011-2012; all isolates were considered well-
matched to vaccine strains. Strain information for 2012-2013 is not yet available. Conclusions: During 
3 years in an urban and rural community in Kenya, over one-third of eligible children were fully 
vaccinated through a campaign offering free trivalent inactivated influenza vaccine. Among children 
aged 6 months-10 years, fully vaccinated children were ≈ 40% less likely to have an influenza-
associated medically attended respiratory illness overall. VE appeared lower in 2012-13; pending 
antigenic characterization data may help explain this finding. 

P1-407 

The overview of government-funded influenza vaccination program during 
influenza season 2011-2012 

CL Lee, TY Chen, YC Chih, SM Chou, CH Chen, CH Yang* 

Centers for Disease Control, Department of Health, Taipei, Republic of China (Taiwan) 

Background: Influenza vaccination is publicly known as the most effective method for preventing 
influenza infection. To protect the public’s health, the Taiwan Department of Health started to launch 
influenza vaccination programs since 1998, focusing on high-risk groups. In the government-funded 
influenza vaccination program for influenza season 2011-2012, trivalent inactivated influenza 
vaccines (TIV) were used in 6 high-risk groups, including the elders aged more than 65 years, 
children aged 6 months through 6 years and elementary school students from grade 1 through 4, 
residents and staff in nursing homes and other long-term care facilities, healthcare and public health 
personnel, poultry or livestock farmers, and animal health inspectors, and people with catastrophic 
illness. Materials and Methods: The influenza vaccine uptake rates for each high-risk group were 
obtained via the Influenza Vaccine Information System (IVIS). Results: During the influenza season 
2011-2012, 2,582,859 doses of influenza vaccines were inoculated. The coverage rates for each 
group were as follows: the elders aged more than 65 years: 40.2%; preschool children aged above 6 
months with at least 1 dose: 31.9%, with complete vaccination: 28.7%, with partial vaccination: 7.2%; 
elementary school students from grade 1 through 4: 72.2%; high-risk groups above fifth grades in 
elementary schools and aged less than 65 years: 41.2%. Overall, the coverage rates for each high-
risk group increased significantly comparing with the 2010-2011 influenza season. The coverage rate 
increased by 4% for adult groups, by 2.7% for elementary school children, and by 6.2% for infants 
and toddlers aged less than 6 years. Conclusions: The coverage rate increased the most for infants 
and toddlers comparing with those for other groups, but was still lower than the rates in the past, 
leaving room for improvement. 
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P1-408 

Progress update on the Global Action Plan for Influenza Vaccines (GAP) 

MP Kieny1, J Tam2, J Hendriks1* 

1World Health Organization (WHO), Health Systems and Innovation (HIS), Geneva, 
Switzerland; 2WHO, Initiative for Vaccine Research (IVR), Geneva, Switzerland 

Background: The Global Action Plan for Influenza Vaccines (GAP) aims at ensuring rapid and 
equitable access to vaccines in the event of an influenza pandemic. The three major pillars of the 
GAP are: 1) increase of evidence-based seasonal influenza vaccine use, 2) increase of global 
pandemic production capacity and 3) development of more effective influenza vaccines using new 
technologies. Increase of evidence based seasonal vaccine uptake: Main activities include increasing 
knowledge about influenza burden of disease, vaccine performance and vaccine cost-effectiveness 
for different target groups in various geographical settings. In addition, this objective aims that all 
countries have a policy by 2016 to vaccinate at least 1 group of at-risk population, as indicated in the 
2012 WHO position paper on vaccines against influenza, that recommended five priority risk groups 
for seasonal influenza vaccination, pregnant women being the highest priority. Increase production 
capacity: The target is to increase by 2016 global vaccine production capacity to cover within 6 
months from transfer of master seeds to industry, 70% of the world population with a pandemic 
influenza vaccine that provides adequate protection. Fourteen manufacturers from low- and middle-
income countries have received grants and technology transfer support, resulting in a capacity today 
of 280M doses. This is included in the 2011 global seasonal capacity of 1.4B doses in 2011. 
Assuming a conversion factor of 3, this translates into a pandemic vaccine capacity of 4.2B doses. 
The sustainability of these facilities now needs to be improved through the development of various 
business models. Developing more effective vaccines using new technologies: The target is to license 
or have in an advanced clinical development, by 2016, more effective new vaccines. Activities include 
promoting research on new correlates of protection, prototype pandemic seed strains and other new 
technologies. Following a January 2013 meeting in Hong Kong discussing progress and knowledge 
gaps, an influenza vaccine research agenda is being developed to address: universal vaccines, 
vaccines for viruses with pandemic potential, vaccine safety and regulatory issues, production 
strategies, adjuvants, delivery methods, new approaches and clinical trials in risk groups. In addition 
to the above priority activities, WHO has conducted a series of influenza vaccine workshops together 
with the US Health and Human Services Department (HHS). These workshops have addressed gaps 
that might delay the implementation of the GAP in developing countries. Issues considered include 
selection of production technology, regulatory strengthening, workforce training, disease burden and 
cost-effectiveness data for decision-making, business planning for sustainability and communication 
challenges with media, healthcare workers and the public. WHO functions as the GAP secretariat, 
supported by an Advisory Group with international expertise in public health, vaccinology, 
epidemiology, influenza virology, modeling, and immunization. This group periodically reviews 
activities, provides recommendations on implementation, identifies key priorities and revises and 
updates the plan as science, technology and preparedness progresses. The plan further aims to 
create an informal network of partnership offices as a means for international agencies to share what 
they are doing and what GAP priorities they may be able to assume. Currently 2 US agencies have 
heavily contributed: HHS/BARDA and the CDC. Additional GAP partnership offices are being 
considered, initially in China and Japan. Conclusion and next steps: Since 2006, GAP has been a 
catalyst for significant expansion in global influenza vaccine manufacturing capacity. It is anticipated 
that enough production capacity could be in place by 2016, but concerted efforts are needed thereto. 
Evidence-based policy and communication strategies need to be implemented. Sustainability is a 
challenge for influenza manufacturers in developing countries. Research and development for new 
vaccines should continue and include use of antigen-sparing technologies (such as live-attenuated 
vaccines) and high yield strains. 
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P1-409 

Effectiveness of seasonal influenza vaccine in preventing laboratory 
confirmed influenza in a primary heath care setting in South Africa, 2010-2012 

JM McAnerney1*, S Walaza1; A Buys1, M Venter1, L Blumberg , A Cohen2, C Cohen1 

1National Institute for CommunicableDiseases (NICD) of the National Health laboratory services 
(NHLS), Johannesburg. South Africa; 2Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States 

Background: Sentinel influenza surveillance systems provide platforms for the estimation of influenza 
vaccine effectiveness . South Africa has long-standing outpatient sentinel surveillance for influenza, 
the Viral Watch Programme (VWP), which was started in 1984 to describe influenza epidemiology in 
South Africa and to provide influenza strains for global vaccine strain selection. The objective of this 
study is to describe the vaccine coverage amongst amongst individuals of with influenza-like illness 
presenting to the VWP sentinel sites in South Africa from 2010 through 2012 and to estimate 
influenza vaccine effectiveness (VE) annually amongst these individuals. Methods: Patients 
countrywide presenting with an influenza-like illness (ILI) to participating centres of the South African 
VWP between 1 January 2010 to 31 December 2012 were eligible for inclusion. ILI was defined as: 
Patients of all age groups, with an acute respiratory illness with a measured temperature of ≥ 38˚C, or 
a history of fever, and cough, with onset within the past 7 days. The influenza season was defined as 
at least 2 consequtive weekly influenza detection rates of ≥ 10%, and only specimens collected during 
the season were included for the VE analysis. Pateints who met the ILI case definition, presented 
within 7 days of onset, with a known influenza vaccine history, and who were 6 months or older were 
included. Patients who presented at points of entry into South Africa were excluded. Specimens were 
tested using multiplex reverse transcription real-time polymerase chain reaction (RT-PCR) assays for 
influenza A and B. Influenza A positive specimens were further subtyped. Patients testing positive for 
any influenza were considered a case, and those testing negative a control. Logistic regression was 
used for the analysis and VE estimates were adjusted for age and underlying medical conditions. VE 
was calculated as 1-odds ratio (OR) for influenza in vaccinated and unvaccinated patients. Patients 
were considered to be vaccinated if they had received influenza vaccine 2 weeks or more prior to 
onste of symptoms. Results: Between 2010 and 2012, 7385 patients with ILI were enrolled (range, 
1945-3131 per annum). Of theses 3884 (53%) were included in the VE analysis. The influenza 
seasons occurred from week 23 (week starting 7 June) to week 40 (week starting 4 October) in 2010; 
week 18 (week starting 2 May) to week 29 (week starting 18 July) with a second smaller peak from 
week 33 (week starting 15 August) to week 41 ( week starting 10 October) in 2011; and week 23 ( 
week starting 4 June) to week 41 (week starting 8 October) in 2012. Influenza was detected in 
587/1157(50.7%) in 2010; 731/1688(43.3%)in 2011 and 558/1039(53.7%) in 2012. The dominant 
subtype differed by year with influenza B accounting for 298/587(50.8%) in 2010, influenza 
A(H1N1pdm09) for 565/731(77.3%) in 2011, and influenza A(H3N2) for 337/558(60.4%) in 2012. 
Annual influenza vaccine coverage in patients included was low in both cases and controls (1.7% and 
4.9% in 2010; 1.9% and 5% in 2011; 1.3% and 2.9% in 2012 for cases and controls respectively) with 
coverage highest in the ≥ 45 year age group (3.3% and 12.46% in 2010; 3.5% and 7.9% in 2011; 
3.1% and 2.0% in 2012 for cases and controls respectively) and lowest in the < 20 year age group 
(1.2% and 2.0% in 2010; 2.2% and 1.9% in 2011; 1.1% and 1.4% in 2012 for cases and controls 
respectively). VE estimates adjusted for age and underlying condition for 2010-2012 were: 58.23% 
(95% CI: 7.11%-81.22%); 58.70% (95% CI: 22.28%-78.05%); 49.78% (95% CI: -39.70%-84.94%). 
Conclusion: Our results show that influenza vaccine was effective in 2010 and 2011. In 2012 the 
molecular characterisation of the circulating influenza A(H3N2) showed genetic drift, and a new H3N2 
vaccine strain was selected for inclusion in the Southern hemisphere vaccine for 2013. The VWP is a 
useful platform for assessing annual influenza vaccine effectiveness, but low vaccine coverage limits 
statistical power to generate precise estimates of vaccine effectiveness or evaluate effectiveness in 
different subgroups. 

355Vaccines



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-410 

Computationally optimized broadly reactive antigens (COBRA): developing 
broadly reactive vaccines against emerging and seasonal influenza 

TM Ross1,2,3*, CJ Crevar1,3, BM Giles3, DM Carter1,3, SJ Bissel4, CA Wiley4 

1Vaccine and Gene Therapy Institute of Florida, Port St Lucie, Florida, United States; 2University of 
Pittsburgh Microbiology and Molecular Genetics, Pittsburgh, Pennsylvania, United States; 3Center for 
Vaccine Research University of Pittsburgh, Pittsburgh, Pennsylvania, United States, 4Department of 
Pathology, Pittsburgh, Pennsylvania, United States 

Background: Pandemic outbreaks of influenza are caused by the emergence of a pathogenic and 
transmissible virus to which the human population is immunologically naive. Recent outbreaks of 
highly pathogenic avian influenza (HPAI) of the H5N1 subtype are of particular concern because of 
the high mortality rate (60% case fatality rate) and novel subtype. In this study, we have engineered 
an influenza virus-like particle (VLP) that contains a synthetic, consensus-based HA molecule based 
upon a new methodology, computationally optimized broadly reactive antigen (COBRA). Methods: 
Three COBRA H5N1 HA proteins have been engineered based upon 1) human clade 2 H5N1 
sequences, 2) human and avian clade 2 sequences, and 3) all H5N1 influenza sequences. COBRA 
vaccines were generated for H1N1 based upon seasonal and novel H1N1 sequences. Each HA 
retained the ability to bind the appropriate receptors, as well as mediate particle fusion. Noninfectious 
recombinant VLP vaccines using the COBRA HA molecules from were generated from a mammalian 
expression system. COBRA VLP vaccines were administered to mice, ferrets, and cynomolgus 
macaques and the humoral immune responses were compared with those induced by VLPs 
containing an HA derived from a primary viral isolate or a mixture of primary isolates. Results: Using a 
single vaccination at 0.6ug HA dose with an adjuvant, all animals vaccinated with COBRA clade 2 HA 
H5N1 VLPs had protective levels of HAI antibodies to a representative isolate from each subclade of 
clade 2, but lower titers against other clades. The addition of avian sequences from other clades 
expanded breadth of HAI antibodies to the divergent clades 1, 4, and 7. Furthermore, all vaccinated 
animals were completely protected from challenge with the highly pathogenic clade H5N1 viruses. 
Little damage was observed in the lungs of COBRA VLP vaccinated animals as detected by H&E 
staining and little virus could be detected by immunohistochemistry staining of lung tissues or by viral 
plaque assay of lung homogenates. Similar results were observed using an H1N1 HA COBRA VLP 
vaccine. Conclusion: This is the first report describing the use of a H5N1 VLP vaccine containing a 
synthetic HA antigen. The results show that the COBRA HA H5N1 VLPs elicit broad humoral 
immunity and is an effective influenza vaccine against HPAI virus in multiple animal models. 

P1-411 

Immunogenicity and safety of a heterologous booster dose of AS03B-
adjuvanted H5N1 influenza vaccine in children 6 through 35 months of age 

T Nolan1*, B-W Lee2, PC Chan3, H Marshall4, R Booy5, M Drame6, D Vaughn7, P Izurieta8

1Murdoch Children’s Research Institute, Melbourne School of Population & Global Health, University 
of Melbourne, Victoria, Australia; 2Mount Elizabeth Medical Centre, Singapore, Singapore; 3National 
University Hospital, Singapore, Singapore; 4Vaccinology and Immunology Research Trials 
Unit, Women’s & Children’s Hospital, North Adelaide, and School of Paediatrics and Reproductive 
Health and The Robinson Institute, University of Adelaide, South Australia, Australia; 5The Children’s 
Hospital at Westmead, National Centre for Immunisation Research and Surveillance, New South 
Wales, Westmead, Australia; 6GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United 
States; 7GlaxoSmithKline Vaccines, Rixensart, Belgium; 8GlaxoSmithKline Vaccines, Wavre, Belgium 

Background: H5N1 avian influenza represents a pandemic risk to humans if the continuous genetic 
reassortment of virus subtypes leads to an increased transmission to humans while retaining 
virulence. The rapid production and world-wide distribution of strain-specific influenza vaccines are 
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crucial for pandemic prevention and control. Infants and children play a potentially important role in 
H5N1 transmission during pandemics. Cross-immunogenicity could be an essential feature of H5N1 
vaccines during pandemics through the use of booster vaccination with strains drifted from the 
primary vaccine strain. In this study, we evaluated the safety and immunogenicity of an AS03B-
adjuvanted H5N1 influenza candidate vaccine (H5N1, GlaxoSmithKline Vaccines) following a 
heterologous booster dose in children 6-35 months of age. Materials and Methods: In this phase 2, 
nonrandomized, open-label multicenter study (NCT01323946) in Australia and Singapore, all subjects 
were primed with 2 doses of A/Indonesia/05/2005 (H5N1-In) vaccine on days (D) 0 and 21 and 
received 1 booster dose of A/turkey/Turkey/01/2005 (H5N1-Tu) vaccine at D182. Both vaccines 
contained 1.9 μg of hemagglutinin antigen adjuvanted with AS03B (5.93mg of α-tocopherol, half the 
standard dose). The study assessed whether the hemagglutination inhibition (HI) responses to H5N1-
Tu 10 days following booster vaccination (D192) met the EU Committee for Medicinal Products for 
Human Use (CHMP) immunogenicity licensure criteria: point estimates for seroconversion rates 
(SCRs) > 40%, for seroprotection rates (SPRs) > 70% and for mean geometric increases (MGIs, 
compared with D0) > 2.5. HI and neutralizing antibody responses were evaluated at D0, D42, D182, 
D192, and D364. Solicited local and general adverse events (AEs) were evaluated for 7 days 
following each dose. Unsolicited AEs were evaluated for 21 days following each dose and during days 
0-84 overall. Medically attended AEs (MAEs), potential immune-mediated diseases (pIMDs) and 
serious AEs (SAEs) were assessed throughout the study. Results: Of the 113 vaccinated subjects, 86 
were included in the month 6 according-to-protocol (ATP) cohort for immunogenicity and 100 in the 
month 12 ATP cohort for immunogenicity. At D192, the HI immune response to the H5N1-Tu booster 
dose met all CHMP criteria: point estimates were 100% for SCR and SPR, and 357.7 for MGI 
(geometric mean titer [GMT] = 2026.2). At D192, postbooster SCR and booster factor (BF) were 
98.8% and 22.7, respectively. HI antibodies against H5N1-Tu persisted up to D364: SCR was 96.0%, 
SPR was 100% and MGI was 14.9. Postbooster SCR was 96.0% and BF was 14.9 (GMT = 1266.8). 
For H5N1-In, at D42 SCR and SPR were 100% and MGI was 215.7 (GMT = 1078.6). At D192 and 
D364, SCR and SPR were 100%, and MGIs were 357.7 and 208.7, respectively (GMTs were 1787.6 
and 1043.3, respectively). Neutralizing antibody responses were comparable with HI antibody 
responses. During the 7-day postvaccination periods, for 91.1% of subjects at least 1 general 
symptom was reported, and for 62.5% at least 1 local symptom was reported. Increased 
reactogenicity following each additional dose, particularly comparing dose 1 to dose 3, was noted. 
Solicited or unsolicited local symptoms 7 days after each dose were reported for 32.1%, 34.2%, and 
51.9% of subjects, following dose 1, 2, and 3, respectively. Fever was reported for 12.5%, 32.4%, and 
50.0% of subjects and grade 3 fever for 1.8%, 5.4%, and 10.2% of subjects, after dose 1, 2, and 3, 
respectively. During the 21 days following each dose, at least 1 unsolicited AE was reported for 
63.7% of subjects. MAEs were reported for 60.2% of subjects throughout the study. From D0 up to 
D364, 13 SAEs (none fatal or vaccine-related) and no pIMDs were reported. Conclusions: The 
heterologous booster dose of H5N1-Tu given 6 months following 2-dose primary vaccination with 
H5N1-In elicited a robust immune response that met all CHMP criteria and persisted to D364. An 
increase in reactogenicity following each additional dose of study vaccine, particularly comparing 
dose 1 to dose 3, was noted. Overall, no safety concerns were identified. Funding: GlaxoSmithKline 
Biologicals SA. 

P1-412 

AS03B-adjuvanted H5N1 vaccination in children 3 to 17 years of age: an open, 
controlled evaluation of safety and immunogenicity following primary and 
heterologous booster vaccination  

P Izurieta1*, MJ Aragon2, M Drame3, DW Vaughn4

1GlaxoSmithKline Vaccines, Wavre, Belgium; 2Research Institute for Tropical Medicine, Muntinlupa 
City, Philippines; 3GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United 
States; 4GlaxoSmithKline Vaccines, Rixensart, Belgium 

Background: The development of safe and effective vaccines is key in case of an H5N1 influenza 
pandemic. Heterologous prime-boost vaccination schedules could simulate vaccination scenarios 
through using booster pandemic-specific strains differing from strains used in primary vaccination. 
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This study assessed the superiority of immune responses to an H5N1 vaccine containing 1.9µg 
A/turkey/Turkey/01/2005 hemagglutinin (HA) antigen and AS03B adjuvant (5.83mg tocopherol) 
(H5N1-Tu) in subjects primed with 2 doses of AS03B-adjuvanted H5N1 vaccine containing 1.9 µg 
A/Indonesia/05/2005 HA antigen (H5N1-In) versus H5N1-unprimed subjects. Materials and Methods: 
In this phase III, randomized, open, active-controlled study (NCT01379937), subjects 3-17 years of 
age from the Philippines were randomized (3:3:2:2) to receive: (1) 2 H5N1-In doses (days (D) 0 and 
21) followed by either 1 H5N1-Tu dose (D182) and 1 hepatitis A vaccine (HAV) dose (D364) (H5_H5)
or 2 HAV doses (D182, D364) (H5_HAV), or (2) a first HAV dose (D0) followed by either 1 H5N1-Tu 
dose (D182) and a second HAV dose (D364) (HAV_H5) or a second HAV dose (D182) (HAV_HAV). 
Blood samples were collected on D0, D42, D182, D192 (except for H5_HAV and HAV_HAV) and 
D364 (except for HAV_ HAV). Superiority of the booster response to H5N1 vaccine was shown if at 
D192 the lower limit of the 95% confidence interval (CI) for the hemagglutination inhibition (HI) 
geometric mean titer (GMT) ratio for subjects primed with 2 doses of H5N1 vaccine versus H5N1-
unprimed subjects was above 1. HI antibody responses were evaluated against H5N1-In and H5N1-
Tu in terms of GMTs, seroprotection rates (SPRs), seroconversion rates (SCRs, only for H5N1-In), 
and post-booster SCRs and booster factors (BFs, compared to D182), only for H5N1-Tu. Neutralizing 
antibodies were evaluated in terms of GMTs, vaccine response rates (VRRs) and booster VRRs. 
Solicited local and general symptoms 7 days after each dose and unsolicited adverse events (AEs) 21 
days after each dose and during D0–84 were assessed. Medically-attended adverse events (MAEs), 
potential immune-mediated diseases (pIMDs) and serious adverse events (SAEs) were collected 
throughout the study. Results: Of the 520 vaccinated subjects, 464 were included in the month 6 and 
501 in the month 12 according-to-protocol (ATP) cohort for immunogenicity. The HI antibody response 
against H5N1-Tu was superior in the H5_H5 versus HAV_H5 group: the lower limit of the 95% CI for 
GMT ratio at D192 was 7.30. At D192, GMTs were 737.6 and 24.7; SPRs were 100% and 33.3%; 
post-booster SCRs were 100% and 32.1%; and BFs against H5N1-Tu were 18.6 and 4.1, for H5_H5 
and HAV_H5 groups, respectively. At D364, GMTs were 215.1 and 18.4; SPRs were 99.3% and 
20.0%; post-booster SCRs were 69.5% and 18.0%; and BFs against H5N1-Tu were 5.6 and 3.0 in 
H5_H5 and HAV_H5 groups, respectively. At D192, GMTs, SPRs and SCRs against H5N1-In were 
674.1 and 7.6, 100% and 3.6%, and 100% and 3.6% in H5_H5 and HAV_H5, respectively. The 
neutralizing antibody response was comparable to the HI antibody response. For children < 6 years of 
age, the results suggested an increase in fever frequency following the second and particularly the 
third H5N1 vaccine dose. From D0 to D182, at least 1 MAE was reported for 36.9% of subjects in the 
pooled H5N1 groups (H5_H5, H5_HAV) and for 30.8% of subjects in the pooled control groups 
(HAV_H5, HAV_HAV). By the D364 visit, at least 1 MAE was reported for 41.7% (H5_H5), 53.8% 
(H5_HAV) and 39.4% of subjects (HAV_H5 and HAV_HAV). No fatal or vaccination-related SAEs or 
pIMDs were reported throughout the study. Conclusions: This study demonstrated the superiority of 
the immune response and the existence of an anamnestic immune response against H5N1-Tu in 
children 3-17 years of age previously primed with 2 doses of H5N1-In versus those unprimed with 
H5N1. No safety concerns were identified throughout the study except for the increased incidence of 
fever in children < 6 years of age. Funding: GlaxoSmithKline Biologicals SA. 

P1-413 

Characteristics of vaccine failures in a randomized placebo-controlled trial of 
inactivated influenza vaccine in children 

S Ng1, V Fang1, D Ip1, K Chan2, G Leung1, M Peiris1,3, B Cowling1* 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Department of Microbiology, Li Ka Shing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, China; 3Centre for Influenza 
Research, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong Special 
Administrative Region, China 

Background: Influenza vaccine is efficacious in preventing influenza infections in school-age children. 
While infections in vaccinated persons, referred to as vaccine failures, are known to occur in vaccines 
with imperfect efficacy, few studies have investigated whether trivalent inactivated influenza vaccine 
(TIV) can reduce seriousness of illness or the degree or duration of viral shedding in vaccine failures 
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in children. In a large randomized controlled trial in children aged 6-17 y, TIV had moderate to high 
efficacy in preventing confirmed influenza B virus infections (Cowling B, et al. Clin Infect Dis. 2012). In 
further analysis of data from that trial, here, we examined the effect of TIV on patterns in viral 
shedding and illness associated with confirmed influenza B virus infections in children. Materials and 
Methods: 796 children 6-17y of age were randomly allocated to receive 1 dose of TIV (0.5 mL 
VAXIGRIP; Sanofi Pasteur) or saline placebo from August 2009 through February 2010. One of the 
vaccine strains was a B/Brisbane/60/2008-like (Victoria-lineage) virus. After vaccination, subjects and 
their households were intensively monitored for 9-12 m for acute respiratory illnesses and nose and 
throat swabs were collected for testing by quantitative RT-PCR. Viral loads were analyzed using a 
log-linear mixed-effects model that allows for repeated measures for each subject and inclusion of 
vaccination status and day from symptom onset as covariates. Time to alleviation of respiratory 
symptoms (cough, sore throat, or runny nose), systemic symptoms (chills, headache, fever, or muscle 
pain), and fever was compared between TIV and placebo groups using accelerated failure time 
models. Results: Of 796 randomized children, 470 (TIV) and 312 children (placebo) completed follow-
up. Among these 782 children, we collected 1471 nose and throat swabs and were able to identify 60 
episodes of PCR-confirmed influenza. Due to small numbers of PCR-confirmed influenza 
A(H1N1)pdm09, A(H3N2), and B(Yamagata-lineage) infections, the present analyses focused on the 
32 episodes of confirmed influenza B(Victoria-lineage) infections. These episodes occurred a median 
of 127 days (range, 48-251 days) following vaccination. The circulating influenza B viruses remained 
antigenically close to the vaccine strain based on phylogenetic analyses of their HA gene. Overall, 20 
(63%) of the PCR-confirmed influenza B virus infections could be matched with a URTI episode. 
While TIV showed 66% (95% CI: 33%-83%) efficacy in preventing PCR-confirmed influenza B, the 
proportion of PCR-confirmed infections that could be matched with illness episodes did not differ by 
vaccination status (P = .83). Vaccine failures had lower postvaccination HAI titers compared to the 
other TIV recipients (P = .04) while the difference in prevaccination titer (P = .31) and geometric HAI 
titer rise following vaccination (P = .10) were not statistically significant. Viral shedding was observed 
to decline following a log-linear trend and was projected to cease at around day 10 with no significant 
difference between the TIV group (ie, vaccine failures) compared to the placebo group (P = .78). 
Patterns in illness were similar, and there was no significant difference between confirmed infections 
in the TIV versus placebo recipients in time to alleviation of respiratory symptoms (P = .21), systemic 
symptoms (P = .44), or fever (P = .89). Conclusions: While TIV was efficacious in preventing influenza 
B virus infection, in this randomized placebo-controlled trial we did not find any evidence that TIV 
additionally reduced the duration of illness, or the degree or duration of influenza B virus shedding in 
PCR-confirmed cases. Most importantly, low antibody response to TIV was observed among vaccine 
failures. A low level of post-vaccination HAI antibody titer in vaccine failures may therefore explain 
why those subjects were not protected against infection, and why there was no apparent effect on the 
degree and duration of illness and viral shedding. 

P1-414 

Seasonal influenza vaccine uptake in Kenya in 2012: does father involvement 
make a difference? 

N Otieno1*, D Caselton1, B Nyawanda1, E Rwamba1, G Bigogo 1, M Katz2, J Mott2

1Kenya Medical Research Institute/Centers for Disease Control and Prevention (KEMRI/CDC), 
Kisumu and Nairobi, Kenya; 2Centers for Disease Control and Prevention, Influenza Division, Atlanta, 
Georgia, United States 

Background: Paternal involvement in health decision-making for children has been associated with 
positive child health outcomes, including increased rates of vaccination (Rammohan A, et al. BMC 
Public Health. 2012;12:336); however, the role that fathers play in the health of children in tropical 
Africa remains underexplored. Seasonal influenza vaccine is not routinely offered by Kenya’s 
Expanded Programme on Immunization, and therefore, not readily available in Kenya. In 2010, 
KEMRI/CDC launched a 3-year observational seasonal influenza vaccine effectiveness study in 2 
population-based infectious disease surveillance (PBIDS) sites: Kibera, an informal settlement in 
Nairobi, and Lwak, a rural community in Nyanza Province, Western Kenya. Free seasonal influenza 
vaccine was offered to children, 6 months to 10 years of age, who were enrolled in PBIDS in the 2 
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sites. We assessed the extent of fathers’ involvement in seasonal influenza vaccine uptake in these 
sites. Materials and Methods: Annual vaccination campaigns were conducted from designated health-
facilities in both sites. In 2012, nurses at health facilities administered standardized questionnaires to 
the parents or caretakers of vaccinated children during the campaign from March-May. We also 
sampled approximately 500 households at each site and conducted structured interviews of male 
healthcare decision-makers/caretakers from July-August. Households were stratified into 3 
categories: fully vaccinated against influenza (all children in the household recieved the 
recommended number of doses of influenza vaccine), partially vaccinated (1 or more of the children in 
the household received a dose of vaccine, but not all children received all needed doses), and not 
vaccinated against influenza (no children in the household received vaccine). Multivariate ordinal 
logistic regression analysis was performed using Proc GENMOD in SAS to adjust for clustering of 
responses within households to evaluate associations between independent variables measuring 
paternal and maternal age and educational variables, paternal and maternal attitudes towards the 
importance of seasonal influenza vaccine, and paternal engagement in vaccine decision-making with 
a dependent variable of household vaccination status. Results: We provided 27,602 doses of vaccine 
to 17,613 children in the 2 communities. Of the 1074 sampled households, 456 (42.5%) were fully 
vaccinated against influenza, 405 (37.7%) were partially vaccinated, and 213 (19.8%) were not 
vaccinated. Over 90% of children were brought by their mothers to the vaccination campaign. 
Households in which both fathers and mothers were away from home for a duration > 3 months at the 
time of vaccination were less likely to vaccinate their children compared with households in which 
both parents were in the home during the vaccination campaign (aOR = 0.29; 95% CI 0.09-0.88; P = 
.03). However, households where either the father (aOR= 0.81; 95% CI 0.62-1.06; P = .12) or the 
mother (aOR= 1.60; 95% CI 0.68-3.74; P = .28) was away during the vaccination campaign were 
more likely not to have their children vaccinated than households where both parents were present. 
Households with fathers who believed that influenza vaccines are important (aOR = 5.10; 95% CI 
1.63-15.97; P = .01); mothers who believed that influenza vaccines are important (aOR = 11.98; 95% 
CI 3.97-36.14; P < .001); and where both parents believed that influenza vaccines are important (aOR 
= 8.35; 95% CI 3.16-22.06; P < .001) were each more likely to have their children vaccinated when 
compared with households where both parents did not believe that the vaccines were important. 
Finally, households where fathers joined in the decision to have children vaccinated were more likely 
to vaccinate their children than households where the father did not join the vaccination decision 
(aOR = 3.01; 95% CI 1.62-5.62; P < .001). Conclusion: Mothers are highly visible parental caretakers 
at the time of vaccination, as 90% of vaccinated children were brought by their mothers for influenza 
vaccination in Kenya. However, both father’s and mother’s belief in the importance of influenza 
vaccine, and fathers’ involvement in the decision to vaccinate children, were significantly associated 
with vaccination against seasonal influenza in Kenya. Despite the visibility of mothers at the time of a 
child’s vaccination, the fathers’ role in vaccine decision-making should not be overlooked. Targeting 
fathers in sensitization activities during future campaigns may help to increase vaccination coverage 
rates. 

P2-498 

Seasonal influenza vaccine coverage by risk group in Thailand, 2010-2012 

JT Owusu1,2*, P Prapasiri2, D Ditsungnoen2, G Leetongin3, P Yoocharoen4, J Rattanayot3, SJ Olsen2,5, 
C Muangchana6

1ASPH/CDC Allan Rosenfield Global Health Fellow, Atlanta, Georgia, United States; 2Influenza 
Program, Thailand Ministry of Public Health—US Centers for Disease Control and Prevention 
Collaboration, Nonthaburi, Thailand; 3National Health Security Office, Thailand Ministry of Public 
Health, Nonthaburi, Thailand; 4Department of Disease Control, Thailand Ministry of Public Health, 
Nonthaburi, Thailand; 5Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 6National Vaccine Institute, Nonthaburi, Thailand 

Background: The World Health Organization (WHO) currently prioritizes seasonal influenza 
vaccinations for populations who are at the highest risk for serious complications from influenza, as 
well as health care personnel. In Thailand, universal health care covers influenza vaccine for persons 
with a high-risk condition and elderly persons (> 65 years), and the Ministry of Public Health covers 
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vaccine for health care personnel. In 2009, the Advisory Committee on Immunization Practice of 
Thailand expanded recommendations for influenza vaccination to the 5 WHO recommended target 
groups [pregnant women, health care personnel, children (6 months to 2 years), elderly, and persons 
with a high-risk condition], as well as obese persons and persons who are mentally disabled. We 
assessed vaccination coverage by age group and pregnancy status, and overall vaccine wastage, in 
Thailand from 2010 to 2012. Materials and Methods: From 2010 to 2012, the National Health Security 
Office (NHSO) purchased seasonal influenza vaccine for the universal health care program for 
persons with a high-risk condition and elderly persons; the Department of Disease Control (DDC) 
purchased vaccine for health care personnel. Vaccine was distributed to provinces and providers 
were supposed to vaccinate these 3 target groups first. The total number of vaccine doses purchased 
was obtained from NHSO and DDC. NHSO maintains records of all individuals who receive publicly 
purchased seasonal influenza vaccines. These data were analyzed to determine the number of 
individuals who received the influenza vaccine by risk group. Census data for registered nationals 
obtained from the Thailand National Statistics Office were used to identify the number of children 
aged 6 months to 2 years and elderly persons. The number of live births was used as a proxy for the 
number of pregnant women (Bureau of Policy and Strategy, Ministry of Public Health, Thailand). 
Vaccine coverage was defined as the proportion of individuals in each category who received the 
vaccine. Denominator data for other risk groups is being sought. Vaccine wastage was defined as the 
proportion of vaccines purchased by the public sector that were not used. Results: From 2010 to 
2012, 2.37, 2.52, and 3.29 million doses were purchased, respectively; the number of influenza 
vaccines publicly available increased 39% from 2010 to 2012. Vaccines administered by year were 
2,170,813 (91.6%), 2,259,614 (89.8%), and 2,976,836 (90.4%); vaccine wastage was 8.4% in 2010, 
10.2% in 2011, and 9.6% in 2012. Over the 3 years combined, 3,974,848 (54%) doses were 
administered to nonelderly persons with a high-risk condition; 1,721,490 (23%) to elderly persons, 
1,426,686 (19%) to health care personnel; 78,885 (1.1%) to obese persons, 82,570 (1.1%) to young 
children; 26,481 (0.4%) to persons who were mentally disabled; 17,787 (0.2%) to pregnant women, 
and 78,651 (1.1%) to persons whose risk group was unknown. The average vaccine coverage across 
all 3 years was 11.8% in elderly persons, 1.5% in young children, and < 1% in pregnant women. 
Compared with elderly men, elderly women had higher vaccine coverage (13% vs 11%, P < .01). No 
gender differences in coverage among young children was observed (male: 1.5%, female: 1.4%; P > 
.01). Vaccine coverage for elderly was higher outside of Bangkok (12% vs 5.6%, P < .01) but was 
comparable among young children (1.4% vs 1.7%, P < 0.01). Conclusion: In Thailand, the availability 
of seasonal influenza vaccine for use in the public sector increased 39% from 2010 to 2012; however, 
vaccine wastage also increased during this time. Vaccine coverage was highest in elderly persons, 
but still remained low at < 12%. These findings underestimate vaccine coverage since private and 
other public sector sales and use were not included. Results may reflect low rates of vaccine 
acceptance, insufficient capacity of immunization clinics, and shortcomings in vaccine management in 
Thailand. Annual monitoring of the vaccination campaign is warranted to assess progress and insure 
high coverage in the recommended risk groups. Future studies should validate the immunization data 
sources and seek to identify potential barriers to receiving influenza vaccine in Thais, as well as 
logistical considerations which may increase vaccine wastage.  

P2-499 

Safety, infectivity, and immunogenicity of H2N2, H5N1, H6N1, H7N3, and H9N2 
live attenuated influenza vaccines 

K Coelingh1*, H Jin1, C Luke2, K Talaat3, R Karron3, K Subbarao2

1MedImmune, Gaithersburg, Maryland, United States; 2National Institutes of Health, Bethesda, 
Maryland, United States; 3Johns Hopkins University, Baltimore, Maryland, United States 

Background: Hemagglutinin (HA) and neuraminidase (NA) genes of avian influenza viruses of 
pandemic potential (H2N2, H5N1, H6N1, H7N3, and H9N2) have been used to prepare 
investigational pandemic live attenuated influenza vaccines (pLAIV) based on the cold adapted A/Ann 
Arbor/6/60 donor strain. Clinical trial results in seronegative adults have been reported individually but 
have not been collectively summarized. Materials and Methods: Open-label inpatient clinical trials of 2 
doses of 106.7 to 107.5 median tissue culture infectious doses (TCID50) of H2N2 (Ann Arbor/1960), 
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H5N1 (Hong Kong/2003 and Vietnam/2004), H6N1 (teal/Hong Kong/1997), H7N3 (chicken/British 
Columbia/2004) and H9N2 (chicken/Hong Kong/1997) pLAIV were conducted in seronegative adults. 
A total of 173 adults (18-49 years of age) were vaccinated; in individual trials 52%-68% of subjects 
were male. Vaccine virus replication was measured by testing nasal wash specimens using 
quantitative viral culture or sensitive real-time reverse transcriptase polymerase chain reaction (rRT-
PCR) assays. Serum antibody responses were assessed using hemagglutination-inhibition (HAI), 
microneutralization, HA-specific IgG- or IgA-enzyme-linked immunosorbent (ELISA) assays. Nasal 
antibody responses were assessed using HA-specific IgA ELISA. For each pLAIV studied, the 
percentage of subjects with a 4-fold rise in antibody titer after any dose was summarized. Results: 
Vaccine shedding following dose 1 was modest and variable. The percentage of subjects with vaccine 
virus detected in nasal specimens by culture was 0% (Vietnam/2004 H5N1 and H6N1), 5% (H9N2), 
6% (Hong Kong/2003 H5N1), 19% (H2N2), and 24% (H7N3). Use of rRT-PCR did not substantially 
increase the proportion of subjects with detectable shedding beyond day 1. The percentage of 
subjects with a 4-fold rise in serum or nasal antibody titer differed among different vaccines, as did the 
assay that detected the greatest proportion of seroresponders. Overall seroresponse rates measured 
using HAI and microneutralization assays were similar; slightly more seroresponders were detected 
using HAI compared with microneutralization. Serum HAI response rates were modest for some 
vaccines (0% for A/Hong Kong/2003 H5N1, 5% for H6N1, and 12% for H2N2). Higher rates of 62% 
and 92% were observed for the H7N3 and H9N2, respectively. Response rates using serum IgG and 
IgA ELISA assays also varied for the different vaccines, and there was generally concordance 
between the 2 assays. For vaccines that had a low HAI seroresponse rate (H5N1, H6N1, and H2N2), 
the IgG and IgA ELISA detected substantially higher seroresponse rates. For example, the 
A/Vietnam/2004 H5N1 pLAIV, which had a 10% HAI seroresponse rate, had a 52% IgA ELISA 
seroresponse rate. Similarly, the H6N1 pLAIV had a 5% HAI seroresponse rate but a 27% IgG ELISA 
seroresponse rate. For all pLAIV tested, a smaller proportion of subjects developed nasal IgA 
responses compared with serum IgA responses. The percentage of subjects with a seroresponse in 
any assay was 100% (H9N2), 81% (H7N3), 62% (Vietnam/2004 H5N1), 36% (H6N1), 24% (Hong 
Kong/2003 H5N1), and 24% (H2N2). No effect of age or gender on immune response was noted. 
Conclusions: The proportion of seronegative subjects with detectable pLAIV replication was modest. 
Although rates for the H7N3 pLAIV (24%) and H2N2 pLAIV (19%) were comparable with the 17% rate 
for seasonal LAIV in adults of mixed baseline serostatus, other pLAIV containing avian HA/NA genes 
were less infectious in humans than seasonal LAIV containing human HA/NA genes. Serum antibody 
responses to pLAIV were modest. The seroresponse rate in any assay ranged from 24% to 100% for 
pLAIVs formulated at a potency of at least 107 TCID50. HAI response rates ranged from 0% to 92%. 
By comparison, the serum HAI response rate of seronegative adults was approximately 12% to 14% 
to human influenza A strains in trivalent seasonal LAIV and 15% to monovalent H1N1 2009pdm LAIV. 
Thus, the modest serum antibody response rates measured for pLAIV are consistent with experience 
with seasonal LAIV. However, even in the absence of measurable shedding and/or immune 
responses, immunological priming might still occur. Sponsored by MedImmune and the NIAID 
Division of Intramural Research, NIH. 

P2-500 

Potential impact of prior vaccination on live attenuated influenza vaccine 
efficacy 

H Caspard*, X Wu, C Ambrose 

MedImmune, Gaithersburg, Maryland, United States 

Background: A recently published observational study of mostly inactivated vaccine recipients raised 
the question of whether influenza vaccine effectiveness is lower among subjects vaccinated against 
influenza in the prior season, perhaps due to suboptimal immune responses when sequential 
vaccines are closely related antigenically. The aim of this study was to present data from randomized 
controlled trials describing the efficacy of live attenuated influenza vaccine (LAIV) by vaccine 
type/subtype (A/H1N1, A/H3N2 or B) in 2 consecutive years, and to compare vaccine efficacy in year 
2 depending upon whether the vaccine strains differ or not from those contained in year 1. Material 
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and Methods: All 2-year randomized clinical trials of LAIV versus placebo were reviewed. Vaccine 
efficacy against laboratory confirmed cases of influenza due to antigenically similar strains in year 1 
and 2 was assessed in subjects vaccinated with 2 doses of LAIV in year 1 and one dose of LAIV in 
year 2 versus subjects who received placebo in year 1 and year 2. A log binomial model was used to 
estimate vaccine efficacy for each study, as well as consolidated estimates adjusting for study 
variation. Consolidated vaccine efficacy was not estimated when heterogeneity of vaccine efficacy 
between studies was significant. Results: Four published prospective double-blind randomized clinical 
trials comparing the efficacy of live attenuated influenza vaccine (LAIV) versus placebo during 2 
consecutive years were identified. These studies enrolled previously unvaccinated children aged 6 to 
83 months. A total of 4145 children were assessed in year 2: 2497 LAIV recipients and 1648 placebo 
controls. A/H1N1 strains contained in the vaccine were the same in 3 studies. Consolidated vaccine 
efficacy (95% confidence interval) was 89% (79%, 94%) in year 1 and 93% (77%, 98%) in year 2. In 
the study in which A/H1N1 strains differed in years 1 and 2, no case of laboratory confirmed A/H1N1 
was identified in year 2. A/H3N2 strains contained in the vaccine in years 1 and 2 were the same in 
one study. Vaccine efficacy was 96% (89%, 99%) in year 1 and 100% (NA, 100%) in year 2. Among 
the 3 studies in which A/H3N2 vaccine strains differed in years 1 and 2, vaccine efficacy was 73% 
(56%, 83%) in year 1 and 88% (82%, 92%) in year 2. B strains contained in the vaccine in years 1 
and 2 were the same in 2 studies. Vaccine efficacy was 89% (73%, 95%) in year 1 and 100% (NA, 
100%) in year 2. Vaccine efficacy in year 2 was significantly different between the 2 studies in which B 
strains differed in years 1 and 2: 82% (55%, 92%) versus −102% (−998%; 63%); therefore no 
consolidated efficacy was calculated. Conclusions: LAIV consolidated efficacy estimates in year 2 
were consistently greater than 80%, regardless of whether vaccine strains in year 1 and 2 were the 
same or different. These data suggest that LAIV efficacy in children does not decline with 
revaccination. Sponsored by MedImmune. 

P2-501 

Sublingual priming and heterologous intramuscular boosting of immune 
responses with whole inactivated virus vaccine influenza 

S Murugappan1*, A Huckriede2, H Patil2, HW Frijlink1, WLJ Hinrichs1 

1Department of Pharmaceutical Technology and Biopharmacy, University of Groningen, Groningen, 
The Netherlands; 2Department of Medical Microbiology, Molecular Virology Section, University 
Medical Center Groningen, Groningen, The Netherlands 

Background: Vaccination is the best approach to contain the spread of influenza virus during 
pandemics. However, production of vaccine for a newly emerging strain can be very time consuming. 
If a potentially pandemic strain is known, as is the case for H5N1, vaccine can be produced and 
stockpiled. While the stockpiled vaccine might not completely match with the final H5N1 pandemic 
strain it has been shown to be still useful for priming of an H5N1-specific immune response. We 
hypothesized that priming could be effectively achieved by sublingual vaccination, and would improve 
the response to intramuscular (IM) boosting with a drifted strain. In this study, this approach of 
sublingual priming and IM boosting with heterologous flu vaccines was evaluated. Materials and 
Methods: Freeze-dried whole inactivated virus (WIV) influenza vaccine prepared from strain NIBRG-
14 was reconstituted in water and used for immunization of mice via the sublingual route. After 56 
days, the immune response was boosted by IM injection of NIBRG-23. After another 28 days, 
antibodies in lung and nasal washes were evaluated along with the systemic immune response. Mice 
immunized once with NIBRG-23 by an IM injection at day 56 were used as control. Results: A single 
IM immunization of mice with NIBRG-23 did induce serum IgG but hemagglutination inhibition (HAI) 
titers were below the detection limit. If mice were primed by sublingual immunization with NIBRG-14 
prior to IM immunization with NIBRG-23, NIBRG-23-specific antibody titers were significantly 
enhanced and HAI titers were readily detectable. Both the antibody response and the HAI titers 
induced by 2 vaccine doses, ie, sublingual prime and intramuscular boost were found to be 
significantly higher as compared to those induced by one intramuscular vaccine dose (NIBRG-23). 
Moreover, the sublingual prime/IM heterologous boost regime resulted in induction of influenza-
specific IgA in nose and lungs. Conclusions: In conclusion, the sublingual immunization with a 
stockpiled vaccine strain can effectively prime the immune system for a subsequent IM immunization 
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with a drifted influenza strain. This immunization regime resulted in increased serum antibody titers 
and the induction of IgA in the upper airways, the port of virus entry. Hence, this approach of 
vaccination may help to face the vaccine shortage during pandemic outbreaks. 

P2-502 

Pressure-inactivated avian influenza virus: implications for vaccine 
development  

SPC Barroso1, D Nico2, D Nascimento3, ACV Santos1, JNSS Couceiro2
, FA Bozza3, AMA Ferreira2, C 

Palatinik2, JL Silva1, AC Oliveira1*

1Instituto de Bioquímica Médica, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil and 
Instituto Nacional de Ciência e Tecnologia de Biologia Estrutural e Bioimagem, Brazil; 2Instituto de 
Microbiologia, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil; 3Instituto de Pesquisa 
Evandro Chagas, Fundação Oswaldo Fiocruz, Rio de Janeiro, Brazil 

Background: Influenza virus poses a serious global health threat, particularly in light of newly 
emerging strains, such as the avian virus H5N1 and H7N9. Vaccination remains the primary method 
for prevention of acquiring influenza or to avoid developing serious complications related to the 
disease. Vaccination based on virus-inactivated split vaccines and on chemically inactivated whole 
virus have some important drawbacks, including changes in immunogenic properties of the virus. To 
induce a greater mucosal immune response, vaccines by intranasal administration are highly desired 
as the intranasal vaccination strategy can not only prevent disease, but can also block infection at its 
primary site. Hydrostatic pressure has been used as a potential method for viral inactivation and 
vaccine production. Materials and Methods: An egg-grown inactivated H3N8 whole virus vaccine was 
prepared using hydrostatic pressure as inactivating agent. The residual infectivity of the pressurized 
virus samples was assayed for 3 sequential serial passages in embryonated hens eggs and MDCK 
cells monolayer. The hemagglutinin and neuraminidase activity was assayed by hemagglutination and 
sialidase assay. Visualization of pressurized and control viruses were performed in a transmitted 
electron microscope. To evaluate the immunogenic capacity of inactivated particles, we used 6-week-
old female Balb/c mice. The animals were immunized intranasally at weekly intervals, with 3 doses of 
100 µg/mL pressurized virus (1 TCID50, 265HAU/50 µL). On day 21, mice were challenged in 
intranasal route with 400 µg/mL (512 HAU/50 µL) of wild-type H3N8 virus. After vaccination and 
infection, IgG2a, IgG1 and IgA were measured in sera, feces, and nasal wash using an ELISA. To 
further investigate the ability of the pressure-inactivated virus in stimulating the immune system we 
evaluated the production of cytokines (IL-2, IL-4, IL-6, IL-10, IFN-γ, and TNF-α) in the supernatants of 
splenocytes and BAL. We also performed lung histopathology analysis by light microscope. Results: 
In this study we show that hydrostatic pressure is able to inactivate the H3N8 avian influenza virus, 
while still maintaining hemagglutination and neuraminidase functionality. Challenged vaccinated-
animals showed no disease signs (ruffled fur, lethargy, weight loss, and huddling). In the same way, 
these animals showed less Evans blue leakage and cell counts in bronchoalveolar lavage when 
compared to challenge non vaccinated group. We found that the whole inactivated particles were 
capable to generate neutralizing antibody response in serum, also been found IgA in nasal mucosa 
and feces. After vaccination and challenge we found Th1/Th2 cytokines secretion with prevalence of 
IFN-γ. Vaccinated and further-challenged mice showed no lung damage. Conclusions: Our results 
showed that the animals present a satisfactory immune response after vaccination and are protected 
against challenge. These data may pave the way into the development of a novel pressure-based 
vaccine against influenza virus. 
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P2-503 

Safety and immunogenicity of a vero cell culture-derived whole-virus H5N1 
influenza vaccine in a pediatric population 

MVW van der Velden1*, R Fritz2, E-M Pöllabauer1, D Portsmouth2, MK Howard2, TR Kreil2, T Dvorak3, 
S Fritsch3, T Vesikari4, J Diez-Domingo5, P Richmond6, BW Lee7, O Kistner2, HJ Ehrlich3, PN Barrett2, 
G Aichinger1

1Vaccine R&D, Baxter BioScience, Vienna, Austria; 2Vaccine R&D, Baxter BioScience, Orth/Donau, 
Austria; 3Global R&D, Baxter BioScience, Vienna, Austria; 4University of Tampere Medical School, 
Tampere, Finland; 5Centro Superior de Investigación en Salud Pública (CSISP), Valencia, 
Spain; 6University of Western Australia School of Paediatrics and Child Health, Vaccine Trials Group, 
Telethon Institute for Child Health Research, Princess Margaret Hospital for Children, Subiaco, WA, 
Australia; 7The Child and Allergy Clinic, Mount Elizabeth Medical Centre, Singapore, Singapore 

Background: The development of vaccines against H5N1 influenza viruses is a cornerstone of 
pandemic preparedness. A nonadjuvanted, Vero cell culture-derived whole-virus H5N1 vaccine has 
been shown to be safe and immunogenic in multiple clinical studies in adult and elderly populations, 
and to effectively induce neuraminidase-inhibiting (NAi) antibodies in adults. As children are at 
increased risk of severe disease attributable to influenza, and are particularly vulnerable to infection 
with novel influenza viruses, the safety and immunogenicity of this vaccine was further investigated in 
a pediatric population aged 6 months to 17 years. Antibody responses to both hemagglutinin (HA) and 
neuraminidase (NA) were assessed, and the induction of immunological memory and the ability of a 
heterologous booster immunization to induce cross-clade antibody responses were evaluated. 
Materials and methods: Between December 21, 2009 and May 24, 2012, a phase 1/2 partially blinded 
study was conducted at 20 study centers in Finland, Spain, Singapore, and Australia. Participants 
were sequentially enrolled after initial review of safety data in each successive age cohort (ie, 9-17 
years, 3-8 years, and 6-35 months) by an independent Data Monitoring Committee. Adolescents aged 
9-17 years received 2 priming immunizations, 21 days apart, with the H5N1 vaccine containing 7.5 µg 
HA antigen of clade 1 A/Vietnam/1203/2004. Children and infants aged 3-8 years and 6-35 months 
were randomized 1:1 to receive 2 immunizations with a 7.5 µg or 3.75 µg HA dose of 
A/Vietnam/1203/2004 strain H5N1 vaccine. A subset of participants received a booster immunization 
with a clade 2.1 A/Indonesia/05/2005 strain H5N1 vaccine approximately 1 year later. Antibody 
responses were assessed by virus neutralization (MN) and single radial hemolysis (SRH) assay. An 
enzyme-linked lectin assay was used to assess NAi antibodies. Vaccine safety was assessed 
throughout the study. Results: The H5N1 vaccine was safe and well-tolerated in all age groups. 
Adverse reactions were transient and predominantly mild in severity. No vaccine-related serious AEs 
were reported. Two immunizations with the 7.5 µg dose of A/Vietnam vaccine induced MN titers ≥ 
1:20 against the A/Vietnam strain in 85.4%, 72.9%, and 68.8% of participants aged 9-17 years, 3-8 
years and 6-35 months, respectively. After the booster vaccination with the 7.5 µg dose of 
A/Indonesia H5N1 vaccine, the corresponding rates of MN titers ≥ 1:20 against the A/Vietnam and 
A/Indonesia strains were ≥ 93.1%, ≥ 94.7%, and 100.0%. The MN data were broadly supported by the 
SRH data. N1-specific NAi antibodies were induced in 99.7%, 91.8%, and 90.3% of participants in the 
9-17 years, 3-8 years and 6-35 months age groups, respectively, after two immunizations with the 7.5 
µg A/Vietnam vaccine. After the A/Indonesia booster vaccination, 100% of participants in all age 
groups had N1-specific NAi antibodies. Conclusions: A nonadjuvanted, Vero cell culture-derived 
whole-virus H5N1 influenza vaccine is safe and well-tolerated in healthy infants, children and 
adolescents aged 6 months to 17 years. Functional antibody responses to H5N1 HA and NA were 
effectively induced after two immunizations with the H5N1 influenza vaccine, which primed for robust 
cross-clade neutralizing antibody responses as well as NAi responses after boosting with a 
heterologous H5N1 vaccine approximately one year after priming. These data support use of the 
H5N1 influenza vaccine in both pre-pandemic and pandemic vaccination programs for the highly 
vulnerable pediatric population. 
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P2-504 

Evaluation of different formulations of an H9N2 vaccine with or without AS03 
adjuvant in adults aged 18-64 years 

A Madan1*, H Collins2, E Sheldon3, L Frenette4, M Drame1, DW Vaughn5, A Schuind1 

1GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United States; 2Anderson & Collins, 
Clinical Research Inc., Edison, New Jersey, United States; 3Miami Research Associates, Miami, 
Florida, United States; 4QT Research, Sherbrooke, Quebec, Canada; 5GlaxoSmithKline Vaccines, 
Rixensart, Belgium 

Background: Influenza A virus subtype H9N2 is a low pathogenic avian influenza virus with limited 
incidence and severity in humans that has the potential to become pandemic. Development of 
vaccines against influenza caused by potential pandemic subtypes is a key strategy for pandemic 
preparedness. Antigen-sparing through adjuvantation allows for a faster and broader pandemic 
vaccination response. We evaluated the immunogenicity, reactogenicity and safety of different 
formulations of monovalent split-virus influenza A/chicken/Hong Kong/G9/1997 NIBRG-91 (H9N2) 
vaccine (produced by GlaxoSmithKline, Quebec, Canada) with or without adjuvant system 03 (AS03) 
in adults 18 to 64 years of age. Materials and Methods: In this phase I/II observer-blind, randomized, 
placebo-controlled study in the United States and Canada (NCT01659086), adults were randomized 
(1:1:1:1:1:1:1:1:1:1:4) to receive 2 doses (on days [D] 0 and 21) of either different H9N2 
hemagglutinin (HA) antigen formulations or saline placebo. H9N2 vaccine regimens administered 
were: 1.9μg HA adjuvanted with AS03A (1.9μgHA+AS03A) or AS03B (1.9μgHA+AS03B), 3.75μg HA 
adjuvanted with AS03A (3.75μgHA+AS03A) or AS03B (3.75μgHA+AS03B) or 15μg HA H9N2 plain 
antigen (15μgHA). AS03 contains α-tocopherol (AS03A: 11.86mg; AS03B: 5.93mg) and squalene as 
an oil-in-water emulsion. Hemagglutination inhibition (HI), seroprotection rates (SPRs), 
seroconversion rates (SCRs), and mean geometric increase (MGI) were evaluated on D21 and D42 
according to the US Center for Biologics Evaluation and Research (CBER; lower 95% confidence 
interval [CI] for SCR ≥ 40%, for SPR ≥ 70%) and the EU Committee for Medicinal Products for Human 
Use (CHMP; point estimate for SCR > 40%, for SPR >70%, for MGI > 2.5) immunogenicity criteria. 
Adjuvant benefit was demonstrated if the lower limit of the 95%CI of the HI geometric mean titre 
(GMT) ratio of the adjuvanted formulations over plain antigen was > 1. Solicited local and general 
adverse events (AEs) were evaluated for 7 days and unsolicited AEs for 21 days after each dose. 
Medically attended adverse events (MAEs), potential immune-mediated diseases (pIMDs), and 
serious adverse events (SAEs) were collected throughout the study. Results are reported here up to 
21 days postdose 2 (D42); this ongoing study includes a booster vaccination at D182 with different 
H9N2 vaccine regimens. Results: Of 420 vaccinated subjects, 404 were included in the according-to-
protocol cohort for immunogenicity (ATP-I) D21 and 383 in the ATP-I D42. At D21 and D42, the 
immune response to adjuvanted H9N2 vaccines met all CHMP and CBER immunogenicity criteria. At 
D21, SCRs ranged from 91.1% to 96.3%, SPRs from 96.4% to 100%, and MGIs from 24.19 to 43.95 
in the adjuvanted groups. At D42, SCRs ranged from 98.1% to 98.3%, SPRs were 100%, and MGIs 
ranged from 82.79 to 124.36 in the adjuvanted groups. The immune response to H9N2 HA plain 
antigen also met all CHMP and CBER immunogenicity criteria at D21 and D42. An adjuvant effect 
was demonstrated for 1.9μgHA+AS03A, 3.75μgHA+AS03A and 3.75μgHA+AS03B at D21 and all 
adjuvanted formulations at D42. Pain was reported more frequently in the adjuvanted groups than in 
the 15μg HA or placebo groups. No increase in AE frequency was observed after dose 2. Up to D42, 
MAEs were reported by 4.9% (1.9μgHA+AS03A) to 14.4% (placebo) of subjects. Up to D42, 3 SAEs 
(none fatal or vaccine-related) and no pIMDs were reported. Conclusions: The HI immune response to 
AS03A- or AS03B-adjuvanted H9N2 vaccine containing 1.9μg or 3.75μg HA antigen met all CBER and 
CHMP immunogenicity criteria 21 days after dose 1 and 2. Although adjuvant benefit was 
demonstrated at D42 for all adjuvanted groups, establishing antigen sparing, the plain antigen 
formulation also met immunogenicity criteria at D21 and D42. The different H9N2 vaccine 
formulations were generally well tolerated and no safety concerns were identified up to D42. Funding: 
GlaxoSmithKline Biologicals SA and BARDA. 
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P2-505 

Influenza symptoms and impact on quality of life in elderly adults: effect of 
AS03-adjuvanted or –non-adjuvanted inactivated trivalent seasonal influenza 
vaccines 

GA van Essen1, J Beran2, J-M Devaster3, C Durand3, X Duval4, M Esen5, A Falsey6, G Feldman7, P 
Gervais8, BL Innis9, M Kovac3, O Launay10, G Leroux-Roels11, JE McElhaney12, S McNeil13, M Oujaa3, 
J Richardus14, G Ruiz-Palacios15, RH Osborne16,17*, L Oostvogels3  

1Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht, the 
Netherlands; 2Vaccination and Travel Medicine Centre, Poliklinika 2, Czech 
Republic; 3GlaxoSmithKline Vaccines, Wavre, Belgium; 4Inserm CIC 007, U 738, Hôpital Bichat 
Claude Bernard, Paris, France; 5Institut für Tropenmedizin, Tübingen, Germany; 6University of 
Rochester Medical Center, Rochester, New York, United States; 7S. Carolina Pharmaceutical 
Research, Spartanburg, South Carolina, United States; 8Q&T Research Sherbrooke, Sherbrooke, 
Canada; 9GlaxoSmithKline Vaccines, King of Prussia, Pennsylvania, United States; 10Inserm, CIC 
BT505, and National Network of Clinical Investigation in Vaccinology (REIVAC), Université Paris 
Descartes, Assistance Publique Hôpitaux de Paris, Groupe Hospitalier, Paris Centre CIC de 
Vaccinologie Cochin/Pasteur, Paris, France; 11Centre for  Vaccinology, Ghent University and 
University Hospital, Ghent, Belgium; 12HSN Volunteer Association Chair in Geriatric Research, 
Advanced Medical Research Institute of Canada, Ontario, Canada; 13Canadian Center for 
Vaccinology, IWK Health Centre and Capital Health, Dalhousie University, Halifax, Nova Scotia, 
Canada; 14GGD Municipal Public Health Service, Rotterdam-Rijnmond, Department of Infectious 
Disease Control, Rotterdam, the Netherlands; 15Department of Infectious Diseases, Instituto Nacional 
de Ciencias Médicas y Nutrición Salvador Zubirán, México City, México; 16Public Health Innovation, 
Population Health Strategic Research Centre, Deakin University, Melbourne, Australia; 17Measured 
Solutions for Health P/L, Melbourne, Australia 

Background: The burden of seasonal influenza in the elderly is high, and vaccination against seasonal 
influenza is recommended routinely for the elderly in many countries. However, it is well recognised 
that the immune response to vaccination is lower in the older adults compared with younger adults, 
with a corresponding decrease in vaccine effectiveness. In the geriatric setting, patient-reported 
outcomes (PROs) are particularly relevant, since the most important characteristic of an improved 
vaccine may include reduction of symptom severity rather than prevention of infection. Although 
clinical trials of influenza vaccines usually focus on prevention of illness, independent of severity, 
reduction in disease severity may be a more realistic and clinically significant goal. The effects of 
disease symptoms on an individual are best measured by PROs, which have become recognised as 
important endpoints in clinical trials in many therapeutic areas and validated by the US Food and 
Drug Administration (FDA). The aim of this study was to evaluate PROs in subjects aged ≥ 65 years 
receiving two different vaccines. Materials and Methods: This was a phase III, randomised, observer-
blinded study (NCT00753272) of the AS03-adjuvanted inactivated trivalent split-virion influenza 
vaccine candidate (AS03-TIV) versus a non-adjuvanted commercially available trivalent influenza 
vaccine (TIV) in elderly patients aged ≥ 65 years. A new instrument, the Influenza Intensity and 
Impact Questionnaire (FluiiQTM), previously developed to meet FDA PRO standards, was used to 
compute symptom scores (systemic, respiratory, total) and life-impact scores (activities, emotions, 
relationships). The minimal important difference in influenza severity between vaccines for the post 
hoc analysis was > 7%. Vaccine efficacy of AS03-TIV relative to TIV in moderate to severe influenza 
(hospitalisation, complication or most severe one-third of episodes based on the AUC for systemic 
symptom score) was calculated post hoc. The main exploratory analyses were conducted on 
influenza cases confirmed by detection of virus or its RNA in the per-protocol cohort (n = 280 AS03-
TIV, n = 315 TIV). Results: More than 80% of study subjects provided calculable FluiiQTM data 
indicating that, in this population, PRO assessment is feasible and acceptable to study subjects. 
Patients vaccinated with AS03-TIV had lower mean systemic symptoms, total symptoms and impact 
on activities compared with those given TIV. Mean respiratory symptoms, impact on emotions and 
impact on relationships were similar between vaccines. Influenza tended to be less severe with AS03-
TIV, but the minimal important difference was reached only for the impact on activities score (mean 
difference: 9.0%). Relative vaccine efficacy in severe influenza was 29.38% (95% confidence interval: 
7.60–46.02). Conclusions: This exploratory analysis suggested that vaccination with AS03-TIV 
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reduced the impact of influenza on symptoms and daily activities as well as in prevention of moderate 
to severe illness. A key strength of the study was the use of the validated FluiiQTM questionnaire to 
study the impact of influenza vaccines on PROs and disease severity. Assessment of PROs 
characterizing a patient’s experience of illness may assist with making influenza vaccine efficacy trials 
more clinically relevant. Funding: GlaxoSmithKline Biologicals SA. 

P2-506 

Development of candidate vaccine virus derived from A/Anhui/1/2013(H7N9) 
strain 

K Nakamura1, M Shirakura1, A Muto1, T Naito1, S Fujisaki1, M Tashiro1, E Nobusawa1* 

1National Institute of Infectious Diseases, Musashimurayama-shi, Tokyo, Japan 

Background: On March 2013, the first case of human infection with avian influenza A/H7N9 virus in 
China was reported. Since there was a threat of pandemic, we have commenced to develop 
candidate vaccine viruses (CVVs) in April, along with other WHO Collaborating Centers. For this 
purpose, we have created 6:2 genetic reassortant viruses between A/Anhui/1/2013(H7N9) and high 
growth master virus A/PR/8/34 (H1N1) using reverse genetics technique. The viruses are in the 
evaluating process of their suitability for the practical use in vaccine production. Materials and 
Methods: A/Anhui/1/2013 (H7N9), one of egg-isolated strains, was kindly provided from China CDC. 
We have created the reassortant viruses using the 12 plasmid-based reverse genetics technique 
(kindly provided from Dr Yoshi Kawaoka, University of Wisconsin). In brief, the cDNA of HA and NA 
genes of A/Anhui/1/2013 was prepared by reverse transcription, cloned into the pPolI plasmid vector 
and was utilized to transfect LLC-MK2 cells together with another 10 plasmids encoding genes of 
PR8. The transfectants of LLC-MK2 cells were harvested at 48 hours posttransfection and inoculated 
into 10-days old specific-pathogen–free (SPF) embryonated chicken eggs to amplify the rescued 
viruses. The growth ability in eggs, genetic and antigenic properties of the obtained viruses have been 
characterized. Results: Direct sequencing on RT-PCR products of HA and NA genes amplified from 
the original virus showed that A/Anhui/1/2013 HA gene has a mixture of sequences encoding different 
amino acids at positions 123, 125, or 149 (H7 numbering). Genetic cloning and sequence analysis of 
HA cDNA revealed that three types of HA with 123N/125A/149N (identical with GISAID database 
EPI439507), 123N/125T/149N, and 123D/125A/149D were identified. These amino acid positions 
locate around the receptor-binding pocket of HA and a new N-linked oligosaccharide attachment site 
was created at position 123N by the amino acid 125T substitution. Nucleotide sequence of NA cDNA 
was concordant with that shown in the GISAID database (EPI439509). Using these HA and NA 
cDNAs, we have rescued three reassortant viruses, NIIDRG-10, NIIDRG-10.1 and NIIDRG-10.2, with 
the respective amino acid residues of HA, 123N/125A/149N, 123N/125T/149N, and 123D/125A/149D. 
After propagation in eggs, NIIDRG-10 showed 128 HA titer, while NIIDRG-10.1 and 10.2 showed 
higher HA titers of 1024-2048. NIIDRG-10.1 showed genetic stability of HA and NA genes during 4 
passages of the viruses in eggs. These results suggested that the amino acid sequences 
123N/125T/149N and 123D/125A/149D contributed to the growth ability of the virus in eggs. HI test 
using ferret antisera against A/Anhui/1/2013 revealed similar antigenic properties among these CVVs. 
The suitability of these CVV for the practical use in vaccine production, such as HA protein yields, 
immunogenicity, and pathogenicity, is under examination. Conclusion: During the pandemic and 
interpandemic phases, the high growth ability and high HA yields are desirable properties for CVV 
because such CVV would shorten a period of vaccine production. In this study, we developed several 
CVV derived from the original virus specimens and examined the characteristics of all the created 
viruses. As a result, we identified NIIDRG-10.1 with a possible advantage in the vaccine production 
because of their high HA titers and the genetic stability of HA gene. Field isolates frequently contain 
genetic variants arisen by viral evolution. As long as the original virus isolates would be quasi-species, 
to examine the properties of all the obtained viral clones is important for the establishment of the 
preferable CVV. We are grateful to Drs Y Kawaoka (Univ. of Tokyo) and T Odagiri (NIID) for providing 
antisera used for antigenic characterization of our CVVs. 
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P2-507 

Influenza vaccine-induced immune responses in children in rural India 

S Broor1*, S Gupta1, K Fowler2, W Sullender3, A Krishnan1, V Gupta1, M-A Widdowson4, A Reber4, J 
Stevens4, S Sambhara, R B Lal4 

1All India Institute of Medical Sciences, New Delhi, India; 2University of Alabama, Birmingham, 
Alabama, United States; 3 University of Colorado, Denver, Colorado, United States; 4Influenza 
Division, Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United States 

Background: The effectiveness of influenza vaccines is dependent not only on vaccine strain match 
with circulating strain, but also on induction of neutralizing antibodies. Little is known about vaccine-
induced immune responses in children in developing countries where nutritional and other 
environmental factors may result in altered responses. We report results of antibody responses in 
subsets of children (vaccine naive) enrolled in a house randomized, double blinded, active controlled, 
phase IV clinical trial of trivalent inactivated influenza vaccine (TIV) given to children 6 months through 
10 years of age. Methods: Children from ages of 6 months to 10 years were enrolled from three 
villages under the Comprehensive Rural Health Services Project, located in the Haryana state of 
North India to receive one (9-10 y) or two (6 mo-8 y) doses of either inactivated TIV (2009-2010 
northern hemisphere; Sanofi) or inactivated polio vaccine (IPV; Sanofi). A subset of children (3-6 y of 
age) were enrolled for an immunogenicity study, and informed consent was taken prior to blood 
sample collection on day 0, and at week 4 each after either 1 or 2 doses for TIV or IPV. Antibody 
response to vaccine homologous antigens which included seasonal A/Brisbane/59/2007(H1N1)-like, 
A/Brisbane/10/2007(H3N2)-like and B/Brisbane/60/2008-like viruses, as well to 
A/California/7/2009pdm09was detected by means of hemagglutination inhibition assay (HI) using 
turkey red blood cells with ether treatment of the influenza B antigen. Rise in antibody titers to > 4-fold 
above baseline was considered seroconversion and a titer > 1:40 was considered seroprotection. 
Geometric mean titers (GMT) and 95% confidence intervals (CIs) were calculated. The vaccine 
allocation was unblinded after all laboratory results were generated. Results: Of 161 children from 
whom blood samples were collected, 76 received TIV (mean age 4.7±0.9 y) and 85 received IPV 
(mean age 4.5±0.8 y). Of the 76 TIV recipients, 41 received 1 dose and 35 received 2 doses of TIV. 
The overall seroconversion (≥ 4 fold) subsequent to 1 or 2 doses of TIV ranged from 71%-79% with 
minimal titers (1%-2%) for IPV group for each of the 3 antigens. There was a significant rise in GMT 
titers postvaccination in TIV (4-9 fold for all 3 antigens) vs IPV group (P < .05). The proportion of 
subjects with HI titer of 1:40 or greater (sero-protected) after full vaccination were higher for influenza 
A (79% for H1N1 and 91% for H3), when compared with Influenza B (71%). Overall, 56.6% of TIV 
recipients were seroprotected and 51.3% seroconverted to all 3 antigens compared with1.3% and 0% 
in IPV (P ≤ .05). Analysis of antibody response to A/H1N1pdm09 revealed 6% (10/164) had HI titers 
at the baseline, whereas additional 24% (41/164) children revealed titers (1:20-1:640) after 4-8 
weeks, likely reflecting natural infection during the peak of pandemic infection in Delhi area in 
November-December 2009. As expected, no difference was observed between antibody responses to 
A/H1N1pdm09 in TIV or IPV vaccinated group. Conclusion: Influenza vaccination in children between 
ages of 3-6 years induced strong antibody responses to all 3 viruses contained in 2009-2010 
influenza vaccine in the rural community of India. Vaccine clinical data will be analyzed to assess 
overall effectiveness of influenza vaccination. These studies were supported in part by cooperative 
agreements U01 IP000177 from the Centers for Disease Control and Prevention, Atlanta, USA. 
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P2-508 

Comparisons of circulating influenza viruses in Kenya with WHO-
recommended vaccine strains, 2007-2012 

G Kikwai1, G Arunga1, X Xu2, L Mayieka1, P Muthoka3, M Katz2,4, M Njenga4, B Fields4, J Mott2,4, L 
Waiboci4* 

1Kenya Medical Research Institute/Centers for Diseases Control and Prevention, Nairobi, 
Kenya; 2Influenza Division, US Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States;3 Ministry of Health, Nairobi, Kenya; 4US Centers for Disease Control and Prevention-Kenya, 
Nairobi, Kenya 

Background: There are limited data on influenza viruses from tropical Africa to inform WHO global 
vaccine strain recommendations. Such data might also inform an influenza vaccination strategy in 
Kenya, where despite the presence of 2 licensed influenza vaccines, only 30,000 influenza vaccine 
doses are currently sold annually in a country of 40 million people. We present data on the influenza 
viruses detected in Kenya from 2007 through 2012 and compare these viruses with vaccine virus 
strains. Materials and Methods: Nasopharyngeal/Oropharyngeal (NP/OP) specimens were 
systematically obtained from patients meeting a respiratory illness case definition who presented to12 
national influenza sentinel and population-based surveillance sites from May 2007 to April 2012. 
These specimens were tested at the KEMRI/CDC laboratories (Nairobi, Kenya) by rtRT-PCR for 
influenza A and B, and influenza A-positive specimens were subtyped. Influenza viruses were isolated 
from a convenience subset of the influenza-positive specimens selected from all regions of the 
country. Isolates were sent to the WHO Collaborating Center at CDC (Atlanta, Georgia, United 
States), where antigenic characterization was carried out by hemagglutination inhibition (HI) assay. 
An influenza virus was considered antigenically related to a vaccine or reference strain if its HI titer 
was equal to or within a 4-fold difference to the vaccine/reference strain. Isolates obtained from 
specimens collected during the Northern Hemisphere (NH) influenza season (November through 
April) were compared with NH vaccine formulations while isolates obtained from specimens collected 
during the Southern Hemisphere (SH) influenza season (May through October) were compared with 
Southern Hemisphere vaccine formulations for the same period. Results: During 2007-2012, 51,068 
NP/OP specimens were tested for influenza viruses, of which 5155 (10.1%) were positive for influenza 
A, 1475 (2.9%) for influenza B, and 143 (0.3%) for both influenza A and B. Among 6630 influenza-
positive specimens, 3203 (48.3 %) were collected during the NH season and 3427 (51.7 %) during 
the SH season. Antigenic characterization was carried out on 739 isolates; 420 isolates from 
specimens collected during the SH season and 319 from specimens collected during the NH season. 
329/420 (78.3%) of the SH season isolates and 285/319 (89.3%) of the NH season isolates were 
antigenically related to the corresponding vaccine strains. A total of 543 influenza A isolates were 
characterized; 108 A(H1N1), 201 A(H1N1)pdm09, and 234 A(H3N2). Forty (37%) of the A(H1N1) 
isolates, all collected from November 2008 to October 2009, were antigenically related to the vaccine 
strain A/Brisbane/59/2007(H1N1)-like virus; 193 (96%) of the A(H1N1)pdm09 isolates were similar to 
A/California/7/2009(H1N1)-like virus. Of 234 A(H3N2) isolates characterized, 198 (84.6%) were 
antigenically related to the corresponding vaccine strains. These 198 isolates included 2/16 (13%) 
collected between May 2007 and April 2008 that were antigenically related to 
A/Wisconsin/67/2005(H3N2)-like virus; 78/79 (98.7%) collected between May 2008 and April 2009 
that were antigenically related to A/Brisbane/10/2007(H3N2)-like virus; 0/19 (0%) samples collected 
between May 2009 and April 2010 that were antigenically related to A/Brisbane/10/2007(H3N2)-like 
virus; and 118/120 (98.3%) samples collected between May 2010 and April 2012 were antigenically 
related to A/Perth/16/2009(H3N2)-like virus. Of the196 Influenza B isolates, 183/196 (93.4%) were 
similar to the corresponding vaccine strain. Of the influenza B viruses collected after April, 2008 
183/185 (99%) were antigenically related to the corresponding vaccine strains. Conclusions: Of the 
739 influenza isolates obtained through the systematic surveillance in Kenya, slightly over half were 
collected during the time period corresponding to SH influenza seasons. Over three-quarters of the 
Kenyan influenza isolates tested were antigenically related to corresponding WHO vaccine strains. As 
influenza viruses circulate for an average of 10 months per year in Kenya, both during the SH and the 
NH seasons, an influenza vaccination strategy in Kenya may benefit from using either the NH or the 
SH formulation. Additional work is currently underway to determine the added costs and benefits of 
using both vaccine formulations over a single formulation.  
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P2-509 

Role of the quaternary structure of human secretory-IgA in nasal mucus on 
neutralization activity to influenza A virus 

T Suzuki1, A Kawaguchi1, A Ainai1,2, S Tamura1, R Ito1, M Tashiro2, H Hasegawa1* 

1Department of Pathology, National Institute of Infectious Diseases, Shinjuku, Tokyo, 
Japan; 2Influenza Virus Research Center, National Institute of Infectious Diseases, 
Musashimurayama, Japan 

Background: Secretory IgA (S-IgA) antibodies, the major contributor to humoral mucosal immunity, 
are polymeric immunoglobulins in many external secretions. A large number of studies show that the 
protective immunity, which is induced by influenza virus infection, is mainly corresponding to S-IgA 
and IgG antibodies in respiratory tract. Notably, preexisting S-IgA antibodies can provide immediate 
immunity via their unique capability to eliminate a pathogen before it even pass the mucosal barrier 
and enter the human body. Polymeric S-IgA antibodies neutralize influenza viruses more effectively 
than monomeric IgA or IgG in vitro and experimental animal model. The polymeric nature of S-IgA 
antibodies also explains why S-IgA antibodies crossreact with variant influenza viruses to a greater 
extent than serum IgG antibodies. However, little is known of the quaternary structures and 
neutralizing potencies of the various forms of polymeric S-IgA antibodies on viral infection in human 
upper respiratory tract. It is thus unclear whether polymeric S-IgA antibodies provide more effective 
protection against influenza virus than monomeric IgA or IgG antibodies in human. In the present 
study, the quaternary structures and neutralizing potencies of nasal antibodies were examined using 
nasal wash samples from healthy adults after intranasal administration of inactivated influenza 
vaccines. Materials and Methods: Nasal wash samples were obtained from 5 healthy adult volunteers, 
who showed relatively high serum neutralizing antibodies responses against A/Victoria/210/2009 
(H3N2; Victoria) virus after receiving 2 intranasal vaccinations with inactivated A/Victoria/210/2009 
(H3N2)-like virus whole virion vaccines and were administrated 3 additional intranasal vaccinations 
(total 5 vaccinations). Then, the nasal wash samples containing various size immunoglobulins were 
separated by gel filtration chromatography followed by examination of neutralization activity against 
influenza virus. The quaternary structures of the nasal IgA antibodies induced by intranasal 
inactivated influenza vaccines were also determined using biochemical techniques, high-mass 
MALDI-TOF MS and high speed AFM. Results: It was found that human nasal IgA antibodies were 
composed of at least 5 forms of quaternary structures, monomer, dimer, trimer, tetramer, and larger 
polymer than tetramer. In particular, the high-speed AFM observation clearly revealed that trimeric or 
tetrameric IgA antibody had 6 or 8 antigen-binding sites, respectively, which show large-scale 
conformational change asynchronously and capture the HA antigens in solutions. Among these 
antibodies, polymeric over dimeric IgA antibodies have a relative higher neutralizing potency to 
influenza virus. Conclusions: In conclusion, intranasal administration of inactivated influenza virus 
whole virion vaccines resulted in induced various molecular forms of neutralizing antibodies in human 
nasal mucus. Within these antibodies, polymeric over dimeric IgA antibodies have the highest 
neutralizing potency with their characteristic quaternary structures such as flower-shaped complexes, 
and might play pivotal roles in protection of viral infection on human upper respiratory tract. 

371Vaccines



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-510 

Effectiveness of seasonal influenza vaccination of children against H1N1 
(2009) influenza during the first wave of the pandemic in Senegal 

J Victor1*, A Diallo2, M Niang3, J Ortiz1, D Diop2, J Sugimoto4, K Lewis1, B Diarra2, A Faye3, K Lafond5, 
S Zangeneh4, C Sokhna2, O Diop3, M Halloran4, K Neuzil1, M Widdowson5

1PATH, Seattle, Washington, United States; 2Institut de Recherche pour le Développement, Dakar, 
Senegal; 3Institut Pasteur de Dakar, Dakar, Senegal; 4Fred Hutchinson Cancer Research Center, 
Seattle, Washington, United States; 5Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States 

Background: Studies in Canada and Hong Kong have reported higher rates of 2009 pandemic H1N1 
(pH1N1) infection after receipt of seasonal trivalent inactivated influenza vaccine (TIV). An “infection-
blocking” hypothesis, whereby TIV protects against seasonal influenza infection that might otherwise 
confer cross-protection against pH1N1 has been described. Another hypothesis is that TIV induces 
cross-reactive, but not cross-protective, antibodies that result in antibody-dependent enhancement of 
infection. We conducted a large-scale cluster-randomized trial of TIV in rural Senegal to evaluate the 
effects of wide-spread influenza vaccination of children. In 2009, A/H3N2 influenza circulated 
extensively. Subsequently, in early 2010, the first wave of pH1N1 occurred in Senegal and allowed us 
to explore this issue. Materials and Methods: In May 2009, 20 villages of the Niakhar Demographic 
Surveillance System were randomized 1:1 for vaccination of children 6 months through 10 years of 
age with TIV formulated for the 2008-2009 northern hemisphere influenza season (Vaxigrip, Sanofi-
Pasteur) or inactivated poliovirus vaccine (IPV) (Sanofi-Pasteur). Commercial presentations of 
vaccines were masked and coded before delivery to the site, and children received dosing per the 
manufacturer’s instructions. Immunizations were given over a 6-week period beginning May 26, and 
thereafter, surveillance for laboratory-confirmed febrile acute respiratory illness was conducted using 
active, community-based (with weekly visits to households), and enhanced passive health post-based 
surveillance. Individuals reporting symptoms were assessed clinically, and nasal swab and throat 
swab specimens were collected for influenza testing using CDC’s real-time reverse transcription 
polymerase chain reaction protocol. The primary objective, reported separately, was total 
effectiveness of vaccination (VETotal) against seasonal influenza. A posthoc analysis estimated VETotal 
against pH1N1, as 1 minus the relative risk of laboratory-confirmed symptomatic pandemic influenza 
among enrolled children in TIV villages (measured as cumulative incidence) compared with that in IPV 
villages, adjusting for village-randomization. Results: Of 11,626 children age-eligible for study 
vaccinations, 5840 resided in TIV villages and 5786 in IPV villages. Starting May 26, 3929 were 
enrolled for vaccination in TIV villages and 3851 in IPV villages. Median village participation rates 
were 73% (TIV) and 74% (IPV). Through November 2009, A/H3N2 (A/Perth) circulated extensively in 
the population. Subsequently, pH1N1 circulated from January through April 2010. A total of 321 cases 
laboratory-confirmed as pH1N1 were identified among participants. The average attack rate of pH1N1 
among these children in TIV villages was 5% while in IPV villages it was 3%, for a VETotal against 
pH1N1 of -44% (95% CI, -166% to 21%). VETotal also exhibited negative but statistically nonsignificant 
effectiveness in all age groups (-24%, -29%, -90%, and -89% among children 6-35 months, 3-5 years, 
6-8 years, and 9-10 years of age, respectively). Attack rates of pH1N1 in IPV villages were 3.7%, 
3.1%, 2.5%, and 3.6% among children 6-35 months, 3-5 years, 6-8 years, and 9-10 years, 
respectively, but in the second half of 2009, attack rates of symptomatic seasonal A/H3N2 influenza in 
these same control villages had been 22%, 16%, 10%, and 7%, respectively. In a subanalysis among 
the 6973 enrolled children who had not been identified as having had recent symptomatic A/H3N2 
infection in 2009, VETotal against pH1N1 remained negative (-43%; 95% CI, -83 to -12%). 
Conclusions: In this large randomized trial in Africa, we measured an increased risk of pandemic 
influenza after receipt of seasonal vaccine as compared with after receipt of placebo (negative VE). 
Although this negative VE was not significant in the full analysis, it was significant among those 
without clinical seasonal influenza A/H3N2 identified during the previous season. Relatively high 
attack rates of previous seasonal influenza were measured, but we only evaluated symptomatic 
seasonal cases. Thus, this subanalysis of total effectiveness against pH1N1 may still have included 
many who may have had cross-protection against pH1N1 from recent undetected seasonal infection. 
Thus, infection-blocking by seasonal influenza infection could have caused lower pH1N1 rates in the 
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control arm. Our data, like others’, also point to the need for further studies of the immune response to 
natural influenza infection and influenza vaccines.  

P2-511 

Effectiveness of 2012/13 seasonal influenza vaccines in the prevention of 
influenza-related hospitalization in Canadian adults: a Public Health Agency of 
Canada/ Canadian Institutes of Health Research (PCIRN) Serious Outcomes 
Surveillance Network Study 

S McNeil1*, A Ambrose1, M Andrew1, F Diaz-Mitoma2, G Boivin3, W Bowie4, M ElSherif1, K Green5, F 
Haguinet6, T Hatchette1, B Ibarguchi7, J Johnstone8, K Katz9, J LeBlanc1, P Lagacé-Wiens10, B 
Light10, M Loeb8, D MacKinnon-Cameron1, A McCarthy11, J McElhaney2, A McGeer5, A Poirier12, J 
Powis13, D Richardson14, M Semret15, V Shinde6, S Smith16, D Smyth17, G Stiver4, G Taylor16, S 
Trottier3, L Valiquette18, D Webster19, M Wilcox1, L Ye1, on behalf of the Public Health Agency of 
Canada/Canadian Institutes of Health Research Influenza Research Network (PCIRN) Serious 
Outcomes Surveillance Network and the Toronto Invasive Bacterial Diseases Network (TIBDN) 

1Canadian Center for Vaccinology, IWK Health Centre and Capital Health, Dalhousie University, 
Halifax, Nova Scotia, Canada; 2Advanced Medical Research Institute of Canada, Sudbury, Ontario, 
Canada; 3Centre Hospitalier Universitaire de Québec, Quebec, Canada; 4University of British 
Columbia, Vancouver, British Columbia, Canada; 5Mount Sinai Hospital, Toronto, Ontario, 
Canada; 6GlaxoSmithKline Biologicals, Rixensart, Belgium; 7GlaxoSmithKline, Mississauga, Ontario, 
Canada; 8McMaster University, Hamilton, Ontario, Canada; 9North York General Hospital, Toronto, 
Ontario, Canada; 10St. Boniface Hospital, Winnipeg, Manitoba, Canada; 11The Ottawa Hospital, 
Ottawa, Ontario, Canada; 12Centre de santé et de service sociaux de Trois-Rivieres, Trois Rivieres, 
Quebec, Canada; 13Toronto East General Hospital, Toronto, Ontario, Canada; 14William Osler Health 
Centre, Brampton, Ontario, Canada; 15McGill University, Montreal, Quebec, Canada; 16University of 
Alberta, Edmonton, Alberta, Canada; 17The Moncton Hospital; Moncton, New Brunswick, 
Canada; 18Université de Sherbrooke, Sherbrooke, Quebec, Canada; 19Horizon Health, Saint John, 
New Brunswick, Canada 

Background: Ongoing assessment of effectiveness of influenza vaccines is critical to inform public 
health decision making regarding publicly funded immunization programs. The goal of the Canadian 
influenza immunization program is prevention of influenza-associated hospitalization and death, but 
little data is available to assess the effectiveness of seasonal influenza vaccination in the prevention 
of serious outcomes. The PCIRN Serious Outcomes Surveillance Network provides critical 
infrastructure for the assessment of overall and strain-specific influenza vaccine effectiveness against 
hospitalization in Canadian adults. Methods: In 2012/13, the PCIRN Serious Outcomes Surveillance 
Network conducted active surveillance for influenza among hospitalized adults from 15 Nov to 30 April 
in 45 acute care facilities in 7 provinces, encompassing ≈ 18,000 beds. A nasopharyngeal swab for 
influenza polymerase chain reaction (PCR) testing was obtained from all patients admitted with 
community-acquired pneumonia, exacerbation of chronic obstructive pulmonary disease or asthma, 
unexplained sepsis, any respiratory diagnosis or symptom, and, on 1 day per week, acute coronary 
syndrome, stroke, or other cardiac diagnoses with triage temperature ≥ 37.5°C. Cases were PCR-
positive for influenza; up to 2 test-negative controls matched for date, site of enrolment and age of the 
case (≥ 65 y vs < 65 y) were enrolled for calculation of vaccine effectiveness (VE). Interim unadjusted, 
unmatched VE was estimated as (1-odds ratio of influenza in vaccinated versus unvaccinated 
patients) × 100 for cases and controls enrolled up to April 25, 2013. Crude VE estimates will be 
adjusted using multivariable logistic regression with stepwise backward selection of covariates with a 
P value of < .1 in the univariate analysis. Results:  1503 cases and 2117 controls were enrolled; 1026 
(68%) of cases were ≥ 65 years (mean age, 80.8 y; range, 65-102 y); 736 (49%) were > 75 y. 827 
(55%) cases and 1368 (64.6%) controls had received an influenza vaccine. Overall unadjusted, 
unmatched VE in adults was 33.0% (90% confidence interval [CI]: 25.0% to 40.2%); VE in adults ≥ 65 
y was 29.1% (90% CI: 17.9% to 38.7%); VE in adults < 65 y was 48.3% (90% CI: 36.6% to 57.8%). 
Conclusion: In 2012/13, interim estimates to April 25 suggest that the seasonal influenza vaccines 
used in Canada had suboptimal effectiveness in the prevention of hospitalization of adults due to lab-
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confirmed influenza. VE was higher in those < 65 y than in those ≥ 65 y. Funding: This study was 
funded by the Public Health Agency of Canada, the Canadian Institutes of Health Research, and 
GlaxoSmithKline Biologicals SA. 

P2-512 

The comparative effectiveness of adjuvanted and unadjuvanted trivalent 
inactivated influenza vaccine in the elderly 

S Konrad*, JL Van Buynder, G Ramler, PG Van Buynder 

Fraser Health Authority, Surrey, British Columbia, Canada 

Background: Influenza has a high mortality and a high rate of catastrophic disability in older adults.  
Vaccine effectiveness decreases with increasing age and immunosenescence. Enhanced vaccines 
are needed to provide adequate protection in the elderly. Methods: We evaluated the comparative 
effectiveness of Fluad® an MF59 adjuvanted and unadjuvanted influenza vaccine in the elderly 
through a test negative case control study. Cases had laboratory confirmed influenza. All eligible 
elderly (65+) tested for influenza in the winters of 2011-12 and 2012-13 were included.  Logistic 
regression was used to calculate the odds ratio of testing positive for influenza. Adjuvanted vaccine 
effectiveness was compared with unadjuvanted. Results: A total of 1175 eligible participants were 
enrolled (454 cases). Over half (658) were in a long term care facility and almost half (549) were 85 
years of age or older. Analysis was completed separately for those in long term care (LTC) and 
community (non-LTC). In 2011-12 in a variety of multivariate analyses, ATIV was significantly 
protective at around 60% and TIV was ineffective. In 2012-13, ATIV and TIV showed similar VE in 
non-LTC (VE: 54%, 24%-75% and 57%, 14%-76%, respectively). In non-LTC cases, ATIV showed 
marginally significant protection against hospitalization (OR: 0.44, 0.19-1.02). TIV did not.  In LTC, 
ATIV showed significant protection against hospitalization (OR: 0.14, 0.05, 0.36) compared with no 
vaccination. Conclusion: The MF59 adjuvanted vaccine appears to provide improved protection 
against influenza in the elderly, particularly against hospitalization. 

P2-513 

Effectiveness of seasonal influenza vaccinations against laboratory confirmed 
influenza-associated infections among Singapore military personnel in 2010-
2013 

HP Ho1, X Zhao2, J Pang2, MIC Chen2, VJ Lee1*, Li Wei Ang3, RTP Lin4, CQ Gao1, LY Hsu2, AR 
Cook2 

1Biodefence Centre, Ministry of Defence, Singapore; 2Centre for Infectious Disease Epidemiology and 
Research, Saw Swee Hock School of Public Health, National University of Singapore, 
Singapore; 3Epidemiology & Disease Control Division, Ministry of Health, Singapore; 4National Public 
Health Laboratory, Ministry of Health, Singapore  

Background: Limited information is available about seasonal influenza vaccine effectiveness (VE) in 
tropical communities. Virus subtype–specific VE was determined for all military service personnel in 
the recruit camp and 3 other nonrecruit camps from 1 June 2009 to 30 June 2012. Methods: 
Consenting servicemen underwent nasal washes, which were tested with RT-PCR and subtyped. The 
test-positive case and test-negative control design was used to estimate the vaccine efficacy (VE). To 
estimate the overall effect of the program on new recruits, we used an ecological time series 
approach. Results: A total of 7016 consultations were collected. The crude estimates for the VE 
against influenza A(H1N1)pdm09 and influenza B were 86% (95% CI 82%-89%) and 84% (95% CI 
785-88%), respectively. VE against influenza A(H3N2) was markedly lower (VE 33%, 95% CI 4%-
57%). An estimated 70% (RR = 0.30; 95% CI 0.11-0.84), 39% (RR = 0.61;0.25-1.43) and 75% (RR = 
0.25; 95% CI 0.11-0.50) reduction in the risk of influenza A(H1N1)pdm09, influenza A(H3N2) and 
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influenza B infections, respectively, in the recruit camp during the postvaccination period compared 
with during the prevaccination period was observed. Conclusions: Overall, the blanket influenza 
vaccine program has had a moderate to high degree of protection against influenza A(H1N1)pdm09 
and influenza B, but not against influenza A(H3N2). Blanket influenza vaccination is recommended for 
all military personnel.  

P2-514 

Efficacy of a plant-derived influenza H5 virus-like particle vaccine against 
heterologous influenza virus challenge in mice 

B Tarbet1*, B. Hurst1, D Barnard1, M Bérubé2, N Landry2 

1Institute for Antiviral Research, Utah State University, Logan, Utah, United States; 2Medicago Inc., 
Ste-Foy, Quebec, Canada 

Background: Avian influenza virus (H5N1) has been a continuing problem in the poultry industry for 
many years, and is currently a public health threat due to its high mortality rate when the virus crosses 
the species barrier into people. This study compared H5-virus like particle (VLP) and recombinant H5 
(rH5) hemagglutinin vaccines against heterologous challenge in mice with influenza 
A/Vietnam/1203/2004 (H5N1), influenza A/California/04/2009 (H1N1pdm), or influenza 
A/Japan/305/1957 (H2N2) virus. Methods: Groups of 6-week old female BALB/c mice were 
vaccinated by the intramuscular route. Placebos received sterile saline by the same route. Blood was 
collected on days 0 (prevaccination) and 21 (prechallenge). All mice received intranasal challenge 
with 1× LD90 of H5N1, 3× LD50 of H1N1pdm, or 3× LD50 of H2N2 on day 21. Five mice were sacrificed 
on days 0, 3, and 6 postchallenge for lung lavage. Following challenge, mice were observed for 
morbidity and weight loss through day 21. Kaplan-Meier survival curves were compared by the Log-
rank test followed by pairwise analysis using the Gehan-Breslow-Wilcoxon test in Prism 5.0f 
(GraphPad Software Inc.). Mean body weights were analyzed by 1-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison test. Evaluation of serological responses following 
vaccination included measurement of virus-specific antibodies by hemagglutination inhibition (HI) 
assay and virus neutralization (VN) of influenza virus on MDCK cells. Cellular immunity was evaluated 
by quantitation of cytokines and chemokines using a multiplex ELISA on lung lavage samples 
collected post-challenge. The results from serological assays and cellular responses were evaluated 
by ANOVA. Results: The H5-VLP vaccine provided complete protection from challenge with the H5N1 
virus and also provided protection from weight loss following challenge. However, no significant 
differences in mortality or weight loss were observed between vaccine and placebo groups following 
challenge with the H1N1 virus. The H5-VLP vaccine did provide 70% protection from challenge with 
the H2N2 virus. Whereas, the same dose of rH5 vaccine did not provide significant protection against 
homologous or heterologous challenge. In addition, virus titers from lung lavage collected after 
challenge showed that the H5-VLP vaccinated group had a significant reduction in virus on days 3 
and 6 postchallenge with H5N1, and also showed a significant reduction in virus titer on days 3 and 6 
postchallenge with H2N2. Treatment with both H5-VLP and rH5 vaccines showed reduction in virus 
titer on day 3 postchallenge with H1N1, but only the H5-VLP showed a reduction in virus on day 6. 
Modest HI titers against H5N1 were observed for both H5-VLP and rH5 vaccinated groups, and 
against the H2N2 by the H5-VLP vaccinated group. However, the titers were not statistically 
significantly. Modest VN titers against H5N1 were also observed for both H5-VLP and rH5 vaccinated 
groups, and against the H2N2 by the H5-VLP vaccinated group. Although, the VN titers from the H5-
VLP vaccinated group were significant. The most striking observations on cytokine and chemokine 
levels in lung lavage following challenge include a decrease in IL-4 levels following vaccination with 
the H5-VLP for all three challenge viruses at all times tested; and an increase in TNFα levels following 
vaccination with the H5-VLP for all viruses at all times tested. The results for IL-12p70 and MIP-1α 
levels were also of interest. IL-12p70 levels decreased following vaccination with the H5-VLP for all 
viruses at all times tested. However, significant changes were only observed after H1N1 or H2N2 
challenge. Conclusions: The H5-VLP vaccine provided complete protection from challenge with the 
H5N1 virus and also provided significant protection from weight loss following challenge. In addition, 
the H5-VLP vaccine provided 70% protection from challenge with the H2N2 virus. Modest HI and VN 
titers were observed following vaccination with the H5-VLP, although, only the VN titers were 
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statistically significant. These data suggest that cellular immunity plays an important role in providing 
protection from challenge following vaccination. Supported by Contract HHSN272201000039I from 
the Respiratory Diseases Branch, NIAID, NIH. 

P2-515 

Current and previous season vaccination have similar effectiveness for 
preventing medically attended influenza A (H3N2) and B: results from a 
community cohort over 8 seasons   

HQ McLean1, M Sundaram1, BA Kieke1, JK Meece1, DL McClure1, M Thompson2, EA Belongia1* 

1Marshfield Clinic Research Foundation, Marshfield, Wisconsin, United States; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States 

Background: Influenza vaccination is recommended annually for all persons aged ≥ 6 months in the 
United States. Recent single-season studies suggest that vaccination in prior years may reduce the 
effectiveness of current season vaccination. Marshfield Clinic has conducted annual studies of 
influenza vaccine effectiveness (VE) using the test-negative case-control design since 2004-05. We 
used enrollment and vaccination data from multiple seasons to assess the independent and combined 
effects of current and prior season vaccinations for prevention of medically attended influenza A 
(H3N2) and B. 
Methods: Patients ≥ 9 years old with medically attended acute respiratory illness (MAARI) were 
actively recruited during 8 influenza seasons: 2004-05 through 2012-13. Enrollments during the 2009-
10 pandemic were excluded. RT-PCR (or culture during 2004-05 and 2005-06) was performed on 
respiratory swab specimens for detection of influenza and type/subtype. Dates of influenza 
vaccinations were determined using a validated immunization registry. VE was calculated as 100 × (1 
– adjusted odds ratio) in logistic regression models that adjusted for age (years), high-risk medical
conditions (with 4 dichotomous variables: cardiovascular, diabetes, pulmonary, other), interval (days) 
from onset to sample collection, season, gender, and MAARI during the prior influenza season. We 
modeled exposure variables for vaccination in the current season, vaccination 1 season prior, and an 
interaction term. VE was estimated for all combinations (4 categories) of vaccine exposure in the 
current and prior season; individuals who were unvaccinated in both seasons served as the referent 
group. Separate analyses were performed for H3N2 and B. H3N2 analyses excluded the 2008-09 
season when no cases of H3N2 were identified. Results: There were 7315 analyzable enrollments for 
persons aged ≥ 9 years during the 8 seasons; 1053 (14%) had influenza A (H3N2), 647 (9%) had 
influenza B, 3 (< 1%) had both H3N2 and B infection, and 5612 were negative. The mean (±SD) age 
was 42.0 (±21.3) years, 31.2 (±19.9) years, and 40.6 (±21.6) years, respectively for H3N2 cases, B 
cases, and influenza negative controls.  Overall, 35% received both current and prior season 
influenza vaccine; 10% were vaccinated in the current season only; 9% were vaccinated 1 season 
prior; and 46% were not vaccinated in either current or prior seasons. The interaction term for current 
and prior season vaccination status was significant in separate models for H3N2 (P = .05) and for B 
(P < .0001). For H3N2, the VE for current year vaccination was -7% (95% CI: -45, 21) among 
individuals who had received influenza vaccine in the prior season and 28% (95% CI: 6, 46) among 
those who had not. For type B, the VE for current year vaccination was -33% (95% CI: -107, 15) 
among individuals who had received influenza vaccine in the prior season and 66% (95% CI: 51, 77) 
among those who had not. Similar differences were observed when the models excluded individuals ≥ 
50 years old who were more likely to be vaccinated repeatedly. When VE against H3N2 was 
estimated for each of the 4 categories of vaccination exposure, the level of protection was similar (VE 
point estimates range = 30% to 34%) for those vaccinated in the current season only, prior season 
only, or in both seasons (compared to those not vaccinated in either season). VE against influenza B 
was 52% to 66% for individuals vaccinated in one or both seasons.  The 4 category vaccine exposure 
VE estimates were similar when individuals ≥ 50 years old were excluded. Conclusions: Current 
season vaccination and prior season vaccination provided similar but low levels of protection against 
medically attended H3N2 infection in a community cohort over multiple seasons. The same effect of 
prior season vaccination was observed for protection against influenza B, but VE estimates were 
higher.  These effects are consistent with residual protection from prior season vaccination and/or 
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vaccine interference. Further studies should examine the immunologic effects of repeated annual 
influenza vaccination for a variety of populations, influenza viruses, and seasons. 

P2-516 

Vaccine effectiveness did not vary by influenza B lineage in the 2012-13 
season: preliminary results from the US Flu VE Network   

EA Belongia1*, HQ McLean1,  M Sundaram1, JK Meece1,  J Clippard2, M Jackson3, L Jackson3, A 
Monto4, S Ohmit4, R Zimmerman5, MP Nowalk5, M Gaglani6, A Fry2, S Thaker2, S Spencer2, M 
Thompson2  

1Marshfield Clinic Research Foundation, Marshfield, Wisconsin, United States; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States; 3Group Health Center for Health Studies, 
Seattle, Washington, United States; 4University of Michigan, Ann Arbor, Michigan, United 
States; 5University of Pittsburgh Schools of the Health Sciences, Pittsburgh, Pennsylvania, United 
States; 6Scott and White Healthcare and Texas A&M Health Science Center College of Medicine, 
Temple, Texas, United States 

Background: Two different influenza B lineages have circulated in humans since the 1980s. During 
the 2012-13 season, both B lineages circulated widely in the United States but only the B/Yamagata 
lineage was included in the licensed trivalent vaccine. We report preliminary results from the US Flu 
VE Network on vaccine effectiveness for preventing medically attended influenza B caused by 
vaccine lineage (Yamagata) and alternate lineage (Victoria) strains during the 2012-13 season. 
Methods: We enrolled adults and children seeking outpatient care for acute respiratory illness at 
participating health care facilities in Michigan, Pennsylvania, Texas, Washington, and Wisconsin. 
Adults and children ≥ 6 months old were eligible if they had an acute cough illness ≤ 7 days duration. 
After consent, participants completed an enrollment interview and a combined nasal and throat swab 
was obtained (nasal swab only for children < 2 years old). Samples were tested for influenza, 
including subtype and B lineage, using real-time reverse transcription polymerase chain reaction (RT-
PCR) with CDC primers and probes.  Vaccination status was determined from electronic registries or 
medical records at 4 sites, and by self-report at 1 site. Participants ≥ 9 years old were considered 
vaccinated if they received at least 1 dose of any seasonal influenza vaccine ≥ 14 days prior to illness 
onset; younger participants were considered fully vaccinated if they had received both recommended 
doses. Vaccine effectiveness was calculated for each B lineage as 100 × (1 – adjusted odds ratio) in 
a logistic regression model that included age group, study site, race/ethnicity, self-rated health status, 
and interval (days) from onset to swab collection. Test-negative controls served as the comparison 
group, and influenza A cases were excluded from the analysis. Results: The preliminary analysis 
included 283 cases of B/Victoria, 538 cases of B/Yamagata, and 3801 test-negative controls. The 
median age (IQR) in each group was 12 years (6 to 35), 14 years (7 to 44), and 31 years (11 to 51), 
respectively. The median interval from illness onset to swab was 3 days for each group. Overall 
adjusted VE against influenza B (any lineage) was 63% (95% CI, 55 to 69). VE against the vaccine 
lineage (B/Yamagata) was 64% (95% CI, 56 to 71). VE against the alternate lineage (B/Victoria) was 
60% (95% CI, 47 to 70). Among adults 18-49 years old, VE was 52% (95% CI, 26 to 69) and 58% 
(95% CI, 26 to 77), respectively, for the vaccine lineage and alternate lineage. Similarly, VE among 
adults 50-64 years old was 78% (95% CI, 61 to 88) and 79% (95% CI, 39 to 93) for vaccine and 
alternate lineage illness. VE in adults ≥ 65 years old was higher for the alternate lineage (73%, 95% 
CI, 23 to 91) compared with the vaccine lineage (39%, 95% CI, -53 to 75), but confidence intervals 
overlapped. In children < 9 years old (fully immunized), VE was 69% (95% CI, 51 to 80) and 51% 
(95% CI, 19 to 70), respectively, for vaccine and alternate lineage illness. In children and adolescents 
9-17 years old, VE was 56% (95% CI, 30 to 73) for vaccine lineage and 38% (95% CI, -17 to 67) for 
alternate lineage. Conclusions: The 2012-13 trivalent vaccine provided moderate and similar levels of 
protection against medically attended illness caused by the vaccine lineage (B/Victoria) and the 
alternate lineage (B/Yamagata). Further research is needed to confirm these findings and assess 
potential mechanisms for cross-lineage protection. 
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P2-517 

Thai physician perspectives on a seasonal influenza immunization program for 
pregnant women 

C Muangchana1*, A Greenbaum2, P Prapasiri3, D Ditsungneon3, P Yoocharoen4, FS Dawood2, SJ 
Olsen2,3 

1National Vaccine Institute, Ministry of Public Health, Nonthaburi, Thailand; 2Influenza Division, 
Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Influenza Program, 
Thailand Ministry of Public Health—US Centers for Disease Control and Prevention Collaboration. 
Nonthaburi, Thailand; 4Department of Disease Control, Ministry of Public Health, Thailand 

Background: Pregnant women are at increased risk for influenza-related morbidity and death. In 
Thailand, seasonal influenza vaccination has been recommended for pregnant women since 2009, 
but acceptance of influenza vaccination among this group remains suboptimal. Information from other 
countries indicates that physician recommendation for influenza vaccination increases influenza 
vaccine acceptance and uptake among pregnant women.  Therefore, we conducted a nation-wide 
cross-sectional survey of Thai physicians who provide antenatal care to determine their knowledge, 
attitudes, and practices (KAP) related to influenza vaccination of pregnant women. Material and 
Methods: During January-April 2013 (prior to the 2013 vaccination campaign), a self-administered 
questionnaire on KAP related to influenza vaccination for pregnant women was distributed via postal 
services to all public and private hospitals with an antenatal care clinic (ANC) in Thailand. At each 
hospital, 1 physician responsible for the ANC was selected to complete the survey with priority given 
to selection of obstetricians/gynecologists before selection of general practitioners. We used logistic 
regression to compare factors between physicians offering and not offering influenza vaccine to 
pregnant women. Results: Of 1134 hospitals invited to participate in the survey, between January and 
April 2013, 595 (53%) submitted surveys with complete responses [481 of 889 (54%) public hospitals 
and 114 of 245 (47%) private hospitals]. Of the 595 respondents, 327 (55%) were male, 294 (49%) 
were obstetricians/gynecologists, and 254 (43%) were general practitioners. The mean age was 38 
years (range, 23-77 years), and the average time in practice was 13 years (range, 1-49 years). The 
majority of respondents believed that influenza causes a substantial disease burden (70%) and was 
associated with increased risk of severe complications in pregnant women compared with the general 
public (85%). The majority of respondent also believed that influenza vaccine was safe for pregnant 
women (69%) and the fetus/baby (65%), was an effective influenza prevention measure for pregnant 
women (61%), and should be given to pregnant women in Thailand (74%). However, only 24% of 
respondents had ever offered influenza vaccines to pregnant women. Among the physicians who did 
not offer influenza vaccine, the most commonly cited barriers were lack of the vaccine at their 
hospitals or clinics (51%), lack of insurance coverage for influenza vaccination (49%), refusal of 
vaccination by pregnant women (45%), and being unaware of the Ministry of Public Health (MOPH)’s 
recommendation for influenza vaccination (44%). Furthermore, 62% of participants thought current 
influenza vaccination recommendations by MOPH were unclear or confusing. In bivariate analysis, 
factors positively associated with offering influenza vaccine to pregnant women included positive 
perceptions of the vaccine on its safety for the fetus/baby (OR 4.8, 95% CI 1.1-20.6), its effectiveness 
in preventing disease in pregnant women (OR 3.6, 95% CI 1.5-8.4), its effectiveness to prevent 
disease in infants (OR 3.2, 95% CI 1.4-7.0), its ability to reduce maternal mortality (OR 2.3, 95% CI 
1.2-4.8), specialty of physicians (obstetricians/gynecologists, OR 2.2, 95% CI 1.5-3.3) and clinician 
gender (male, OR 1.5, 95% CI 1.0-2.2). Only specialty of the physicians (obstetricians/gynecologist) 
remained significantly associated with offering vaccine in the multivariate analysis after controlling for 
those factors significantly associated in the bivariate analysis (OR 2.4, 95% CI 1.2-4.9). Conclusion: 
To improve influenza vaccination coverage among pregnant women, strategies are needed to 
increase vaccine availability and free vaccine services in ANCs in Thailand. In addition, efforts to 
increase healthcare provider awareness of Ministry of Public Health recommendations for influenza 
vaccination are warranted and additional targeted outreach to physicians providing care to pregnant 
women should be considered.   
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P2-518 

The genetic match between vaccine strains and circulating seasonal influenza 
A viruses in Vietnam, 2001-2009 

CD Vuong1, PMV Hoang1*, HLK Nguyen1, HT Nguyen1, TC Nguyen1, TT Le1, DT Dennis2, BK 
Kapella3, JC Kile3, MQLe1 

1National Influenza Center—National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2Duke-
NUS Graduate Medical School, Singapore; 3Influenza Program, US Centers for Disease Control and 
Prevention, Hanoi, Vietnam 

Background: Vietnam is currently developing domestic capability to manufacture influenza vaccines 
but information on the genetic and antigenic characteristics of locally circulating seasonal influenza 
viruses is limited. In order to assess the relevance of WHO recommended vaccine strains to the 
situation in Vietnam, we analyzed the genetic relatedness of the hemagglutinin (HA) gene of seasonal 
influenza A viruses circulating in Vietnam from 2001-2009 to WHO recommended vaccine strains over 
the same period. Methods and Principal Findings: We sequenced the HA gene of 32 H1N1 and 44 
H3N2 seasonal influenza A isolates from laboratory-based sentinel surveillance sites in Hanoi from 
2001-2005, and from a national influenza surveillance system from 2005-2009. H1 and H3 HA 
phylogenetic trees rooted to vaccine strains A/Beijing/295/1995 (H1N1) and A/Moscow/10/1999 
(H3N2), respectively, were constructed with contemporary HA sequences of isolates from neighboring 
countries. We found some genetic differences between seasonal influenza H3N2 viruses and 3 WHO 
influenza vaccine strains recommended for use in the northern and southern hemispheres for the 
2001 to 2004 and 2007-2008 seasons, and close genetic identity of circulating H3N2 strains with the 
recommended WHO southern hemisphere vaccine strains for 2004 and 2009 seasons. The genetic 
similarity of circulating H1N1 strains with the WHO recommended vaccine strains are described for 
the study period, 2001-2009. Conclusions: The HA gene of seasonal influenza virus strains in 
Vietnam (especially influenza A/H3N2) showed varying degrees of genetic identity compared with 
those of the northern or southern hemisphere vaccine strains recommended by WHO. The close 
relatedness of the HA of Vietnamese strains and contemporary strains from nearby countries indicate 
a good genetic match of circulating strains during study period. Greater representation of virus 
isolates from South East Asia in the vaccine strain selection process is desirable of influenza vaccine 
development in Vietnam. 

P2-519 

Evaluation of heterosubtypic cross-protection by active infection and TIV-
vaccination of seasonal influenza virus in ferret models 

SJ Park1, EH Kim1, HI Kwon1, PN Pascua1, GJ Lim1, A Decano1, SM Kim1, YK Choi1* 
1College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju, 
Republic of Korea 

Background: Since 1997, highly pathogenic avian influenza (HPAI) H5N1 viruses circulated among 
domestic poultry and wild birds in Asia, Africa, and Europe and believed to have undergone genetic 
evolution. Moreover, World Health Organization (WHO) reported a mortality rate of 59% out of the 630 
human cases of HPAI H5N1 infections worldwide from 2003 to June 2013. There is, therefore, a 
growing concern that HPAI H5N1 viruses might cause the next pandemic. Here, we investigated the 
long term heterosubtypic cross-protection by natural infection, or immunization with trivalent human 
seasonal inactivated vaccine (TIV) followed by fatal HPAI A/VN/1204/04 (H5N1) virus challenge in 
ferret models. Materials and Methods: Groups (n = 6) of ferrets were inoculated intranasally with 
human seasonal A/H1N1 (A/California/07/2009, group A) or A/H3N2 (A/Perth/16/2009, group B) virus 
for imitating natural infection, and additional ferrets were immunized with seasonal TIV (group C) 
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three times with 2-week interval. Three months after infection or last immunization, antibody 
responses were measured by hemagglutination inhibition (HI) and virus neutralization (VN) assays. 
After serological assays, group A, B, C and nontreated ferrets (group D) were challenged with lethal 
dose of HPAI A/Vietnam/1204/04(H5N1) virus, and evaluated the viral shedding from nasal washes, 
tissue samples and their mortality. Result: Serological assays revealed that the sera from groups A, B, 
and C could elicit moderate titers against homologous viruses at 4 weeks after natural infection or TIV 
immunization; cross reactivity against the HPAI H5N1 virus was not detected. However, these 
serologic titers appeared to have receded after 12 weeks posttreatments (infection or immunization). 
Following viral challenge with HPAI H5N1 virus, the ferrets from group A and B survived but those 
from group C and D all died. Group A and B exhibited significantly attenuated viral loads in nasal 
washes, lung, brain, and spleen and showed recovery within 9 days postinfection. Notably, group 
A showed the most reduction of HPAI H5N1 virus replication and attenuated clinical signs. In contrast, 
the ferrets in groups C and D demonstrated high fever with substantial weight loss accompanied by 
high replication of the challenge virus at the upper respiratory tract and tissues samples. Therefore 
immunization with the human seasonal TIV could not protect ferrets from fatal HPAI H5N1 infection. 
Conclusion: Taken together, our findings revealed that natural infection with human seasonal strains 
are more effective than TIV immunization against fatal HPAI H5N1 infection. Data also suggest that 
natural virus exposure might provide a long-term protective impact against the 
A/Vietnam/1204/04(H5N1) challenge virus. Thus, the inactivated human seasonal influenza vaccine 
might not protect the vaccinated host, while healthy individuals who were previously infected with 
seasonal influenza A viruses might be more protected from the lethal HPAI H5N1 virus infection.  

P2-520 

Protection of cynomolgus monkeys from H5N1 HPAI virus challenge by 
recombinant influenza vaccine based on vaccinia virus vector 

F Yasui1*, K Munekata1, T Fujiyuki2, T Kuraishi2, Y Sakoda3, H Kida3, Y Itoh4, K Ogasawara4, S 
Hattori2, C Kai2, M Kohara1 

1Tokyo Metropolitan Institute of Medical Science, Tokyo, Japan; 2The institute of Medical Science, 
The University of Tokyo, Tokyo, Japan; 3Hokkaido University, Hokkaido, Japan; 4Shiga University of 
Medical Science, Shiga, Japan 

Background: H5N1 highly pathogenic avian influenza (HPAI) viruses have caused epidemics in bird 
populations, and human infections transmitted from infected birds have continuously been reported in 
several countries. H5N1 HPAI viruses have to be considered a potentially serious pandemic threat. 
Therefore, the development of safe and effective vaccines is urgently required. Vaccinia virus 
LC16m8 strain is one of the most attenuated strains of vaccinia virus and has been authorized as a 
smallpox vaccine in 1975 in Japan, as its safety and long-term immunity have been proven. In this 
study, we investigated efficacy of recombinant LC16m8 expressing HPAI virus hemagglutinin against 
challenge with H5N1 HPAI virus in cynomolgus monkeys. Materials and Methods: We generated 
recombinant vaccinia virus LC16m8 strain which expresses hemagglutinin (HA) protein of H5N1 HPAI 
virus by homologous recombination (rVV-H5 Flu; clade 2.2 and clade 2.3.4). Female cynomolgus 
monkeys were injected intradermally with the rVV-H5 Flu in their upper arms using a bifurcated 
needle under anesthesia. The monkeys immunized with recombinant LC16 m8 which contains only 
promoter sequence (rVV-Empty) was used as a control group. The monkeys were intranasally 
infected with the H5N1 HPAI virus [A/whooper swan/Hokkaido/1/2008 (H5N1), clade 2.3.2.1] 1 month 
or 1 year after the vaccination. Results: We measured anti-H5N1virus antibody in serum of the 
monkeys by ELISA. In the rVV-H5 Flu vaccinated group, H5N1 virus antigen-specific IgG was 
detected from 2 weeks after the vaccination and gradually increased until 4months later. The high 
level of anti-H5N1 virus IgG was kept even 1 year later. We carried out the intranasal infection of the 
monkeys with H5N1 HPAI virus 1 month after the vaccination. The vaccinated group recovered earlier 
from influenza symptoms, including high fever than the control group. Infectious H5N1 virus in swab 
samples from nose, mouth, trachea, and bronchus was also rapidly eliminated in the vaccinated 
group. At 7 days after the infection, we carried out the autopsy. No infectious H5N1 virus was 
detected in all lobes of the lung of vaccinated monkeys, while H5N1 virus was detected in several 
lobes of the lung of control monkeys. The vaccinated group prevented the development of severe 
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pneumonia. Furthermore, other groups of the vaccinated monkeys were intranasally infected with the 
H5N1 HPAI virus (clade 2.3.2.1) 1 year later. Both rVV-H5 Flu (clade 2.2)- and rVV-H5 Flu (clade 
2.3.4)-vaccinated groups rapidly eliminated infectious H5N1 HPAI virus in the swab samples and 
alleviated the influenza symptoms such as high fever and severe pneumonia. Conclusions: Single 
immunization with rVV-H5 Flu vaccine protected cynomolgus monkeys from the challenge with H5N1 
HPAI virus. These results suggest that vaccinia virus LC16m8-based attenuated recombinant 
influenza vaccine (rVV-H5 Flu) is one of promising H5N1 vaccine candidates. 

P2-521 

The mutation in PA determines the enhanced growth properties of candidate 
vaccine viruses 

I Lee1,2, JI Kim1,2, S Park1,2, J-Y Bae1,2, S Lee1,2, M-W Hwang1,2, J Heo1,2, D Kim1,2, SI Jang1,2, MS 
Park1,2, M-S Park1,2* 

1Department of Microbiology, 2Center for Medical Science Research, College of Medicine, Hallym 
University, Chuncheon, Gangwon-do, Republic of Korea 

Background: Since the first outbreak in humans in 1997, highly pathogenic avian influenza (HPAI) 
H5N1 viruses have continuously threatened human population worldwide. Due to pandemic potential 
of H5N1 viruses, candidate vaccine viruses (CVVs) have been developed and stockpiled for urgent 
use. However, most CVVs meet the challenge of low yields. Hence, we studied high-yielding 
molecular determinants of H5N1 CVVs. Materials and Methods: H5N1 CVVs were generated by 
plasmid-based reverse genetics using HA and NA genes of the A/Chicken/Korea/IS/2006 (HPAI 
H5N1, clade 2.2.1) virus and 6 internal genes of the A/Puerto Rico/8/34 (PR8) human vaccine donor. 
These CVVs were then serially passaged 15 times in fertile chicken eggs, and their plaque 
phenotypes and growth properties were investigated in eggs and cultured cells. In the subsequent 
sequence analysis, we identified several amino acid mutations. After introduced in new CVVs, these 
mutations were further analyzed for their impacts in enhanced viral growths. Results: After serial 
adaptations in eggs, we found that one CVV obtained an increased plaque phenotype. This CVV also 
exhibited enhanced growths in both eggs and tested cells. Sequence analysis revealed one amino 
acid mutation in PA gene. In a subsequent luciferase mini-replicon assay, we found that the PA 
mutation resulted in elevated polymerase complex activity. Further analysis also confirmed growth 
enhancements of the PA mutated CVV in both eggs and cells. Conclusions: Considered all, we 
suggest that this PA mutation is a high yielding genetic determinant for both classical egg-grown and 
cell-based influenza A vaccine backbone. 

P2-523 

Vaccine effectiveness against laboratory-confirmed influenza in those 
hospitalised with severe acute respiratory illnesses in New Zealand: 2012 to 
2013 

N Turner1, N Pierse2, A Bissielo3, T Wood3, H Kelly4, MG Baker2, M-A Widdowson5, QS Huang3* on 
behalf of the SHIVERS investigation team 

1University of Auckland, Auckland, New Zealand; 2University of Otago, School of Medicine in 
Wellington, Wellington, New Zealand; 3Institute of Environmental Science and Research, Wellington, 
New Zealand; 4Australian National University, Canberra, Australia; 5Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States 

Background: The Southern Hemisphere Influenza and Vaccine Effectiveness Research and 
Surveillance (SHIVERS) Project commenced in 2012 and is a 5-year multi-centre research 
collaboration between the Institute of Environmental Science and Research, Auckland District Health 
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Board (ADHB), Counties Manukau District Health Board (CMDHB), University of Otago, University of 
Auckland, WHO Collaborating Centre at St. Jude Children’s Hospital and the US Centers for Disease 
Control and Prevention. One aim of SHIVERS is to estimate the annual vaccine effectiveness (VE) of 
seasonal trivalent inactivated influenza vaccine (TIV) against hospitalised laboratory-confirmed 
influenza in the Auckland population admitted with a febrile respiratory illness to the four major public 
hospitals in Central and South Auckland. These data, from this southern temperate country, will allow 
VE assessment of vaccines against circulating influenza viruses at a time when influenza activity is 
low in northern temperate countries. Materials and Methods: Since May 2012, enhanced, active, year-
round, population-based surveillance has been established for all cases of severe acute respiratory 
infections (SARIs) admitted to hospitals in the central, south and west of the Auckland region 
(population: 838,000) covering the ADHB and the CMDHB.  A case test-negative study was 
undertaken during the period 1 May 2012 to 14 February 2013 (ended prior to the start of influenza 
vaccination for the 2013 season). A nasopharyngeal swab sample was collected from all persons who 
met the SARI case definition (acute respiratory illness with fever and cough and onset within 7 days of 
hospitalisation) and was tested by real-time reverse transcription polymerase chain reaction for 
influenza viruses. Cases were defined as persons with SARI who tested positive and controls as 
persons with SARI who tested negative for influenza. Basic data on demographics, medical history, a 
frailty measurement based on long-term oxygen use, time of onset and sampling were gathered from 
a case report form and hospital electronic records. Influenza vaccination history was assessed by 
patient recall and health provider records. VE was estimated by comparing vaccination coverage 
between cases and controls in adjusted logistic regression models.  We used propensity scores 
based on a range of covariates (history of chronic disease, obesity, smoking status, frailty, pregnancy) 
that could be associated with vaccination to match cases and controls. Results: Of 5501 patients 
screened, a total of 1299 SARI patients were included in this analysis, of whom 290 (29%) were 
influenza-positive. Of the 1009 influenza-negative cases, 416 (41%) were vaccinated; of the 290 
influenza-positive cases, 104 (36%) were vaccinated. The cases were more likely than the controls to 
be younger (P = .03), of Pacific ethnicity (P = .04) and less frail (P = .02). The vaccine formulation 
used in New Zealand in 2012 included a virus that matched the circulating 2009 H1N1 virus, but was 
less well matched for influenza B and the H3N2 subtype. Propensity-adjusted VE for hospitalisation 
for laboratory-confirmed influenza was 27% (95% CI 2% to 45%); VE was 27% (0% to 47%) for 
influenza A, 29% (−22% to 58%) for influenza B, 50% (16% to 71%) for H1N1 and 6% (−46% to 40%) 
for H3N2. Conclusions: Overall VE against influenza-associated SARI was low but statistically 
significant and comparable with other international studies. VE against matched pandemic H1N1 
strains was moderately high but was not significant against less well matched Influenza B and H3N2. 
These are the first VE data from SHIVERS. As part of the broader project, community-based 
surveillance will commence starting in 2013, enabling measurements of VE for the prevention of 
influenza illness in primary care settings.  

P2-524 

Mismatch between vaccine strains and circulating influenza B viruses in 
different regions of Brazil: 2001-2013  

MLA Oliveira1*, FC Motta1, SS Soares1, PC Resende1, SM Carney1, JAC Costa1, L Duarte1, PS Born1, 
T Andrade1, A Pinhão1, V Valente2, V Saraceni2, W Toschi2, T Gregianini3, M Bercini4, AL 
Furtado5, SB Fernandes6, MCD Rosa7, L Ferraz8, JBF Filho9, J Leite1, AR Matos1, BC Caetano1, MM 
Siqueira1 

1Laboratory of Respiratory Viruses, National Influenza Centre/WHO, Oswaldo Cruz Foundation, 
Fiocruz, RJ, Brazil; 2Epidemiological Surveillance Team, Health Secretariat from Rio de Janeiro, RJ, 
Brazil; 3Laboratory of Public Health, Rio Grande do Sul, RS, Brazil; 4Epidemiological Surveillance 
Team, Health Secretariat from Rio Grande do Sul, RS, Brazil; 5Laboratory of Public Health, Minas 
Gerais, MG, Brazil;  6Laboratory of Public Health, Santa Catarina, SC, Brazil; 7Laboratory of Public 
Health, Parana, PR, Brazil; 8Laboratory of Public Health, Bahia, Brazil; 9Laboratory of Public Health, 
Espirito Santo, Brazil 

Background: Vaccination against influenza plays a pivotal role in averting severe disease and 
reducing morbidity, mortality, and the socioeconomic costs associated with primary and secondary 
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infections. Since the vaccine comprises only one influenza B lineage, a successful intervention relies 
on agreement between circulating viruses and vaccine-selected strains. We investigated influenza B 
viruses from different Brazilian regions, and their match with vaccine-strains, during the period 2000 - 
2013. Materials and Methods: This study included 202 viral sequences, distributed as follows: north (n 
= 7), northeast (n = 26), southeast (n = 81), and south (n = 88). South (Rio Grande do Sul, Parana, 
Santa Catarina), southeast (Minas Gerais, Espirito Santo, Rio de Janeiro), and northeast (Bahia, 
Alagoas, Sergipe) samples were sequenced at the WHO/National Influenza Center, Rio de Janeiro, 
as described elsewhere (Motta FC, et al. J Clin Virol 2006;36:208). Samples from other states were 
downloaded from the GISAID database. Nucleotide alignment was carried out using Muscle, and ML 
trees were reconstructed using HKY nucleotide substitution model (gamma distribution, n = 5), with 
1000 bootstrap replicates (Mega 5.2). Results: Victoria and Yamagata strains have co-circulated in 
Brazil since 2005. In previous years, only one strain was identified. Key mismatches between the 
Southern Hemisphere vaccine and the most prevalent circulating viruses were identified in 2005 (n = 
4/6), 2008 (n = 32/49), 2010 (n = 23/32), and 2013 (n = 20/23). In this context, Brazilian regions were 
distinctly affected. In 2008, most circulating viruses in the South of Brazil were identified as Victoria-
like (n = 23/28), in contrast with the northeast (n = 3/6) and the southeast (n = 6/15) regions. In 2010, 
whereas northeast viruses were essentially Victoria-like (n = 4/5), in accordance with 
B/Brisbane/60/2008, Yamagata-like viruses were more frequently found in the southeast (n = 11/16) 
and south (n = 11/11). In 2012, Yamagata-like viruses were only identified in the northeast (n = 4/9). 
Finally, Victoria-like (n = 20/23) viruses have been predominant in 2013, in disagreement with the 
recommended strain—B/Wisconsin/1/2010. Conclusions: Our findings corroborate the international 
literature on the poor concordance between vaccine and circulating influenza B strains, in specific 
influenza seasons. Inclusion of both influenza B lineages in vaccine composition would avoid 
challenging predictions and their respective public health consequences. Funding: Carlos Chagas 
Filho Foundation for Research endowment for Rio de Janeiro, process no. 111.802/2012; Science 
and Technology Department, Ministry of Health and National Counsel of Technological and Scientific 
Development, Brazil.  

P2-525 

Influenza antigenic variant detection using quantitative PCR based 
approximate ligation assays 

B Martin1*, K Jia1, H Sun1, C Hall1, D Ware2, X-F Wan1 

1Department of Basic Sciences, College of Veterinary Medicine, Mississippi State University, 
Mississippi State, Mississippi, United States; 2Mississippi Public Health Laboratory, Jackson, 
Mississippi, United States 

Background: Identification of influenza antigenic variants is the key to a successful influenza 
vaccination program for both pandemic preparedness and seasonal influenza prevention and control. 
Immunological tests, such as hemagglutinin inhibition (HI) assay and microneutralization (MN) assay, 
are usually utilized to identify antigenic variants among the circulating strains. These empirical 
methods to determine influenza virus antigenic properties are time-consuming, mid-throughput, and 
require live viruses. Materials and Methods: A novel quantitative PCR-based antigenic 
characterization method based on proximity ligation assays was developed and validated in this 
study. Results: This method is able to detect an influenza virus with less than 100 TCID50, using 
homologous polyclonal sera. It can not only differentiate different subtypes of influenza A viruses but 
also effectively identified antigenic drift events of H3N2 seasonal influenza viruses, and the results are 
consistent with those from the routine serological assays, including both HI and MN assays, used in 
influenza surveillance. This method effectively quantified antigenic distances among the wild type 
strains, A/Johannesburge/33/94, A/Nanchang/933/94, and A/Sydney/05/97, and their corresponding 
mutants with single, double, or triple mutations, which caused antigenic changes among these 
viruses, as confirmed by both HI and MN assays. This novel method was applied in 100 clinical 
samples from 2012-2013 influenza season, which were confirmed to be H3N2 influenza positive. Both 
the antisera against A/Victoria/361/2011(H3N2) and the antisera against A/Perth/16/2009(H3N2) 
showed significant cross activities with 97 of 100 samples, whereas the antisera against 
A/Brisbane/10/2007(H3N2) only with 43 of these 100 samples. The mean Ct values were 6.71 
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(standard deviation, 2.15), 7.66 (3.66), and 3.84 (4.73), respectively, and these titers among 3 sera 
groups were significantly different through pairwise paired t-test (P < .001). Conclusions: The 
quantitative PCR based approximate ligation assays developed in this study is sensitive and robust in 
antigenic variant detection, has the potential to be applied in a large scale platform in influenza 
surveillance using directly clinical samples.  

P2-526 

Using vaccinated cases only to evaluate influenza vaccine effectiveness 
against death following admission to the hospital in the tropics 

CF Yung, MK Win, A Tan, YS Leo* 

Department of Clinical Epidemiology, Communicable Disease Centre, Tan Tock Seng Hospital, 
Singapore 

Background: Influenza infection is known to increase the risk of mortality, particularly in the elderly. 
This burden in tropical countries has been shown using modeling studies to be substantial and similar 
to that experienced in temperate regions. In contrast with temperate climates, influenza occurs all 
year round in tropical regions, with two major peaks observed in April to July and November to 
January corresponding with the winter epidemics occurring in the Northern and Southern Hemisphere, 
respectively. There remains a lack of population-level studies to evaluate the impact of influenza 
vaccination on mortality in tropical regions. We describe a novel cohort study method using only 
vaccinated individuals to verify the effectiveness of influenza vaccine on preventing death following 
emergency admission to a large acute hospital in tropical Singapore. Materials and Methods: Since 
the 2009 H1N1  pandemic, the influenza vaccine strain has remained the same until the 2012 season 
in the Northern Hemisphere. Therefore, we extracted all emergency admission episodes from 1 
January 2010 to 31 August 2012, which is defined as the observation period, to Tan Tock Seng 
Hospital (TTSH)—an acute hospital of the National Healthcare Group (NHG) serving the central 
region of Singapore. Influenza vaccination records from the same period were also extracted from the 
medical database of NHG, which includes other hospitals and primary care clinics. Using Singapore’s 
unique identity card number, we populated the influenza vaccination records into the admission 
database. Only cases with a positive vaccination history were used for subsequent analysis. We then 
included information on whether a patient died following admission to the hospital using data from 
hospital records. We defined influenza vaccine protection duration as 15 days after the date of 
influenza vaccination to 365 days after the date of influenza vaccination, ie, approximately just less 
than 12 months. A multivariable logistic model was developed to assess the odds of death following 
admission to the hospital within the protective period compared with that outside the protective period. 
Results: From 1 January 2010 to 31 August 2012, there were 136,338 emergency admissions from 
84,404 individuals to TTSH; 5636 (7%) had a history of having received influenza vaccine, and there 
were 564 deaths in this cohort following admission. The median ages of the patients who died within 
the protective period and outside the protective period were 70 and 71 years, respectively, with an 
interquartile range of 60 to 80 years. Univariate analysis showed statistically significant differences in 
sex and ethnicity (P < .01). A total of 237 patients (4.3%) admitted died during the protective period 
compared with 332 (14.6%) patients outside the protection period (P < .01). After adjustment for 
possible confounders of age, sex, ethnicity, as well as month and year of admission, the odds of 
death following hospital admission during the protective period was 0.25 (95% CI, 0.20 to 0.30) 
compared with that outside the protective period. Conclusions: We have described and demonstrated 
a novel cohort study method using vaccinated cases only to assess the effectiveness of influenza 
vaccine in preventing death following hospital admission. Influenza vaccine was found to be about 
75% effective at preventing death if admission took place within the defined protective period when 
compared with those admitted more than 12 months after receipt of their influenza vaccination. Using 
only vaccinated cases negates the problems of healthy user bias commonly associated with other 
observational methods used to measure vaccine effectiveness. Increasing influenza vaccination 
coverage in tropical regions could provide substantial clinical benefits in terms of preventing mortality 
following hospitalization.  

384Vaccines



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-527 

A novel approach using vaccinated cases only to evaluate influenza vaccine 
effectiveness against all-cause hospital admissions in the tropics 

CF Yung, SP Chan, A Tan, YS Leo* 

Department of Clinical Epidemiology, Communicable Disease Centre, Tan Tock Seng Hospital, 
Singapore 

Background: Despite misconceptions, the burden of influenza in tropical regions is substantial and not 
dissimilar to that experienced in temperate regions. In contrast with temperate climates, influenza 
occurs all year round in tropical regions, with two major peaks observed in April to July and November 
to January corresponding with the winter epidemics occurring in the Northern and Southern 
Hemispheres, respectively. Public health advocacy for influenza vaccination in the tropics is severely 
limited by a lack of evidence from real-life population-level influenza vaccine-effectiveness studies. 
This paucity in tropical regions is primarily due to the combined lack of public health surveillance 
systems with the capacity to monitor vaccine impact as well as low uptake of influenza vaccine, 
although it is recommended in national guidelines. We describe a novel method using the self-
controlled case series (SCCS) normally used to verify adverse events following immunization to 
evaluate the effectiveness of influenza vaccine on all-cause hospital emergency admissions in an 
acute hospital in Singapore, a tropical city state. Materials and Methods: Since the 2009 H1N1 
pandemic, the influenza vaccine strain has remained the same until the 2012 season in the Northern 
Hemisphere. Therefore, we extracted all emergency admission episodes from 1 January 2010 to 31 
August 2012, which is defined as the observation period, to Tan Tock Seng Hospital (TTSH)—an 
acute hospital of the National Healthcare Group (NHG) serving the central region of Singapore. 
Influenza vaccination records from the same period were also extracted using the medical database 
of the NHG, which includes other hospitals and polyclinics. Using Singapore’s unique identity card 
number, we populated the influenza vaccination records into the admission database. Only cases with 
one positive vaccination history were used for subsequent analysis. The observation period was 
divided into three periods: pre-protection period, defined as the period from 1 January 2010 to 15 
days after influenza vaccination; protection period, defined as 15 days after the date of influenza 
vaccination to 365 days after the date of influenza vaccination; post-protection period, defined as 365 
days after influenza vaccination to the end of the observation period (31 August 2012). A subject-
specific Poisson regression model with the log link adjusted for month and year was applied to 
ascertain the incidence risk ratio (IRR) of emergency admission during the protection period 
compared with the baseline (pre-protection and post-protection). Results: From 1 January 2010 to 31 
August 2012, there were 136,338 emergency admissions from 84,404 individuals to TTSH. Of these, 
4313 had a history of having received one influenza vaccine only. The mean age of the cohort was 65 
years, and there were slightly more males (60%). After adjustment for month and year, the IRR during 
the protection period was 0.89 (95% CI, 0.85 to 0.93) compared with the baseline risk of hospital 
admission. Conclusions: We have described and demonstrated a novel approach using the SCCS to 
estimate vaccine effectiveness using only vaccinated cases, which negates the problems of healthy 
user bias commonly associated with other observational methods to measure vaccine effectiveness. 
The SCCS also adjusts for known and unknown fixed confounders, such as sex and genetics. The 
year-round circulation of influenza and influenza vaccination makes the SCCS uniquely suitable for 
evaluating the impact of influenza vaccine in tropical regions. Influenza vaccine is 11% effective at 
protecting against all-cause emergency admissions in tropical Singapore. Increasing influenza 
vaccination coverage in tropical regions could provide substantial public health benefits in terms of 
relieving hospital admissions in acute hospitals.   
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P2-528 

Influenza vaccine effectiveness, by age group and strain, at preventing 
laboratory-confirmed influenza admissions in adults 18 years of age or older 
targeted for influenza vaccination during the 2012-2013 influenza season: a 
test-negative study 

J Puig-Barberà1,2*, X López-Labrador X1,3,4, J Díez-Domingo1, M Ruiz-García2, A Buigues-Vila1, J 
Barrenengoa-Sañudo5, R Larrea-González5, R Limon-Ramirez6, M Tortajada-Girbés7, C Carratalá-
Munuera8, H Schwarz-Chavarri9, L Martínez-Priego1, B Escribano-López1, V Gil-Guillén8

1Centro Superior de Investigación en Salud Pública (CSISP), Valencia, Spain; 2Centro de Salud 
Pública de Castellón, Castellón, Spain; 3Universitat de València, Valencia, Spain; 4CIBERESP, 
Instituto de Salud Carlos III, Madrid, Spain; 5Hospital General, Castellón, Spain; 6Hospital La Plana, 
Vila-real, Spain; 7Hospital Doctor Peset, Valencia, Spain; 8Universidad Miguel Hernández, San Juan 
de Alicante, Spain; 9Centro de Salud San Blas, Alicante, Spain 

Background: Influenza epidemics—associated with excess morbidity, hospitalizations and deaths—
occur annually. Influenza vaccination is considered the most effective strategy for preventing 
influenza and is recommended for individuals at high risk of serious influenza-related complications. 
As a consequence of antigenic drift, influenza vaccine effectiveness varies season by season. 
Objective reappraisal of this evidence is possible by using sensitive and specific real-time reverse 
transcription–polymerase chain reaction (RT-PCR) and the execution of test-negative studies, their 
major strengths being comparability of cases and controls and laboratory-confirmed outcomes. In 
addition, RT-PCR allows definition of a more timely and focused picture of the burden of disease due 
to different influenza strains. Based on these developments, our aim was to estimate influenza 
vaccine effectiveness (IVE) at preventing influenza-confirmed admissions by strain and age group. 
Materials and Methods: We conducted a prospective, hospital-based, test-negative case-control study 
to estimate IVE at preventing influenza-confirmed hospitalizations in patients 18 years of age and 
older targeted for influenza vaccination. The study was performed in five health districts in Valencia, 
Spain, which provide hospital care to 1,266,899 inhabitants. We invited all emergency hospitalized 
patients with a predefined set of medical conditions to participate in the study. IVE was estimated for 
subjects 18 years of age or older pertaining to target groups for vaccination and for the period defined 
by two or more admissions due to influenza in at least two consecutive weeks. Influenza season 
began on week one in 2013 and ended on week 15 in 2013. Subjects who tested positive for 
influenza were considered cases, and those who tested negative for influenza were considered 
controls. IVE is estimated as (1-0R)*100. We provide overall crude and adjusted estimates by 
influenza strain and by age group (18 to 69 y and 70 y or older) and by age group and strain. Results: 
Overall, 1034 admitted patients met all inclusion criteria. We identified 172 admissions with 
laboratory-confirmed influenza. We observed two influenza waves, the first due to influenza B 
Yamagata and the second due to influenza A(H1N1)pdm09. The predominant circulating influenza 
virus strains in Valencia were B Yamagata (n = 108 cases; 63%), H1N1pdm09 (n = 54; 31%), H3H2 
(n = 5; 3%), and B Victoria and B nontypable (n = 5; 3%). Influenza B Yamagata was identified in all 
age groups, whereas A(H1N1)pmd09 was less predominant in the 75- to 84-year age group and 
nearly absent in the 85 years or older age group. Overall, non-adjusted influenza vaccine 
effectiveness was 37% (13% to 55%). For all age groups considered together, IVE at preventing 
admissions related to B Yamagata was 45% (17% to 63%) and related to H1N1pdm09 was 27% 
(−31% to 59%). After adjustment, only IVE against B Yamagata was significant (45%, 11% to 66%), 
while IVE against H1N1pdm09-related admissions was −5% (−98% to 44%). For those 18 to 69 years 
of age, adjusted IVE was 26%. It was 56% against influenza B Yamagata and 16% against H1N1 
pdm09. In all estimates in this age group, the lower limit of the confidence intervals was negative. For 
those 70 years of age or older, adjusted IVE was 38% (2% to 61%). It was 45% (3% to 69%) against 
B Yamagata, and −25% against A(H1N1)pdm09. Conclusions: Influenza vaccine prevented half the 
admissions due to influenza B Yamagata and a third of the admissions due to overall influenza. IVE 
effectiveness against A(H1N1)pdm09 was from low to nonexistent, in agreement with the recently 
described drift of circulating H1N1pdm09 strains compared with vaccine strains. The overall IVE age 
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effect could thus be explained by the predominance of H1N1pdm09 in younger age groups. Our 
results are limited because of the small numbers. This clearly upholds the convenience of networking 
and data pooling between sites applying similar protocols. This study was funded by a grant from 
Sanofi Pasteur. Valencia Hospital Network for the study of Influenza & RVD is a member of the Global 
Influenza Hospital-based Surveillance Network. 

P2-529 

Variability in the immunogenicity of inactivated seasonal influenza vaccine in 
children due to age and recent previous influenza vaccination 

G Freeman1*, R Pereira1,2, V Fang1, S Ng1, D Ip1, G Leung1, M Peiris1,2, B Cowling1 

1School of Public Health and 2Centre for Influenza Research, Li Ka Shing Faculty of Medicine, The 
University of Hong Kong, Hong Kong Special Administrative Region, China 

Background: Annual receipt of trivalent inactivated influenza (TIV) vaccination is recommended for 
school-age children in some countries. However, there is little data on the variability of the 
immunogenicity of influenza vaccination in children and how this is affected by their age and recent 
influenza vaccination history. Materials and Methods: We used data on children in a Hong Kong 
community-based study who were randomized to receive TIV before the 2009-2010 influenza season. 
Antibody titers against seasonal and pandemic A(H1N1), seasonal A(H3N2), and two B influenza 
viruses (B/Brisbane and B/Florida) were measured by hemagglutination inhibition immediately before 
and 1 month after vaccination (Cowling et al. Clin Infect Dis. 2012). Multivariate regression models 
were fitted in a Bayesian framework to characterize the distribution of changes in antibody titers 
following vaccination and update previous findings by considering the correlation between virus 
strains (Ng et al. Pediatr Infect Dis J. 2013). Results: In 452 subjects, statistically significant rises in 
the geometric means of all antibody titers were observed, with those against the virus strains included 
in the TIV rising by geometric means of 7.95 to 13.36; those against pandemic A(H1N1) and B/Florida 
rose by 1.47 and 4.21, respectively. Geometric standard deviations were between 3.76 and 8.41 
around the geometric means, with pandemic A(H1N1) showing the least variability in rises. The most 
closely correlated titer increases were those for the two influenza B viruses, while increases in 
pandemic A(H1N1) titers were unrelated to any other titer. Being vaccinated in either of the two 
previous years significantly reduced the increase in seasonal A(H1N1) and A(H3N2) antibody titers, 
while among children not vaccinated in the previous 2 years, those aged > 9 years experienced 
significantly higher increases in the influenza B titers than those aged 6-8 years. Conclusions: 
Increases in antibody titers following vaccination can vary depending on age and vaccination history. 
Results from our study suggest that humoral antibody response to TIV may be lower in children 
receiving repeated vaccination, but receipt of TIV induced seroprotection in most subjects. 

P2-530 

Supplementation of oil-based inactivated H9N2 vaccine with M2e antigen 
enhances resistance against heterologous H9N2 avian influenza virus 
infection 

JY Noh1, JK Park1, DH Lee1, CH Cho2, SS Yuk1, TO Erdene-Ochir1, JH Kwon1, BY Kim1, SW Choi1, 
BS Shim1, MK Song1, JB Lee1, SY Park1, IS Choi1, CS Song1* 

1Avian Disease Laboratory, College of Veterinary Medicine, Konkuk University, Seoul, Republic of 
Korea; 2Molecular Vaccinology Laboratory, International Vaccine Institute, Seoul, Republic of Korea 

Background: Avian influenza virus (AIV) subtype H9N2 has become established in multiple avian 
species across large geographical areas, including Asia, the Middle East, and Africa, causing serious 
economic losses in the poultry industry. To control H9N2 infections in poultry, an oil-based inactivated 
H9N2 vaccine was used in the chicken industry to prevent H9N2 infection in several Asian countries. 
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Previous studies have demonstrated that H9N2 viruses underwent antigenic drift and thus could 
evade vaccine protection. Therefore, development of broadly cross-protective vaccine is required to 
improve vaccine efficacy against newly emerged viruses. Recent studies have shown that 
supplementation with M2e antigen potently provides cross-protective immunity against heterologous 
influenza virus infection. In this study, we investigated the efficacy of an inactivated H9N2 oil-emulsion 
vaccine mixed with M2e proteins expressed in Escherichia coli against a vaccine escape mutant 
H9N2 virus. Materials and Methods: AIV H9N2 M2e antigen was expressed in E. coli and was used 
as a supplement to inactivated H9N2 oil-emulsion vaccine. Specific pathogen-free chickens received 
a single injection of inactivated H9N2 oil-emulsion vaccines with (iH9-M2e) or without (iH9) M2e 
supplementation. At 3 weeks post-vaccination, hemagglutination inhibition (HI) tests and enzyme-
linked immunosorbent assays were performed to determine serological immune responses. A 
challenge study using a vaccine escape H9N2 variant was performed to evaluate the efficacy of M2e 
supplementation. Results: Significantly increased levels of HI titers were induced both in iH9- and in 
iH9-M2e–vaccinated chickens. The difference in the HI titers between these groups was not 
statistically significant. Even after a single immunization, the M2e-specific antibody titers in the iH9-
M2e–vaccinated group were approximately 100-fold higher than those in the iH9-vaccinated group, 
which indicates that the recombinant M2e antigen used in this study significantly enhanced M2e-
specific antibodies without interfering with the induction of HI antibodies when added to oil-based 
inactivated H9N2 vaccine. M2e-supplemented vaccination significantly reduced challenge virus 
shedding in the oropharynx, both at 3 and 5 day post-challenge, while no significant reduction in 
challenge virus shedding was observed in the non-supplemented vaccination group. Conclusions: Our 
results suggest that supplementation of inactivated H9N2 vaccine with prokaryote-expressed M2e 
antigen improved inactivated H9N2 virus vaccine efficacy and achieved cross-protection against 
heterologous antigenic variant. Supplementation with M2e protein could be an attractive vaccine 
strategy to better control AIVs in poultry species. 

P2-531 

Influenza-specific cross-reactive CD8+ T-cell responses induced in HLA-
A2.1/H-2Dd transgenic mice by an H7N3-inactivated virus 

G Di Mario1,  B Garulli1,2, E Sciaraffia1, A Giovannelli1, I Donatelli1, MR Castrucci1* 

1Istituto Superiore di Sanità, Department of Infectious, Parasitic and Immune-Mediated Diseases, 
Rome, Italy; 2"La Sapienza" University, Department of Biology and Biotechnology “Charles Darwin,” 
Rome, Italy 

Background: The ideal influenza vaccine should induce broad cross-reactive B- and T-cell responses 
and thus provide protection against heterologous viruses. Several studies have demonstrated that the 
majority of virus-specific memory T cells, particularly CD8+ T lymphocytes, are directed against 
relatively conserved viral proteins and that the magnitude and breadth of virus-specific T cells 
contribute to heterosubtypic immunity. Therefore, efforts to ameliorate the induction and recall of 
virus-specific T cells by influenza vaccination would help limit viral spread and severity of disease. 
Vaccination using whole inactivated influenza virus remains the primary method of prevention, 
especially when considering pre-pandemic vaccines. In particular, vaccine preparations based on 
reassortant viruses containing the six internal gene segments of A/PR/8/34 virus and the 
hemagglutinin (HA) and neuraminidase genes from potentially pandemic virus strains could provide 
both humoral and cellular immune responses. Here, we used HLA-A2.1/H-2Dd transgenic mice to 
examine the CD8+ T-cell responses elicited by a non-replicating H7N3 virus and the cross-reactivity 
with A/PR/8/34 virus. Materials and Methods: HLA-A2.1/H-2Dd mice were immunized intraperitoneally 
with 500 HAU of either live or heat-inactivated A/Turkey/Italy/214845/02 (HI-H7N3) virus. Viral 
inactivation was performed at 56°C for 30 minutes. To evaluate recall responses, anesthetized mice 
were infected intranasally with sublethal doses of the A/PR/8/34 virus. Fourteen peptides that bind 
HLA-A2.1 molecule and are conserved among diverse influenza subtypes were used in an IFN-γ 
ELISPOT assay to investigate the CD8+ T-cell response in the spleen of mice. The Db-restricted 
peptide epitope NP366 from influenza nucleoprotein (NP) was included in the assays. Results: We 
selected a panel of the immunogenic and HLA-A2–restricted influenza-specific peptides, consisting of 
2 NP epitopes, 10 polymerases epitopes (4 PA, 4 PB1, 2 PB2), and 2 matrix (M1) epitopes. Following 
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intraperitoneal injection with live H7N3 virus, most of the peptides tested were able to stimulate IFN-γ 
secretion from mouse splenocytes. Strong CD8+ T-cell responses to the immunodominant M158 
(HLA-A2-restricted) and NP366 (Db-restricted) epitopes were observed in all mice. In contrast with live 
viral infection, HI-H7N3 administration elicited CD8+ T-cell responses that were restricted to epitopes 
M158 and NP366. Reproducible T-cell responses were also observed after stimulation with the 
overlapping peptide M159. Then, we sought to determine whether cross-reactive recall responses to 
the subdominant epitopes may be affected in HI-H7N3–vaccinated mice following heterologous 
influenza virus infection. One month after HI-H7N3 vaccination, mice were infected with A/PR/8/34 
virus. The frequencies of T cells specific for the immunodominant epitopes were higher than those of 
unprimed mice. However, CD8+ T-cell responses specific for subdominant epitopes, including the 
PA225 epitope, were similar to those observed in primary infections. This suggests the lack of priming 
by non-replicating flu vaccines for these antigens. Finally, we investigated whether pre-existing 
immunity to a heterologous influenza virus affected the T-cell responses elicited by HI-H7N3 virus. 
H7N3 vaccine administration exclusively boosted the CD8+ T cells specific for immunodominant 
epitopes. Similar results were obtained in A/PR/8/34-preimmune mice vaccinated with heat-
inactivated X31 virus. In both cases, the frequencies of T cells specific for subdominant epitopes were 
not increased. Conclusions: Our data indicate that inactivated whole-virus vaccines elicit CD8+ T-cell 
responses exclusively toward dominant epitopes of the most abundant internal proteins in both naive 
and preimmune mice. In humans, conventional PR8-based inactivated vaccines would be able to 
recall cross-reactive immune responses to M and NP proteins and thus play an important role in the 
case of mismatches between strains recommended for pre-pandemic vaccine formulation and field 
isolates. However, the paucity of conserved immunodominant epitopes and potential emergence of 
antigenic variants from animal reservoirs suggests that further investigation of the cross-reactivity of M 
and NP proteins from human and avian viruses in the context of different HLA class I and class II 
molecules is needed. It would help to identify and develop alternative pre-pandemic vaccines that are 
able to elicit the appropriate immune response. 

P2-532 

Main factor of the low antigen content of inactivated H5N1 influenza 
vaccines—decreased stability of the H5 hemagglutinin protein 

MV Sergeeva1, AA Krokhin2, LM Tsybalova1, JR Romanova1,2*

1Research Institute of Influenza, St Petersburg, Russian Federation; 2HSC Development, Vienna, 
Austria  

Background: Since 1997, highly pathogenic avian influenza viruses (HPAIVs) of the H5N1 subtype 
have been circulating in wild and domestic birds and periodically infecting humans; thus, they pose a 
pandemic threat. The major influenza virus surface antigen hemagglutinin (HA) is the target for the 
virus-specific antibodies and, therefore, it is the main component of anti-influenza vaccines. The 
conventional inactivated vaccines made from H5N1 HPAIV (eg, NIBRG14 vaccine strain) were shown 
to reveal decreased HA yields compared with the seasonal preparations. The HA of HPAIV differs 
from that of human influenza viruses by the increased threshold pH of the HA conformational change 
(pH of fusion or activation), which is related to decreased HA conformational stability. We showed 
earlier that decreasing the threshold pH of the HA activation by site-directed mutagenesis leads to 
increased virus stability toward a low pH and high temperature, which in turn increases virus infectivity 
for mammals and the immunogenicity of live influenza vaccines. The aim of this study was to 
investigate whether the increased pH threshold of H5 HA activation is related to the decreased HA 
antigen content of whole virion inactivated influenza vaccines. Materials and Methods: The single 
mutation HA2 (K58I), known to decrease the threshold pH of fusion for the avian HA, was introduced 
in the HA of HPAI isolate A/chicken/Kurgan/5/05(H5N1), and two 6:2 reassortants differing by a single 
K58I substitution were constructed by reverse genetics in the A/PR/8/34 background. The pH 
threshold of virus HA activation was measured in a hemolysis test. Virus stability was estimated on 
the basis of low pH, high temperature, and freeze-thawing stress. The HA conformational stability was 
assessed in ELISA by binding efficiency to the IIF4 monoclonal antibody, which is specific to low pH 
HA conformation and by resistance to trypsin proteolysis in Western blotting. Viruses were 
propagated in chicken embryos or MDCK cells, inactivated with 0.015% formaldehyde for 24 h at 
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32°C and purified by ultracentrifugation in 20%-60% sucrose density gradient. The total protein 
content was measured by Lowry protein assay. The quantity of immunocompetent HA antigen in the 
whole virus inactivated preparations was determined by SRID assay. Results: The reassortant 
containing the modified HA was characterized by a 0.3 pH unit lower threshold of the HA activation. 
The conformational change in the mutant virus HA detected by the binding of IIF4 antibodies occurred 
at 0.3 pH units lower than that of the original strain. The mutant virus demonstrated increased stability 
toward a low pH and elevated temperature when compared with the original non-mutated strain. The 
HA protein of the mutant virus was more resistant to the freeze-thawing stress, being less damaged, 
while the HA protein of the original strain appeared as rare and shortened spikes when analyzed by 
electron microscopy. Whole virus inactivated preparation made from the original unstable virus 
contained more HAs in the low pH conformation, which were more sensitive to digestion by trypsin 
than an analogous preparation made from a more stable mutant strain. The relative HA content in an 
inactivated whole virus formulation prepared from the mutated virus was 1.8 times higher than in the 
preparation made from the original strain. Conclusions: The obtained data demonstrate that 
decreasing the threshold pH of the HA activation of the H5N1 virus by introducing HA2(K58I) mutation 
increased its HA conformational stability, resulting in a higher content of immunocompetent HA in the 
experimental whole virus inactivated formulation. This research was supported by the Russian 
Foundation for Basic Research grant 12-04-31397. 

P2-533 

Influenza vaccine effectiveness in the United States military during the 2012-
2013 influenza season 

AA Eick-Cost, Z Hu, MJ Cooper, JF Cummings, JL Sanchez* 

Armed Forces Health Surveillance Center, Silver Spring, Maryland, United States 

Background: Influenza is one of the most commonly encountered infectious diseases in the US 
military, especially among young, non-immune personnel. Thus, assessment of influenza vaccine 
effectiveness (VE) is routinely performed on a year-to-year basis among active component service 
members (SMs). We estimated influenza VE among all active component, non-recruit SMs during the 
period 1 September 2012 to 30 April 2013. Materials and Methods: Assessment of VE was performed 
by a case-control approach in which cases were individuals with positive laboratory tests for influenza. 
The Defense Medical Surveillance System (DMSS) was used to identify Health Level 7 (eg, laboratory 
data) in the DMSS, which was used to identify influenza-like illnesses (ILIs) that were laboratory 
confirmed by a rapid influenza test, reverse transcriptase polymerase–chain reaction (RT-PCR), or 
culture. Controls were of two kinds: (1) SMs who tested negative by RT-PCR or culture (“internal 
controls”) or (2) SMs who experienced health care encounters for musculoskeletal conditions (without 
respiratory diagnoses, “external controls”) and who were matched to cases by sex, age, date of 
diagnosis (+/- 3 days), and treatment facility. Vaccination status was determined by review of 
immunization records documented in the DMSS. Individuals were considered vaccinated if their ILI 
diagnosis occurred more than 14 days after influenza vaccination. Crude odds ratios were calculated, 
and logistic or conditional logistic regression was used to calculate adjusted odds ratios. Analyses 
were stratified by influenza type (A or B), subtype (H1, H3 or B), and vaccine type (trivalent inactive 
vaccine [TIV] and live attenuated influenza vaccine [LAIV]). Results: Preliminary analyses showed 
moderate protective levels (~ 34%-35%) depending on the vaccine type. TIV and LAIV appeared to 
confer similar levels of protection in all preliminary analyses. VE for influenza A (subtype H3) or 
subtype B resulted in non-statistically significant findings, most probably due in part to limited 
numbers of laboratory-confirmed influenza infections during the study period. Conclusions: Influenza 
continues to be a significant military-relevant disease, and annual vaccination continues to be 
mandated; however, moderate levels of VE are documented. Additional factors such as repeated 
immunization, circulating influenza strains, and health status may play a role in variable degrees of VE 
in the military. Updated estimates and the potential role of these other factors for all active component 
SMs will be examined in more detail and presented in final form. 
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P2-534 

The study of heterosubtypic antibody responses against influenza A viruses 
elicited by seasonal vaccination using a pseudotype neutralisation assay 

F Ferrara1*, E Molesti1, E Böttcher-Friebertshäuser2, E Montomoli3, D Corti4, S Scott1, N Temperton1

1Viral Pseudotype Unit, Medway School of Pharmacy, University of Kent, Chatham Maritime, United 
Kingdom; 2Institute of Virology, Philipps University Marburg, Marburg, Germany; 3Department of 
Physiopathology, Experimental Medicine and Public Health, University of Siena, Italy; 4Institute for 
Research in Biomedicine, Bellinzona, Switzerland  

Background: The study of heterosubtypic antibody responses directed against influenza A 
haemagglutinins in human populations is an important facet of pandemic preparedness. The 
evaluation of the ability of vaccines to increase heterosubtypic antibody responses to confer broad 
protection against different influenza subtypes is one approach to this. Classic serological assays, 
such as haemagglutination inhibition and microneutralisation, have demonstrated low sensitivity for 
the detection of cross-neutralising antibodies, especially those directed against epitopes in the 
haemagglutinin HA2 stalk region. For this reason there is a need for new assay formulations that are 
able to detect and quantify these heterosubtypic antibody responses. Influenza pseudotypes 
represent safe tools to study the neutralising antibody response since they are replication-defective 
viruses and they harbour on their envelope only the haemagglutinin that is the major target of this 
response. Materials and Methods: We have generated a panel of group 2 influenza A pseudotypes 
(H3 A/Udorn/307/1972, H4 A/duck/Czechoslovakia/1956, H7 A/chicken/Italy/1082/1999, H10 
A/chicken/Germany/N49, H14 A/mallard/Astrakhan/263/1982, H15 A/shearwater/West 
Australia/2576/1979) and we have used them as surrogate antigens in neutralisation assays to study 
the presence and magnitude of heterosubtypic neutralising antibody responses in human sera 
collected before and after the 2007-2008 seasonal influenza vaccination. Results: In the human sera 
tested, neutralising antibody responses are detected against not only human influenza viruses, but 
also against influenza pseudotypes harbouring avian haemagglutinins belonging to group 2 viruses. 
After seasonal vaccination, the pseudotype neutralisation assays detect variation in the neutralising 
antibody titres against avian influenza pseudotypes. Conclusions: The increased sensitivity of the 
pseudotype neutralisation assay performed using a panel of influenza A pseudotypes permits the 
detection of heterosubtypic antibody responses before and after seasonal influenza vaccination. This 
has implications for the development of pandemic preparedness plans at the population level. 

P2-536 

Host genetic factors as determinants of immunologic and adverse responses 
on influenza vaccination in humans 

D Ip1*, S Cherny2, GM Leung1, BJ Cowling1

1School of Public Health, 2Department of Psychiatry, The University of Hong Kong, Hong Kong 
Special Administrative Region, China 

Background: Seasonal influenza epidemics cause a great burden of illnesses, hospitalizations, and 
deaths worldwide. Although influenza vaccination has generally been regarded as safe and effective 
in preventing influenza infection, some people do develop poor immune responses or occasional 
serious adverse events on receiving the vaccination. Little is known about how host genetic 
determinants are affecting responses to influenza vaccination in humans. Materials and Methods: We 
used a genetic association study with a candidate gene approach based on a randomized placebo-
controlled trial on influenza vaccination to examine the role of host genetic variation on immune 
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response and adverse reaction to influenza vaccine in humans. In the trial, 915 children aged 6-15 
years were randomized to receive either an inactivated trivalent seasonal influenza vaccine (TIV) 
(Vaxigrip, Sanofi Pasteur) or placebo in phases from 2009 to 2010. Vaccine response was defined by 
a post-vaccination antibody titer of 1:40 or ≥ 4-fold rise in all TIV components. An adverse vaccine 
responder was defined by an aggregated symptom score ≥ 2 on day 1 post-vaccination, based on 10 
symptoms each on a scale of 0 (absent), 1 (mild), 2 (moderate, or 3 (severe), thus having at least 2 
mild or 1 moderate symptoms. All participants kept a daily symptom dairy. Whole blood samples from 
535 participants receiving TIV were collected for genetic analysis in this study. DNA was extracted 
and genotyped for single nucleotide polymorphisms for IL-1B-511G>A (rs16944), IL-6-5843A/G 
(rs1818879), IL-8-251T/A (rs4073), IL-10-082A/G (rs1800896), -819T/C (rs1800871), -592A/C 
(rs1800872), MBL-2-5232G>A (rs1800451), 221C/G (rs7096206), -34C>T (rs5030737), -550G>C 
(rs11003125), MxA-88G/T (rs2071430), OSA1-347A/G (rs2660), RIG1 G/C (rs9695310), TLR3-
1377T/G (rs3755290), -7G/T (rs3775296), TLR4 G/A (rs5030718), Asp299Gly (rs4986790), TLR7 
Gln11Leu (rs179008), 1817G/T (rs5741880), TLR8-129G/C (rs3764879), Met1Val (rs3764880), and 
(rs11003131)G/T. Logistic regression models were used to evaluate the relationship of 
polymorphisms with various outcomes and to compute the ORs and 95% confidence interval (CIs) in 
relation to vaccination response and adverse vaccination reaction. The heterozygous and 
homozygous variant genotypes were analyzed both as a nominal and an ordinal variable as 
consisting, respectively, of one and two variant alleles and compared with the wild-type homozygous 
genotype. The heterozygous genotype was also grouped with either of the two homozygous 
genotypes to analyze in a dominant or recessive model. Two-sided P values are reported and P ≤ .05 
was considered to indicate statistical significance. Results: Among 535 subjects receiving TIV, 295 
were classified as vaccine responders. Polymorphisms IL-6 rs1818879 G mutation in an ordinal model 
(OR = 1.56, CI = 1.054-2.31), AG (OR = 1.667, CI = 1.109-2.504), and combined AG/GG (OR = 
1.637, CI = 1.093-2.454) in a dominant model were associated with increased odds of response. 
TLR7 rs5741880 GT (OR = 0.161, CI = 0.046-0.566), combined GT/TT (OR = 0.371, CI = 0.159-
0.866) in a dominant model, and TLR3 rs3755290 GG (OR = 0.572, CI = 0.335-0.976) in a recessive 
model compared with GT/TT were associated with lower odds of response. No serious vaccine 
response, including anaphylaxis or shock, was reported by any recipient. With a symptom score ≥ 2, 
26.1% were classified as adverse responders for TIV. IL-6 rs1818879 AG (OR = 1.833, CI = 1.14-
2.945) and combined AG/GG (OR = 1.778, CI = 1.108-2.854) were associated with a higher risk, 
while CCL1 rs2282691 AT (OR = 0.578, CI = 0.347-0.963) was associated with a lower risk of 
adverse response. All these effects of polymorphisms in relation to vaccination response are 
compatible with the current understanding regarding the role played by those genes in either the 
pathogenesis or immunological response to influenza infection. Conclusions: Our findings suggest the 
potential role of host genetic variation and identified genetic determinants that affect the 
immunological and adverse responses to seasonal influenza vaccination in humans. These findings 
may help to explain the great variability in protection achieved by influenza vaccination.  

P2-537 

Immunogenicity and reactogenicity of a quadrivalent influenza vaccine 
administered intramuscularly to children 6 to 35 months of age in 2012-2013: 
day 56 results of a randomised, double-blind, controlled, multi-centre, multi-
country, clinical trial (NCT01711736) 

JM Langley1*, N Aggarwal2, A Bueso3, V Chandrasekaran4, L Cousin3, SA Halperin1, B Innis4, P Li4, A 
Liu4, S McNeil1, L Peña5, L Rivera5, L Wang4, V Jain4

1Canadian Center for Vaccinology, IWK Health Centre and Capital Health, Dalhousie University, 
Halifax, Nova Scotia, Canada; 2Aggarwal and Associates Limited, Brampton, Ontario, 
Canada; 3Tecnologia en Investigacion, San Pedro Sula, Honduras; 4GlaxoSmithKline Vaccines, King 
of Prussia, Pennsylvania, United States; 5Hospital de Maternidad Nuestra Señora De Altagracia, 
Santo Domingo, Dominican Republic 

Background: Influenza has a high attack rate in infants and young children. Vaccines containing both 
lineages of influenza B (Yamagata and Victoria), in addition to H3N2 and H1N1 antigens, may 
improve the protection of this vulnerable population. Materials and Methods:  Children 6 to 35 months 
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of age in stable health were randomised (1:1) to receive 0.5 mL of a candidate quadrivalent influenza 
vaccine (QIV) or a trivalent control vaccine (TIV) by the intramuscular route. The QIV contained 15 µg 
haemagglutinin (HA) from 4 strains: A/California/7/2009(H1N1)pdm09, A/Victoria/361/2011(H3N2), 
B/Brisbane/60/2008  (Victoria lineage) and B/Hubei-Wujiagang/158/09 (Yamagata lineage) in a 
thimerosal-free formulation. The TIV contained the same H1N1, H3N2 and B Yamagata components. 
Vaccine unprimed participants (VUPs) (no prior receipt of seasonal influenza vaccine in the past or 
only one dose for the first time in 2011-2012) received vaccines on days 0 and 28, whereas vaccine 
primed participants (VPs) received one dose (day 0). Blood samples for haemagglutinin agglutination 
(HI) antibodies were collected on days 0 and 28 from VPs and on days 0 and 56 from VUPs. 
Solicited injection site and general adverse events (AEs) were collected by parents/guardians on diary 
cards on days 0-6 after each vaccination; unsolicited AEs will be collected until day 180. The primary 
objectives were to assess QIV immunogenicity based on the Center for Biologics Evaluation and 
Research seroconversion rate (SCR) acceptance criterion for each strain 28 days after completion of 
dosing and solicited AEs on days 0-6. Results: A total of 601 children (TIV, 302; QIV, 299) were 
enrolled and randomised at 8 sites in three countries (Canada, Dominican Republic, Honduras); 96% 
(580/601) completed the day 56 visit of the study. The mean ages were 18.2 months (SD 8.17) and 
18.1 months (SD 8.34) for the QIV and TIV groups respectively. Only 13 (4.35%) and 15 (4.97%) 
children were considered VPs, respectively. The primary immunogenicity objective was met, as the 
lower limit (LL) of the two-sided 95% confidence interval (CI) for SCR in QIV recipients ranged from 
66.6% to 81.3%, which was ≥ 40% against all 4 strains; the SCR point estimates ranged from 72.2% 
to 85.9%. The immunogenic superiority of the B/Victoria strain present in QIV (in terms of geometric 
mean titre and SCR) compared with TIV was concluded, as the LL of the two-sided 95% CI of the 
GMT ratio (QIV/TIV) (6.28; 95% CI 5.32, 7.41) was greater than 1.5, and the LL of the two-sided 95% 
CI for the difference in SCR (QIV – TIV, 64.19%; 95% CI 57.65, 69.95) was greater than 10%. At least 
one symptom (solicited and unsolicited) was reported for 63.5% and 67.9% of subjects in the QIV and 
TIV groups, respectively, during the 7 days after vaccination. Injection-site pain was the most 
frequently reported solicited injection-site AE (QIV, 32.6%; TIV, 30.6%) with Grade 3 pain in 
7 (2.4%) and 3 (1.0%) participants, respectively. Irritability/fussiness was the most frequently reported 
solicited general AE (40.7% and 41.6% of subjects in the QIV and TIV groups, respectively). Grade 3 
irritability/fussiness was reported in 5.2% and 4.7% of QIV and TIV recipients, respectively. Grade 3 
fever after QIV and TIV was reported in 14.5% and 14.5% of recipients after the first dose and in 
10.3% and 9.1% of children after the second dose, respectively. Grade 3 or higher fever (≥ 39.0°C) 
occurred in 7.9% and 4.0% of children. In an exploratory analysis, the relative risk of fever in QIV 
compared with TIV recipients during a 4-day follow-up period was 1.12 (95% CI 0.76, 1.64). No 
withdrawals related to vaccination have occurred up to day 56; follow-up to 6 months is ongoing. 
Conclusion: A candidate QIV containing B Yamagata and B Victoria lineages is immunogenic in 
VUPs, with a similar reactogenicity profile to TIV. Funding: GlaxoSmithKline Biologicals SA. 

P2-538 

Modeling the long-term public health impact of quadrivalent influenza 
vaccination in the US population 

P Crépey1,2*, R Pitman3, A Chit4, L Durand4, MJ Postma5 on behalf of the Global Influenza Initiative 

1EHESP Rennes, Sorbonne Paris-cité, Paris, France; 2Aix-Marseille University, UMR EPV Emergence 
des Pathologies Virales 190, Marseille, France; 3Oxford Outcomes, Oxford, United Kingdom; 4Sanofi 
Pasteur, Lyon, France; 5Department of Pharmacy, University of Groningen, the Netherlands 

Background: Vaccination is widely recognized as the most efficient intervention to prevent influenza 
infection. Current trivalent influenza vaccines (TIVs) contain two influenza A and one influenza B 
strains. Yearly co-circulation of two genetically distinct B lineages and difficulty in predicting which B 
lineage will predominate during the next influenza season results in frequent mismatches. New 
quadrivalent influenza vaccines (QIVs) containing a strain from each B lineage should address these 
issues, but their impact still needs to be estimated. Our aim was to estimate the relative public health 
benefit of using QIV versus TIV for routine influenza vaccination in the US. Materials and Methods: 
We developed a dynamic compartmental model able to take into account potential interactions 
between influenza A subtypes (H1N1 and H3N2) and influenza B lineages (Victoria and Yamagata) in 
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terms of natural or vaccine-induced immunity and cross-protection. The model is able to qualitatively 
assess the long-term impact of vaccination on influenza circulation by taking into account changes in 
vaccine composition. This age-structured model realistically accounts for population dynamics, for 
vaccine efficacy per strain, and for the weekly ramp-up of vaccination coverage during the influenza 
season. We calibrated the model using US demography and epidemiological data for the last 10 
years and made projections on the next 10 years. Our reference scenario for TIV assumes a yearly 
switch of B lineage in its composition. Sensitivity analyses were performed on the basic reproduction 
rate R0 (1.5 < R0 < 2.5), natural and vaccine-induced cross-protection between B strains, duration of 
acquired immunity, vaccine efficacy, and frequency of vaccine mismatch due to B lineage. Results: 
Assuming a cross-protection of 20%, the model predicts that switching to QIV would result in an 
average 47% reduction of incident cases due to B-lineage strains over the next 10 years. Varying 
cross-protection from 0% to 40% results in B-case reductions of 60% and 26%, respectively. 
Conclusions: Our model predicts that replacement of TIVs with QIVs will substantially reduce the 
incidence of influenza B cases regardless of the level of existing cross-protection between lineages. 

P2-541 

Error-prone PCR based mutagenesis to generate influenza egg high yield 
strains without subsequent adaptation 

J Ye, X-F Wan* 

Department of Basic Sciences, College of Veterinary Medicine, Mississippi State University, 
Mississippi State, Mississippi 

Background: Influenza viruses cause both occasional pandemic and seasonal epidemic, presenting 
continuous challenges to public health. Vaccination is the primary option to counteract and reduce the 
impacts of influenza outbreaks. A high yield vaccine seed strain is required for vaccine manufacturing, 
thus, the key to a successful influenza vaccine program. However, it is not uncommon that the 
recommended vaccine strains by the World Health Organization have poor yield in chicken embryonic 
eggs (abbreviated as eggs). A poor yield strain will be required to be engineered into a high yield 
strain, and this process can be time consuming and sometimes will significantly delay vaccination 
production. Conventional methods to increase vaccine yields include egg adaption method and site 
directed mutagenesis method. The egg adaptation method is to select a high-yield variant by growing 
a vaccine candidate in eggs, usually, with multiple passages. The site mutagenesis is based on 
empirical experience to mutate the hypothetical markers to increase yields in eggs.  Both methods are 
very time consuming and usually require months to generate a desired strain. Materials and Methods: 
In this study, we developed a novel error-prone PCR-based mutagenesis approach for rapidly 
generating high-yield influenza vaccine strains. Results: This method allows us to generate vaccine 
candidates within 7 to 10 days, compared with months by other conventional methods. This method 
was further validated in generating high yields of 2009 H1N1 pandemic virus with 
A/California/4/2009(H1N1) as the template. A total of 43 mutants were rescued, and 6 had at least 4-
fold higher HA titers than the pandemic wild-type–based reassortant (pdmR) when being grown in 
eggs. The growth kinetics in MDCK cells further demonstrated that these 6 mutants replicated more 
efficient than pdmR. The HA peak titer of these viruses in MDCK cells reached to a range from 128 to 
512 units whereas that for pdmR was only 32. The peak TCID50 of these mutants had 0.4-1.0 log10 
TCID50 higher than that for pdmR. Antigenic analyses demonstrated that these mutants grown in both 
eggs and cells did not have significant altered antigenicity. Conclusions: Thus, this novel approach 
presented in this study allows us to rapidly generate egg or cell based high yield influenza vaccine 
strains and can be used in vaccine strain preparation for influenza prevention and control. 
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P2-542 

Efficacy of inactivated influenza vaccine in HIV-infected pregnant women: a 
randomized, double-blind, placebo-controlled trial 

MC Nunes1, CL Cutland1, L Kuwanda1, S Jones1, A Hugo1, FK Treurnicht2, JR Ortiz3,4, K Neuzil3,4, KP 
Klugman1,5, EAF Simões6, A Weinberg6, M Venter2,7, SA Madhi1,2* for the MatFlu team 

1University of the Witwatersrand, Johannesburg, South Africa; 2National Institute of Communicable 
Diseases, Sandringham, South Africa; 3PATH, Seattle, Washington, United States; 4University of 
Washington, Seattle, Washington, United States; 5Emory University, Atlanta, Georgia, United 
Sates; 6University of Colorado, Colorado, United States; 7University of Pretoria, Pretoria, South Africa  

Background: HIV infection and pregnancy may act synergistically to predispose women to severe 
influenza illness. The WHO recommends that pregnant women be prioritized for inactivated influenza 
vaccination (IIV) receipt. In Bangladesh, IIV of pregnant women in the third trimester of pregnancy 
reduced the rate of respiratory illness with fever in mothers by 36% (95% CI: 4 to 57) up until 6 
months postpartum. In African HIV-infected predominantly non-pregnant adults, the efficacy of IIV 
against laboratory-confirmed influenza (LCI) illness was 76% (95% CI: 9 to 96). We determined that 
IIV is only modestly immunogenic in HIV-infected pregnant women. However, no published data on 
the efficacy of IIV in HIV-infected pregnant women exist. An aim of our study was to evaluate the 
efficacy of IIV against LCI and protocol-defined influenza-like illness (ILI) in HIV-infected women 
vaccinated during the 2nd/3rd trimester of pregnancy. Materials and Methods: We undertook a double-
blind, randomized, placebo-controlled trial in Soweto, South Africa, in 2011. We randomized 194 HIV-
infected women between 20 and 34 weeks of gestational age to receive either trivalent IIV or normal 
saline placebo intramuscularly. Trivalent IIV contained the recommended Southern Hemisphere 
vaccine strains for the 2011 influenza season: H1N1 A/California, H3N2 A/Victoria and B/Brisbane. 
Participants were followed-up until 6 months postpartum for clinical and laboratory-confirmed 
endpoints. The primary objective of the study was to assess the safety and immunogenicity of IIV in 
HIV-infected pregnant women, while secondary objectives were to assess vaccine efficacy (VE) 
against ILI and LCI. A clinical diagnosis of ILI was standardized as the presence of fever and at least 
one of three symptom groups of < 7 days duration. Participants were screened weekly for the 
presence of acute respiratory illness or hospitalization for acute cardio-pulmonary illness. When ILI 
was confirmed by a study physician, oropharyngeal and nasopharyngeal swab specimens were 
collected for influenza virus testing by real-time reverse transcriptase–polymerase chain reaction. 
Specimens were tested for influenza A and influenza B viruses; influenza A virus isolates were 
subtyped for pandemic H1N1 (pH1N1) and H3N2, and influenza B isolates were tested for Yamagata 
and Victoria lineages. Results: At enrolment the median age of the participants (n = 194) was 27.9 
years, the median HIV-1 viral load was 1067 copies/ml (IQR 61: 13,923), and the median CD4+ cell 
count was 394 cells/µl (IQR 271: 557). There was at least one physician-attended illness visit in 149 
(76.8%) participants, with 253 and 270 physician-attended illness visits in IIV recipients and placebo 
recipients, respectively. Eighty-one (16%) physician-attended illness visits fulfilled the ILI criteria. 
Trivalent IIV was not associated with a reduction in the first episode of ILI (VE: 10.9%; 95% CI: −40.2 
to 43.4). The dominant strain of influenza virus identified was pH1N1: 7 (43.8%) cases in the control 
group and 6 (85.7%) in the vaccines; H3N2 was identified in 5 women (4 placebo recipients and 1 IIV 
recipient). Influenza B was identified in 4 cases (4 placebo recipients and 0 IIV recipients). Of the 
positive specimens for influenza B virus, one was of Victoria lineage and three were of Yamagata 
lineage. LCI illnesses were identified in 7/99 (7.1%) IIV recipients and in 16/95 (16.8%) placebo 
recipients. Trivalent IIV was associated with a reduction in first episode of LCI illness (VE: 58%; 95% 
CI: 2.5 to 81.9; P = .035). After exclusion of the non-vaccine influenza B Yamagata cases from the 
analysis, there was positive but non-significant VE against LCI (VE: 48.3%; 95% CI: −23.9 to 78.4). 
Conclusions: HIV-infected pregnant women had a high influenza attack rate during the study. IIV of 
HIV-infected pregnant women appeared to prevent LCI illness, even though it induced only modest 
immune responses measured by hemagglutination-inhibition assay. Based on the attack rate in the 
placebo group (16.8%), our study had an 80% power to detect at least a 78% reduction in LCI 
disease; hence, the data from our study need to be corroborated by further studies. 
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P2-543 

Plant-made virus-like particle vaccines for pandemic influenza: advantages in 
speed, delivery to antigen-presenting cells, and induction of cellular memory   

BJ Ward1*, S Trépanier2, MA D’Aoust2, K Young1, M Bérubé2, M Couture2, D Wu1, E Aubin2, S Pillet1,2, 
N Landry2 

1Research Institute of the McGill University Health Centre University, Montreal, Quebec, 
Canada; 2Medicago Inc., Ste-Foy, Quebec, Canada 

Background: Plant-made virus-like particles (VLPs) have several potential advantages as influenza 
vaccine candidates, in terms of both speed of production and immunogenicity. The ongoing threat of 
avian influenza strains with pandemic potential (H5N1, H7N9, and others) strongly supports the 
detailed evaluation of these candidates. Three aspects of our recent work with Medicago’s candidate 
H5- and H7-VLP vaccines are presented: 1) speed test for H7-VLP production, 2) delivery of H5-VLP 
vaccine to regional lymph nodes and association with antigen-presenting cells (APCs), and 3) the 
induction of balanced humoral and cellular responses. Materials and Methods: Speed test—
Deposited H7N9 sequence data were used to produce HA consensus constructs for transfection of 
routine production lots of 4-week-old Nicotinaia benthamiania plants. VLP–immune cell interactions—
An H5-eGFP fusion construct (H5 external - eGFP internal) was generated to track VLP movement 
within the immune system in vivo and to assess VLP–immune cell interactions in vitro. Balanced 
humoral and cellular responses—Multiparameter flow cytometry was applied to PBMCs, collected 
from human volunteers 6 months after administration of 2 doses of an H5-VLP vaccine, to analyze 
CD4 and CD8 memory for homo- and heterosubtypic strains. Results: Speed test—H7 consensus 
constructs were transfected into N. benthamiania within 1 week of deposition of H7 sequence data. 
Candidate H7-VLPs were physico-chemically characterized, and the first bench-scale lot was 
administered to 6-week-old female BALB/c mice 19 days after the DNA gene was received at 
Medicago. Immunogenicity after a first dose of 3 µg IM was excellent and further improved with a 
second dose 21 days later. VLP tracking—The H5-eGFP VLPs were observed to be slightly larger 
than H5-VLPs (150 vs 120 nM) but were otherwise identical by all physicochemical measures, except 
that the eGFP-bearing VLPs were strongly fluorescent. The H5-eGFP VLPs were also fully 
immunogenic in 6-week-old BALB/c mice after IM injection. Mixed with mouse splenocytes, the H5-
eGFP VLPs preferentially associated with monocytes, dendritic cells, neutrophils, and (to a lesser 
extent) NK cells. After IM injection in the hind limb, H5-eGFP VLPs moved to the regional (inguinal) 
lymph nodes within 10 minutes, where, again, they were found to be associated preferentially with 
APCs and neutrophils. Mixed with human PBMCs, the H5-eGFP VLPs rapidly associated with all 
immune cell subsets, including T and B lymphocytes. The mean fluorescence intensity was highest in 
APCs and neutrophils. Balanced humoral and cellular immunity—When wild-type HA was used as the 
target antigen, adults (age range, 18-59 years) mounted excellent humoral responses to 2 doses of 
H5-VLP candidate vaccines (5-20 µg with alum IM) or a single dose of non-adjuvanted H1 VLPs (5-28 
µg), which readily met all 3 CHMP criteria for licensure. A companion poster (Tarbet B, et al) details 
the cross-reactivity of these antibodies in a mouse model. At 6 months after immunization, strong 
multi-functional CD4 and CD8 memory T-cell responses were readily detected in almost all of the 
subjects. These responses were significantly greater than those seen following trivalent influenza 
vaccination (H1-VLPs vs Fluzone™) when cross-reactivity was evaluated (eg, H1-VLP vaccination 
elicited a strong response to H5 antigen). Conclusions: In aggregate, these data suggest that plant-
made VLP vaccines address several of the problems with current commercial influenza vaccines, 
particularly with regard to speed of manufacturing in the event of a pandemic or a severe seasonal 
mismatch and the initiation of balanced and cross-reactive humoral and cellular responses. The in 
vitro and in vivo tracking data of these plant-made VLPs suggest that selective uptake by APCs and 
rapid transit to regional lymph nodes likely contribute to their powerful immunogenicity. Some aspects 
of this work were supported by a CIHR-Industry grant to BJW and NL. 
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P2-545 

Cross-reactivity of serological responses after H7N1 vaccination to influenza 
H7N9 viruses 

Å Jul-Larsen1, F Krammer2, M Levine3, G Bredholt1, S Lartey1, I Margine2, J Katz3, R Cox1,4*

1The Influenza Centre, Department of Clinical Science, University of Bergen, Bergen, 
Norway; 2Department of Microbiology Icahn School of Medicine at Mount Sinai, New York, New York, 
United States; 3Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States; 4Department of Research and Development, Haukeland University Hospital, Bergen, 
Norway 

Background: The recent zoonotic outbreak of influenza H7N9 in China has highlighted the importance 
of pandemic preparedness. We developed a cell-based candidate pandemic H7 split virus vaccine 
based on a highly pathogenic A/Chicken/Italy/13474/99 (H7N1) virus, which was tested previously in 
preclinical studies and in a human phase 1 clinical trial. In this study we evaluated the ability of the 
H7N1 vaccine to elicit cross-reactive serological responses to A/Anhui/1/2013 and A/Shanghai/1/2013 
(H7N9) viruses. Materials and Methods: We previously conducted a phase 1 clinical trial of an 
aluminium adjuvanted H7N1 vaccine and collected biobank samples. The H7N1 vaccine was poorly 
immunogenic, and sera were chosen from 10 volunteers who had neutralisation antibody to the 
homologous vaccine strain (A/Chicken/Italy/5074/99 (H7N1)). Pre- and post-vaccination human sera 
were tested for their ability to cross-react with H7 viruses by haemagglutination inhibition (HI) and 
microneutralisation (MN) assays using A/Anhui/1/2013 (H7N9) virus (or HI using virus-like particles), 
A/Mallard/Netherlands/12/2000 (H7N7) virus and the homologous vaccine virus 
A/Chicken/Italy/5074/99 (H7N1). The antibody response was also evaluated by ELISA using 
haemagglutinin from the A/Anhui/1/2013 (H7N9) and A/Shanghai/1/2013 (H7N9) viruses expressed in 
the baculovirus expression system. Results: The vaccine induced low MN serum antibody titres to the 
homologous vaccine strain (MN titres 7-160). Low cross-reactive MN titres were detected in the post-
vaccination sera of 3 subjects to the H7N9 virus (MN titres 7, 14 and 14) and 2 volunteers to H7N7 
(MN titre 7). When sera were preadsorbed with horse red blood cells and tested in the modified HI 
assay using H7N9 virus-like particles, we found that 13 of 60 volunteers had HI titres of 16 to 32. We 
further investigated post-vaccination sera from all subjects with MN titres to the homologous vaccine 
virus and detected an IgG response to both A/Anhui/1/2013 and A/Shanghai H7 HAs by ELISA. 
Importantly, we previously showed in preclinical studies that the protective efficacy of this vaccine to 
homologous challenge may not be directly correlated with the pre-challenge levels of serum 
antibodies. In ongoing studies, we will examine the ability of lymphocytes collected during the trial to 
recognise H7N9 viruses. Conclusions: We have shown using non-traditional assays that human 
vaccinees immunised with a candidate H7N1 vaccine show some cross-reactivity to H7N9 viruses 
isolated during the Chinese outbreak. 

P2-546 

A genetic survey of vaccine recommendations and circulating influenza 
A(H3N2) strains during the period from 1999 to 2012 in Brazil 

PS Born¹, WJ Alonso2, PC Resende¹, MM Siqueira¹, G Bello3, FC Motta¹* 

1Respiratory Viruses and Measles Laboratory, IOC/Fiocruz, Rio de Janeiro, Brazil; 2Fogarty 
International Center, National Institutes of Health, Bethesda, Maryland, United States; 3AIDS and 
Molecular Immunology, IOC/Fiocruz, Rio de Janeiro, Brazil 

Background: Influenza vaccination is the most important public health measure to prevent severe 
cases and death due to influenza infection. However, influenza viruses are constantly evolving, 
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requiring the continuous reformulation of the vaccines. Few studies in Brazil have evaluated the 
evolution of influenza viruses and compatibility between circulating viruses and vaccine 
recommendations. The subtype A(H3N2) is known as the fastest evolving and the dominant subtype 
in most seasonal influenza epidemics since 1968, when it was introduced in the human population. 
Our goal in this study was to check the genetic compatibility among Brazilian samples and the chosen 
A(H3N2) vaccine component by year, throughout 1999 to 2012. Materials and Methods: Samples 
were obtained in the scope of the Brazilian influenza surveillance network and were subtyped by real-
time RT-PCR. A representative number of these samples was characterized by Sanger sequencing. A 
total of 237 sequences of the HA1 portion of the hemagglutinin (HA) gene—collected in the northeast, 
southeast, and south Brazilian regions and from different regions of the world contained in the 
GenBank and GISAID databases—were evaluated and sequences of vaccine strains were 
recommended throughout this period. We used MEGA v5.10 to infer nucleotide and amino acid 
distances between sequences and annual vaccine prototypes, and we used the PhyML program to 
carry out the phylogenetic reconstructions with the maximum likelihood algorithm. Based on these 
results, we assessed the identity of Brazilian sequences and compared the effectiveness of the 
influenza vaccination in three regions of Brazil within hypothetical alternative scenarios defined by 
different timings of vaccine delivery as well as Southern or Northern Hemisphere compositions. 
Scores were based on the temporal overlap between vaccine-induced protection and circulating 
strains. Results: Based on our analysis, strains circulating in 1999 and 2003 were significantly 
different from those present in the vaccines. We found that, during 2010 to 2012, the A/Perth/09-like 
and A/Victoria/09-like strains co-existed in distinct regions of Brazil, despite the composition of the 
vaccine being A/Perth/09 throughout the whole period. Most amino acid mutations associated with 
branches that gave rise to positively selected variants were located in HA epitope sites, with 
significant statistical support (aLRT > 0.90). Using phylogenetic analysis we identified 5 of 13 seasons 
when community-circulating samples were related to their respective vaccine prototype: 2001, 2002, 
2005, 2009, and 2010. Based on the Brazilian vaccination schedule, the better matches were 
obtained using the southern vaccine formulation for all three regions included in this study. 
Conclusions: During the period 2010-2012, phylogenetic differentiation was statistically supported, 
and the mutations focused in the HA epitope regions could explain the reduced efficacy of the vaccine 
during this period. We made two public health–relevant conclusions from our analyses: first, the 
strains in the influenza vaccine generally arrived after their circulation had been replaced by others. 
This disappointing outcome might be partially responsible for the low efficacy of the vaccine. Second, 
our data did not confirm the previous results from Mello et al. In the northeast region, we found that it 
was mostly irrelevant whether the Northern or Southern Hemisphere recommendation was used. 
Nevertheless, in the south and southeast region, the current choice of the Southern Hemisphere 
recommendation is indeed superior. In addition, studies of viral evolution can help elucidate which 
influenza viruses are circulating globally, which is useful in the selection of future vaccine candidates.   

P2-547 

An adaptable pseudovirus assay enables safe, robust measurements of 
influenza-neutralizing antibody activity and accurately predicts protection in a 
challenge study utilizing highly pathogenic H5N1 virus 

T Wrin1, K Narayan2, X Nguyen1, A Parikh1, P Phung1, W Huang1, R Whalen2, C Petropoulos1* 

1Monogram Biosciences, So. San Francisco, California, United States; 2Altravax, Sunnyvale, 
California, United States 

Background: Protection from influenza virus A&B infections is mediated by neutralizing antibodies 
(nAb). Accurate and sensitive assessments of nAb targeting the hemagglutinin (HA) protein are 
critical to characterizing protective immune responses. The HA inhibition assay (HAI) is considered 
the gold standard for assessing nAb titers that correlate with immune protection yet it suffers from 
limitations in reproducibility and sensitivity and may present biohazard risks to laboratory personnel. 
We have developed a versatile, biosafe pseudovirion assay (PSVA) with enhanced sensitivity and 
reproducibility that accurately measures HA nAb activity. Materials and Methods: HEK293 cells are 
cotransfected with an envelope-defective HIV-1 genomic vector containing a luciferase reporter gene 
along with influenza HA and NA expression vectors and an airway serine protease that mediates HA 
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processing. Pseudovirions produced by transfected cells are used to inoculate HEK293 target cells 
and infectivity is assessed by measuring luciferase activity (relative light units [RLU]). HA nAb activity 
is evaluated over a broad range of nAb concentrations.  The HA pseudovirus assay was used to 
identify H5 HA immunogens that elicit broad neutralizing activity against highly pathogenic H5N1 
viruses. Libraries of chimeric HA sequences were created using in vitro homologous DNA 
recombination of wild-type H5 HA sequences derived from 3 clades. Thirty HA variants were selected 
for mouse immunizations, and sera was analyzed against 10 pseudoviruses containing HAs 
representing 4 different H5N1 clades (clade 0, 1, 2, and 7). The variants stimulating the most broadly 
neutralizing responses, 9281 and 9282, plus the parental HAs were evaluated for protection against a 
lethal H5N1 challenge in mice. Mice were immunized with Viet04, Indo05, 9281, 9282, or an irrelevant 
DNA, and then challenged intranasally with highly pathogenic A/Vietnam/1203/2004. Results: 
Pseudovirions representing > 75 HAs (H1-H11, B) and > 60 NAs (N1-4, 6-8, B) were evaluated for 
infectivity and susceptibility to vaccine sera and monoclonal antibodies. Pseudovirus infectivity (RLU) 
spanned > 7 log10. Based on > 10,000 assays, nAb titers of HA immunized animals ranged from < 
1:10 to > 1:1,000,000. PSVA nAb titers were 10-100× higher than HAI or microneutralization assay 
(MN) titers. PSVA reproducibility was ≤ 2.5-fold and correlated well with HAI and MN neutralization 
within the measurable range of the HAI and MN assays. In the study of multiple H5 immunogens, 
PSVA cross-neutralization titers correlated with vaccine efficacy after challenge while HAI and MN 
titers did not. Two HA chimeric variants (9281 and 9282) induced neutralizing antibody responses to a 
broader range of viruses compared to the wild-type H5 HA proteins. Sera from 9281- and 9282-
immunized mice exhibited moderate to strong nAb activity against most pseudoviruses, while the sera 
nAb activity from wild-type immunogens exhibited subclade specificity. 9281 sera exhibited strong 
neutralizing activity against clade 2.3.2 HA, while none of the wild-type immunogens elicited activity 
against this strain. The nAb of these sera were also evaluated in standard HAI and MN assays 
against 3 viruses. Mice immunized with negative controls succumbed to challenge between 5-8 days 
postinfection. Mice immunized with the Viet04 or variant 9282 survived challenge, and 90% were 
protected by immunization with variant 9281. Mice immunized with variant 9282 displayed fewer signs 
of disease after infection, including less weight loss and shorter duration of disease symptoms, even 
compared with the Viet04 group, which was perfectly matched to the challenge virus HA. These data 
indicate that antibody breadth as determined in the HA pseudovirus assay can be a superior predictor 
of vaccine efficacy. Conclusions: An accurate, sensitive, versatile, and biosafe pseudovirion assay 
has been developed to characterize influenza HA nAb responses. Assay accuracy was assessed 
against conventional HAI and MN assays. A large, diverse library of influenza HA genes enables rapid 
and comprehensive assessments of nAb breadth and potency. This PSVA provides improved 
performance over HAI and MN assays and flexibility that enables evaluation of HA infectivity and nAb 
activity, as well as the characterization of naturally occurring and genetically engineered HA variants, 
including those of highly pathogenic viruses. 

P2-548 

A universal influenza virus vaccine based on the stalk domain of the 
hemagglutinin 

F Krammer1*, I Margine1,2, N Pica1,2, R Hai1, P Palese1,3 

1Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, United 
States; 2Graduate School of Biological Sciences, Icahn School of Medicine at Mount Sinai, New York, 
New York, United States; 3Department of Medicine, Icahn School of Medicine at Mount Sinai, New 
York, New York, United States 

Background: Influenza virus infections remain a significant cause of morbidity and mortality worldwide. 
Current vaccines show good efficacy against antigenically matched viruses, but fail to protect against 
drifted and pandemic strains since they do not induce broadly neutralizing antibodies. Due to the rapid 
antigenic drift of influenza viruses, these vaccines have to be reformulated, generated, and 
administered through a cumbersome and expensive process every year. The membrane-proximal 
stalk domain of the viral hemagglutinin exhibits a high degree of both sequence and structural 
conservation across influenza virus subtypes. Furthermore, antibodies directed against this region 
typically show broad neutralizing activity. Materials and Methods: We therefore hypothesize that a 
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vaccine strategy that stimulates a robust immune response towards this region of the hemagglutinin 
could provide universal influenza virus protection. Such a vaccine would thus abolish the need for 
annual vaccine reformulation and further enhance our pandemic preparedness. We developed a 
universal influenza virus vaccine based on the conserved stalk domain of group 1 and group 2 
hemagglutinins. By sequential vaccination of mice with these chimeric hemagglutinin constructs we 
were able to boost broadly neutralizing antibody titers against conserved epitopes in the 
hemagglutinin stalk domain. Results: Mice vaccinated with our constructs were protected from 
morbidity and mortality induced by infection with a panel of heterologous and heterosubtypic influenza 
A viruses. Further, we used passive transfer and CD8+ T-cell depletion experiments to show that the 
observed protection is solely antibody mediated. It is of note that our vaccination regimen protected 
animals from a stringent H7N1 challenge and also induced high titers of antibodies that reacted 
strongly with the H7 HA protein derived from the H7N9 strain A/Shanghai/1/13. These findings are of 
high importance in the light of the emergence of the novel H7N9 strain in China. Conclusions: The 
present data suggest that this vaccine strategy could be successfully developed in humans to provide 
broad influenza virus protection and enhance our pandemic preparedness. A universal influenza virus 
vaccine, which—similar to the ones developed for polio and measles viruses—requires a single or 
only a few immunizations, would represent a major advance towards the control of influenza 
worldwide. 

P2-549 

Live virus and vector-based influenza vaccines for induction of antibodies 
specific for stalk domain of hemagglutinin 

EH Kim1, HJ Park1, GY Han1, MK Song1, J Chang2, JS Hong3, A Pereboev4, HH Nguyen1*

1Viral Immunology Section, International Vaccine Institute, Seoul, Korea; 2Division of Life and 
Pharmaceutical Sciences, Ewha Womans University, Seoul, Korea; 3Department of Cell Biology, 
and 4Gene Therapy Center, University of Alabama at Birmingham, Birmingham, Alabama, United 
States 

Background: Influenza A virus (IAV) causes an acute respiratory disease that affects millions of 
people annually. The virus undergoes mutations in the two outer membrane glycoproteins—
hemagglutinin (HA) and neuraminidase (NA)—that lead to antigenic changes (antigenic shift and 
antigenic drift). Vaccines against influenza need to be updated every year because they fail to induce 
cross-protection against infection with drifted and shifted viruses. Attempts to develop universal 
vaccines that provide broad protection have been made. Those vaccine candidates include live virus 
and vector-based vaccines that could induce antibodies (Abs) specific for virus conserved stalk 
domain of HA and hence broad protection. Materials and Methods: We evaluated in mice the 
induction of Abs specific for conserved stalk domain of HA by intranasal immunization with live 
attenuated influenza virus, replication-deficient adenovirus encoding influenza HA or formaldehyde 
inactivated virus. The role for such Abs in cross-protection was studied by adoptive transfer of 
immune sera into naïve mice and subsequent challenge with heterosubtypic virus strains. Results: We 
found that live attenuated influenza virus or replication-deficient adenovirus encoding influenza HA 
induced significant levels of Abs against conserved stalk domain of HA as compared with that induced 
by inactivated vaccine. When passively transferred to naive mice, sera derived from mice immunized 
with a live virus or vector protected the recipient mice against homotypic or heterosubtypic virus 
challenge, whereas sera from mice immunized with inactivated virus did not. In search for the cause, 
we found that inactivation of the viruses by formaldehyde significantly reduced the binding of 
conserved stalk as compared to that of globular head HA to specific monoclonal Abs, suggesting that 
formaldehyde cross-linking significantly altered conformational epitopes of stalk HA. Conclusions: The 
results indicate that intact viral conserved stalk HA expressed by live virus or vector-based vaccines is 
important for induction of stalk-recognizing Abs. Such Abs could play an important role in cross-
protection against infection with different influenza virus subtypes. The findings implicate strategies in 
the development of universal influenza vaccines. 
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O-864 

Biosafety and biosecurity in a biocontainment laboratory working with highly 
pathogenic avian influenza (HPAI) 

L Kercher*, R Webby, S Schultz-Cherry, R Webster, J Gaut, R Rahija 

St Jude Children’s Research Hospital Center for Excellence in Influenza Research and Surveillance 
(CEIRS) and WHO Collaborating Center for Studies on the Ecology of Influenza, Memphis, 
Tennessee, United States 

The critical aspects of biosafety, biosecurity, and biocontainment have gained increased awareness 
for governments around the globe that wish to pursue high-risk microbiological life sciences research. 
In recent months, there has been acute focus for HPAI laboratories to optimize standards according 
to current oversight frameworks in order to increase the safety of laboratory workers and decrease the 
risk of accidental release of a biological agent. Our purpose is to highlight how a CEIRS/WHO 
collaborating center in the US manages biosafety and biosecurity for HPAI, a high-risk pathogen 
known for its global public and animal health threat. We implement four levels of controls that focus on 
personal protective equipment, work place practices, administrative, and facility engineering. Taken 
together, these controls maximize the safety of the laboratory worker, allow for efficient progress of 
research in animals, and minimize opportunities for accidental exposure or release. For successful 
implementation, it requires the cooperation of the scientific investigators, the Environmental Health 
and Safety office, and the animal facility veterinarians and their technicians. With full support from all 
departments, we have created a system that is consistent and compliant with all regulations, and 
developed an excellent “culture of safety” among the research staff. 

O-865 

Utilizing endogenous microRNA to confer molecular biocontainment to gain-
of-function influenza viruses: towards risk mitigation 

RA Albrecht1,2,*,§, RA Langlois1,2,§, B Kimble3, T Sutton3, JS Shapiro1,2,4, C Finch3, M Angel3, M 
Chua1,2,4, AS Gonzalez-Reiche3, K Xu3, D Perez3, A García-Sastre1,2,5, BR tenOever1,2,5 

1Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, United 
States; 2Global Health and Emerging Pathogens Institute, Icahn School of Medicine at Mount Sinai, 
New York, New York, United States; 3Department of Veterinary Medicine, University of Maryland 
College Park, College Park, Maryland, United States; 4Microbiology Graduate School Training 
Program, Icahn School of Medicine at Mount Sinai, New York, New York, United States; 5Department 
of Medicine, Icahn School of Medicine at Mount Sinai, New York, New York, United States; §Authors 
contributed equally 

Background: Influenza A virus (IAV) is primarily a seasonal pathogen with the potential to cause 
catastrophic pandemics. Zoonotic influenza viruses have the capacity to jump species and 
successfully establish respiratory infections in humans. Because of the potential introduction into and 
sustained circulation of zoonotic influenza viruses among populations of immunologically naive, 
susceptible hosts, studies examining pathogenesis and transmissibility are necessary to develop risk 
assessments. Avian H5N1 and H7N9 are two influenza virus strains that are currently of significant 
concern to public health. Although natural H5N1 transmission is restricted to avian species, gain-of-
function studies have elucidated the minimal amino acid changes that are sufficient to permit aerosol 
transmission between mammals. This finding, although informative to pandemic preparedness plans, 
generated concern for the threats associated with transmissible H5N1 and began a public dialogue 
regarding the risks and benefits of this type of research. Endogenous miRNAs were explored as a 
means to confer intrinsic molecular biocontainment to influenza virus and to provide an added level of 
risk mitigation to studies assessing pathogenicity and transmissibility of zoonotic influenza viruses 
with pandemic potential. Materials and Methods: The H3 and H5 genomic sequences encoded by 
A/Wyoming/3/2003 (H3N2) and A/Vietnam/1203/2004 (H5N1), respectively, were genetically modified 
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to 1) introduce duplicated 5′ packaging sequences and 2) insert scrambled noncoding RNA or 4 fully 
complementary miR192 target sites. Target sequences for miR192 were selected because this 
miRNA is expressed in lung tissues of mice and humans but is not expressed in lung tissue of ferrets, 
which is the classic animal model used for influenza virus transmission studies. The effect of species-
specific RNA interference on influenza virus replication, pathogenesis, and transmission was 
examined in vitro and in vivo. Results: The in vitro replication of wild-type and control H3N2 or H5N1 
influenza viruses encoding scrambled noncoding RNA sequences in the 5′ packaging sequences of 
HA were similar in canine kidney and human lung epithelial cells. The replication of miR192-targeted 
influenza viruses was comparable to that of wild-type and control viruses in canine kidney cells; 
however, the replication of miR192-targeted viruses was attenuated in human lung epithelial cells. 
Northern blot and Western blot analyses revealed a correlation between the level of endogenous 
miRNA expression and the degree of knockdown of H3 or H5 expression in human lung epithelial 
cells or in infected mouse lungs. Consistent with miR192 expression and the in vitro replication data, 
miR192-targeted H5N1 influenza virus did not induce morbidity or mortality following intranasal 
infection of mice. Conversely, wild-type and control virus infection resulted in significant morbidity, and 
all animals succumbed to infection. However, in ferrets, which do not express miRNA192 in lungs, 
wild-type, control, and miR192-targeted H3N2 influenza viruses replicated and transmitted among 
ferrets with comparable efficiencies. Conclusions: Incorporation of species-specific miRNA target sites 
in the influenza virus HA results in unperturbed replication and transmissibility in desired species, 
while eliminating pathogenicity in others. This strategy introduces a new biosafety approach for the 
molecular biocontainment of pathogens that can be added to present risk-minimizing strategies. 

O-866 

Limited airborne transmission of influenza A/H7N9 virus between ferrets 

M Richard1§, EJA Schrauwen1§*, M de Graaf1, TM Bestebroer1, M Spronken1, S van Boheemen1, D de 
Meulder1, P Lexmond1, M Linster1, S Herfst1, DJ Smith2, JM van den Brand1, DF Burke2, T Kuiken1, 
GF Rimmelzwaan1, ADME Osterhaus1, RAM Fouchier1 

1Department of Viroscience, Erasmus Medical Center, Rotterdam, The Netherlands; 2Department of 
Zoology, University of Cambridge, Cambridge, United Kingdom; §These authors contributed equally to 
this work 

Background: At the end of March 2013, the World Health Organization was notified by the Chinese 
authorities of three human cases of infection with a novel avian-origin influenza A/H7N9 virus. As of 
June 2013, 132 A/H7N9 laboratory-confirmed cases have been reported in six different provinces of 
China, including 37 deaths. The A/H7N9 viruses harbor genetic traits that have been associated with 
human adaptation of avian viruses and increased transmission among mammals. However, no 
sustained human-to-human transmission of A/H7N9 viruses has been reported to date. Apart from 
two confirmed cases that might have arisen from family clusters and for which human-to-human 
transmission cannot be ruled out, human cases of A/H7N9 infection were epidemiologically unrelated 
and identified in seven different areas of China. Here, we assessed the airborne transmissibility of a 
human isolate, A/Anhui/1/2013 (AN1), in the ferret model. Materials and Methods: Four ferrets were 
inoculated intranasally with 106 TCID50 of AN1 virus. One day after inoculation, one naive recipient 
ferret was placed opposite each donor ferret. Nose and throat swabs were collected on 1, 3, 5, and 7 
dpi for donor ferrets and on 1, 3, 5, 7, and 9 dpe for the recipient ferrets. A positive nose swab sample 
from a recipient ferret was used for the second transmission experiment. Sanger sequencing was 
used to determine the consensus genome sequence of the four airborne-transmitted AN1 viruses 
isolated from recipient ferrets. Next-generation sequencing was performed with respiratory samples of 
the donor/recipient pairs for which airborne transmission was observed and with the original virus 
stock. Wild-type virus and viruses with mutations of interest (N123D and N149D) were assessed for 
their binding properties using a modified turkey red blood cell assay, pH-dependent HA-mediated cell 
fusion, and their stability. Results: Virus shedding from the donor ferrets was detected from 1 dpi 
onwards, with infectious virus titers up to 106.5 TCID50/mL. AN1 virus was transmitted to 3 of 4 
recipient ferrets. Sanger sequencing showed that two substitutions, N123D and N149D in HA, were 
consistently found in all three airborne-transmitted viruses. Virus recovered from a recipient ferret was 
used to inoculate four additional donor ferrets. One day later, these animals were paired with 4 
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recipient ferrets in transmission cages of which one became infected. Substitutions N123D and 
N149D in HA and M523I in PB1 were found consistently in the two subsequent transmission 
experiments. Residues N123 and N149 are adjacent to the receptor binding site but do not interact 
directly with α2,3- and α2,6-linked sialic acids. Binding to α2,3-linked sialic acids of AN1N123D, 
AN1N149D, and AN1N123D,N149D viruses was increased slightly by 2- to 4-fold compared with AN1 virus. 
Neither the single N123D and N149D substitutions nor the double N123D + N149D substitution 
affected the threshold pH for HA-mediated membrane fusion compared with the wild-type AN1 HA. 
Fusion for AN1 HA occurred at pH 5.6, which is higher than reported previously for human viruses. 
Substitution N123D and the double substitution N123D + N149D decreased the temperature stability 
compared with AN1. Conclusions: Here we report that airborne transmission of AN1, as previously 
reported for A/Shanghai/2/2013, can occur between ferrets. Keeping in mind that quantitating 
transmission in our current experimental model is difficult and that any transmission may not be 
directly extrapolated to transmission between humans, these data suggest that AN1 transmission is 
more efficient than that for avian influenza viruses (which are not airborne transmitted in ferrets) but 
less robust—with fewer animals becoming infected and less and delayed virus shedding—as 
compared with seasonal and pandemic A/H1N1 virus transmission. Influenza viruses carrying human 
adaptation markers can arise in poultry. Fortunately, additional determinants beyond human receptor 
preference, such as the proposed increase in HA stability, are needed for avian influenza viruses to 
transmit efficiently in mammals. Increased understanding of the mechanisms and molecular 
determinants that facilitate crossing the species barrier and airborne transmission of avian influenza 
viruses between mammals is urgently needed. 

O-867 

Transmission bottlenecks in the ferret model differ between respiratory droplet 
and contact transmission routes 

N van Doremelan1, P Stilwell1, K Bradley1, J Ashcroft1, R Cocking1, M Fernandez-Alonso2,3, S Miah2, 
A Lackenby2, KL Roberts1,4, CA Donnelly1, WS Barclay1* 

1Imperial College London, London, United Kingdom; 2Public Health England, Colindale, United 
Kingdom; 3Servicio de Microbiología, Clínica Universidad de Navarra, Navarra, Spain; 4Trinity 
College, Dublin, Ireland 

Background: The ferret is a favored model for influenza transmission. It is believed that viruses 
capable of sustained transmission between humans also transmit efficiently between ferrets housed 
in adjacent cages, termed the respiratory droplet (RD) route. Other viruses (eg, some swine influenza 
strains) infect ferrets but only transmit to animals in the same cage. The significance of this direct 
contact transmission route for the epidemiology of human influenza is not clear. To better understand 
the dynamics of virus transmission in the two ferret models, we attempted to estimate the number of 
influenza viruses that are transferred from one animal to the next at the point of transmission. 
Materials and Methods: We used reverse genetics to engineer a synonymous nucleotide change as a 
tag into the genome of a recombinant influenza A pH1N1 2009 virus. We showed that the tag did not 
affect virus replication in vitro in MDCK cells or in highly differentiated cultures of human airway 
epithelium. We then mixed the tagged virus with the wild-type recombinant untagged strain at a 
known ratio and infected donor ferrets. Sentinel animals were exposed at days 1-2 after infection by 
direct contact (cohousing) or RD (adjacent cages) routes, and the ratio of genotypes detected in their 
nasal wash virus was quantified by pyrosequencing for the tag. Results: Using pyrosequencing, we 
were able to show that the ratio of the two genotypes remained constant for the duration of viral 
shedding from the nose of the donor animals, suggesting no fitness consequence of the tag in vivo. In 
all cases of RD transmission, we saw purifying transmission of only one of the two genotypes. The 
data suggest that the number of particles that initiate infection in RD sentinel animals is very low, less 
than 5. In contrast, where transmission occurred by contact between cohoused animals, we found 
evidence for a less stringent bottleneck, whereby the minority variant was transmitted in addition to 
the majority genotype. This mixed population of virus was sustained through at least one further 
contact transmission event in a chain of transmission. Bearing this in mind, we tested the transmission 
of a mixture of oseltamivir-resistant and -sensitive virus by both routes. This pair of viruses were 
based on a 2010 isolate from the United Kingdom and was reverse genetically engineered so they 
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only differed at H275Y in the NA gene, a mutation known to confer oseltamivir resistance. In human 
airway cultures, the drug-sensitive wild-type virus outcompeted the resistant virus within 24 hours. In 
vivo during transmission events, we found evidence that drug-resistant variants could be transmitted 
under contact transmission conditions but were outcompeted by wild-type drug-sensitive virus during 
RD transmission. Conclusions: The number of influenza viruses that cross into the new host at 
transmission was greater when transmission was by the direct contact route than when it was through 
the air. These data have implications for understanding how transmission impacts on influenza 
evolution, as well as leading to a better characterization of the ferret model of transmission and how it 
relates to circulation of the virus in humans. 

O-868 

Efficacy of surgical face masks in reducing influenza virus dissemination in 
human exhaled breath 

N Leung1*, J McDevitt2, K Chan3, H Yen1,4, D Ip1, G Leung1, M Peiris1,4, W Seto5, B Cowling1, D 
Milton6 

1School of Public Health, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Department of Environmental Health, Harvard School of Public 
Health, Boston, Massachusetts, United States; 3Department of Microbiology, Li Ka Shing Faculty of 
Medicine, University of Hong Kong, Hong Kong Special Administrative Region, China; 4Centre for 
Influenza Research, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong Special 
Administrative Region, China; 5Department of Pathology, Hong Kong Baptist Hospital, Kowloon Tong, 
Hong Kong; 6Maryland Institute for Applied Environmental Health, University of Maryland School of 
Public Health, College Park, Maryland, United States 

Background: The use of surgical face masks is one of the most widely recognized nonpharmaceutical 
interventions used during epidemics of respiratory infections. However, little is known about the 
efficacy of face masks in preventing the dissemination of respiratory viruses in exhaled breath to the 
environment as a source control. The objective of our study was to measure influenza virus 
concentration in the exhaled breath of outpatients with influenza virus infection in Hong Kong and to 
estimate the effectiveness of surgical face masks in reducing influenza virus dissemination. Materials 
and Methods: Patients with acute respiratory illness (ARI) were recruited in an outpatient clinic in 
January-April 2013. A rapid diagnostic test (Sofia influenza A+B fluorescent immunoassay analyzer; 
Quidel, San Diego, California) was used to identify patients with influenza virus infection. Those with 
positive rapid test results were subjected to exhaled breath collection for 30 minutes. Each patient 
was randomly assigned to either wear a surgical face mask (Lite One procedure mask; Kimberly-
Clark, Roswell, Georgia) during collection or not, and each patient was invited to stay for a second 
exhaled breath combination of the alternate type. Influenza virus in exhaled breath was captured by a 
Gesundheit-II (G-II), a device specifically designed to collect human exhaled breath and reported to 
be 85% efficient for collecting particles > 50 nm in diameter and comparable to the SKC BioSampler 
for detection and recovery of influenza A/PR/8/34 H1N1 by RT-PCR and culture (McDevitt et al., 2013 
Aerosol Sci Tech; Milton et al., 2013 PLoS Pathog). The G-II device collected exhaled breath particles 
in two size fractions, ≥ 5 µm (coarse) and < 5 µm (fine). After completion of exhaled breath sampling, 
patients were followed up for a further 10 days to measure course of illness, mask-wearing behavior, 
and transmission to other household members. Nose swabs, throat swabs, and exhaled breath 
samples were tested by RT-PCR, and quantitative viral culture results are pending. Results: A total of 
78 participants were recruited and tested using the rapid test. Fifteen (19%) were influenza positive 
(A:12, B:3) by the rapid test. Of these 15 positive patients, the median age was 35 years (range, 12-
65) and 27% were male. Twenty exhaled breath samples were collected from the 15 participants,
including 11 samples with a surgical mask and 9 samples without a surgical mask. Influenza A virus 
infection was confirmed by RT-PCR in nasal swabs (geometric mean viral load, 6.99 log10 copies/mL) 
in 8 patients, whereas no patients had confirmed influenza B. Seven of 8 of these confirmed cases 
were A(H1N1)pdm09. Influenza A virus was detected in 2 of 5 patients (4.45, 3.49 log10 copies/mL) in 
the fine fraction of the exhaled breath sample without wearing a surgical mask compared with 2 of 5 
(3.22, 3.00 log10 copies/mL) with a mask. Influenza A virus was detected in 2 of 5 (3.31, 2.14 log10 
copies/mL) in the coarse fraction of the exhaled breath sample without wearing mask compared with 0 
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of 5 samples with a surgical mask. There was a high correlation (r = 0.82) between viral load in nasal 
vs throat swabs but a moderate correlation in viral load in nasal swabs vs coarse (r = 0.47) or fine 
(r = 0.52) particles. Three of 8 patients (38%) with PCR-confirmed influenza A returned symptom 
diaries, and one patient with undetectable virus in exhaled breath reported symptomatic illness in a 
household member during the follow-up period. Conclusions: In our preliminary analysis of exhaled 
breath in the first 15 patients, we were underpowered to identify a significant difference between virus 
concentrations in exhaled breath with and without surgical masks, although the point estimates were 
consistent with the effect previously reported in a study in the United States (Milton et al., 2013 PLoS 
Pathog). Further patient recruitment during the coming summer influenza season should increase the 
power to identify differences and may allow us to identify differences in viral loads for patients infected 
in the winter epidemics compared with summer epidemics of influenza in Hong Kong. 

O-869 

Household transmission of influenza in Nicaragua 

A Gordon1,2*, G Kuan3, S Ojeda3, N Sanchez3, L Gresh4, R Lopez5, A Balmaseda5, E Harris2 

1Division of Epidemiology, School of Public Health, University of California, Berkeley, California, 
United States; 2Division of Infectious Diseases and Vaccinology, School of Public Health, University of 
California, Berkeley, California, United States; 3Sócrates Flores Vivas Health Center, Ministry of 
Health, Managua, Nicaragua; 4Sustainable Sciences Institute, Managua, Nicaragua; 5National Center 
for Diagnosis and Reference, Ministry of Health, Managua, Nicaragua 

Background: Few data exist on the epidemiology and transmission of influenza in tropical, poor 
countries. Materials and Methods: The Nicaraguan Household Transmission of Influenza Study is a 
case-based ascertainment study of influenza transmission in Managua, Nicaragua. Index influenza 
patients who are positive for influenza by rapid test within 48 hours of illness onset and are the only 
person in their household who has had influenza-like symptoms in the previous 2 weeks were 
identified and enrolled. The index case’s household is then visited by study personnel that day, and all 
household members are invited to participate in the study. At enrollment, study staff record detailed 
information about clinical history, socioeconomic status, and individual and household risk factors and 
collect a respiratory sample. Study staff then visit the household every other day to collect clinical 
information and a respiratory sample for a total of five visits (≈ 12 days). A blood sample is collected 
at enrollment and 30-45 days later to assess influenza infection and nutritional status. Results: To 
date, we have enrolled 124 participants from 21 households. Study acceptance among household 
contacts has been consistently high, and 94.2% of the potential participants approached gave 
consent for participation in the study. Participants ranged in age from 0 to 65 years old, with a mean 
age of 14 years. Three (14.3%) households had a dirt floor and 6 (28.6%) households had an inside 
water tap. Nine (42.9%) households had 1 or more smokers. Thirty-five percent of participants had 
exposure to household animals, including 13.4% to chickens, 8.9% to ducks, and 12.9% to pigs. A 
total of 459 respiratory samples have been collected during household visits. The average number of 
respiratory samples for participants who had completed the initial 12 day follow-up period to date was 
4.5. Seventy-four of 124 participants contributed an enrollment and end of study blood sample. Of 
those that had not contributed a blood sample, 47 were recently enrolled and so had yet to reach the 
end of the study, 1 was under the age of 6 months, and 2 were lost to follow-up. Of the 16 index 
patients with RT-PCR results up to date, 15 tested positive for influenza by RT-PCR. Of the 71 
household contacts of influenza-positive individuals that had completed the initial 12 day period of 
study participation, 12 were RT-PCR-positive for influenza virus during the 12-day follow-up period, 
yielding a secondary attack rate of 16.9%. Of the 12 RT-PCR-positive contacts, 10 had fever and/or 
respiratory symptoms. Conclusions: This study will provide important information about the 
transmission of influenza in a tropical urban area. 
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P1-416 

Availability, consistency and evidence-base of policies and guidelines on the 
use of mask and respirator to protect hospital health care workers: a global 
analysis 

A Chughtai1*, H Seale1, R MacIntyre1,2

1School of Public Health and Community Medicine, UNSW Medicine, University of New South Wales, 
Sydney, Australia; 2National Centre for Immunization Research and Surveillance of Vaccine 
Preventable Diseases (NCIRS), The Children’s Hospital at Westmead, Sydney, Australia 

Background: Currently there is an ongoing debate and limited evidence on the use of masks and 
respirators for the prevention of respiratory infections in healthcare workers (HCWs). This study aimed 
to examine available policies and guidelines around the use of masks and respirators in HCWs and to 
describe areas of consistency between guidelines, as well as gaps in the recommendations, with 
reference to the WHO and the CDC guidelines. Materials and Methods: Policies and guidelines 
related to mask and respirator use for the prevention of influenza, SARS, and TB were examined. 
Guidelines from the World Health Organization (WHO), the Center for Disease Control and Prevention 
(CDC), 3 high-income countries, and 6 low/middle-income countries were selected. Results: Uniform 
recommendations are made by the WHO and the CDC in regards to protecting HCWs against 
seasonal influenza (a mask for low risk situations and a respirator for high-risk situations) and TB (use 
of a respirator). However, for pandemic influenza and SARS, the WHO recommends mask use in low 
risk and respirators in high-risk situations, whereas, the CDC recommends respirators in both low- 
and high-risk situations. Among the 9 countries reviewed, there are variations in the recommendations 
for all 3 diseases. While, some countries align with the WHO recommendations, others align with 
those made by the CDC. The choice of respirator and the level of filtering ability vary amongst the 
guidelines and the different diseases. Lastly, none of the policies discuss reuse, extended use or the 
use of cloth masks. Conclusion: Currently, there are significant variations in the policies and 
recommendations around mask and respirator use for protection against influenza, SARS, and TB. 
These differences may reflect the scarcity of level-one evidence available to inform policy 
development. The lack of any guidelines on the use of cloth masks, despite widespread use in many 
low and middle-income countries, remains a policy gap. Health organizations and countries should 
jointly evaluate the available evidence, prioritize research to inform evidence gaps, and develop 
consistent policy on masks and respirator use in the health care setting.  

P1-417 

Use of cloth masks in the practice of infection control―evidence and policy 
gaps 

A Chughtai1*, H Seale1, R MacIntyre1,2 

1School of Public Health and Community Medicine, UNSW Medicine, University of New South Wales, 
Sydney, Australia; 2National Centre for Immunization Research and Surveillance of Vaccine 
Preventable Diseases, The Children’s Hospital at Westmead, Sydney, Australia 

Background: Cloth masks are commonly used in low- and middle-income countries. Currently there is 
a lack of evidence on the efficacy of cloth masks. It is generally believed that the primary purpose of 
cloth masks is to prevent spread of infections from the wearer. However, historical evidence shows 
that they have previously been used to protect health care workers (HCWs) from respiratory 
infections. Most studies on cloth masks were conducted in the first half of the 20th century. After the 
development of disposable surgical masks in the 1960s, very few studies have been conducted 
subsequently, and to date there have been no RCT of cloth masks. The few available studies on cloth 
masks are either descriptive or in vitro. The aim of this review was to examine the evidence on the 
efficacy of cloth masks and discuss the use of cloth masks as a mode of protection from infections in 
HCWs. We also reviewed the various approaches implemented to try and improve the effectiveness 
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of cloth masks, for example, type of fabric, masks design and face fit. Materials and Methods: We 
searched available studies related to the use of cloth masks via MEDLINE and EMBASE with the help 
of key words. After reviewing the titles and abstracts, only studies that examined the use of cloth 
masks (in a controlled, community, laboratory or hospital setting) were selected for this review. Initially 
32 studies fulfilled the selection criteria. After reading the full article, 19 studies were selected for this 
review. Results: The available literature suggests that cloth masks may provide some protection and 
reduce exposure to respiratory aerosols. The following factors were highlighted in studies in regard to 
the filtration capacity of a cloth mask: (1) Closeness of the gauze/cloth threads: The filtration capacity 
improved when the number of threads increased in the gauze and the mesh became finer, compared 
with coarse gauze with lower thread counts; (2) Number of gauze/cloth layers: The number of layers 
was found to be directly proportional to the filtration capacity in most of the laboratory studies; and (3) 
Type of gauze/cloth: Certain types of cloth provided better protection than others, eg, fine muslin 
(loosely woven cotton fabric) was better than gauze. In the studies reviewed, the filtration 
effectiveness significantly improved with increasing number of layers in the mask. The design of a 
mask was also important and some designs were more effective than others, particularly those with a 
tight seal around the face. Conclusions: Despite common use, recommendations on cloth masks to 
protect against respiratory virus transmission are currently not made in any publicly available 
guidelines. Research is required to test the clinical efficacy of cloth masks. Other future research 
questions should include filtration efficacy, length of use, methods of decontamination and fit testing. 
The use of cloth masks should be addressed in policy documents to inform best practice in low- and 
middle-income countries. 

P1-418 

Impact of live poultry market closure in the control of human infection with 
avian influenza A(H7N9) virus 

H Yu1, B Cowling2*, J Wu2, Q Liao1, V Fang2, S Zhou1, P Wu2, H Zhou1, E Lau2, D Guo3, M Ni2, Z 
Peng1, L Feng1, H Jiang1, H Luo4, Q Li5, Z Feng5, Y Wang6, W Yang6, G Leung2 

1Division of Infectious Disease, Chinese Center for Disease Control and Prevention, Beijing, 
China; 2Infectious Disease Epidemiology Group, School of Public Health, Li Ka Shing Faculty of 
Medicine, University of Hong Kong, Hong Kong Special Administrative Region, China; 3Scientific Data 
Center, Computer Network Information Center, Chinese Academy of Sciences, Beijing, 
China; 4National Immunization Program, Chinese Center for Disease Control and Prevention, Beijing, 
China; 5Public Health Emergency Center, Chinese Center for Disease Control and Prevention, 
Beijing, China; 6Office of the Director, Chinese Center for Disease Control and Prevention, Beijing, 
China. 

Background: A novel influenza A(H7N9) virus has emerged in China, causing serious disease in more 
than 125 individuals. The virus appears to be predominantly spread by interspecies zoonotic 
transmission. Live poultry markets in the provincial capitals of Shanghai, Hangzhou, and Nanjing, 
where the majority of cases have occurred, were swiftly closed as a precautionary public health 
measure. Our objective was to assess the effectiveness of market closure in reducing the risk of 
human infection with influenza A(H7N9) virus. Materials and Methods: We used data on the illness 
onset dates and geographical locations of all laboratory-confirmed A(H7N9) cases that were officially 
announced by 28 April 2013. We constructed a statistical model to explain the patterns in incident 
cases reported in each city based on the assumption of a constant force of infection prior to closure 
and a different constant force of infection after closure. Within the model, we were also able to 
estimate the distribution of delays between infection and illness onset (ie, the incubation period). We 
fitted the model using Markov chain Monte Carlo. Results: In total, 68 of 125 cases occurred in 
Shanghai, Hanghzhou, and Nanjing and surrounding areas. Closure of the live poultry markets 
reduced the risk of human infections by 92% in each of the three cities. Given that live poultry markets 
were the predominant source of H7N9 exposure, we estimated the mean incubation period to be 2.4 
days (95% CI, 1.1-4.6 days). Conclusions: Our findings demonstrated that closure of live poultry 
markets in the three provincial capitals substantially reduced the risk of laboratory-confirmed human 
infection with avian influenza A(H7N9) virus. Incidence of cases fell dramatically within 2-3 days of 
closure, indicating (1) the primary role of live poultry markets and live poultry exposure in driving the 
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risk of influenza A(H7N9) virus infection in urban areas and (2) the relatively short incubation period. If 
the H7N9 epizootic/epidemic continues, live poultry market closure should be immediately 
implemented and sustained in all affected and at-risk areas. In the longer term, evidence-based 
discussions and deliberations about the role of central slaughtering of all live poultry should be 
renewed. 

P1-419 

Detonation nanodiamond materials as the sorbents for influenza human and 
bird viruses 

MV Ivanova 1*, EI Burtseva1, SV Trushakova1, AA Isakova2, BV Spitsyn2, VT Ivanova1 

1D.I. Ivanovsky Institute of Virology, of Ministry of Health of the Russian Federation, Moscow, 
Russia; 2A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, RAS, Moscow, Russia 

Background: One of the ways to prevent the transmission of an infection is to create an effective 
barrier for the micropathogens. Viruses, being in majority cases nano-sized objects, are rather hard-
to-catch particles even for the modern sorbents . This work continues the serial investigations on the 
search of the effective sorbent for viruses via nano materials of a different origin. The Detonation 
Nanodiamond Materials and their derivatives were chosen due to their low toxicity, reasonable cost, 
and the fact that they are have been already studied by the scientists for different potential application 
in the medicine. We have investigated along with the base Detonation Nano Diamonds (DND), the 
modified detonation nanodiamond materials, such as graphitized, animated, and chlorinated 
DND. Materials and Methods: Viruses: pandemic strains A/California/07/09, 
A/South Caroline/02/2010 (H1N1)pdm09, reference strains A/Wisconsin/67/05 (H3N2), 
B/Florida/04/06, A/duck/Primorie/ 2621/01 (H5N2). The viruses were grown in chicken embryonic 
eggs or tissue culture cell MDCK, concentrated by ultracentrifugation, then diluted in physiological 
solution (PS). The hemagglutination test has been used as criteria of virus interaction with sorbents in 
solutions. The fragments of cDNA were obtained in PCR reaction from influenza A and B virus. DND 
were given by company SINTA (Minsk, Belarus). Animated, chlorinated, graphitized DND materials 
were investigated by electron microscopy and infrared spectroscopy. The interaction between viruses 
and adsorbents was investigated by the method described in (VT Ivanova, MV Ivanova, BV Spitsyn, 
et al. Interaction of nanodiamonds materials with influenza viruses. Journal of Physics: Conference 
Series 345 (2012) 012019 doi:10.1088/1742-6596/345/1/012019). Results: The DND materials can 
interact with biological objects due to atoms O,S.N,H presented on surface (A. M. Schrand, S. A 
Hens, O. A. Shenderova, Nanodiamonds particles: properties and perspectives for bioapplications, 
Critical reviews in solid and material sciences 34, 1-2, 18-74 [2009]) and due to DND ability to collect 
into clusters. Each type of the examined DNDs interacted with influenza viruses and cDNA. The 
hemagglutination titers of virus solutions decreased up to ≤ 500 times for concentrated viruses diluted 
in PS and up to ≤ 8 times for allantoic viruses. The efficiency of viral sorption depended on the 
sorbent concentration, different impurities (presence of different proteins, like in allantoic viruses) and 
the type of modification of DND. The sorption does not noticeably changes in temperature range 4º-
36º C. The intensive sorption takes place during first 15 minutes of contact with sorbents. The 
desorption of viruses from DND into PS within 48 hours was not observed. Complex DND + virus after 
immunization of the rats resulted the antibodies to virus in titer 80 in HI test. Conclusion: It was 
established that nanodiamond materials can be used as the sorbents for influenza human and bird 
viruses for decontamination of these viruses from water solutions and for preparation of new 
diagnostic systems. In case the solution is decontaminated by proteins and other substances of 
bigger size (compared with viruses), the preliminary purification is recommended. The mix of different 
types of DND can be used to make the sorption ability more universal. Our investigations were 
supported by the Center for Disease Control and Prevention, Atlanta, United States, CoAg: 
U51POOO527-02, the grant of President Russia Federation YC -3937.2013.3. 
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P1-420 

Modes of transmission of influenza A and B viruses in households in Hong 
Kong and Bangkok 

B Cowling1*, V Fang1, P Suntarattiwong2, D Ip1, S Olsen3,4, J Levy3, T Uyeki4, G Leung1, M Peiris1,5, T 
Chotpitayasunondh2, J Simmerman6 

1School of Public Health, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Queen Sirikit National Institute of Child Health, Bangkok, 
Thailand; 3Influenza Program, Thailand MOPH-US CDC Collaboration, Nonthaburi, 
Thailand; 4Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States; 5Centre for Influenza Research, Li Ka Shing Faculty of Medicine, University of Hong Kong, 
Hong Kong Special Administrative Region, China; 6Epidemiology and Medical Affairs, Sanofi Pasteur, 
Bangkok, Thailand 

Background: Influenza A and B viruses spread between humans through contact, large respiratory 
droplets, and small particle droplet nuclei (aerosols). However, the relative importance of these three 
modes of transmission has not been established. Materials and Methods: Large randomized 
controlled trials were conducted in Hong Kong and Bangkok during 2008-2011 to investigate the 
efficacy of enhancing hand hygiene and wearing surgical face masks in reducing transmission of 
influenza in households. In each study, index patients who reported at least two symptoms of 
respiratory illness and lived with at least two other household members of whom none had reported 
upper respiratory tract infections in the preceding 14 days were enrolled from local outpatient clinics. 
Rapid diagnostic tests were used to determine influenza virus infection, and index patients with a 
positive rapid test result and their household contacts were randomly allocated into 1 of 3 study 
groups (control with health education only, control plus hand hygiene, or control plus hand hygiene 
plus surgical face masks) and intensively followed up for approximately 7 days. Daily symptoms were 
reported by all participants, and nasal and throat swab specimens were collected from each 
participant for laboratory confirmation of influenza A and B virus infection by reverse transcriptase 
polymerase chain reaction (RT-PCR). Using data collected in this study, we constructed a 
mathematical model that accounted for the alternative modes of transmission and used it to infer the 
relative importance of alternative modes of transmission assuming that the risk of fever plus cough 
varied depending on the mode of transmission. Analyses were stratified by influenza type. Results: 
There were 275 and 507 households in Hong Kong and Bangkok, respectively, with an index patient 
with confirmed influenza A and 104 and 113 with confirmed influenza B, respectively. Average 
household sizes in Hong Kong and Bangkok were 3.0 and 2.5, respectively. The risks of confirmed 
secondary infection were 10% and 19% overall in Hong Kong and Bangkok and were similar by 
influenza type. When we plotted the cumulative incidence of confirmed influenza infections reporting 
fever plus cough among household contacts, we identified an increase in intervention groups that was 
particularly apparent in the households in Bangkok. These changes are consistent with our 
hypothesis that hand hygiene and face mask interventions would reduce contact and large droplet 
(but not aerosol) transmission, increasing the contribution of aerosol transmission in the intervention 
arms, which consequently led to an increased proportion with fever plus cough among the confirmed 
influenza virus infections in household contacts in the intervention arms. Under an example scenario 
in which randomization to the hand hygiene intervention reduced contact transmission by 50% and 
randomization to face masks plus hand hygiene reduced both contact and droplet transmission by 
50%, we estimated that (1) for influenza A, aerosol transmission contributed to 51% and 42% of 
household transmission events in Hong Kong and Bangkok, respectively, in the absence of 
interventions and (2) for influenza B, aerosol transmission contributed to 37% and 26% of household 
transmission events in Hong Kong and Bangkok, respectively, in the absence of interventions. 
Conclusions: Our model indicated that aerosol transmission is an important mode of transmission for 
influenza A and B viruses in households. This implies that measures to reduce transmission by 
contact or large droplets may not be sufficient to control influenza virus transmission in households. 
The importance of aerosols for transmission of influenza B appears slightly lower than its importance 
for influenza A transmission. If aerosol transmission is less important for influenza B, interventions 
against contact transmission such as hand hygiene may be more effective against influenza B than 
influenza A. Our findings were derived from households in tropical and subtropical settings, but the 
proposed framework can be used to assess transmission modes in other climates and settings. 
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P1-421 

Driving factors of influenza transmission in the Netherlands 

D te Beest1, M van Boven1*, M Hooiveld2, C van den Dool3, J Wallinga1 

1National Institute for Public Health and the Environment (RIVM), Bilthoven, 
Netherlands; 2Netherlands Institute of Health Services Research (NIVEL), Utrecht, 
Netherlands; 3Julius Centre for Health Sciences and Primary Care, University Medical Centre, 
Utrecht, Netherlands 

Background: Influenza epidemics in temperate regions show a characteristic seasonal pattern with 
peak incidence occurring in winter. Despite decades of research, the mechanisms that drive influenza 
seasonality in temperate regions remain poorly understood. Previous research showed that low 
absolute humidity and school holiday can both affect influenza transmission. During an epidemic, 
transmission is additionally strongly influenced by the depletion of susceptibles. Materials and 
Methods: To assess how much variability in influenza transmission intensity is due to each of these 
driving factors, we analyzed a time series of weekly visits to the general practitioner related to 
influenza-like illness in the Netherlands spanning the period 1970-2011. In our method we first 
transform this time series into weekly effective reproduction numbers, defined as the number of 
secondary infections produced by a typical infective individual. The reproduction number is used as 
measure of the transmission intensity of influenza, which we then decompose it into biological 
relevant variables. This decomposition is translated into a regression equation while retaining the 
biological interpretation of the variables. A test against simulated data showed that our method is able 
to identify factors that influence transmission. We then quantify how the reproduction number is 
affected by each driving factor. Results: A model that included the depletion of susceptibles, between 
season effects, and absolute humidity could explain 60% of the variance in influenza reproduction 
numbers. We found a clear ranking of importance of driving factors: most variation (30%) is explained 
by the depletion of susceptibles during the season, between-season effects explained 27%, and 3% 
of the variation was explained by absolute humidity. Christmas school holidays did not have a 
statistically significant effect on influenza transmission. A permutation test where we correlated 
reproduction numbers against randomized weather data showed that there was no confounding by 
season in the effect of absolute humidity. Conclusions: The percentage of variance of the influenza 
reproduction number that is explained by absolute humidity is relatively small (3%).The regular 
seasonal fluctuations of absolute humidity, combined with the low value of the influenza reproduction 
number (hovering around unity), helps to explain why influenza epidemics in summer are unlikely (the 
influenza reproduction number is lower than one) and why likelihood of influenza epidemics increases 
during autumn and winter (the influenza reproduction number is above one).The large part of the 
variance in the influenza reproduction numbers explained by the depletion of susceptibles confirms 
that once an epidemic is going, it is strongly governed by internal transmission dynamics, as should 
be expected for immunizing infections such as influenza. 

P1-422 

Impact of international and internal travel restrictions on the spread of human 
influenza: a systematic review 

ALP Mateus1,2, HE Otete3, G Dolan4, CR Beck3, JS Nguyen-Van-Tam3* 

1Public Health England, Field Epidemiology Service, Institute of Population Health, Nottingham City 
Hospital, Nottingham, United Kingdom; 2Field Epidemiology Training Programme, Public Health 
England, London, United Kingdom; 3Division of Epidemiology and Public Health, School of 
Community Health Sciences, University of Nottingham, Nottingham City Hospital, Nottingham, United 
Kingdom; 4Public Health England, North East Regional Office, Citygate, Gallowgate, Newcastle Upon 
Tyne, United Kingdom 
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Background: Travel restrictions have been recommended by the World Health Organization (WHO) 
for the rapid containment of pandemic influenza. The effectiveness of these interventions has been 
assessed by different authors mainly through mathematical modelling scenarios. An evaluation of 
evidence currently available in the scientific and grey literature is essential to inform public health 
policy regarding the control of influenza. The primary aim of this study was to conduct a systematic 
review on the effectiveness of internal and international travel restrictions for the rapid containment of 
human influenza. Materials and Methods: This study was conducted according to the PRISMA 
statement. The protocol was registered with PROSPERO prior to executing our literature search 
strategy. Health care databases (PubMed, Medline, EMBASE, CINAHL, and WHO Medical Global 
Index) and sources of grey literature were searched by two researchers. We screened all records 
against the protocol eligibility criteria by title, abstract, and full text. Data extraction and risk of bias 
assessments were undertaken in duplicate using a piloted template. We developed and applied a 
novel risk of bias tool for mathematical modelling studies. Results were synthesised narratively 
according to a framework by the Economic and Social Research Council. Results: Eighteen 
mathematical modelling studies, one time-series analysis, one systematic review, and two literature 
reviews met the protocol eligibility criteria for inclusion. The risk of bias varied across studies. The 
main biases we observed were assumptions made regarding the transmissibility of strains of influenza 
virus (R0), susceptibility of populations, and seasonality. The impact of travel restrictions in the 
magnitude of influenza epidemics (eg, attack rate [AR]) was minimal. The maximum AR reduction did 
not exceed 0.1% when 95% internal travel restrictions (domestic land and air travel) were 
implemented for up to four weeks. Limited impact was observed in delaying the spread and the peak 
of influenza epidemics. Internal travel restrictions achieved a delay in the epidemic peak of only one 
week, which increased to up to three weeks when combined with national border controls. 
International travel restrictions were associated with negligible or limited impact (< 2%) on AR across 
the included studies. Delays up to two weeks to reach the epidemic peak were estimated for 
restrictions up to 90% and R0 = 1.7. Air travel restrictions of 80% and 90% only delayed spread 
between 3 and 14 days, respectively when R0 = 1.7. Near total bans (ie, 99.9% air travel restrictions 
across all infected countries) produced an estimated delay of between 3 and 4 months in epidemic 
peak. However, this was not deemed feasible by most authors due to the potential impact on global 
travel and trade. Selective restriction of travel by specific age groups did not reduce the spread of 
influenza. However, targeted air travel restrictions on specific routes were more effective than general 
air travel restrictions by 19% in reducing the number of infected travellers. Travel restrictions were 
most effective when implemented within two weeks of the first case of an epidemic. However, the 
impact of travel restrictions was reduced when interventions were implemented more than 45 days 
after the notification of influenza epidemics and if influenza strains involved were of high 
transmissibility (R0 > 1.9). Additionally, models suggested that the effectiveness of international travel 
restrictions were more limited when the geographical source of influenza epidemics were large urban 
hubs with a high population density and extensive links to the global travel network. Conclusions: 
Internal and international travel restrictions will have limited impact on the rapid containment of human 
influenza. The maximum delay observed in spread of influenza epidemics was four months for 
international interventions. However, the extent of travel restrictions required to achieve this estimate 
would be unfeasible due to the negative economic and social impact caused. Our systematic review 
indicated that travel restrictions are not effective for the containment of human influenza. 

P1-423 

The impact of neuraminidase inhibitors on influenza transmission: a 
systematic review and meta-analysis 

GN Okoli, HE Otete, CR Beck*, JS Nguyen-Van-Tam 

Division of Epidemiology and Public Health, School of Community Health Sciences, University of 
Nottingham, Nottingham City Hospital, Nottingham, United Kingdom 

Background: Treatment of individuals infected with influenza and prophylaxis of their contacts with 
antiviral drugs are considered important to reduce transmissibility and spread. These measures are 
currently advocated by the World Health Organization (WHO) for rapid containment. However, 
systematic reviews have considered only randomised controlled trials evaluating the efficacy of 
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neuraminidase inhibitors for prophylaxis mainly against seasonal influenza. An evaluation of all 
available evidence from experimental and observational studies on seasonal, pandemic, and avian 
influenza is essential to inform public health policy. The primary aim of this study was to conduct a 
systematic review and meta-analysis on the effectiveness of neuraminidase inhibitors for preventing 
community transmission of influenza. Materials and Methods: This study was conducted according to 
the PRISMA statement, and the protocol was registered with PROSPERO prior to executing the 
literature search strategy. Two researchers searched health care databases (MEDLINE, EMBASE, 
CINAHL, Cochrane Library, PubMed, and WHO Medical Global Index) and sources of grey literature. 
All retrieved records were screened against the protocol eligibility criteria. Data extraction and risk of 
bias assessments were undertaken in duplicate using a piloted template. Results were synthesised 
narratively. Meta-analyses of pooled odds ratios (including 95% CIs), including tests for heterogeneity, 
publication bias, and sensitivity analyses, were conducted. Results: Nine randomised controlled trials, 
eight observational studies, and seven systematic reviews met the protocol eligibility criteria. Risk of 
bias varied across studies. The main sources of bias were assumptions made regarding sample size 
calculations, variation in vaccination status of study participants, susceptibility of populations, and 
influenza type. Narrative synthesis showed that oseltamivir and zanamivir provided protective efficacy 
of 58% to 84% for households and 67% to 89% for individuals following postexposure prophylaxis 
(PEP) with or without treatment of the index patient. Larger effects were observed when medication 
was commenced within 24 to 48 hours of symptom onset. The typical reduction in secondary attack 
rate associated with treatment of the index patient alone was 40%. However, this result is based on 
few studies. Short-term pre-exposure prophylaxis of individuals was found to be of uncertain benefit. 
Long-term prophylaxis (≥ 28 days) showed strong evidence of individual protection, which ranged 
between 74% and 87%. Meta-analyses of individual protection showed that the pooled odds of 
laboratory-confirmed influenza was statistically significantly lower compared with placebo or no 
therapy following PEP with oseltamivir (n = 8 studies; odds ratio [OR] = 0.11; 95% CI = 0.06 to 0.20; 
p < 0.001; I2 = 58.7%) and zanamivir (n = 4 studies; OR = 0.23; 95% CI = 0.16 to 0.35; p < 0.001; 
I2 = 0.0%). Sensitivity analyses of the oseltamivir data demonstrated pooled estimates comparable to 
the primary analysis from experimental studies of seasonal influenza (n = 4 studies; OR = 0.15; 95% 
CI = 0.07 to 0.33; p < 0.001; I2 = 37.3%) and observational studies of 2009 pandemic influenza 
A/H1N1 (n = 4 studies; OR = 0.09; 95% CI = 0.04 to 0.19; p < 0.001; I2 = 61.7%). Meta-analyses of 
household protection showed the pooled odds of laboratory-confirmed influenza was statistically 
significantly lower compared with placebo or no therapy following PEP with oseltamivir (n = 2 studies; 
OR = 0.23; 95% CI = 0.09 to 0.59; p = 0.002; I2 = 39.0%) and zanamivir (n = 2 studies; OR = 0.18; 
95% CI = 0.11 to 0.31; p < 0.001; I2 = 0.0%). No evidence of publication bias was present in our meta-
analyses. We found no evidence that neuraminidase inhibitors are effective in reducing wider 
community transmission as envisaged by the WHO rapid containment strategy. Conclusion: The 
evidence base indicates that oseltamivir and zanamivir are effective for PEP of individuals and 
households irrespective of treatment of the index patient and long-term pre-exposure prophylaxis. 
Sources of heterogeneity are present among the included studies, which may limit the generalizability 
of our findings. There are no data that support an effect on community transmission. This study was 
commissioned by the Global Influenza Programme, World Health Organization. The University of 
Nottingham Health Protection and Influenza Research Group (JSN-V-T, CRB, HEO, GNO) is an 
official WHO Collaborating Centre for pandemic influenza and research. It receives limited funding 
from WHO in support of specific activities.  

P1-424 

The role of community-acquired influenza patients and health care workers in 
transmitting influenza infections in tertiary hospitals in Bangladesh 

MU Bhuiyan1*, SP Luby1,2, A Al Mamun1, MW Rahman1,3, MJ Hossain1, M Rahman1, M Rahman3, E 
Azziz-Baumgartner1,2, K Sturm-Ramirez1,2, ES Gurley1 

1International Centre for Diarrheal Disease Research, Bangladesh, Dhaka, Bangladesh; 2Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3Institute of Epidemiology Disease 
Control and Research, Ministry of Health and Family Welfare, Government of Bangladesh 
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Background: The potential for novel influenza viruses to spread in hospital wards is a global concern, 
especially in resource-poor settings like Bangladesh, where inadequate infection control practices and 
limited personal and respiratory hygiene practices provide opportunities for airborne and droplet 
transmission of influenza viruses. Hospital transmission of influenza infection can cause serious 
health consequences, including fatal outcomes among patients with coinfections. Admitted patients, 
health care workers, and visitors have been previously reported as sources of influenza in hospitals 
worldwide. A study in Bangladesh reported influenza as the most commonly identified virus 
associated with hospital-acquired viral respiratory illness, but the source of the influenza virus 
infection was not investigated. Identifying the most common sources could help to develop effective 
infection control interventions to reduce influenza transmission in hospitals. The objective of this 
analysis was to identify clusters of influenza infection in Bangladeshi hospital wards using existing 
surveillance systems to investigate likely sources of influenza infection. Materials and Methods: We 
analyzed data collected from four adult and two pediatric medicine wards in two tertiary hospitals 
during June 2008-April 2011. Surveillance physicians in these wards identified patients admitted with 
fever and cough or sore throat with onset in the last 7 days as part of community-acquired influenza 
surveillance, as well as patients with new onset of cough, fever, rhinorrhea, or difficulty breathing ≥72 
hours posthospital admission as part of hospital-acquired influenza surveillance. The physicians 
collected nasopharyngeal and throat swabs from patients who met these case definitions. Health care 
workers in these wards were asked to self-report new onset of respiratory illnesses to surveillance 
physicians who also collected nasopharyngeal and throat swabs from them. Swab specimens were 
tested for evidence of influenza RNA using real-time reverse transcriptase polymerase chain reaction; 
specimens with evidence of influenza A RNA were subtyped. We defined a cluster of influenza 
infection as identification of more than one person with the same influenza type and subtype occurring 
on the same ward within 7 days of one another. Clusters consisting of only patients with community-
acquired infections were excluded from analysis because they do not represent hospital transmission 
events. Results: We identified 81 laboratory-confirmed influenza cases in the 6 study wards: 45 
patients with community-acquired influenza, 34 hospital-acquired influenza infections, and two 
physicians with influenza. The median duration of hospitalization prior to onset of influenza among 
hospitalized patients was 6 days (IQR: 4-7). We identified 8 clusters, all occurring during May and/or 
June, involving 19 cases. In 4 clusters, hospitalized patients developed new-onset influenza within a 
week of hospitalization of community-acquired influenza patients. In another cluster, two physicians 
developed influenza infections that were followed within a week by a new influenza infection in a 
hospitalized patient. Three clusters consisted only of patients with hospital-acquired influenza. 
Twenty-three (68%) of 34 patients with hospital-acquired influenza were not associated with clusters. 
Four clusters were associated with influenza A/H3, two with influenza B, and one each with influenza 
A/H1 and influenza A(H1N1)pdm09. Four clusters occurred in pediatric wards, three in female 
medicine wards, and one occurred in a male medicine ward. Eighteen of 19 clustered cases 
recovered, and one left against medical advice. Conclusions: The majority of patients who acquired 
influenza infection in our study hospitals were not associated with concurrent hospitalizations of 
patients with community acquired-illness. Our surveillance for health care worker illnesses was not 
very sensitive because they were requested to self-report; therefore, there may be health care worker 
illness associated with these transmission events that we did not capture. Given the context of 
Bangladeshi hospitals where family caregivers and visitors outnumber patients, these community 
members could be the most likely source of influenza infection in hospital wards and a potential target 
for preventative interventions. 

P1-425 

Hand hygiene and risk of influenza virus infections in the community: a 
systematic review and meta-analysis 

V Wong1, A Aiello2, B Cowling3* 

1School of Nursing, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong Special 
Administrative Region, China; 2Department of Epidemiology, Center for Social Epidemiology and 
Population Health, School of Public Health, University of Michigan, Ann Arbor, Michigan, United 
States; 3School of Public Health, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong 
Kong Special Administrative Region, China 
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Background: Community-based prevention strategies for seasonal and pandemic influenza are 
essential to minimize their potential threat to public health. Hand hygiene intervention is an appealing 
NPI because it is straightforward and can be applied in both developed and developing regions at low 
cost. For influenza virus transmission, the relative importance of small droplet (aerosol), large droplet, 
and contact transmission is controversial, although the potential for efficacy of hand hygiene implicitly 
requires that direct or indirect contact is an important mode of transmission. Because small droplet 
transmission is enhanced by low or very high humidity, it has been hypothesized that in temperate 
zones with a cool and dry winter, influenza transmission is predominantly by aerosol, whereas in 
tropical zones with a warm and humid environment, the virus is more commonly transmitted by the 
contact route. If this hypothesis is correct, the effectiveness of hand hygiene interventions would be 
expected to vary by latitude, ambient temperature, and humidity. This systematic review and meta-
analysis aimed to evaluate the hand hygiene intervention in preventing influenza virus transmission in 
a community and to investigate the possible effects of latitude, temperature, and humidity on the 
efficacy of hand hygiene in controlling influenza virus transmission. Materials and Methods: We 
searched for relevant studies in PubMed, MEDLINE, and EMBASE. We included any RCT comparing 
the effect of hand hygiene interventions with no intervention in reducing influenza virus transmission 
in community settings, in which study participants or cluster units in a population were assigned 
prospectively into intervention and control groups using random allocation. The primary outcome was 
the relative reduction in the number of influenza virus infections confirmed by reverse transcriptase 
polymerase chain reaction (RT-PCR), virus culture, or rapid antigen test in the hand hygiene 
intervention group compared with the control group. Results: We identified 936 articles in the initial 
database search, of which 46 were retrieved based on their title and abstract content and 10 were, 
finally, included for meta-analysis. For studies conducted in developed countries, hand hygiene was 
associated with a statistically significant 22% relative risk reduction for laboratory-confirmed influenza 
outcome in the pooled analysis (RR = 0.78; 95% CI = 0.64 to 0.96; I2 =  0%; p = 0.02). There were 
only two studies conducted in less developed countries, and the efficacy of hand hygiene was not 
statistically significant in the pooled analysis. In a meta-regression model, we found that a 10 
percentage point rise in relative humidity was not associated with a statistically significant change in 
the efficacy of hand hygiene (RRR = 0.68; 95% CI = 0.41 to 1.14; p = 0.14) in developed countries, 
but the direction of the estimate was consistent with the hypothesis stated above. Conclusions: Hand 
hygiene interventions are an effective low-cost intervention to reduce the risk of influenza virus 
transmission. We did not identify a statistically significant effect of ambient humidity on the efficacy of 
hand hygiene interventions in controlling influenza transmission in developed countries. 

P1-426 

Transmission of influenza infection within households or educational facilities 
(elementary schools and preschools) and assessment of virus titers over time 
by TCID50 assay in children treated with NA inhibitors 

N Hirotsu 

Japan Physicians Association, Tokyo, Japan 

Background: An influenza epidemic in a community is greatly affected by household or school 
transmission. It is important to clarify the dynamics of influenza transmission in a population and take 
precautions to control the spread of infection. The most basic strategy to prevent influenza exposure 
is patient isolation. In Japan, influenza-infected schoolchildren are required to stay at home and to be 
absent from educational facilities until 5 days after onset of symptoms, and 2 days after fever has 
disappeared. We conducted epidemiologic studies and evaluated the timing of disappearance of the 
virus to validate the isolation period. Materials and Methods: A total of 2398 patients infected with 
influenza A from 1931 families were analyzed to estimate family infection rate. Epidemic status of 615 
affected children aged 7-12 years in 195 classrooms of elementary schools and 143 affected children 
aged 0-6 years in 42 classrooms of preschools was investigated using data collected during the 12 
previous seasons in 2001 and 2002. Moreover, we identified 55 patients aged 3-12 years as positive 
for influenza A by rapid diagnostic test within the first 48 h of fever onset during the 2012-13 season. 
The patients were randomly assigned to oseltamivir (n = 16), zanamivir (n = 12), peramivir (n = 16), or 
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laninamivir (n = 11) groups and were analyzed for virus levels in nasal secretions measured by 
TCID50 assay from the first day of treatment to the first day of negative result. The impact of age and 
treatment on the duration until defervescence and until loss of virus after initiation of treatment, and 
the duration from defervescence to loss of virus, was assessed. Results: The mean family infection 
rate was 8.9%. In cases of the index patients aged 0-6 and 7-12 years, the transmission rate to the 
family members of all ages was 12.5% and 7.7%, respectively, and the transmission rate to the same 
generation was 21.1% and 12.8%. The preschool investigation showed that a) 21.0% of the patients 
had no influence on transmission, b) 15.9% of the patients introduced the virus into a classroom, c) 
61.6% of the patients were infected from earlier-infected patients at early phase of infection, and d) 
1.4% of the patients were infected from earlier-infected patients after their recovery. At elementary 
school, the rates for a-d were 30.4%, 16.0%, 48.4%, and 5.2%, respectively. A statistically significant 
difference in the duration until loss of virus and until defervescence after initiation of treatment was 
detected between patients aged 3-6 years (n = 27) and those aged 7-12 years (n = 28). However, no 
difference in the duration from defervescence to loss of virus was observed between the groups. Also, 
we found a different treatment effect of the anti-influenza agents, but a significant difference was not 
observed. Conclusions: The highest transmission rate was observed in schoolchildren aged 0-6 
years, suggesting that the virus spread among the children once it was introduced into a classroom. 
We also verified that a 2-day isolation period after defervescence was effective because fewer 
children were infected from recovered patients. Furthermore, we examined the virus titer over time 
and statisticall ysignificant differences were found in the time from the start of treatment to loss of 
virus (median) and the duration until defervescence between patients aged 3-6 years and those aged 
7-12 years (3-6 years: 4.13 and 1.69 days, 7-12 years: 2.90 and 0.75 days, respectively). However, 
no difference was observed in the duration from defervescence to loss of virus between the groups 
(2.50 and 1.71 days). Thus, the requirement for being absent for 2 days after fever disappeared was 
validated. 

P1-428 

Haemagglutination inhibiting antibodies and protection against seasonal and 
pandemic influenza infection 

A Fox1,2*, QM Le3, TT Le3, M Wolbers1,2, LKH Nguyen3, QT Pham3, TTY Nguyen3, NMH Le1, JE 
Bryant1,2, ND Tran3, DT Dang4, IG Barr5, H Wertheim1,2, J Farrar1,2, TH Nguyen3, P Horby1,2 

1Oxford University Clinical Research Unit and Wellcome Trust Major Overseas Programme, 
Vietnam; 2Center for Tropical Medicine, Nuffield Department of Clinical Medicine, University of Oxford, 
Oxford, United Kingdom; 3National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 4Ha Nam 
Centre for Preventive Medicine, Ha Nam, Vietnam; 5World Health Organization Collaborating Centre 
for Reference and Research on Influenza, Victorian Infectious Diseases Reference Laboratory, North 
Melbourne, Australia 

Background: Haemagglutination inhibiting (HI) antibodies are considered to be the main mediator of 
immunity against influenza infection but do not fully explain observed patterns of infection. We 
examined the role of HI antibodies in protection from natural infection in 940 unvaccinated individuals 
prospectively studied over three influenza seasons. Methods: Influenza illness was confirmed by RT-
PCR, and HI assays were performed on at least 494 serum pairs spanning each season. Results: 
Increasing preseason homologous HI titres was significantly associated with a reduced risk of 
infection for H3N2 (OR 0.61, 95% CI 0.44-0.84) and B (0.65, 95% CI 0.54-0.80) strains. Preseason 
homologous H1N1 HI titres were not significantly associated with the risk of infection with H1N1 
strains, whether re-circulated (OR 0.90, 95% CI 0.71-1.15), new seasonal (OR 0.86, 95% CI 0.54-
1.36), or pandemic 2009 (OR 0.77, 95% CI 0.40-1.49). Increasing age was however associated with 
reduced risk of seasonal and pandemic H1N1 infection (both p < 0.0001), and prior seasonal H1N1 
infection reduced the risk of pandemic H1N1 infection (OR 0.23, 95% CI 0.08-0.62), even though 
prepandemic HI titres against A/California/04/2009-like virus were below 20 in 98% of participants. All 
participants with RT-PCR-confirmed H3N2 and B infection had a four-fold or greater rise in 
homologous HI titre, compared with only 66% of those with RT-PCR-confirmed H1N1 infection. 
Conclusions: We found that the risk of H1N1 infection decreased with increasing age and prior H1N1 
infection, but the effect of preseason HI titre was at best small and weak compared with that of H3N2 
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and B. This suggests that antibodies targeting non-HI epitopes may be more important mediators of 
infection-neutralizing immunity in H1N1 compared with other influenza subtypes. This phenomenon 
could in part explain the slower rate of antigenic evolution of the HA1 domain of the haemagglutinin 
protein of H1N1 compared with H3N2. 

P1-429 

Characterization of respiratory droplets from community-acquired and 
experimental laboratory influenza infection in humans 

J Pantelic, J Yan, B Albert, ML Grantham, F Liu, DK Milton*, for the EMIT Consortium 

University of Maryland School of Public Health, College Park, Maryland, United States 

Background: We characterized virus shedding into respiratory droplets by both experimental donor 
volunteers and persons with community-acquired influenza infection as part of the EMIT (Evaluating 
Modes of Influenza Transmission) project. The objective of this characterization was to validate the 
experimental human infection model by comparison of respiratory droplet shedding by the two groups. 
Materials and Methods: Patients with community-acquired influenza were recruited from University of 
Maryland students and staff and residents of the community surrounding the College Park, Maryland, 
campus. We screened 355 people from December 4, 2012 through March 15, 2013 who volunteered 
with ILI (self-reported fever and either cough or sore throat). We enrolled 178 patients (50%) in 
respiratory droplet collection who, at the time of screening, were within 3 days after onset of 
symptoms and met one of the following conditions: 1) temperature > 37.8°C when measured in the 
research clinic or by a referring health care provider or 3) a positive influenza rapid test performed in 
the research clinic or by the referring provider. NP swabs were collected from each participant. The 
experimentally infected donors were studied at the quarantine facility operated by Retroscreen 
Virology Ltd. and the University of Nottingham. Healthy seronegative adults (donors) were infected 
with GMP A/Wisconsin/67/2005 by nasal instillation. Droplet samples were collected for donors on 
days 1-4 following inoculation. The first two quarantines included 32 donors. We collected exhaled 
breath by seating the patient in front of the intake for a human-source bioaerosol sampler (G-II), which 
allows natural breathing, coughing, speaking, and singing during collection. Each sampling session 
lasted 30 minutes. Two particle size fractions of exhaled influenza viral particles were collected by the 
G-II, ≥ 5 µm (coarse) and < 5 µm (fine). The number of coughs was also recorded. Coarse samples 
were extracted and frozen. Fine samples were collected in a buffered liquid, concentrated, cultured 
(community-acquired cases only), and frozen. Samples will be subjected to RT-qPCR for influenza 
viruses. Results: Of the 178 enrolled patients with community-acquired influenza infection, 120 had a 
positive influenza rapid test (66 for influenza A, 50 for influenza B, 3 for A and B, and 1 for a test that 
was not type specific). Of the 58 enrolled based on fever alone, preliminary tests of NP swabs from 22 
by real-time RT-PCR showed that 18 (82%) were positive for influenza A. The 178 enrolled 
participants include 87 females and 91 males ages 15 to 86 years, with a mean age of 22.9 years and 
median age of 20 years. The mean body temperature at time of screening and droplet collection for 
those recruited was 37.4°C, median 37.2°C, and range 36.3°C to 39.6°C. The number of spontaneous 
coughs during the 30-minute collection ranged from 0 to 265, with mean of 27 and median of 17 
coughs. Sneezes ranged from 0 to 4, with mean of 0.08 and a median of 0 sneezes per 30-minute 
collection. The experimental donors studied as of the submission deadline (the first two of three 
quarantine events) included 10 women and 22 men, with mean age of 30.3 years, median of 28 
years, and range of 20 to 45 years. The number of spontaneous coughs during the 30-minute 
collections ranged from 0 to 35, with a mean of 1.3 and median of zero. No sneezes were recorded 
from the experimental donors. Statistical analysis and results of PCR and viral culture of respiratory 
droplets will be presented. Conclusion: Patients with community-acquired influenza virus infection 
showed a trend toward more frequent cough compared with the experimentally infected participants. 
This project was funded by CDC Cooperative Agreement 1U01IP000497. The findings and 
conclusions in this report are those of the authors and do not necessarily represent the official 
position of the funding agency. 
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P1-430 

Repeat isolations of swine H1N1 pdm09 viruses with undetectable 
neuraminidase activity 

M Zanin1*, B Hause2, E Collin2, B Marathe1, S Yoon1, R De Vries3, J Paulson3, R Webby1 

1Department of Infectious Diseases, St Jude Children’s Research Hospital, Memphis, Tennessee, 
United States; 2Newport Laboratories, Worthington, Minnesota, United States; 3Departments of Cell 
and Molecular Biology and Chemical Physiology, Scripps Research Institute, La Jolla, California, 
United States 

Background: The pandemic influenza A 2009 virus (pH1N1) was soon detected in pigs following its 
emergence in humans as a result of human to pig transmission. Here we describe two viruses 
(pH1N1low 1 and 2) isolated from nasal swabs obtained from two different pig farms. These pigs 
showed clinical symptoms of influenza (coughing, thumping, nasal discharge, and fever). These 
viruses were of interest because we were unable to detect any viral neuraminidase (NA) activity 
despite evidence for their spread within the infected herds. Materials and Methods: Viruses were 
propagated in swine testes epithelial (STE) cells and quantified by plaque assay using Madin-Darby 
canine kidney (MDCK) cells. NA activity was measured by serially diluting virus and detecting 
enzymatic activity via two methods, a fluorometric assay using MU-NANA as a substrate, and a 
colorimetric assay using fetuin as a substrate. Amounts of NA were determined using SDS-PAGE with 
clarified cell culture supernatants from infected STE cells. Binding of viruses to sialic acids was 
measured by solid-phase direct virus-binding assay by adding virus to fetuin immobilized on a solid 
phase followed by biotinylated glycans. Binding was measured colorimetrically using horseradish 
peroxidase-conjugated streptavidin and TMB substrate. Mammalian transmission experiments using 
ferrets were conducted by lightly anesthetizing 2 donor ferrets with isoflurane and inoculating them 
with 106 plaque forming units of virus in 0.5 mL of PBS. The next day donor ferrets were moved into 
separate cages with one direct contact and one aerosol contact ferret. The ferrets remained housed 
together to day 20 postinfection. Nasal washes were collected on days 3, 5, 7, 9, and 11 by flushing 
nostrils with a total of 1.0 mL of PBS, and viral titers were determined in MDCK cells. Results: The 
pH1N1low viruses showed almost undetectable NA activity, using both MU-NANA and fetuin as 
substrates. Compared with a control swine virus, a pH1N1 virus with 98% homology and significantly 
greater NA activity (pH1N1), there were no significant differences in growth kinetics in MDCK cells or 
in amounts of NA protein incorporated into virions as measured by SDS-PAGE. Somewhat 
unexpectedly, both pH1N1low viruses showed increased binding affinity to both α2,3- and α2,6-sialic 
acids compared with the control pH1N1 virus despite their low NA activity. In ferrets, the pH1N1low 
viruses were shed from donor ferrets up to 5 days postinfection but were not detected in direct contact 
or aerosol contact animals. The control pH1N1 virus was shed from donor ferrets up to 7 days 
postinfection and was also shed from direct contact and aerosol contact animals. Conclusions: The 
replication of pH1N1low viruses in vitro was similar to that of pH1N1, despite almost undetectable NA 
activity. pH1N1low was also shed from ferrets but transmission was abrogated. This study suggested 
that NA activity is important in supporting transmissibility of pH1N1 viruses between ferrets but may 
be less important for transmission in swine. 

419Transmission and Infection Control 



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P1-431 

Ancient investigation of yet unresolved questions on influenza-like illness: the 
experiments on prisoners during the Ming dynasty in China 

SZ Zhou1, C Schuck-Paim2, WJ Alonso3*

1London School of Hygiene and Tropical Medicine, London, United Kingdom, and British Columbia 
Institute of Technology, Vancouver, Canada; 2Origem Scientifica, São Paulo, Brazil; 3Fogarty 
International Center, National Institutes of Health, Bethesda, Maryland, United States 

Background: The earliest descriptions of influenza-like illness (ILI) were written by Hippocrates, the 
first author to advocate that disease was not the result of supernatural forces. With few exceptions, 
ancient texts were the predominant source of knowledge in the Western world for more than 1300 
years. Manipulative experimentation on respiratory diseases geared up only in the 19th century. Here 
we present a much earlier description of an experimental investigation that took place in the 15th 
century during the Ming Dynasty in China. This is the first known experimental investigation of 
respiratory infections. Despite its antiquity, it examined environmental drivers of the seasonality of ILI 
and other respiratory infections, an issue that remains unresolved nowadays. To our knowledge, this 
is also the first account of a manipulative experiment in the history of science. Materials and Methods: 
The bibliographical reference of this experiment is the book by Hong Zhang Liu and Bo Liu, 2006, 
Talk on Keeping Healthy by Imperial Doctor Liu, available at 
http://www.360doc.com/content/11/0319/23/6085925_102738542.shtml. There is no English version. 
Here we detail the ancient study as compared with current experimental methods. Results: To 
investigate the effects of thermal and nutritional regimens on respiratory infection incidence, official 
doctors in Nanjing designed a three-step procedure to induce prisoners to be sick with ILI during 
winter. Prisoners were randomly assigned to four test groups (A, B, C, and D), each including 50 
individuals. Prisoners in group A were first administered oral limewater to cause lesions on their 
intestines and stomach, lowering digestive function. Next they were given only rice and vegetables to 
maintain a low nutritive status. Days afterwards, they were urged to step in and out of their warm 
prison rooms repeatedly to experience sharp changes in air temperature and humidity. Prisoners in 
group B were provided soup to increase digestive function followed by soup simmered with carp 
(vitamins and protein) to improve nutritional status. They were then asked to step in and out of their 
prison rooms repeatedly. Group C went through the same first two steps as group A but was urged to 
remain in a cell with sick prisoners for potentially infectious contacts. Group D went through the same 
first two steps as group B. They were next exposed to sick prisoners and stepped in and out of their 
warm prison rooms repeatedly. The authors reported that all prisoners in groups A and C developed 
ILI symptoms (fever, runny nose, and cough) within 3 days, whereas only a few prisoners in groups B 
and D showed ILI signs within the same period. Discussion: The experiments were motivated by the 
observation of seasonal respiratory disease and the potential of disease prevention and included four 
treatment groups. The experiments were conducted by imperial doctors in 1415-1416, four centuries 
ago. To our knowledge, this is the first manipulative experiment in the medical literature. In imperial 
China, the pressure for understanding disease mechanisms for therapeutic purposes was enormous 
because severe punishments could fall upon doctors who failed to please the emperor. Despite 
ethical issues, the experiments had an advanced design for the time, even providing valid information 
for questions that are not fully resolved now—such as the observation that nutrition has a noticeable 
effect on disease incidence. There are however limitations in the design (which, in fairness, might be 
due to the way information was recorded). First, we are reluctant to accept that outcomes were as 
sharply distinct as reported (“all” prisoners in groups A and C getting sick). Second, pseudoreplication 
cannot be ruled out because individuals from control and treatment groups may have been in more 
than one experimental batch. Still, this discovery constitutes an important mark in the history of 
scientific enquiry. It is also interesting to note that six centuries ago researchers were already 
investigating questions that remain open today. This description highlights the relatively slow progress 
in the understanding of the drivers of seasonal disease spread. 
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P1-432 

Role of a hemagglutinin residue in the emergence of the 2009 H1N1 pandemic 
influenza virus 

SW Yoon1, N Chen2, M Ducatez1,3, T Fabrizio1, R Webster1, C Russell1, T Hertz4, N Ben-Tal2, R 
Webby1* 

1Division of Virology, Department of Infectious Diseases, St Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 2Department of Biochemistry and Molecular Biology, George S 
Wise Faculty of Life Sciences, Tel Aviv University, Tel Aviv, Israel; 3INRA UMR1225 IHAP Interactions 
hôtes-agents pathogènes, ENVT, Toulouse, France; 4Vaccine and Infectious Disease Division, Fred 
Hutchinson Cancer Research Center, Seattle, Washington, United States 

Background: The 2009 H1N1 pandemic virus (H1N1pdm09) was a reassortant between a triple-
reassortant swine (TRsw) H1N1/2-like virus and a Eurasian avian (EA)-like swine virus. Although the 
EA NA and M gene segments were required for airborne transmission of the H1N1pdm09 virus in 
ferrets, we noted that they alone were not sufficient to confer transmissibility to a North American 
TRsw H1N1 virus. We therefore hypothesized that additional HA changes were critical for the 
transmission phenotype of H1N1pdm09 virus and determined the impact of previously described HA 
mutations that differentially segregate in pandemic and swine H1 viruses. Materials and Methods: We 
created a panel of recombinant TRsw viruses with specific HA mutations and determined their 
phenotypes in vitro and in vivo. For determining transmissibility of the recombinant TRsw viruses, 
ferrets were inoculated intranasally with 106 EID50/mL of each recombinant influenza virus and placed 
24 hours later with naive direct and airborne contact animals. Transmission was determined by virus 
detection in nasal washes of contact animals. Virus receptor binding properties were measured by 
glycan array and a dose-dependent glycan binding assay. Results: Here we demonstrated that a 
single HA mutation distal to the receptor binding site of a TRsw H1N1 virus enhanced binding avidity 
to α2,6-sialic acid receptors, resulting in enhanced virus replication in vitro and increased contact 
transmission. Addition of the H1N1pdm09 NA and M gene segments to this virus resulted in airborne 
transmissible virus with properties similar to H1N1pdm09 viruses themselves. Conclusions: These 
results demonstrated that specific changes present in the HA of the H1N1pdm09 virus were important 
factors in its emergence. 

P1-433 

Investigation of a nosocomial influenza A(H3N2) outbreak among geriatric 
patients and health care workers 

JS Casalegno1,2, D Eibach1,3, T Benet4,5, M Valette1, B Comte6, B Kim6, M Bouscambert1, P 
Vanhems4,5, B Lina1,2* 

1Hospices Civils de Lyon, Centre National de Référence virus influenzae France Sud, Laboratoire de 
Virologie Est, Bron, France; 2Université de Lyon, Faculté de Médecine Lyon Est, Lyon, 
France; 3European Public Health Microbiology Training Programme, European Centre for Disease 
Prevention and Control, Stockholm, Sweden; 4Infection Control and Epidemiology Unit, Edouard 
Herriot Hospital, Hospices Civils de Lyon, Lyon, France; 5Epidemiology and Public Health Group, 
Centre National de la Recherche Scientifique, Unité Mixte de Recherche 5558, University of Lyon 1, 
Lyon, France; 6PAM de gériatrie, Edouard Herriot Hospital, Hospices Civils de Lyon, Lyon, France 

Background: Hospital outbreaks are usually reported during the annual peak of community influenza 
activity. Infected patients, health care workers (HCW), or visitors can be sources of infection, 
transmission being facilitated by low vaccination coverage amongst HCW. Previous outbreak reports 
have shown that a precise epidemiological description of contacts combined with genotyping and 
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molecular phylogenetic analysis provide insights into routes of transmission. We conducted a 
prospective study during the 2011/2012 influenza season in the geriatric department of the Hôpital 
Edouard Herriot (Lyon, France). The aim was to analyze routes of transmission during the influenza 
outbreak among geriatric patients and HCW. Methods: From the 19th of February to the 15th of 
March, each patient included in the prospective study had a nasopharyngeal swab collected at the 
day of hospital admission. A second nasopharyngeal swab was collected in the case of development 
of signs of respiratory illness during hospitalization. Similarly, if HCW showed signs of respiratory 
illness, a specimen was collected. Samples were screened for influenza A/B, RSV, and human 
metapneumovirus and rhinovirus by real-time PCR. An infection was classified as nosocomial when 
symptoms were reported at least 72 hours after admission to the hospital. Results: Informed consent 
was obtained from all patients (n = 66) and HCW (n = 57). A total of 22 cases of influenza A(H3N2) 
were detected in 16 patients and 6 HCW, representing an attack rate of 24% for patients and 11% for 
HCW. Among the patients, 6 had acquired the infection nosocomially (attack rate of 9%). One patient 
died (CFR 6.3%). Eight patients (67%), but only 2 HCW (33%), were vaccinated with the 2011/2012 
influenza vaccine. Based on epidemiological data, a synoptic chart could be drawn indicating 3 
infection clusters: the first cluster involved one HCW and two patients, the second cluster involved 
one HCW and one patient, and the third 3 HCW and 3 patients. For each cluster, an HCW was the 
index case. One of the 3 HCW was vaccinated. We attempted to culture all PCR-confirmed samples, 
and NA (NA) and HA (HA) genes were subsequently sequenced. The phylogenetic analysis of 
concatenated HA and NA sequences confirmed the three separate outbreak clusters. All 
epidemiological linked cases from each cluster had either identical or very close HA and NA 
sequences, as opposed to patients with community-acquired influenza or between cases of the 
different clusters. Conclusion: The combined epidemiological and phylogenetic analysis revealed 
three independent nosocomial influenza outbreak clusters in a single geriatric department of the 
Hôpital Edouard Herriot in Lyon, France. NA and HA genotyping proved to be a useful tool for 
outbreak analysis in the hospital setting. The study showed that HCW were the index cases in all 
three clusters, emphasizing the need for increasing vaccination rates among the hospital staff to 
prevent influenza outbreaks. 
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O-870 

Reduction in airborne virus using modifications of simulated home slaughter 
of asymptomatic H5N1 HPAI virus infected chickens 

D Swayne1* and A Clark2

1Exotic and Emerging Avian Viral Diseases Research Unit, Southeast Poultry Research Laboratory, 
Agricultural Research Service, Department of Agriculture, Athens, Georgia, United States; 
2International Service, Animal and Plant Health Inspection Service, US Department of Agriculture, 
Cairo, Egypt 

Background: The majority of human infections with H5N1 high pathogenicity avian influenza (HPAI) 
virus have occurred in the village setting of developing countries with the primary exposure risk being 
direct contact with live or dead poultry in the household or neighborhood. In Egypt, the majority of the 
human H5N1 HPAI virus infections with clinical disease have been in women and children, and they 
are the high-risk group who tend, play with, slaughter and prepare the household poultry for 
consumption. Halal slaughter of poultry requires free movement of the bird during the death struggle, 
which tends to create a viral plume, thereby enhancing human exposure by inhalation. 
Experimentation was undertaken to develop a method for reduction of airborne virus by performing 
halal slaughter in a closed container with no further movement restriction. Critical elements are that 
the method be acceptable to Islamic authorities as proper halal slaughter, that it be affordable in 
terms of normal village income, and that it be simple and culturally acceptable. Previously, simulated 
home slaughter of asymptomatic H5N1 HPAI virus-infected chickens in a biosafety level 3 enhanced 
(BSL-3E) facility generated airborne virus, and chickens and ferrets housed in same airspace as the 
slaughter process became infected and died. Conducting the slaughter step of H5N1 HPAI virus-
infected nonvaccinated chickens in a plastic bag greatly reduced the virus transmission through the 
air to ferrets. However, the availability and quality of plastic bags that can be access in Egypt are 
limited. A study was conducted to determine if a common household item, the hala pot with sliding lid 
(hala-slide-lid), hala pot slaughter with lifting lid (hala-lift-lid), and a modified plastic bucket slaughter 
with lid that allows scalding water to be poured through a hole in the lid (modified-bucket) could be 
used in place of a plastic bag to reduce airborne H5N1 HPAI virus following slaughter of H5N1 HPAI 
virus-infected chickens. Materials and Methods: Adult white Leghorn chickens were inoculated 
intranasally (IN) with 6 log10 mean embryo infectious doses (EID50) of HPAI A/Vietnam/1203/2004 
(H5N1) and at 24 hours post inoculation (PI), six groups of chickens were slaughtered and air 
samples taken at 1½ feet from slaughter area. The standard slaughter protocol used: 1) kill step (1 
min), 2) scald step (60-62°C) (1 min), 3) defeather step (2 min), 4) eviscerate step (2 min), and 5) 
cleanup step (1 min). The three experiments were conducted: 1) 5 hens slaughtered by hala-slide-lid 
compared with 5 hens slaughtered by standard method, 2) 5 hens slaughtered by hala-slide-lid 
compared with 5 hens slaughtered by hala-lift-lid, and 3) 5 hens slaughtered by modified-bucket 
compared with 5 hens slaughtered by hala-slide-lid. Results: The oral swabs for all 30 inoculated birds 
were positive for virus indicating infection in the chickens. The air sample taken during the slaughter 
of 5 chickens by standard method had high virus titers (2.9 log10 EID50’s/1.0 mL large particles, 1.23 
log10 EID50’s/1.0 mL for small particles, no virus in fine particles) while hens slaughtered by hala-
slide-lid had low virus titer (1.5 log10 EID50’s/1.0 mL for large-sized particles; no virus in small or fine 
particles). The air sample taken during the slaughter of 5 chickens by hala-slide-lid had low virus titer 
(0.97 log10 EID50’s/1.0 mL large particles, no virus in small or fine particles) while hens slaughtered 
by hala-lift-lid had slightly higher virus titer (1.5 log10/1.0 mL for large-sized particles). The air sample 
taken during the slaughter of 5 chickens by hala-slide-lid had low virus titer (1.7 log10 EID50’s/1.0 mL 
large particles, no virus in small or fine particles), while hens slaughtered by modified-bucket had no 
virus recovery from air sample. Conclusions: Usage of hala pot or modified-bucket methods to contain 
birds during the kill step of halal slaughter reduced airborne H5N1 HPAI virus. Such modifications 
should reduce exposure and infections in women and children by H5N1 HPAI virus in Egypt and other 
enzootic countries.   
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O-871 

Surveillance for human infections with avian influenza A viruses among live 
bird market workers and their household members in Dhaka city area, 
Bangladesh 

S Afreen1*, S Nasreen1, AA Mamun1, S Chowdhury1, M Rahman1, MZ Rahman1, T Azim1, S Haider2, L 
Berman3, J  Miller2, D Iuliano3, ZN Li3, R Donis3, S Lindstrom3, K Hancock3, F Liu3, J Katz3, JD 
Heffelfinger1,3, SP Luby1,4, M Rahman2, TM Uyeki3, K Sturm-Ramirez1,3       

1International Centre for Diarrheal Diseases Research, Bangladesh (icddr,b), Dhaka, Bangladesh;
2Institute of Epidemiology, Disease Control and Research (IEDCR), Dhaka, Bangladesh; 3Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 4Stanford University, Palo Alto, 
California, United States  

Background: Live bird market (LBM) workers in Bangladesh are at risk of avian influenza A virus (AIV) 
infection due to ongoing circulation of these viruses among poultry in markets and their occupational 
exposure to poultry. LBM workers tend to handle, slaughter and process poultry and offal, many 
without using personal protective equipment. We initiated active influenza surveillance among LBM 
workers and their household members to identify human cases of AIV infection, to detect circulating 
AIVs and to assess serologic evidence of AIV infections. Materials and Methods: Surveillance was 
implemented in February’ 2012 in 16 LBMs in Dhaka with ongoing avian influenza surveillance of 
poultry since 2009. Among LBMs, four are wholesale (operating 24 hours/day) and 12 are retail. We 
enrolled 750 workers and 1830 household members proportionately from each market through 
random sampling, based on the number of LBM workers per market. Enrolled workers were visited 
twice a week at the market to determine if they or their household members experienced illness 
compatible with AIV infection since the last visit. A possible case of AIV infection was defined as: 
fever (subjective, measured or reported) and/or any respiratory signs or symptoms (cough, runny 
nose, sore throat, difficulty breathing, fast breathing, chest indrawing, stridor) or conjunctivitis. For all 
possible cases, nasopharyngeal and oropharyngeal and conjunctival (if conjunctivitis was present) 
swabs were collected in viral transport media either at the market or at the household. The samples 
were tested by real-time RT-PCR (rRT-PCR) for influenza viral RNA and further subtyped if positive 
for influenza A (H1N1pdm09, H3, H5, H9). Acute (< 7 days from illness onset) and convalescent 
serum (> 21 days after acute serum collection) were collected from laboratory-confirmed influenza A 
participants and tested for influenza H5N1 and H1N1pdm09 virus-specific antibodies by 
microneutralization and hemagglutination inhibition assays. An H5 seropositive was defined as a ≥ 4-
fold rise in antibody titer in paired sera (seroconversion) or a microneutralization titer of ≥ 40 
(equivalent to WHO criteria of ≥ 80) in both serum specimen and a positive result by other 
confirmatory tests (western blot and serum adsorptions). Results: In the first year of surveillance, 974 
possible AIV cases were identified; including 817 (83%) workers and 157 (17%) household members. 
Of 974 swab samples tested, 74 (7.5%) tested positive for influenza A and 23 (2.5%) tested positive 
for influenza B by rRT-PCR. Of 74 samples positive for influenza A, 69 were from LBM workers and 5 
from household members; all five household members had H1N1pdm09. Of 69 influenza A swab-
positive LBM workers, 18 (27%) were subtyped as H1N1pdm09, 4 (6%) as H3, 13 (19 %) as H9N2, 
10 (15%) as H5N1, 18 (27%) were unsubtypeable, and 4 (6%) were inconclusive. No worker with 
detectable H5 viral RNA developed severe illness. Detection of AIV RNA in symptomatic workers’ 
swab samples coincided with circulation of AIVs among poultry in LBMs (October to April). Influenza 
A(H1N1pdm09) and A(H3) were also detected at that time, indicating co-circulation of human 
influenza viruses in workers and AIVs in poultry in LBMs. Among available paired serum from 15 
participants, including two with H5 viral RNA detected in respiratory specimens, none demonstrated 
seroconversion to H5N1, four LBM workers had evidence of H5N1-specific antibodies suggesting 
previous infection, and three had evidence of seroconversion to H1N1pdm09 virus. Conclusions: 
Among symptomatic poultry workers in Bangladesh LBMs, we detected seasonal influenza A and B 
viruses, and viral RNA from AIVs, including H5 and H9. Use of serologic testing on paired serum can 
help to assess acute infection versus exposure to AIVs and inform the interpretation of detection of 
AIV RNA in LBM poultry workers exposed to AIVs. Surveillance in LBMs is useful for detecting and 
monitoring persons with occupational exposure to AIVs and increasing understanding of transmission 
of AIVs at the animal-human interface. To reduce the risk of coinfection with human and avian 
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influenza A viruses and possible reassortment, practical interventions to minimize exposure in LBMs 
should be piloted and evaluated. 

O-872 

TRPM8 and susceptibility to highly pathogenic avian influenza H5N1 

PW Horby1,2*, Y Shu3, C-C Khor4, A Fox1,2, S-W Yoon5, LQ Mai6, X Li3, S Mahasirimongkol7, PQ Thai6, 
N Wichukchinda7, NT Yen6, S Wattanapokayakit7, N Satproedprai7, LK Lan8, NT Hang1, S Davila4, 
HFL Wertheim1,2, TT Hien1, V Viprakasit9, T Chotpitayasunondh7, SJ Dunstan1,2, NT Hien6, J Farrar1,2, 
H Yu3, RJ Webby5, M Hibberd4  

1Oxford University Clinical Research Unit - Wellcome Trust Major Overseas Programme, Ho Chi Minh 
City, Vietnam; 2Centre for Tropical Medicine, Nuffield Department of Clinical Medicine, University of 
Oxford, Oxford, United Kingdom; 3Chinese Center for Disease Control and Prevention, Beijing, China; 
4Genome Institute of Singapore, Singapore; 5Department of Infectious Diseases, St. Jude Children’s 
Research Hospital, Memphis, Tennessee, United States; 6National Institute for Hygiene and 
Epidemiology, Hanoi, Vietnam; 7Ministry of Public Health, Bangkok, Thailand; 8Hospital for Tropical 
Diseases, Ho Chi Minh City, Vietnam; 9Siriraj Hospital, Bangkok, Thailand 

Background: The marked family clustering of human cases of highly pathogenic avian influenza H5N1 
suggests that host factors may determine susceptibility to severe H5N1 disease. We report the results 
of work to test the hypothesis that host genetic factors are associated with susceptibility to H5N1 
disease in humans. Methods: We conducted a genome-wide, case-control association study (GWAS) 
of 65 H5N1 cases and 2910 controls from Vietnam, China, and Thailand to identify single nucleotide 
polymorphisms (SNPs) associated with H5N1. The functional relevance of a putative susceptibility loci 
identified through the GWAS was validated in in vitro and in mouse models. Results: We found an 
association approaching genomewide significance between H5N1 and the SNP rs7560562 within the 
transient receptor potential melastin 8 (TRPM8) locus (minor allele odds ratio, 2.56; 95% confidence 
interval, 1.79–3.65; P = 7.37 x 10-8; P after genomic control = 8.7 x 10-7). No other locus within the 
human genome showed association P values of < 1 x 10-5. Transfection of 239T cells with 
recombinant mouse-derived TRPM8 resulted in increased replication of highly pathogenic H5N1 
influenza virus A/turkey/Egypt/7/2007 (peak viral titer 4.71 log10 TCID50/mL in transfected cells 
versus 3.25 in nontransfected cells). Mice lacking the TRPM8 gene were significantly more resistant 
than wild-type mice to mortality induced by H5N1 virus A/chicken/Egypt/1/2006 (log10 MLD50 5.7 and 
5.16, respectively; P = .03). Conclusions: We have identified an association between the sialated 
transmembrane ion channel TRPM8 and susceptibility to H5N1 disease. This association may be 
mediated at the level of viral replication. 

O-873 

Characterization of H3N2pM-like and novel reassortant H3N1 swine viruses 
with pandemic H1N1 2009-like segments isolated in Korea 

PNQ Pascua1*, GJ Lim1, HI Kwon1, SJ Park1, EH Kim1, MS Song1,2, EH Choi1, YH Baek1, SM Kim1, 
AG Decano1, CJ Kim3, YK Choi1

1Chungbuk National University, Cheongju, Republic of Korea; 2St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States; 3Chungnam National University, DaeJeon, Republic of Korea  

Background: Establishment of the pandemic H1N1 2009 [A(H1N1)pdm09] virus in pig populations 
worldwide resulted in reassortment events with currently endemic swine influenza viruses (SIVs) in 
North America, Asia, and Europe. In the United States, triple-reassortant H3N2 swine viruses 
containing the pandemic M segment (H3N2pM viruses) were predominantly found in North American 
pigs and were also found in humans (A[H3N2]v viruses), raising concerns for public health risks. 
Material and Methods: To examine whether the A(H1N1)pdm09 virus remains in circulation among 
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Korean pigs and determine whether additional genetic reassortment with domestic SIV strains has 
occurred, lung tissue samples were collected from commercially slaughtered pigs from May 2011 
through April 2012. Isolated SIVs were genetically analyzed and further characterized in vitro and in 
vivo. Results: A total of 19 SIVs were isolated that were subtyped as H1N1 (n = 5), H1N2 (n = 2), 
H3N1 (n = 4), or H3N2 (n = 8).  The H1N1 and H1N2 SIVs are close descendants of A(H1N1)pdm09 
and preexisting Korean H1N2 viruses, respectively, without any indication of genetic reassortment. In 
contrast to the intact H1 viruses, the H3 isolates had a more complex genetic phylogeny where the 
H3N2 viruses bear gene constellation identical to H3N2pM and A(H3N2)v strains from the United 
States, whereas the H3N1 SIV isolates reflect four distinct novel reassortant genotypes. The HAs of 
the four H3N1 isolates grouped together with contemporary cluster IV H3 viruses in North America 
and the NAs are A(H1N1)pdm09-like. The PB1/NP/NS of A/swine/Korea/CY02-07/2012(H3N1), PB1 
of A/swine/Korea/CY02-08/2012(H3N1), and PB1/NS of A/swine/Korea/CY03-13/2012(H3N1) are 
also closely related to North American H3N2pM viruses while the other segments are 
A(H1N1)pdm09-like; the internal gene segments of A/swine/Korea/CY03-12/2012(H3N1) also 
clustered with A(H1N1)pdm09-like viruses. Selected H3 SIVs exhibited efficient replication in mice 
and ferrets, but the H3N1 reassortant strains indicated growth advantage over a representative 
H3N2pM-like virus (A/swine/Korea/CY02-10/2012) in human airway cells. Interestingly though, two 
H3N1 reassortants, A/swine/Korea/CY02-07/2012 and A/swine/Korea/CY03-13/2012, were more 
readily transmitted to respiratory droplet-contact ferrets compared with the H3N2pM-like isolate. 
Furthermore, ferret-raised H3 antisera showed poor cross-reactivities against contemporary reference 
human seasonal H3N2 vaccine strains in hemagglutination inhibition assays, indicating substantial 
antigenic divergence. Conclusions: We report the isolation of H3N2pM-like viruses outside North 
America and emergence of novel reassortant H3N1 SIVs possessing various combinations of 
segments derived from these H3N2pM-like strains and A(H1N1)pdm09-like viruses. Establishment of 
these viruses would further complicate the genetic diversity of influenza A viruses circulating in 
Korean swine herds. Indicating their potential to pose threat to public health, our data highlight the 
necessity of continuous virus monitoring in these ecologically important hosts.

O-874 

Human infections with avian influenza H7N1 and H5N2 strains during 
outbreaks in ostriches 

M Venter1,2*
, F Treurnicht1, A Buys1, R Samudzi1, CA Jacobs3, J McAnerney1, J Thomas3, L 

Blumberg3

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable diseases, 
Sandringham, South Africa; 2Zoonoses Research Unit, Department Medical Virology, University of 
Pretoria, Pretoria, South Africa; 3Division of Public Health Surveillance and Response, National 
Institute for Communicable Diseases, Sandringham, South Africa 

Human infections with avian influenza H7N1 and H5N2 strains during outbreaks in ostriches 
Background: Several avian influenza outbreaks have been reported in ostriches over the last 10 years 
in South Africa, the most recent in the Western Cape being highly pathogenic influenza AH5N2 in 
2004 and 2011, low pathogenic (LPAI) H7N1 in 2012 and H7N7 in 2013. In only one outbreak (HPAI 
2004), an increase in ostrich deaths was reported. Large-scale culling followed the H5N2 outbreaks 
while only movement control was implemented for the H7N1 and H7N7 outbreaks in accordance with 
OIE guidelines for notifiable AI strains. These outbreaks resulted in a ban on export of ostrich meat to 
the European Union and have been devastating to the ostrich industry through economic and job 
losses. South Africa has the largest ostrich meat, feather and leather industry in the world, and 
vigorous surveillance exist for AI in birds due for slaughter and export. No evidence exists of H5N2 
and H7N1 strains causing severe disease in humans, although a serosurvey in 2004 documented 
serologic evidence of H5N2 infection in 3 of 129 highly exposed persons. Recent emergence of LPAI 
H7N9 causing severe disease in humans in China and the continued threat of highly pathogenic 
(HPAI) H5N1 in Asia and other areas raise the question as to the risk of infection and possible 
symptoms due to other LPAIH7 or HPAI H5 strains in humans. To address this we conducted a 
serosurvey of at-risk persons during the 2011 and 2012 outbreaks, and tracked positive cases 
retrospectively to identify symptoms. Materials and Methods: In August 2011 and August 2012, sera 
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were collected from 207 and 66 people, respectively, with a history of direct contact with ostriches 
infected with AI H5N2 (2011) or H7N1 (2012) either through handling or slaughtering of infected birds. 
Sera were also collected from 38 state veterinarians from across the country at an annual congress in 
2012, a proportion that had been involved in the AI outbreaks. All persons tested formally consented. 
Detailed questionnaires regarding demographic, occupational characteristics and clinical illness 
history were administered during the 2011 outbreak, while an abbreviated questionnaire and 
retrospective follow-up of seropositive people occurred in 2012. Hemagglutination inhibition assays 
(HAI) using turkey red blood cells and reference antigens from the World Health Organization 
Collaborating Centre, Centers for Disease Control and Prevention (CDC), Atlanta, USA, as well as 
outbreak-specific inactivated antigens obtained from the Department of Agriculture, Forestry and 
Fishery AI-approved laboratory (Deltamune )were run at the National Influenza Centre, NICD, against 
H5 and H7 AI and human influenza specific control antisera and serum samples from study 
participants. Results: Of 207 veterinarians, ostrich farmers, farm workers and abattoir workers 
exposed to avian influenza H5N2, and 66 exposed to H7N1 in the 2011 and 2012 outbreaks, 3 people 
with HAI antibody titers greater than 1:40 to influenza H5N2 and one person with H7N1 antibodies 
were identified. For H5N2 this included a veterinarian who was actively involved in postmortem 
investigations of ostriches, a farm worker and an abattoir worker. The H7N1-positive person was an 
abattoir worker who worked on the intestine and skin-sorting line. Reported symptoms included 
conjunctivitis and flu-like illness for two of the H5N2-seropositive cases, while the third H5N2 
seropositive case and the single H7N1 seropositive case reported no symptoms. Conclusion: A low 
risk exists for human infection with influenza A H5N2 (1.4%) and H7N1 (1.6%) during outbreaks 
among ostriches, suggesting a need for increased biosecurity and surveillance of humans in contact 
with ostriches during avian influenza outbreaks, even if the strains are LPAI or the birds are 
asymptomatic. 

O-875 

Risk analysis of H2N2 viruses from the avian reservoir 

J Jones*, T Baranovich, B Marathe, E Govorkova, S Krauss, R Webster 

St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Background: The H2N2 pandemic of 1957-58 caused significant morbidity, mortality and economic 
burden worldwide, but the H2 subtype disappeared from human circulation after only a decade. 
Historical evidence demonstrates the 1957 pandemic viruses arose from avian virus ancestors, and 
H2N2 infections persist in wild and domestic birds. The potential for reemergence in humans, 
particularly from the avian reservoir, must be addressed through surveillance, characterization, and 
antiviral testing. The goal of these studies was to understand the potential risk of avian H2 isolates to 
mammals by evaluating pathogenicity, virulence and transmission in multiple models, define 
antigenicity and receptor binding phenotypes, and test susceptibility to current antiviral drugs. 
Methods: We selected a panel of 22 avian H2N2 viruses isolated from wild and domestic birds over 6 
decades. Antigenic characterization was carried out with a panel of ferret sera to avian, human and 
swine H2 viruses in the hemagglutination inhibition (HI) assay. Receptor specificity was determined by 
plate-based binding assays using biotinylated sialylglycopolymers. Viruses were tested for 
mammalian pathogenicity in a variety of ex vivo and in vivo models including differentiated normal 
human bronchial epithelial cells (NHBE), swine tracheal tissue explants, DBA2/J mice, and ferrets. An 
expanded panel of 59 viruses was tested for susceptibility to influenza antivirals. Adamantane 
susceptibility was assessed by sequence analysis of the M2 gene, and neuraminidase inhibitor (NAI) 
susceptibility (oseltamivir, zanamivir) was tested by fluorescence-based NA enzyme inhibition assay. 
Results: HI assays demonstrated that the avian H2N2 panel was closely related to all avian H2 
isolates over the past 50 years and to human pandemic virus sera, but they rarely reacted with human 
sera to viruses toward the end of the H2N2 circulation period. All viruses showed a preference for the 
α2-3–linked sialylglycopolymers over those with α2-6–linkages. Nearly all (91%) of the isolates 
replicated in NHBE cells. All were pathogenic in mice, with varying degrees of virulence, and 5 
isolates induced some degree of mortality.  Replication in swine tracheal tissues was low or absent in 
the viruses tested. Of 9 avian viruses tested in ferrets, 5 replicated in the upper respiratory tract and 3 
exhibited direct contact transmission. No aerosol transmission was observed. In all viruses tested, M2 
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gene sequence analysis did not reveal amino acid residues known to confer resistance to 
adamantanes, and all were highly susceptible NAIs with IC50 values in the nanomolar range (0.1-7.0 
nM). Conclusions: The data presented here represent a thorough risk analysis of H2N2 viruses from 
the avian reservoir.  Despite antigenic and receptor binding patterns typical of avian viruses, most 
isolates were pathogenic in primary human cells and mice without prior adaptation. Though replication 
in swine tissues was nonproductive, several isolates were able to replicate in ferrets and transmit to 
cage mates. The pathogenicity of these avian H2 viruses in multiple mammalian models elevates their 
risk potential. However, all viruses remain highly susceptible to FDA-approved antiviral drugs, 
suggesting they may be used as a control strategy should H2 viruses emerge once again in humans. 
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P2-466 

The avian-like PB1 gene of the 1968 pandemic influenza virus enhances viral 
replication and transmission 

I Wendel1*, D Rubbenstroth2, G Kochs2, P Stäheli2, HD Klenk1, M Matrosovich1 

1University of Marburg, Institute of Virology, Marburg, Germany; 2University of Freiburg, Department 
of Virology, Freiburg, Germany 

Background: Pandemic influenza viruses originate from animal viruses by either adaptation of a whole 
animal virus to humans or reassortment between animal and contemporary human viruses. The 1957 
and 1968 pandemic viruses emerged via reassortment, and both contained HA and PB1 gene 
segments of avian origin. It is generally believed that the acquisition of an antigenically novel avian 
HA allowed the pandemic viruses to overcome preexisting immunity in the human population. 
However, it is still not known whether the avian PB1 gene provided pandemic viruses with any 
replicative advantage. In this study, we wished to address this long-standing question using the 1968 
pandemic virus as a model. Materials and methods: The H3N2/1968 pandemic virus contained HA 
and PB1 gene segments of an avian parent and remaining 6 gene segments of a contemporary 
human H2N2 parent. We decided to test whether substitution of the PB1 segment in the human 
parent by its avian counterpart will facilitate viral replication. Because the parent viruses and the 
original avian-human reassortant virus do not exist and their sequences are not known, we used the 
closest available relatives of these viruses. The avian-like gene segments (PB1 and HA) were taken 
from one of the earliest H3N2 pandemic virus strains A/Hong Kong/1/68 (HK68). To find an 
appropriate donor of human-like gene, we compared sequences of six human-like genes of HK68 with 
published sequences of human H2N2 viruses. Based on this analysis, the phylogenetically closest 
virus A/California/1/66 (H2N2) (Cal66) was used as a surrogate precursor of the 1968 virus. The 
genes of Cal66 and HK68 were cloned into reverse genetics vector pHW2000. The effects of PB1 of 
either virus on polymerase activity were determined by luciferase minigenome assay. Two pairs of 
recombinant reassortant viruses were generated, which differed by the origin of the PB1 gene (either 
from Cal66 or from HK68). The viruses of the first pair (rCal66 and rCal66-PB1HK) shared 7 genes of 
Cal66. This pair was prepared to answer the question whether avian-like PB1 alone could enhance 
replication efficiency of a reassortant virus. The viruses of the second pair (rCal66-HAHK and rCal66-
HAHK-PB1HK) shared 6 genes of Cal66 and the HA gene of HK68. This pair was studied to account for 
potential interactions between avian-like HA and PB1 gene segments or/and their products. The 
viruses of each pair were compared for their replication kinetics in human epithelial cells (Calu-3). 
Viral competition in Calu-3 cells was studied by making consecutive passages starting from a 1:1 
mixture of viruses and determining composition of the passage 3 material by sequencing. Competitive 
rescue experiments were performed by transfecting cells with a whole set of reverse genetics 
plasmids which included a 1:1 mixture of PB1Cal and PB1HK plasmids and determining composition of 
the rescued virus mixtures by sequencing. To study efficiency of contact transmission of the viruses, a 
group of four guinea pigs were inoculated with 104 PFU of an equal mixture of rCal66-HAHK and 
rCal66-HAHK-PB1HK. Four naïve animals were co-housed with infected animals starting from day 1 
post inoculation. At days 2, 4, 6 and 8 p.i. nasal washes were taken and characterized by sequencing. 
Results: A comparison of polymerase complexes of Cal66, HK68 and their reassortants in the 
luciferase minigenome assay demonstrated an enhanced polymerase activity of complexes with 
avian-like PB1 of HK68. The recombinant virus containing 7 genes of Cal66 and the PB1 gene of 
HK68 replicated more efficiently in Calu-3 cells than the parent rCal66. The difference in replication 
was even more pronounced if the viruses shared the HA gene of HK68. The virus with avian-like PB1 
transmitted more efficiently in guinea pigs than its counterpart containing PB1 of Cal66. Conclusions: 
Our results show for the first time that the avian-like PB1 gene of the 1968 pandemic influenza virus 
served to enhance viral replication and transmission. An enhanced polymerase activity of avian-like 
PB1 and a potential cooperation between homologous HA and PB1 could be responsible for these 
effects.   
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P2-467 

Avian influenza surveillance and public health education in Ghana 

J Opoku1, Q Enyan2*, P Donkor3, K Ayisi3 

1Ghana National Ambulance Service; 2University of Ghana; 3City of God Foundation 

Background: Influenza A viruses that cause highly pathogenic avian influenza (HPAI) also infect 
humans. In many developing countries such as Ghana, poultry and humans live in close proximity in 
both the general and military populations, increasing risk for the spread of HPAI from birds to humans. 
Respiratory infections such as influenza are especially prone to rapid spread among military 
populations living in close quarters such as barracks, making this a key population for targeted avian 
influenza (AI) surveillance and public health education. Methods: Twelve military barracks situated in 
the coastal, tropical rain forest and northern savannah belts of the country were visited, and the 
troops and their families educated on pandemic AI. Attendance at each site was obtained from the 
attendance sheet provided for registration. The seminars focused on zoonotic diseases, influenza 
surveillance, pathogenesis of AI, prevention of emerging infections and biosecurity. To help direct 
public health policies, a questionnaire was used to collect information on animal populations and 
handling practices from 102 households in the military barracks. Cloacal and tracheal samples were 
taken from 680 domestic and domesticated wild birds and analysed for influenza A using molecular 
methods for virus detection. Results: Of the 1028 participants that took part in the seminars, 668 
(65%) showed good knowledge of pandemic AI and the risks associated with its infection. Even 
though no evidence of the presence of AI infection was found in the 680 domestic and wild birds 
sampled, biosecurity in the households surveyed was very poor. Conclusions: Active surveillance 
revealed that there was no AI circulation in the military barracks in the spring of 2011. Though 
participants demonstrated good knowledge of pandemic AI, biosecurity practices were minimal. 
Sustained educational programs are needed to further AI surveillance and prevention in military 
barracks. 

P2-468 

Avian influenza viruses acquire mutations to enhance pathogenesis during a 
single passage in ferrets 

J Butler1,2*, L Brown2, D Middleton1, S Rockman3, S Sapats1

1CSIRO - Australian Animal Health Laboratory, Geelong, Australia; 2Department of Microbiology and 
Immunology, The University of Melbourne, Melbourne, Australia; 3bioCSL Limited, Melbourne, 
Australia 

Background: Highly pathogenic avian H5N1 and, more recently, H7N9 viruses have galvanised 
widespread attention due to their excessive mortality in humans. Sequence analysis of human 
isolates of these viruses often indicate the presence of PB2 627K, whereas avian isolates mainly 
possess PB2 627E. This raises the question of whether avian influenza viruses encoding PB2 627E 
are capable of initially establishing mild infections in humans before mutation to full virulence by 
acquisition of PB2 627K during viral replication in humans, or whether the input virus for severely 
infected humans already carries the PB2 627K mutation, prior to human infection. Given our lack of 
understanding regarding the adaptation of avian viruses to humans, we sought to examine this 
adaptation to mammals, using avian H5N1 virus and ferrets as a model of avian influenza infection of 
humans. Methods: Here we used ferrets to monitor the replication of an avian H5N1 virus encoding 
PB2 627E, A/Chicken/Laos/Xaythiani-26/2006 (A/Laos), following mammalian infection, and 
contrasted this with a human H5N1 virus encoding PB2 627K, A/Vietnam/1203/2004 (A/Viet). Results: 
On initial comparison, all ferrets inoculated with A/Viet experienced a highly pathogenic systemic 
infection accompanied by substantial weight loss. In contrast, while ferrets could be readily infected 
with A/Laos, the virus was confined to the respiratory tract and there were no signs of disease prior to 
day 5 post infection (pi). Thereafter, two of four ferrets cleared the virus and two developed 
substantial weight loss and a persisting infection that had spread beyond the respiratory tract. Virus 
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from certain tissues of both systemically infected ferrets had acquired the PB2 E627K mutation. When 
a PB2 E627K-containing virus from the liver was used to infect additional ferrets, it produced a highly 
pathogenic infection, confirming that acquisition of PB2 E627K enhanced the pathogenicity of A/Laos 
in ferrets. Another isolate from the nasal wash of the systemically infected ferrets had retained PB2 
627E but acquired two other novel mutations (PB2 S489P and NP V408I) and also produced a highly 
pathogenic infection upon infection of additional ferrets. In each case, enhanced pathogenicity was 
demonstrated by a more rapid onset and greater severity of disease symptoms associated with 
systemic virus spread. Finally, a reverse genetics system was used to generate isogenic H5N1 
viruses encoding the PB2 E627K, PB2 S489P and NP V408I single amino acid changes. Inoculation 
of ferrets with each of these viruses confirmed that the PB2 E627K mutation dramatically enhanced 
the pathogenicity of H5N1 in ferrets. Whereas neither of the PB2 S489P or NP V408I mutations in 
isolation were sufficient to enhance the pathogenicity of H5N1 in ferrets, they likely only facilitate 
enhanced virus pathogenicity in a synergistic manner. Conclusions: Our findings highlight the 
remarkable ability of avian viruses to mutate toward increased pathogenicity during a single passage 
in mammalian hosts, through the acquisition of PB2 E627K in certain individuals. These results 
suggest that the PB2 E627K mutation likely similarly occurs regularly upon avian influenza virus 
infection in humans, increasing the chances of a more severe infection. Additionally, in the absence of 
a PB2 E627K mutation, alternative novel mechanisms (eg, combination of the PB2 S489P and 
NP V408I mutations) may similarly facilitate enhanced avian influenza virus pathogenicity in mammals. 
Recent serologic evidence of H5N1 infection in humans associated with mild or subclinical infection may 
reflect cases of infection where the infecting avian H5N1 virus fails to acquire PB2 E627K or a similar 
adaptive polymerase mutation. Regarding the recent H7N9 human infections in China, our findings 
suggest that the PB2 627K detected in human H7N9 isolates is likely acquired during viral replication 
in humans following infection, rather than in the avian source or an intermediate host. Investigating 
this rapid process of highly pathogenic avian virus evolution in mammals will significantly advance our 
understanding of the individual steps involved in the creation of pandemic viruses. 

P2-469 

Poultry-human interactions in a wholesale live bird market in Dhaka, 
Bangladesh: the potential for bird-to-human transmission of avian influenza 
viruses 

MS Islam1*, K Sturm-Ramirez1,2, S Afreen1, AKMD Khan1, SMM Hasan1, A Chakraborty1,3, SP Luby1,2, 
M Rahman3, ES Gurley1 

1icddr,b, Mohakhali, Dhaka, Bangladesh; 2Centers for Disease Control and Prevention (CDC), Atlanta, 
Georgia, United States; 3Institute of Epidemiology Disease Control and Research (IEDCR), Dhaka, 
Bangladesh  

Background: In Bangladesh, H5N1 has been circulating since 2007, causing repeated outbreaks in 
poultry. Seven human cases have been reported, three of whom were live bird market (LBM) workers. 
In response to a suspected H5N1 outbreak among poultry workers in a large, wholesale and retail 
LBM in Dhaka in 2012, a team from icddr,b, in collaboration with the Institute of Epidemiology Disease 
Control and Research, conducted a qualitative study. This study describes the physical environment 
of the market to understand animal-human interactions with a focus on infection control practices 
among poultry workers and risk practices for avian influenza transmission from birds to humans. 
Methods: In May 2012, icddr,b anthropologists mapped the market and listed the total number of 
people working in this market. The market operated 24 hours a day and birds primarily arrived at 
night. We conducted 32 hours of observation in the LBM over the period of a week in 6 sessions: two 
were between 10 pm to 4 am and four occurred between 7 am to 2 pm. We counted the number of 
poultry workers, number of apparently sick and discarded dead birds, and recorded interactions 
between poultry and humans, including biosecurity practices. We interviewed transport drivers about 
the source and number of birds they carried each trip. We also conducted two group discussions with 
poultry workers to explore practices related to handling live, sick and dead birds. Results: The poultry 
market had an area of 4220 m2 and housed 66 independent wholesale poultry shops and 37 retail 
poultry shops. The market operated 6 days a week and had approximately 1300 workers. The market 
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sold broilers, layers, backyard chickens, ducks, swans, and pigeons. The wholesale shops sold live 
poultry to 71 smaller retail LBMs and processed large amounts of chickens for catering companies 
and restaurants. The retail shops sold processed and live chickens to individual consumers on a 
smaller scale. Birds sold at the market were brought from 24 districts by buses, trucks and pick-up 
vans. Over two nights, a total of 70,559 birds entered the wholesale market; 79 were visually sick and 
188 were dead on arrival and workers unloaded these birds from the vehicles and discarded dead 
birds either on the road or in a large open waste receptacle. Twelve chickens also died in the retail 
market and were discarded in small plastic bin. Poultry workers reported that birds arriving sick to the 
market were also processed and sold. The workers also reported that some people (desperate for 
ways to make money) collected, processed and sold dead birds to street food vendors and 
restaurants. To process the poultry, workers cut the chicken's throat with a small knife, then skinned 
the carcass, cleaned the gizzards and discarded the internals and offal in a small plastic bin. We 
observed 56 workers processing 3009 chickens without wearing gloves and each worker processed 
approximately two chickens per hour. They reported frequent finger cuts and skin injuries from the 
knives and chicken bones. There was no source of running water in the market. Water was stored in a 
plastic drum inside each retail poultry shop for rinsing hands, rinsing processed chickens and for 
washing the drum itself. We observed workers rinsing their hands directly in the drum 43 times and 
only 24 workers used cloth or surgical masks while handling poultry. At night, 35 workers slept either 
in a poultry shop or inside a large poultry cage. Conclusions: Influenza H5 viruses are frequently 
detected by poultry surveillance in this wholesale market. Poultry workers’ intense daily interaction 
with birds and the high volume of different species of birds are favorable conditions for putative 
reassortment among influenza strains. Additionally, slaughtering and consuming sick and dead birds, 
limited use of personal protective equipment and lack of handwashing creates a high-risk setting for 
human infections with avian influenza viruses. To reduce the pandemic threat posed by H5N1, the 
market's physical environment and poultry workers biosafety practices should be improved.  

P2-471 

Influenza A virus surveillance in live bird markets in Bangladesh 

S Chowdhury1*, SU Khan2, K Sturm-Ramirez1,3 , ES Gurley1, MZ Rahman1, JD Heffelfinger1,3, SP 
Luby4, and N Zeidner1,3

1International Centre for Diarrheal Diseases Research, Bangladesh (icddr,b), Dhaka, Bangladesh; 
2Department of Environmental and Global Health, University of Florida, Gainesville, Florida, United 
States; 3Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United States; 
4Stanford University, Stanford, California, United States 

Background: Highly pathogenic avian influenza A (H5N1) virus poses a threat to the health of poultry 
and humans. In Bangladesh, between 2007 and 2012, more than 540 HPAI outbreaks in poultry and 
seven HPAI human cases, including one death, have been reported. Since August 2007, icddr,b has 
been conducting surveillance in live bird markets (LBMs) to identify avian influenza virus circulation 
among poultry in Bangladesh. Poultry raisers and local vendors sell chickens, quail, and pigeons 
alongside waterfowl such as ducks and geese at LBMs. From August 2007 to December 2010, we 
identified avian influenza virus A (H5) in 0.6% of waterfowl and 37% of pooled environmental 
specimens collected at LBMs. This report summarizes LBM-based surveillance conducted in 
Bangladesh from January 2010 to December 2012 to identify avian influenza virus A (H5) circulation 
in waterfowl and LBM environmental contamination. Materials and Methods: We conducted 
surveillance in one peri-urban LBM in each of four districts in Bangladesh (Chittagong, Rajshahi, 
Netrokona and Dinajpur) and 16 urban LBMs in Dhaka city. Surveillance teams visited each selected 
LBM on a monthly basis to collect samples from waterfowl and the environment. Each month 
veterinarians selected 20 ducks and/or geese by convenience from each of the four peri-urban LBMs 
to collect either cloacal or tracheal swabs, or freshly laid feces. We also collected swab specimens 
from seven environmental sources including poultry droppings, cages, feed, water, slaughtering sites, 
market floors and drains to prepare one pooled environmental sample monthly from each of the 20 
LBMs. The icddr,b virology laboratory tested these samples using real-time reverse transcription 
polymerase chain reaction (rRT-PCR) assay to detect RNA for influenza A virus and subtype for H5. 
We interviewed poultry raisers of sampled waterfowl about the demographics, husbandry practices, 
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flock sizes and health status of all poultry. We used chi-square test and bivariate and multivariate 
logistic regression to identify demographics and exposure variables associated with rRT-PCR results. 
Results: We collected swab samples from 2347 ducks and 293 geese. Of the sampled waterfowl, 
2459 (93%) were aged more than six months and 2627 (99%) appeared healthy during sample 
collection. Most of the sampled waterfowl (94%) were raised in backyard farms. The mean size of 
backyard poultry flocks was 18 (range: 1-99). Of 2640 waterfowl samples, 173 (7%) had detectable 
RNA for influenza A virus and 80 (3%) had H5 subtype-specific RNA. The prevalence of laboratory-
confirmed influenza A /H5 was higher in ducks than geese (3% vs 1%, P = 0.01). All influenza A/H5 
confirmed waterfowl were reared in a backyard facility. Of the 580 pooled environmental samples, 130 
(22%) demonstrated detectable H5 subtype-specific RNA and specimens from urban LBMs were five 
times more likely to have evidence of avian influenza A/H5 contamination than peri-urban LBM 
specimens (95% CI: 2.5-11.6). Avian influenza virus A/H5 has been detected in both individual 
waterfowl and the LBM environment almost every month, but the highest proportion (13%) of samples 
with influenza A/H5 has been detected in March. Conclusions: Surveillance findings from 2010-2012 
suggest that avian influenza A viruses, including H5, circulate year-round in domestic ducks and 
geese in Bangladesh. LBM environments contaminated with H5N1 may act as a potential source of 
infection in poultry that may increase the risk of avian-to-human transmission. LBMs should be 
targeted to provide intervention through improved biosecurity and disinfection for reducing avian 
influenza virus transmission. LBM-based surveillance should be continued for better understanding of 
influenza virus circulation in domestic poultry and may provide sentinel detection of novel avian 
influenza viruses of public health importance. 

P2-472 

Sequence and phylogenetic comparison of human and avian influenza H3 
strains reveals introduction of American and Eurasian lineages in Pakistan 

 N.Siddique1*, BM Kazi2, UB Aamir2, K Naeem1, SSZ Zaidi2

1National Reference Laboratory for Poultry Diseases, National Agricultural Research Center, 
Islamabad, Pakistan; 2National Influenza Center, Department of Virology, Public Health Laboratories 
Division, National Institute of Health, Islamabad, Pakistan 

Background: Pakistan has been experiencing outbreaks of avian influenza viruses (AIVs) since 1995, 
and various subtypes reported so far include H7N3, H9N2 and H5N1. Both H7 and H5 subtypes have 
not been isolated from the country since July 2008; however, subtype H9N2 has become endemic in 
poultry across Pakistan. In March 2010, a low pathogenic AIV of H3N1 subtype was isolated for the 
first time in domestic chicken. On the other hand, a number of human H3N2 viruses are routinely 
reported. To understand the relationship between these two subtypes and the probability of 
subsequent transmission of avian viruses to humans, the sequences of HA and matrix genes of H3N1 
were compared with human H3N2 strains isolated from Pakistan during 2008-2012. Furthermore, 
sequence and phylogenetic analyses were also carried out for the neuraminidase gene of the human 
H3N2 and H9N2 viruses already circulating in the country. Materials and Methods: Avian influenza 
virus was isolated from cloacal swabs collected from backyard poultry. The samples were inoculated 
in 9-day-old embryonated SPF chicken eggs for 2-3 days. Subtype identification of the isolated virus 
was carried out by hemagglutination (HA), hemagglutination inhibition and neuraminidase inhibition 
assays. Standard OIE procedures of real-time PCR and RT-PCR were applied for influenza typing 
and amplification. The human influenza viruses were detected from nasopharyngeal and throat swabs 
collected at sentinel surveillance sites across Pakistan. The samples were grown on Madin Darby 
Canine kidney (MDCK) cell lines, and subtyping for influenza A and B was carried out using a WHO 
influenza reagent kit supplied by the CDC Atlanta. For detection and characterization of influenza A or 
B, the same samples were also tested using the CDC real-time RT-PCR (RRT-PCR) protocol. The 
identified H3N2 viruses were then amplified by RT-PCR using the CDC protocols. For all viruses, the 
purified PCR products were sequenced using the chain termination protocol on an ABI-3130xl genetic 
analyzer. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 
5.0. Results: Phylogenetic analysis of avian H3N1 revealed a new introduction of reassortant 
Eurasian avian strain that was clearly distinguishable from corresponding human H3 isolates. Both HA 
and matrix genes of Pakistani avian H3 clustered mostly with European isolates and specifically the 
HA gene was Nordic (Scandinavian) in origin, while the NA gene was Asian by showing maximum 
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similarity (98%) with Indian H11N1. On the other hand, the HA, NA and matrix genes of Pakistani 
human H3N2 isolates showed 98%-99% sequence homology with American and Eurasian viruses. 
The HA and matrix genes of avian H3 showed nucleotide sequence identity at 79% and 87% with 
corresponding human H3s, while the NA gene of human H3 was distinct from avian H9N2 strains with 
sequence identity of only 79%- 81%. Sequence analysis of HA revealed that both avian and human 
viruses had an amino acid motif (PEKQTRG) at the cleavage site, which is indicative of low 
pathogenecity. Both avian and human H3 viruses retained conserved residues at positions 226  and 
228 of the receptor binding site. The avian H3 possessed 6 N-linked glycosylation sites at amino acid 
positions 8, 22, 38, 165, 285 and 483, whereas human H3 had 11 potential glycosylation motifs with 
additional sites at positions 122, 126, 133, 144, and 246 in the HA gene. Furthermore, sequence 
analysis of NA and M genes of avian H3 viruses showed conservation of amino acids associated with 
sensitivity to amantadine and oseltamivir. On the other hand, Pakistani human H3N2 viruses 
possessed mutation S31N associated with resistance to amantadine, but remained sensitive to 
oseltamivir. Conclusions: Our study found no significant epidemiologic linkage between avian H3N1 
and human H3N2 viruses from Pakistan. From sequence and phylogenetic analyses, it is obvious that 
the Pakistani avian and human H3 strains are similar to Eurasian and American H3 viruses, 
respectively, and were introduced into the country separately. The avian H3 reassortant Eurasian 
strain might have been introduced through migratory movements of wild birds, while the mechanisms 
for transmission of human H3 viruses require further studies. 

P2-473 

Seroprevalence survey of avian influenza viruses among poultry workers in 
Taiwan

SY Huang, JR Yang, CH Yang*, YJ Lin, MT Liu, FY Chang 

Centers for Disease Control, Department of Health, Taipei, Republic of China (Taiwan) 

Background: Avian influenza viruses (AIVs) are zoonotic agents recognized as a continuing pandemic 
threat to human society based on their easily changing genetic nature. Because most confirmed 
cases in humans have involved exposure history to ill or dead poultry or a contaminated environment, 
poultry workers with intense occupational exposure are thought to be a high-risk group and serve as a 
bridge population between animals and human population. Six outbreaks of infection by highly 
pathogenic avian influenza (HPAI) H5N2 viruses occurred in 2012 in the central and southern regions 
of Taiwan. This study was carried out to estimate the infection rate for AIVs among Taiwanese poultry 
workers through a serological survey. Materials and Methods: We carried out a cross-sectional case 
control study in which the case group consisted of live poultry vendors (LPVs) and poultry farmers 
(PFs) who worked at 335 randomly selected live poultry stalls and 400 poultry farms in 22 different 
cities and counties as sources of members of the study population, choosing 2 workers from each 
stall or farm, and the control group consisted of non-poultry workers (NPWs), mostly government 
employees, who matched the poultry workers by sex, age, and administrative district of employment. 
The study was carried out from May 2012 to July 2012. After giving their consent, all participants 
completed a standardized questionnaire. We then collected a 7- to 10-mL sample of whole blood from 
each study participant for a hemagglutinin inhibition assay to titrate the serological titers against H5N2 
and H7N3. The statistical analysis was carried out using SPSS software version 14. Results: 
Demographics. A total of 335 LPVs, 335 PFs, and 577 NPWs were enrolled for analysis. The majority 
of case subjects had worked more than 10 years (LPVs: 86.57%; PFs: 79.4%) and been in contact 
with poultry every day (LPVs: 90.45%; PFs: 94.03%). A review of their vaccination history revealed 
that most LPVs and PFs (73.13%-80.9%) had never received an H5N1 vaccine. The rate of 
vaccination with seasonal influenza vaccine was also low: only 19.1% to 38.21% among LPVs and 
PFs during the past 2 years. By contrast, the seasonal influenza vaccination rate exceeded 50% 
among NPWs during 2010 and 2011. Seroprevalence. The titers against H5N2 among LPVs and PFs 
were significantly higher than among NPWs (P = .000 and P = .001, respectively). When the titers 
against H7N3 among LPVs and PFs were compared with the titers in NPWs, however, the difference 
did not reach statistical significance. A total of 18 subjects had HI titers against H5N2 exceeding 1:80. 
If we use this value as the cut-off point, the seropositive rate was 2.99% among the LPVs and 1.79% 
among the PFs, both of which are significantly higher than among NPWs, with odds ratios of 8.85 and 
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5.24, respectively. A total of 7 subjects had HI titers against H7N3 of 1:40. If we use this value as the 
cut-off point, the seropositive rate was 0.6% among LPVs and 1.19% among PFs; these values are 
not statistically higher than among NPWs. We did not find a correlation between influenza vaccination 
history (seasonal or H5N1) and HI titers against H5N2 and H7N3. Furthermore, PWs who worked in 
administrative districts in which HPAI H5N2 poultry outbreaks occurred in 2012 had significantly 
higher antibody titers (P = .028, odds ratio = 5.574). Conclusion: We found that frequent AIV exposure 
correlated with seropositivity in PWs, especially LPVs. The number of PWs who were seropositive 
against H5N2 was higher than the number who were seropositive against H7N3; this is consistent 
with virus levels during the epidemic in Taiwan, when H5N2 infections were seen much more 
frequently than H7N3 infections. To reduce the incidence of human exposure to AIVs, we should 
continue to reinforce our surveillance systems for both animal outbreaks and human cases, increase 
influenza vaccination rates in high-risk groups, and strengthen the education of PWs regarding their 
risk of infection and how to reduce that risk. 

P2-474 

Species specific host factors of influenza A virus replication 

L Martin-Sancho, A Karlas, A Imai, TF Meyer* 

Max Planck Institute for Infection Biology, Department of Molecular Biology, Berlin, Germany 

Background: Influenza A viruses (IAVs) are capable of infecting a wide range of animal hosts 
including humans, pigs, birds and dogs. However, some strains can only be maintained in the natural 
reservoir, aquatic birds, and transmission of these strains to another host could result in pandemics. 
Importantly, the strong host cell specificity of IAVs limits the possibility of interspecies transmission. 
Nevertheless, reassortant influenza viruses containing avian, human and/or swine genomic segments 
are frequently detected in pigs. Recently, it has been hypothesized that the differential host tropism 
observed between viruses could be partially due to differences in the requirements for host cell 
factors. In recent years, five RNA interference (RNAi)-based screens have identified several host 
factors essential for efficient viral replication in human cells. However, it still remains unclear if the 
identified host cell factors are required in other species as well. In the present study, targeted small 
interference RNA (siRNA) screens were performed in avian and porcine cells. Materials and Methods: 
DF-1 (chicken embryo fibroblasts) and PK-15 (porcine kidney) cells were reversely transfected in 384-
well plates with custom-made siRNA (Microsynth) by lipofection using HiperFect (Qiagen). Fourty-
eight hours post transfection, cells were subjected to either A) virus replication assay, B) cell viability 
assay, or C) interferon (IFN)-induction assay. For the replication assay (A), cells were infected with 
virus strains A/WSN/1933 or A/FPV/Bratislava/79. Then supernatants were transferred onto MDCK 
cells, incubated for 7 h, fixed, stained for viral protein and DNA, and analysed using Olympus Soft 
Imaging Solutions. For cell viability assay (B), cells were treated with WST-1 reagent (Roche) and the 
signal measured by Envision spectrophotometer (PerkinElmer). In case of the IFN induction (C), DF-1 
or PK-15 cells stably expressing firefly luciferase under control of the IFN-stimulated response 
element (ISRE) were transfected and the luciferase signal measured. All multiwell pipetting steps 
were performed using a Biomek FXP Laboratory Automation Workstation and the assays were 
screened three times independently. Results: By using bioinformatic analyses of the consensus host-
dependency factor hit list from the five previously published screens employing human cells, we found 
112 genes which have orthologs in chicken and swine species. Using mRNA microarray analysis, we 
confirmed the expression of 94 of these in DF-1 and PK-15 cells. After excluding toxic and 
immunostimulatory siRNAs, Ingenuity pathway analysis revealed enrichment in gene categories 
associated with mRNA splicing, nuclear transport and cellular trafficking. To mimic in vivo conditions 
more closely, hit validation will be performed in primary chicken and pig epithelial lung cells. So far, 
chicken lung primary epithelial cells were successfully isolated and cultivated. Further characterization 
is currently ongoing. Conclusion: It is anticipated that this cross-species comparison of IAV host factor 
dependency will lead to a better understanding of viral infection mechanisms and will provide novel 
target candidates to support a host-directed approach to antiviral drug development. 
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Biosecurity conditions and biosafety practices in the live bird markets of 
Dhaka city, Bangladesh, 2012 

NA Rimi1*, R Sultana1, S Khan1, S Nasreen1, A Puri2, ASM Alamgir3, M Rahman4, K Sturm-Ramirez1,5 

1icddr,b, Dhaka, Bangladesh; 2UNICEF, Dhaka, Bangladesh; 3World Health Organization (WHO), 
Dhaka, Bangladesh; 4Institute of Epidemiology, Disease Control and Research (IEDCR), Dhaka, 
Bangladesh; 5Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United States 

Background: Highly pathogenic avian influenza A (H5N1) virus has been circulating since 2007 
among poultry in Bangladesh. Poultry surveillance in live bird markets (LBMs) of Dhaka city has 
detected circulation of H5N1 almost year-round, with peak circulation during October to March. Three 
of the seven human H5N1 cases reported in Bangladesh have been poultry workers. Biosecurity and 
biosafety measures may help control the spread of avian influenza viruses in LBMs and prevent 
transmission to poultry workers. The government of Bangladesh, in partnership with UNICEF, FAO 
and WHO, is piloting a behavior change communication intervention in the LBMs. As part of this 
initiative, we performed a baseline assessment, exploring the biosecurity conditions of LBMs within 
Dhaka city and biosafety practices of the poultry workers. Methods: In August and October 2012, a 
qualitative research team conducted spot observations in 10 LBMs within Dhaka to record the location 
and condition of poultry keeping, selling and processing places. They conducted 8-11 hours of 
observations in each of four markets to explore personal hygiene practices during bird handling and 
waste disposal. They conducted 16 in-depth interviews with poultry workers to explore their practices 
of bird keeping, selling, slaughtering and handling, cleaning, waste disposal and personal hygiene 
while working with live birds. Results: The LBMs commonly sold chickens, including indigenous, 
broiler and layer chickens and/or cocks. Some (15% [23/194]) shops also sold ducks, geese and 
pigeons. Bamboo baskets were used for keeping backyard poultry and metal cages were used for 
broiler or layer chickens. Birds of different breeds and species were usually housed separately in 
stacked or adjacent cages or baskets without any divider. Metal cage and bamboo baskets were 
observed only to be dusted off four times. Live birds were slaughtered, defeathered or skinned, and 
eviscerated in places adjacent to the poultry housings. Processing birds on the floor and dry sweeping 
of the processing floor were commonly observed practices. Floors of shops and slaughtering places 
were mainly cemented and many shops had damaged flooring. Informants reported washing 
processing places and equipment with water at least once daily before closing at night. Use of 
detergent was never observed during 49 observed occasions of cleaning housing, floor and 
equipment. Processing places did not usually have running water or proper waste water drainage 
systems; workers used stored water for processing and cleaning activities. They stored offal in a 
container and skin and wings on the floor to sell later. Other waste, including beaks, feathers and 
feces, was observed to be disposed of directly on the ground and picked up by cleaners 1-2 times 
daily. Informants reported attempting to sell sick poultry quickly, even at a discounted price, or 
consuming the affected birds to recover their investment. Dead birds were discarded. Workers were 
observed to quickly slaughter and process birds with bare hands one after another and to smoke, eat 
or drink, or touch their face and body without first washing their hands. Rinsing hands with water was 
common during or after processing. Use of soap was observed in one of 48 occasions of hand 
washing. Workers wore open sandals or were barefoot. Use of personal protective equipment, such 
as gloves, masks, aprons or gumboots, was rarely observed or reported for any activity with healthy, 
sick or dead birds. Many child workers (5-15 years old) were observed participating in slaughtering 
and processing activities. Unavailability of water and soap or detergent was a major barrier for 
cleaning and hand washing. The most frequently reported constraint of using gloves, masks, or 
gumboots was inconvenience while performing their tasks, including carcasses slipping from hands 
and gloves tearing. Conclusions: Overall biosecurity conditions and biosafety practices among LBM 
poultry workers can facilitate transmission of avian influenza viruses to humans. Future interventions 
to improve biosecurity conditions and biosafety practices in these markets should consider improving 
the resource-poor infrastructures and taking into account the poultry workers’ financial constraints and 
the nature and volume of work when designing intervention.  
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Influenza A(H1N1)pdm09 225D/G variant virus replication and transmission in 
pigs 

SM Brookes1*, F Garcon1†, A Núñez1, BJ Nash1, M Matrosovich2, T Matrosovich2, IH Brown1 

1Animal Health and Veterinary Laboratories Agency, Weybridge, United Kingdom; 2Institute of 
Virology, Philipps University, Marburg, Germany 
†Current address – Virbac, 06511 Carros, France 

Background: The human pandemic virus, "swine flu" A(H1N1)pdm09 with its putative origin in pigs, is 
now fully (re-)established as an endemic influenza virus infection of pigs worldwide. A range of 
variants and reassortants has evolved, including a mutation known to cause severe disease in 
humans (HA D225G) as a result of its increased α-2,3 sialic acid binding in the lower respiratory tract 
(LRT). These 225G variants have also been isolated from European pigs. We have assessed the 
impact of these mutations in the swine host reservoir in relation to the disease pathogenesis and as a 
potential source of severe influenza infection in humans. Materials and Methods: Plaque purified 
D225 (MDCK) and G225 (MDCK/Egg) variants of A/Hamburg/05/09 were used as either single 
isolates or as a 50:50 mixture to study their infectivity in ex vivo respiratory organ cultures, and in vivo 
for pathogenesis and transmission. Following intranasal aerosol inoculation (105.6 PFU) of 12 animals, 
they were monitored for clinical signs, nasal shedding of virus and two were removed at 0/1/2/3/5/8 
dpi for post mortem. The transmission element included 4 infected pigs + 4Contacts-R1 + 4C-R2 + 
4C-R3 model, with contact at dpi 2-4 for each of the virus groups. Two animals from each contact 
round underwent post mortem at dpc 5. Virus (4 animals) from each of the scenarios was sequenced 
to detect the presence and/or change in the occurrence at the HA-225 site. Results: D225, G225 and 
mixed population viruses replicate at similar rates in ex vivo trachea, bronchi and lung cultures. 
However, in vivo the mixed infection was similar to that of the 225D but both were more productive 
than the 225G in relation to virus shedding. In the transmission rounds, this trend across the variants 
continued and varied little within the three transmission cycles. Shedding of the 225G mutant was 
delayed by 1-3 days in relation to the mixed population, but was not observed for the 225D variant. 
Lung gross pathology scores were highest in the 225G and lowest in the mixed infection animals. 
Gross lesions were minimal in contact animals irrespective of the variant. Virus immunohistochemistry 
(IHC) scores for the URT were highest in the mixed infection and lower in the two single variants; for 
the LRT mixed infection had the highest score followed by the 225G and 225D variants. The dpi/dpc 5 
IHC comparisons indicated that both single variants transmitted less well to the lungs during the 
contact rounds than did the mixed virus. Viral RNA in the tissues at dpi/dpc 5 indicates that there was 
little difference between the three virus inocula (U&LRT); however, differences became enhanced as 
the viruses moved through the transmission rounds. This was particularly evident for the 225G variant 
from R2 onward in the LRT. Output virus sequence from the 225D or 222G variant virus infected and 
contact pigs was found to be unchanged. Only the 225D variant was shed into the environment from 
225D/G mixture (dpi 2-7) infected pigs as well as their contact animals. Whereas, in the turbinate 
tissues, a double peak 225D>222G (75-90%) was observed in the infected pigs but not the contact 
animals, which showed 100% selection of the 225D genotype. Mid-lung tissue from infected animals 
(dpi1&3) showed a mixed population, predominantly 225D>225G (50-95%). Mid-lung tissue from 1/5 
contact pigs showed selection of the 225G>225D (10%). Conclusions: Experimentally infected pigs 
are capable of being infected and transmitting A(H1N1)pdm09 225D/G variants and mixtures thereof; 
the 225G variant does not appear to cause more substantial disease in pigs as has been observed in 
human cases. The single and mixed population studies have shown that the disease is relatively mild 
and the rapid selection of the 225D variant following mixed population infection and transmission. It 
seems unlikely that pigs will represent a reservoir of the 225G more virulent strain of influenza in 
relation to public health issues. Funding - EU FP7 projects: FLUPIG #258084, ESNIP3 #259949 649. 
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Investigating mechanisms of influenza polymerase host adaptation 

AV Cauldwell*, KC Bradley, O Moncorgé, WS Barclay 

Section of Virology, Imperial College, London, United Kingdom 

Background: Typical avian influenza A viruses do not replicate efficiently in mammals. Many host 
adaptive mutations map to the polymerase complex (PB1, PB2 and PA); however, the mechanism/s 
of host adaptation are unknown. Polymerase activity is often measured using a cell-based assay in 
which the active enzyme is reconstituted from its constituent parts expressed from plasmids. Using 
this approach we suggest that different PB2 humanising mutations do not enhance polymerase 
activity by a universal mechanism and furthermore are not all host specific, as some enhance activity 
in avian as well as mammalian cells. Methods: We wished to address why certain mutations that 
enhanced activity in the reconstituted polymerase assay are not selected for in nature and to explore 
whether the polymerase assay truly reflects viral fitness.  To investigate this we used reverse genetics 
to create a series of viral variants carrying mutations in the PB2 gene that enhanced polymerase 
activity in the in vitro assay. We carried out virologic assays as well as measures of transcription and 
replication in the context of replicating virus and also analysed the effects of the mutations in vivo. 
Result: Some mutations that increased in vitro polymerase activity lead to attenuated virus replication 
that resulted from an increase in interferon activation. Conclusion: These data help risk assess the 
likelihood of different avian influenza viruses crossing the host range barrier and increase our 
understanding of the relative balance between virus replication and the host innate response. 

P2-478 

The NS1 protein of avian influenza viruses inhibits the major cellular signaling 
integrator c-Abl 

ER Hrincius1,2*, S Liedmann1, D Anhlan1, T Wolff3, JA McCullers2,4, S Ludwig1, C Ehrhardt1 

1Institute of Molecular Virology (IMV), Center of Molecular Biology of Inflammation (ZMBE), University 
of Muenster, Muenster, Germany; 2Department of Infectious Diseases, St. Jude Children's Research 
Hospital, Memphis, Tennessee, United States; 3Division of Influenza/Respiratory Viruses, Robert 
Koch Institute, Berlin, Germany; 4Department of Pediatrics, University of Tennessee Health Sciences 
Center, Memphis, Tennessee, United States 

Background: The nonstructural protein 1 (NS1) of influenza A viruses (IAV) modulates immune 
signaling by direct binding to cellular factors. The protein encodes several src homology (SH) binding 
motifs (bm) (one SH2bm and two SH3bm), mediating interactions with host cell proteins. In contrast to 
NS1 of human IAV, NS1 of avian strains possess the second SH3bm (SH3(II)bm) consensus 
sequence with the special position of H5N1 isolates not carrying this motif. Our former studies showed 
that NS1 binding to CRK proteins is mediated via this motif. In the current study we addressed the 
regulatory properties of this SH3bm for cellular signaling and asked for the functional consequences 
for the IAV life cycle. Materials and Methods: Activity of the c-Abl tyrosine kinase was analyzed in an 
in vitro kinase assay upon c-Abl immunoprecipitation using MBP as substrat. Samples were subjected 
to SDS-PAGE and Western blot, and MBP phosphorylation was detected using an 
antiphosphotyrosine antibody. Additionally, analysis of the phosphorylation status of the c-Abl 
substrates CRKL and CRKII by phosphospecific antibodies was conducted. In addition to influenza A 
virus isolates, specific mutant strains carrying alterations in the SH3(II)bm consensus sequence of the 
NS1 protein were created using standard reverse genetic approaches. NS1-c-Abl interaction was 
investigated in a c-Abl pull-down assay upon GST-c-Abl and NS1 overexpression or influenza A virus 
infection. Coprecipitation of NS1 was analyzed using an anti-NS1 antibody in SDS-Page and Western 
blot. The impact of altered c-Abl signaling on influenza A virus replication was conducted by growth 
kinetics in human lung epithelial cells. Therefore, either growth abilities of virus mutants carrying 
different c-Abl inhibitory capacity were compared or chemical inhibition of c-Abl using imatinib was 
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conducted. Viral titers were determined by standard plaque assay. For gross determination of cell 
morphology, infected or uninfected cells were analysed by light microscopy. For indirect 
immunofluorescence analysis, the influenza nucleoprotein was stained in addition to nuclear and actin 
staining. Stained cells were either analysed using epifluorescence or confocal microscopy. Confocal 
microscopy was used for z-stack analyses and 3D reconstructions as well. Results: In NS1-CRK 
interaction studies, we observed that the basal phosphorylation level of CRK was clearly reduced 
upon infection with avian IAV harboring an NS1 with an SH3(II)bm. This contrasts with results using 
human IAV. Reduced activity of the tyrosine kinase c-Abl was identified to be the cause for reduced 
CRK phosphorylation. Direct binding of NS1 to c-Abl was determined, and mutational manipulation of 
the SH3(II)bm clearly illustrated the necessity of this motif for Abl kinase inhibition. Avian NS1-induced 
kinase inhibition resulted in impaired avian IAV propagation, which was also detectible after chemical 
inhibition of c-Abl. Mutational analysis correlated diminished inhibition of c-Abl with strongly reduced 
cytopathic effects upon avian IAV infection, linking the pronounced inhibition of c-Abl to cytopathic 
host cell alterations during avian IAV infections. Finally, confocal microscopic analyses revealed gross 
alterations of the actin cytoskeletal network accompanied by strongly diminished detection of 
polymerized actin filaments and massive occurrence of filopodial structures in cells infected with IAV 
carrying c-Abl inhibitory capacity. Taken together, NS1 proteins of avian IAV interfere with the kinase 
activity of c-Abl leading to a massive reorganization of the actin cytoskeleton, resulting in strong 
cytopathologic alterations of the infected cell. Conclusions: In consideration of the still-existing threat 
of pandemics occurring from avian reservoir, we identified c-Abl, a major cellular signaling integrator 
that controls multiple signaling processes and cell fate regulations, as a new protein differentially 
regulated by avian and human IAV. These c-Abl regulations are potentially being involved in 
mediation of host range restrictions and influenza A virus pathogenicity, even in the context of highly 
pathogenic H5N1 infections, by controlling replication properties in epithelial cells.  

P2-479 

Pathogenicity and fitness of recent reassortant avian H5N1 viruses 

S Sonnberg1*, P Phommachanh2, TS Naipospos3, T Baranovich1, D Darnell1, C Chanthavisouk3, A 
Rubrum1, M Souriya2, B Douangngeun2, B Khambounheuang2, R Webby1, R Webster1 

1St. Jude Children's Research Hospital, Memphis, Tennessee, United States; 2Ministry of Agriculture, 
Department of Livestock and Fisheries, Vientiane, Lao PDR; 3Food and Agriculture Organization of 
the United Nations, Emergency Centre for Transboundary Animal Diseases, Vientiane, Lao PDR 

Background: Highly pathogenic avian influenza (HPAI) viruses of subtype H5N1 were identified in 
healthy domestic ducks during systematic surveillance in Lao People’s Democratic Republic during 
2010. Among the identified HPAI H5N1 viruses were natural reassortants (clade 2.3.2.1 x clade 2.3.4 
NP; clade 2.3.4.2 x clade 2.3.2.1 PB2; clade 2.3.2.1 x H9N2 PB1). The genotypes of these viruses did 
not contain the major known mammalian pathogenicity/adaptation markers such as PB2627E or 
701N, or HA222L. The phenotype of the reassortant HPAI H5N1 viruses and of a clade 2.3.4.1 virus 
isolated from an asymptomatic domestic duck was assessed in animal and cell culture models. 
Materials and Methods: The reassortant H5N1 viruses were inoculated into adult mallards (ocular, 
nasal, oral with 4 log EID50). One reassortant was also assessed for the ability to transmit to direct-
contact mallards and chickens. Differentiated normal human bronchial epithelial (NHBE) cells were 
inoculated apically with a multiplicity of infection of 0.001. The inoculum was removed with PBS 
washes after 1 hour incubation at 37°C. Three-month-old outbred male ferrets were inoculated 
intranasally with 6 logTCID50. Naïve ferrets were brought into direct contact with donor ferrets one day 
post inoculation. Results: Adult mallards inoculated with the three reassortants showed symptoms 
ranging from none to transient conjunctivitis. Virus shedding was observed with differing preference 
for tracheal and cloacal shedding among the reassortants. One reassortant was assessed for 
transmission and found to transmit to 2/3 direct-contact mallards. The same reassortant was also 
assessed in adult chickens and induced mortality (100%) on day 3 post inoculation without prior 
symptoms. Chickens transmitted the virus to 3/3 direct-contact animals with 2/3 direct-contact animals 
surviving.In NHBE cells inoculated with a multiplicity of infection of 0.001, the three reassortants and a 
clade 2.3.4.1 duck isolate(A/duck/Lao/1023/2010) grew to low titers (3-4 log TCID50/mL) compared 
with control A/Brisbane/59/07(seasonal H1N1; 9 log TCID50/mL). The three reassortants and the 
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clade 2.3.4.1 duck isolateA/duck/Lao/1023/2010 were inoculated into ferrets (n = 2). Different levels of 
pathogenicity (nonpathogenic to lethal) and virus shedding (none to 6 log TCID50/mL) were observed. 
The clade 2.3.4.1(A/duck/Lao/1023/2010) virus showed some ability to transmit to direct-contact 
animals. Most surviving inoculated ferrets seroconverted to low titers (5/6; detectable with horse red 
blood cells only). Conclusions: Ongoing assessments of novel genotypes of H5N1 indicate a relatively 
low ability to replicate in NHBE cells and intermediate to nonpathogenic phenotype of the reassortants 
in ferrets. One virus, A/duck/Lao/1023/2010 (clade 2.3.4.1), was highly pathogenic in ferrets and 
showed some ability to transmit via direct contact.  All of the tested viruses were able to replicate in 
mallards with none to mild symptoms. Despite the absence of known pathogenicity markers, two of 
the viruses examined showed potential to cause disease in humans as assessed in the ferret model, 
and one virus showed potential for mammalian transmission. These results reiterate the call for 
systematic pathogenicity assessment of novel H5N1 viruses even in the absence of known 
pathogenicity markers. 

P2-480 

Maintenance of influenza A viruses by domestic ducks in West Java, Indonesia 

K Pabilonia1*, S Setiyaningsih2, A Muljono3, M Widyastuti3, R Arief3, Aminah2, C Weller1, I Wibawan2, 
R Bowen1

1Colorado State University, Fort Collins, Colorado, United States; 2Bogor Agricultural University, 
Bogor, Indonesia; 3Center for Indonesian Veterinary Analytical Studies, Bogor, Indonesia 

Background: As the reservoir for influenza A viruses, waterfowl typically are asymptomatic or show 
only mild clinical disease when infected, even when infected with viruses that are highly pathogenic in 
poultry. This may allow influenza virus outbreaks in waterfowl populations, including domestic duck 
populations, to go undetected by flock owners and government livestock officials. The role that 
domestic ducks play in the maintenance and spread of influenza viruses, particularly highly 
pathogenic H5N1 avian influenza virus (HPAIV H5N1), is poorly understood. Indonesia has a large 
domestic duck population, estimated at 34.3 million ducks. The vast majority of domestic duck flocks 
are raised on smallholder farms for meat and egg production. Materials and Methods: Domestic duck 
flocks were categorized as fully free-grazing, partially free-grazing or confined, based on production 
practices. Flocks in three districts of West Java were selected for cross-sectional and longitudinal 
studies. Flock owners were surveyed to assess flock husbandry, production practices, bird movement, 
flock housing and environment, biosecurity practices and flock health. For the cross-sectional study, 
oropharyngeal and cloacal swab samples as well as blood samples were collected from 30 flocks in 
each district (90 total flocks). For the longitudinal study, 6 flocks in each district (18 total flocks) were 
selected and 30 study ducks were placed in each flock for 7 months. Oropharyngeal and cloacal swab 
samples as well as blood samples were collected from the study ducks monthly. Swab samples were 
tested for influenza A virus and H5 subtype virus by real-time reverse transcription polymerase chain 
reaction (rRT-PCR). Serum samples were tested for anti-influenza virus antibodies using a blocking 
ELISA. A subset of 150 rRT-PCR positive samples was inoculated into 9- to 11-day-old specific 
pathogen-free embryonated chicken eggs and 38 influenza viruses were isolated. The hemagglutinin 
gene was sequenced for 33 of the isolated viruses. Results: Results from both studies show a high 
prevalence of influenza virus infection in domestic duck flocks in Indonesia. In the cross-sectional 
study, 39% of the flocks were positive for influenza virus and just over 10% were positive for H5 virus. 
The flock-level seroprevalence was very high, with 97% of flocks positive for influenza virus 
antibodies. During the seven-month longitudinal study, 17/18 (94.4%) flocks were positive for 
influenza virus at least one month during the study. Overall, 9/18 (50%) flocks were positive during the 
study for H5 subtype virus. The prevalence and incidence of influenza virus were significantly higher 
in the fully free-grazing flocks than the partially free-grazing or confined flocks. HPAIV H5N1 was 
isolated from three clinically normal partially free-grazing flocks. H2, H3 and H7 viruses were isolated 
from five different flocks, including one flock that was coinfected with HPAIV H5N1, H3 and H7 
viruses. Conclusions: These results provide evidence that domestic ducks may play an important role 
in the maintenance of influenza viruses, including HPAIV H5N1, and could potentially be a source of 
infection to animal and human populations in Indonesia. Fully free-grazing flocks may have the 
highest prevalence and incidence of influenza virus due to a number of factors, including longer 
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production cycles of up to three years, extensive movement of the flock throughout the production 
cycle, frequent commingling with other free-grazing flocks and high levels of contact with wild birds. 
Domestic duck production and product distribution systems in Indonesia are very complex and involve 
an intricate network of producers, middlemen and purchasers who all contribute to moving the ducks 
and duck products over a widespread geographical area. This movement, combined with the 
difficulties in detecting influenza virus outbreaks in domestic duck flocks and poor biosecurity 
practices of the flock owners, provides opportunities for dissemination of influenza viruses to animal 
and human populations. 

P2-481 

Development of a methodological risk assessment framework to assess the 
pandemic potential of animal influenza strains 

M De Nardi1*, A Hill2,3, R Kosmider3, S Von Dobscheutz2,4, O Munoz1, K Stevens2, K Harris3, G 
Freidl5,T Dewe3, A Havelaar5, KDC Stärk2, A Breed3, M Koopmans5,6, K van der Meulen8, S van der 
Werf7, K van Reeth8, J Banks3, A Meijer5, I Capua1, and the Flurisk Consortium 

1Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro (PD), Italy;  2Royal Veterinary College, 
London, United Kingdom; 3Animal Health and Veterinary Laboratories Agency, Weybridge, United 
Kingdom; 4Food and Agricultural Organization of the United Nations (FAO), Rome, Italy;   5National 
Institute of Public Health and Environment (RIVM), Bilthoven, Netherlands; 6Department of 
Viroscience, Erasmus Medical Center, Rotterdam, Netherlands; 7Institut Pasteur, Paris, France; 
8University of Ghent, Ghent, Belgium 

Background: The fact that an influenza virus of swine origin unexpectedly became the most recent 
human pandemic virus and that a low pathogenicity avian influenza virus H7N9 is currently causing 
human health concerns in Asia highlights deficiencies in current influenza pandemic preparedness. 
With the aim to systematically assess the potential public health threat posed by animal influenza 
viruses, the European Food Safety Authority (EFSA) has commissioned the FLURISK project. The 
project’s main objective is to develop an influenza risk assessment framework (IRAF) for the ranking 
of animal influenza A strains in their potential to cross the species barrier and cause human infection. 
Materials and Methods: The project developed a prototype spatial epidemiologic model to answer the 
risk question: “What is the relative likelihood of a specific animal influenza A virus (compared with 
other influenza A viruses) currently present in animal populations to infect humans?” The model 
framework includes both virologic and epidemiologic components and data input is either generated 
through different specific activities of the project (global surveys, literature reviews, expert elicitation, 
etc) or derived from existing databases (eg, FAO’s EMPRES-i database; animal species population 
density by production system from the FAO’s Gridded Livestock of the World). Through expert opinion 
elicitation of international experts using an online questionnaire, weights of specific virus 
characteristics (eg, receptor preference, reassortment) were derived for calculating a virologic score, 
a component of the IRAF. The output of the overall IRAF model will be a list of ranked animal viruses 
according to their potential to infect humans. Suitability maps are generated to highlight high-risk 
regions.  The ongoing validation of the IRAF makes use of genetic and epidemiologic data on historic 
animal influenza isolates selected among strains that have already caused infections in humans  (eg, 
HPAI H5N1) and strains that are regarded as very unlikely to cause public health concern (eg, 
H13N8). The project has identified a number of scientific gaps concerning both epidemiologic and 
virologic factors potentially influencing the jump between animal species and from animals to humans. 
As a result of the gap analysis, priority research areas have been identified and will be put forward to 
the scientific community. Results: The prototype epidemiologic binomial model includes elements 
correlated with the properties or attributes of the virus, estimates of animal and human species 
populations and the transmission components β and V. Here, β is the “probability of an effective 
contact” between animals and humans and is derived from integrating data on human and animal 
density (stratified by production system, ie, intensive versus extensive). V is the “virus suitability 
score” for infecting humans and is based on specific virus characteristics identified through an expert 
elicitation process, such as preference toward α 2-6 receptors or presence of human adaptive 
markers in the replication proteins. In addition, results from a global survey on surveillance strategies 
for detection of animal influenza viruses contributed to estimate the uncertainty of the model 
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estimates. Gap analysis indicates that there is clearly more knowledge on risk factors for spread of 
influenza viruses within animal populations rather than the jump from animal to humans, but it is 
important to note that much of this knowledge is restricted to H5N1 HPAI in poultry populations and 
not necessarily transferable to other viruses or hosts. Very little information is available regarding 
swine-to-human transmission or the risk factors involved. Considering the role of swine as a 
hypothetical bridge species and/or mixing vessel, the importance of this limitation is evident and 
further research strongly encouraged.  Conclusions: The preliminary results from the model and the 
virus score validation are plausible. Nevertheless, areas for further development and validation of the 
IRAF tool are being identified and will be addressed before the model can be released for regular use. 
Findings from the FLURISK project will also help prioritize research areas and encourage animal 
influenza surveillance at high-risk areas of the animal-human interface globally. 

P2-482 

Playing hide and seek―understanding the role of collectins and pentraxinsin 
limiting novel and seasonal influenza viruses 

P Reading1,2*, E Job2, B Bottazzi3, M Tate2, Y Deng1, A Mantovani3, A Brooks2 

1WHO Collaborating Centre for Reference and Research on Influenza, Victorian Infectious Diseases 
Reference Laboratory, North Melbourne, Victoria, Australia; 2Department of Microbiology and 
Immunology, The University of Melbourne, Parkville, Victoria, Australia; 3Laboratory of Research in 
Immunology and Inflammation, Humanitas Clinical and Research Centre, Rozzano, Milan, Italy 
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Background: Influenza A virus (IAV) pandemics are derived from avian or swine viruses that acquire 
relevant gene segments and/or mutations to infect and transmit efficiently in humans. Over time, 
seasonal IAV strains acquire additional mutations in the HA (and other genes) associated with further 
adaptation to the human host and/or escape from immune pressure. Common changes include 
substitutions that modify HA receptor specificity for sialic acid (SA), as well as the addition of glycans 
to the head of the viral HA. Soluble extracellular proteins of the innate immune system, including 
members of the collectin and pentraxin superfamilies, are present in airway fluids and can limit the 
ability of particular IAV to infect host cells. In general terms, these molecules act as (i) lectins, that 
bind to glycans expressed on the viral HA, or (ii) “receptor decoys” that express SA and compete with 
sialylated host cell receptors. Our recent studies have defined mechanisms by which collectins and 
pentraxins act against IAV and investigated their roles in (i) innate immune defense against IAV 
infection, (ii) limiting interspecies transmission of IAV, and (iii) driving the evolution of HA receptor 
specificity. Materials and Methods: Purified human collectins and pentraxins, as well as whole airway 
fluids from humans, mice and ferrets, were used. The viral determinants recognized by collectins and 
pentraxins were identified using mutant viruses generated by reverse genetics. Finally, mouse and 
ferret models of IAV infection were used to investigate pathogenesis and disease. Results: Animal 
IAV and novel IAV entering the human population carry little glycosylation on the viral HA but acquire 
glycans as they circulate in humans. Consistent with this, avian IAV and IAV strains that had recently 
emerged in humans were resistant to the antiviral activities of collectins, whereas seasonal IAV 
strains were sensitive. We identified the pentraxins PTX3 and serum amyloid P (SAP) as “receptor 
decoys,” expressing α (2,3)- and α (2,6)-linked SA, respectively, and demonstrated that the activities 
of both the viral HA and the NA were critical in determining anti-IAV activity. PTX3-resistant mutants 
(H3N2) selected under experimental conditions were characterized by a single amino acid change in 
the receptor-pocket of HA and similar substitutions were associated with the natural evolution of H3N2 
IAV from PTX3-sensitive to PTX3-resistant soon after their emergence in humans in 1968. Virus 
mutants selected in the presence of purified SAP were characterized by distinct substitutions in the 
receptor pocket of HA and these were not common in circulating IAV strains. Conclusions: Given the 
limited glycosylation expressed by pandemic and animal IAV, sialylated “receptor decoys” in airway 
fluids may provide initial protection following exposure to novel IAVs. As PTX3 expresses α (2,3)-
linked SA, it may limit interspecies transmission and/or moderate disease when a novel IAV enters the 
human population, however IAV can evolve resistance to PTX3 while retaining specificity for human 
cellular receptors. In contrast, SAP (and other α (2,6)-rich soluble glycoproteins) may represent “true” 
neutralizing inhibitors of IAV and resistant mutants are unlikely to emerge, as they would exhibit poor 
recognition for human receptors and likely reduced fitness. 
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P2-483 

The first reported fatal pediatric case of H5N1 with atypical symptoms, 
Bangladesh 

MW Rahman1,2, ES Gurley2, MS Islam2, MA Aleem2, M Salimuzzaman1, AR Sharif1, MU Bhuiyan2, S 
Chowdhury2, MZ Rahman2, T Azim2, A Balish3, N Gerloff3, N Simpson3, L Berman3, W Davis3, ASM 
Alamgir4, CT Davis3, S Lindstrom3, JD Heffelfinger2,3, N Zeidner2,3, TM Uyeki3, M Rahman1, K Sturm-
Ramirez2,3* 

1Institute of Epidemiology, Disease Control and Research, Dhaka, Bangladesh; 2icddr,b, Dhaka, 
Bangladesh; 3Centers for Disease Control and Prevention, Atlanta, United States; 4World Health 
Organization - Bangladesh Country Office, Dhaka, Bangladesh 

Background: Although highly pathogenic avian influenza (HPAI) A(H5N1) virus has been circulating 
widely among poultry in Bangladesh since 2007, only six human cases of HPAI A(H5N1) virus 
infection have been detected and all experienced mild illness. On February 12 2013, a previously 
healthy boy aged 23 months was admitted for febrile seizures at a tertiary care hospital in Comilla. He 
was enrolled as a control subject in a icddr,b-led study on vitamin D and respiratory virus infection as 
he did not present with respiratory symptoms; throat and nasopharyngeal swabs and blood were 
collected during enrollment. Later on, the icddr,b’s virology laboratory detected A(H5) and 
A(H1N1)pdm09 viral RNA in the swabs using real-time reverse transcription polymerase chain 
reaction (rRT-PCR) assay. We conducted investigations to explore the clinical presentation, outcome 
and possible exposures of this case. Methods: A multidisciplinary team investigated the event. 
Epidemiologists interviewed family members and hospital physicians, reviewed hospital records to 
collect detailed clinical history, and assessed whether any secondary cases had occurred among the 
child’s family members and health care providers. Anthropologists used qualitative interviews to 
investigate possible routes of exposure and obtained detailed illness and care-seeking history from 
family members. Veterinarians collected specimens from a frozen processed chicken obtained from 
the case’s household. Both human and poultry samples were tested at icddr,b and Institute of 
Epidemiology, Disease Control and Research (IEDCR) virology laboratories using rRT-PCR for 
influenza A virus and subtyped for A(H5). Finally, Centers for Disease Control and Prevention (CDC), 
Atlanta, Georgia, performed confirmation, virus isolation and molecular characterization. Results: The 
child developed fever on February 11 and was taken to the Comilla hospital on February 12 when he 
developed convulsions. When seizures subsided after treatment with rectal diazepam, the parents 
decided to discontinue hospital treatment and returned home with the boy. On February 13, he 
presented to another hospital with respiratory distress. Laboratory tests demonstrated microcytic 
anemia and lymphocytosis (total white blood count = 9000/mm3, lymphocytes = 60%). A chest X-ray 
on February 15 revealed opacities in the upper lung fields suggestive of pneumonia. He was 
transferred to a Dhaka hospital on February 16 for intensive care support. Cerebrospinal fluid 
examination performed at the hospital suggested pyogenic meningitis but bacterial culture was 
negative. On February 17, the patient developed disseminated intravascular coagulation and died on 
February 18. Respiratory swab samples were tested a month later―on March 12 and 16 in icddr,b 
and IEDCR respectively―as hospital-based influenza surveillance samples are shipped fortnightly to 
icddr,b and  testing of case samples is prioritized over controls. On April 6, CDC confirmed HPAI 
A(H5N)1 virus, clade 2.3.2.1. The parents reported that several days prior to their child’s illness onset, 
35 chickens from their backyard poultry flock got sick and a few died. Household members 
slaughtered, cooked and consumed the remaining sick chickens. While his mother processed the 
carcasses, the child played with the uncooked chicken organs. The family froze processed chickens 
for future consumption. Tissue samples obtained from one such processed chicken had detectable 
HPAI A(H5N1) virus. Sequence analysis identified the isolate as clade 2.3.2.1 and the 
haemaglutinins, neuraminidase and matrix genes showed 99.9% homology with those genes 
identified in the patient’s sample. No close contacts of the slaughtered chickens or the child 
developed influenza-like illness in the two months following the child’s death. Conclusions: This is the 
first known fatal HPAI A(H5N1) human case in Bangladesh and evidence suggests he was infected 
through exposure to HPAI A(H5N1)-infected poultry. None of the treating hospitals had viral pathogen 
detection capabilities. This case did not present with typical respiratory symptoms and was detected 
by chance through a research study. Without routine etiologic investigations, similar cases will remain 
undetected in Bangladesh. Alerting local physicians about atypical presentations and screening 
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patients with severe illness for exposure to sick poultry may help identify further cases. Precautions 
during slaughtering or processing sick chickens may prevent future HPAI A(H5N1) cases in the 
community.  

P2-484 

Comparison of virulence and transmissibility of two canine H3N2 influenza 
viruses isolated in South Korea 

GJ Lim*, PNQ Pascua, HI Kwon, SJ Park , EH Kim , AG Decano, SM Kim, MS Song, BJ Lee, YI Kim, 
EJ Choi, SY Kim, YK Choi 

Chungbuk National University, Cheongju, Republic of Korea 

Background: Canine influenza outbreaks have raised concerns over the potential of dogs to mediate 
adaptation of influenza A viruses, which may become a threat to public health. Interspecies 
transmission of a wholly avian-origin H3N2 was first documented in South Korea in 2007, causing 
clinical disease ranging from mild respiratory disease to fatality in dogs. Genetically similar viruses 
were also reported in some regions of China. Since then, canine influenza viruses (CIVs) have been 
sporadically detected in different provinces of South Korea. We now report the results of the 
comparison of virulence and transmissibility of two CI H3N2 viruses isolated in South Korea in 2009 
and 2012, respectively. Materials and Methods: Phylogenetic and genetic analyses of individual gene 
segments were performed to determine the genetic origin of A/canine/Korea/DJ-cd1/2009 [DJ-cd1/09] 
and A/canine/Korea/NS-S4/2012 [NS-S4/12] or presence of any virulence markers. To investigate 
pathogenesis, beagles, White Leghorn chickens, ducks and ferrets were inoculated with the two 
H3N2 CIVs and further compared with a closely related reference avian H3N2 virus 
(A/duck/Korea/LPM91/2006 [LPM91/06]). Serologically naive counterparts were placed in each of the 
inoculated group of test animals as contacts after one day to examine transmission. Viral titers were 
measured in both infection and contact groups for 14 dpi. Results: Phylogenies of viral segments 
revealed that DJ-cd1/09 and NS-S4/12 are closely related to previous H3N2 CIVs in Korea since 
2007 that originated from avian species. Molecular characterization revealed nonsynonymous 
mutational differences between the two H3N2 CIVs, particularly in the putative H3 antigenic sites of 
the 2012 isolate and the acquisition of an N-linked glycosylation site at the globular head of the H3 HA 
molecule. In domestic poultry, none of the inoculated chickens could shed the DJ-cd1/09, NS-S4/12 
nor LPM91/06 virus, whereas only LPM91/06 was able to successfully replicate in ducks and transmit 
to co-housed contact birds despite similar avian virus ancestry. The two H3N2 CIVs, but not 
LPM91/06, were transmissible between dogs, but NS-S4/12 caused more severe disease with 
mortality. Similarly, NS-S4/12 induced higher nasal wash titers than the other viruses in ferrets that 
persisted up to 5 days post infection. Moreover, the 2012 H3N2 CIV established transmission 
between ferrets via aerosol droplets as early as 3 days post exposure. Conclusions: We provide 
evidence that H3N2 CIVs are constantly evolving in canine species and slowly gaining foothold of 
mammalian hosts. Since dogs are common companion animals of humans, they represent an 
alternative hosts for influenza virus zoonosis. Thus, our results add weight to the importance of 
continuous surveillance of CIVs in the country. 
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P2-485 

Evolutionary properties of HA and NA genes of H7 and N9 subtype avian 
influenza viruses isolated from wild and domestic waterfowl in Taiwan 

MS Lee1, MC Cheng1*, YP Liu1, SH Lee1, CC King2, HJ Tsai1 

1Animal Health Research Institute, Council of Agriculture, Tansui, New-Taipei, Taiwan; 2Institute of 
Epidemiology, College of Public Health, National Taiwan University, Taipei, Taiwan 

Background: A novel influenza subtype H7N9 virus coursed caused human fatal cases in Feb of 2013 
in China. The hemagglutinin (HA) and neuraminidase (NA) genes of the H7N9 virus maybe origin 
formoriginate from the viruses of wild birds. Taiwan is located about 400 miles away from the H7N9 
outbreak regions in Shanghai City and Hangzhow City of Zhejiang Province. Thousands of wild ducks 
and shorebirds, which carry influenza A viruses, fly to Taiwan through the East Asian–Australasian 
flyway. The study aimed to realize determine the evolutionary relationship of these Taiwanese H7 and 
N9 subtype AIVs with the novel avian-origin H7N9 in China, to assess the potential risk of wild birds in 
the transmission of avian influenza. Materials and methods: Forty-five of avian influenza viruses 
isolated in Taiwan in 1998 to 2013 were selected for this study. All the viruses were proliferation 
proliferated in specific- pathogen-free chicken embryonated eggs. The viruses were subtyped using 
the hemagglutination inhibition test. The NA subtypes of the AIV isolates were subtyped using a 
neuraminidase inhibition test. The HA and NA subtypes of the isolates were also confirmed using RT-
PCR, with H- subtype-specific primers and with N subtype-specific primers, respectively. Twenty-
seven of them were the H7 subtype of wild waterfowl viruses, six 6 of them were the H7 subtype of 
domestic duck viruses, and 12 of them were the N9 subtype of wild waterfowl viruses. All of HA genes 
of H7 viruses and NA genes of N9 viruses were sequenced and analysis. The viral genomes were 
amplified by RT-PCR. RT-PCR products were purified and cloned into the pCR2.1-TOPO vector. 
Recombinant plasmids were purified and sequenced. Sequence alignment and phylogenetic analysis 
were performed. The neighbor-joining method was used in PHYLIP to build the tree. Results: The 
phylogenetic tree of the HA gene of H7 viruses showed that a correlation existed between the 
isolation years and the evolutional distances. The HA gene of HA of H7 and NA gene  of N9 of 
waterfowl in Taiwan were clustered together with the viruses of waterfowl in Japan, Korea, Siberia, 
and China. The blast result of all gene segments of two 2 Taiwanese H7N9 strains viruses were high 
similarity to the viruses of other aquatic birds, indicated indicating that no reassorttment reassortment 
event occur. Conclusions: The HA gene of H7 viruses and NA gene of N9 viruses in waterfowl in 
Taiwan are highly relationship correlated with the novel avian-origin H7N9 in China. There is still have 
the potential risk of wild birds in the transmission of H7N9 avian- influenza virus transmissiones from 
wild birds. 

P2-486 

Consequences of improper control of avian influenza in Egypt: Evidence from 
systematic surveillance 

G Kayali1*, RJ Webby1, RG Webster1, PP McKenzie1, R El-Shesheny2, A Kandeil2, MA Ali2

1St. Jude Children’s Research Hospital, Department of Infectious Diseases, Memphis, Tennessee, 
United States; 2National Research Centre, Environmental Research Division, Dokki, Giza, Egypt 

Background: Seven years after the onset of avian H5N1 influenza in Egypt, no signs of its eradication 
are visible. The virus has become endemic and Egypt has reported more human cases than any other 
country. Materials and Methods: Since the reservoirs for the continuing H5N1 outbreaks in Egypt are 
ill-defined, we conducted active surveillance in various geographic regions and poultry production 
sectors to detect influenza viruses. The survey included Cairo and 6 governorates that had previously 
reported H5N1 activity. qRT-PCR was used to type and subtype influenza A viruses. Sequencing of 
the HA gene and hemagglutination inhibition assay were used to characterize the viruses genetically 
and antigenically. Western blotting, immunofluorescence, and virus culture were used to study 
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coinfections with different virus subtypes. Results: Between August 2010 and January 2013, 11,452 
swabs were collected from domestic poultry; 10% tested positive for influenza A virus. Between 
August 2010 and November 2011, all detected influenza A samples were of the H5N1 subtype. In 
December 2011, we detected the first H9N2 virus. In March 2012, we detected the first samples with 
H5N1 and H9N2 coinfections. Between September and November 2012, we detected a sudden 
increase in incidence of avian influenza viruses. H5N1 and coinfections constituted the majority of 
subtypes detected in this outbreak. By December 2012, H5N1 detection decreased and the majority 
of samples were H9N2. Avian influenza viruses appeared to be circulating in various poultry 
production sectors and did not adhere to a seasonal or geographic pattern. All species of domestic 
poultry were prone to infection, but the incidence was highest in turkeys. We detected influenza, 
including H5N1, in apparently healthy birds. The phylogenetic analysis of H5 genes revealed that in 
the early months of our surveillance, clade 2.2.1 and 2.2.1.1 viruses co-circulated. However, as of 
2011, clade 2.2.1 viruses dominated. This was also shown to be true when we characterized the 
H5N1 viruses antigenically. H9N2 viruses belonged to the G1 group and showed little variation over 
time. We then focused on H5N1 and H9N2 coinfections. The presence of the two viruses in three 
samples collected in 2012 was verified by RT-PCR, qRT-PCR, HA sequence analysis, 
immunofluorescence, and Western blotting. Next, the samples were propagated in embryonated 
chicken eggs. H9 grew at a higher rate than H5 after 1 passage even though cycle thresholds for both 
viruses were the same for the original swab. We then conducted a plaque purification assay in an 
attempt to separate the viruses. All selected and propagated plaques were found to be H9N2. To 
understand our inability to isolate H5N1 by plaque purification, we conducted an experimental 
coinfection time course analysis of both viruses at an equal dose in eggs and MDCK cells. Our results 
show that both viruses grow to similar titers in cells and the presence of the other virus in the culture 
did not affect propagation. In eggs, H9N2 grew more efficiently but the presence of H5N1 was not 
affected. Conclusions: Through our systematic surveillance program of avian influenza in Egyptian 
poultry, we were able to detect 3 major events: the emergence of H9N2, coinfection of singles hosts 
with H9N2 and H5N1 viruses, and an increase in influenza virus infection incidence over baseline 
incidence as of September 2012. We determined that the reservoir for influenza viruses in Egypt is 
not localized in a specific poultry production sector, not specific to a single species, and is 
geographically widespread. Co-circulation and coinfection of avian influenza viruses is a major 
concern due to the high potential of reassortment that can lead to virus progeny with novel 
characteristics that can threaten not only avian but human health as well. Indeed, Egypt remains a hot 
spot for avian influenza circulation, and vigilant surveillance remains the single most important tool to 
keep track of these viruses. 

P2-487 

Triple reassortant internal gene cassette from 2009 H1N1 influenza A virus 
could increase public health risks of canine influenza viruses 

S Blackmon1, G Yang1, J Ye1, K Yoon2, R Webby3, X-F Wan1*

1College of Veterinary Medicine, Mississippi State University, Mississippi State, Mississippi, United 
States; 2Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary 
Medicine, Iowa State University, Ames, Iowa, United States; 3Department of Infectious Diseases, St. 
Jude Children's Research Hospital, Memphis, Tennessee, United States 

Background: First identified in 2003-2004, H3N8 canine influenza A viruses (CIVs) of equine origin 
have been isolated from dogs in the UK and US; whereas avian origin CIV H3N2 strains, identified in 
2006-2007, have circulated in both pet and farmed dog populations in China and Korea. The 2009 
novel H1N1 triple reassortant between avian, swine, and human influenza caused the first pandemic 
since 1968. It has been speculated by many researchers that the triple reassortant internal gene 
(TRIG) cassette is highly stable and conducive to easy surface gene reassortment. We hypothesize 
that the TRIG cassette from 2009 H1N1 influenza A virus could reassort with H3 CIVs to generate 
strains that pose a risk to public health. Materials and Methods: Serological assays using ferret 
generated antisera demonstrated that both H3N8 and H3N2 CIVs are antigenically distinct from 
contemporary human H3N2 viruses, suggesting currently there would be no human herd immunity to 
the CIV H3 subtypes. The following reassortant viruses were generated using reverse genetics 
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techniques: A/canine/Guangdong/1/ 2006(HA,NA)xA/California/4/2009(H3N2) and 
A/canine/Iowa/13628/2005(HA,NA)xA/California/4/2009 (H3N8). Results: The replication kinetics of 
these 2 reassortant viruses were compared with their wild-type CIVs, respectively, in both MDCK 
cells and in human alveolar epithelial (A549) cells. The reassortant CIVs replicated to significantly 
higher titers in vitro than the wild-type CIVs. Conclusions: Humans are suspected to be a naive 
population to wild-type CIVs and our results suggest the pH1N1/CIV reassortant viruses may 
increase the risk of CIVs to public health. The pathogenicity and transmissibility of the reassortant 
viruses will be evaluated in vivo in the ferret animal model.  

P2-489 

International collaboration on the characterization of H5N1 highly pathogenic 
avian influenza viruses isolated from humans in Indonesia during 2011-2012 
for developing the candidate vaccine viruses 

M Shirakura1*, V Setiawaty2*, HA Pawestri2, I Takayama1, T Arita1, M Imai1, A Kawaguchi1, K 
Nakamura1, T Kageyama1, OD Sampurno2, E Nobusawa1, M Tashiro1 

1Influenza  Virus  Research  Center,  National Institute  of Infectious  Diseases, Tokyo, Japan; 
2National Institute of Health Research and Development, Ministry of Health, Jakarta, Indonesia 

Background: Highly pathogenic avian influenza (HPAI) H5N1 viruses currently circulating in birds 
have caused hundreds of human infections and pose a significant pandemic threat. In Indonesia, 
after the first human case of H5N1 reported in 2005, HPAI H5N1 viruses have spread among poultry, 
with sporadic cases of avian-to-human transmission. The rapid evolution of H5N1 viruses has 
resulted in genetic diversity with distinct antigenic characteristics. In this study, to understand the 
current situation of H5N1 influenza viruses in Indonesia, we analyzed H5N1 viruses isolated recently 
from humans in Indonesia. Also, we report here the evaluation of the immunogenicity of a new 
candidate vaccine virus, NIIDRG-9, developed by reverse genetics with the hemagglutinin and 
neuraminidase genes of an H5N1 virus isolate and six internal genes from A/Puerto Rico/8/34 (PR8). 
Materials and Methods: Five H5N1 human isolates, A/Indonesia/NIHRD11767/2011, 
A/Indonesia/NIHRD11771/2011, A/Indonesia/NIHRD11931/2011, A/Indonesia/NIHRD11949/2012 
and A/Indonesia/NIHRD12379/2012 were used in this study. These isolates were propagated in the 
allantoic cavities of 10-day-old embryonated chicken eggs to produce viral stocks. Full genome 
sequencing and phylogenetic analysis of the viruses were performed. Antigenic characterization of 
the viruses was done by hemagglutination inhibition (HI) assay with a panel of postinfection ferret 
sera. A reassortant virus, termed NIIDRG-9, was generated by using the 12-plasmid reverse genetics 
(RG) system (kindly provided from Dr. Kawaoka). NIIDRG-9 contained six internal genes from 
A/Puerto Rico/8/34 as well as the hemagglutinin (HA) and neuraminidase (NA) gene segments from 
the A/Indonesia/NIHRD11771/2011 virus. The multibasic amino acid residues at the cleavage site of 
HA were removed to reduce virulence. To rescue and propagate the reassortant virus, after 48 hours 
post transfection of 12 plasmids into LLCMK2-D cells, the supernatant was harvested and inoculated 
into 10-day-old specific pathogen-free embryonated chicken eggs. Results: Phylogenetic analysis of 
the HA genes showed that the five human isolates were closely related to the viruses of clade 2.1.3.2 
isolated in Indonesia previously. The amino acid sequence at the cleavage site of HA was 
PQRESRRKKR/GLF, which is characteristic of HPAI viruses. The receptor-binding pocket of HA1 of 
all isolates retained residues Q222, and G224, which are known to be related to the preferential 
binding to avian -2,3-NeuAcGal receptors. The mutations at antigenic sites were found at positions 
183N, 184G, E or D as compared to that of A/Indonesia/5/2005. Sequence analysis of these viruses 
revealed no mutation that is associated with a known reduced sensitivity to NA inhibitors. Notably, 
one of these isolates, A/Indonesia/NIHRD12379/2012, had a 701N mutation in PB2, suggesting that 
this isolate had adapted to an extent to mammalians. Antigenic analysis showed the postinfection 
ferret antiserum raised against the current candidate vaccine virus, A/Indonesia/5/2005 (CDC-RG2) 
poorly reacted with these isolated viruses, while the postinfection ferret serum against 
A/Indonesia/NIHRD11771/2011 and NIIDRG-9 reacted well with these isolates. Conclusions: These 
results indicate that the recent H5N1 viruses isolated from humans in Indonesia had distinct antigenic 
properties, compared with that of A/Indonesia/5/2005. Our finding suggests that NIIDRG-9 is suitable 
for use in vaccine manufacturing and as a reference vaccine virus against the H5N1 clade 2.1.3.2 
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viruses in Indonesia. Continuous monitoring of the prevalence of H5N1 viruses is needed for 
pandemic preparedness and risk assessment of a pandemic. 

P2-490 

Poultry H5N1 outbreaks on the countryside, human deaths in Jakarta: are 
mega-cities sinks for avian influenza viruses? 

M Azhar1, E Wuryaningsih1, FC Zenal2, GB Utomo2, S Idris1, NM Taylor3, L Schoonman2*, J 
McGrane2, E Brum2,4 

1Directorate of Animal Health, Directorate General of Livestock and Animal Health Services, Ministry 
of Agriculture, Jakarta, Indonesia; 2Food and Agriculture Organization of the United Nations, 
Emergency Centre for Transboundary Animal Diseases, Jakarta, Indonesia3; Reading University, 
Veterinary Epidemiology and Economics Research Unit, Reading, United Kingdom; 4Tufts University 
Cummings School of Veterinary Medicine, Department of Environmental and Population Health, North 
Grafton, Massachusetts, United States  

Background: Within a two-week period in January 2007, five people in the greater Jakarta area 
became infected with H5N1 virus, despite the absence of concurrent outbreaks in neighboring poultry. 
This spatiotemporal phenomenon was observed again in January-February 2008. More recently in 
2013, within a few weeks, more than 130 people in the greater Shanghai and other mega-urban areas 
in China were infected with H7N9 virus. In an exhaustive search for the virus, it was detected in only a 
few samples, mainly from live bird markets, while no virus was found on poultry farms. A source-sink 
accumulation mechanism is proposed as a possible model to explain the phenomena observed. 
Poultry outbreak data from the Participatory Disease Surveillance and Response (PDSR) surveillance 
system, initiated in Indonesia in 2006, have shown a high incidence of HPAI H5N1 in poultry in rural 
areas, including areas producing commercial poultry. Human H5N1 incidence in these areas has 
been low. The highest human incidence has been reported from Jakarta Province, which has the 
highest human population density and the lowest ratio of chicken population to human population in 
Indonesia. Materials and Methods: An assessment of commercial poultry movements into the greater 
Jakarta metropolitan area indicated that live birds were sourced from many areas across Java Island, 
as well as southern Sumatra Island, for consumption in Jakarta. The majority of this poultry supply 
was marketed through live bird markets (LBMs) in which birds are slaughtered at or near the point of 
sale. A LBM environmental surveillance system was established in 2009 covering all known LBMs in 
the greater Jakarta area. Each month five environmental swabs from each market were pooled and 
tested by PCR for influenza A and H5 viral antigen. Results: Over the first year of sampling, a monthly 
average of 80% of LBMs tested positive for influenza A and 50% for H5. The monthly prevalence in 
LBMs showed a seasonal pattern, similar to the seasonal pattern observed in the PDSR data and in 
human cases. Observation of sick or dead poultry in LBMs remained low relative to the H5 prevalence 
observed. Additional environmental surveillance at LBMs in less densely populated areas found lower 
influenza A and H5 prevalence than in Jakarta. H5 prevalence in LBMs showed a significant 
downward trend between 2009 and 2012. A similar downward trend was also observed in poultry 
outbreak incidence measured through PDSR surveillance, and in human cases, although the spatial 
discordance between poultry cases and human cases continued. Conclusions: A modified source-sink 
accumulation model may explain the H5N1 viral and disease patterns observed in Indonesia. Within 
this model, avian influenza virus replication occurs in poultry production areas (source) with 
subsequent accumulation along the market chain, leading to increased human exposure in the mega-
urban areas (sink). Areas with the highest demand for poultry from the most sources would be 
expected to show the highest LBM virus contamination and the highest human disease incidence. In 
avian influenza virus endemic areas, the establishment of a standardized LBM environmental 
surveillance system in major sinks is important to assess human risk levels in sink location and 
monitor overall impact of poultry disease control at source. The system could also provide a more 
cost-efficient and more sensitive surveillance method for detecting avian influenza viruses with a low 
prevalence in the field, such as the recently emerged H7N9 virus.  
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P2-491 

Human, environmental and animal surveillance of influenza A(H5N1) virus in 
Cambodian live poultry markets 

SV Horm1*, S Ly1, S Sorn2, S Rith1, T Sok3, S Ly3, R Tsuyuoka4, W Kalpravidh5, D Holl2, MD Van 
Kerkhove6, L Allal7, A Tarantola1, P Buchy1

1Institut Pasteur in Cambodia, Phnom Penh, Cambodia; 2National Veterinary Research Institute, 
Ministry of Agriculture, Phnom Penh, Cambodia; 3Communicable Disease Department, Ministry of 
Health, Cambodia; 4World Health Organization, Phnom Penh, Cambodia; 5Food and Agriculture 
Organization, Bangkok, Thailand; 6Imperial College, London, United Kingdom, 7Food and Agriculture 
Organization, Phnom Penh, Cambodia 

Background: Since 2004, A(H5N1) virus has been detected in Cambodia in 39 poultry outbreaks and 
in 32 patients (27 deaths) to May 1st, 2013. Outbreaks in Cambodia are associated with main festivals 
(Chinese/Lunar New Year, Khmer New Year, etc) due to increased demand for poultry. In most 
countries, animal A(H5N1) virus surveillance often only relies on virus detection in randomly selected 
live poultry populations. In Cambodia, as in other countries, relying on identifying A(H5N1) virus in 
poultry has many limitations resulting in the virus rarely being detected in poultry populations and 
often detected in humans followed by poultry flocks in surrounding areas. Previous environmental 
studies in live poultry markets (LPMs) and human seroprevalence studies in Cambodia have shown 
that H5N1 virus is circulating in markets, but is rare among close contacts of human H5N1 cases. 
Here we report the preliminary results of a second study that combines human, animal and 
environmental surveillance of A(H5N1) virus circulation in LPMs. Materials and Methods: Since 
January 2013, weekly collection of environmental specimens has been ongoing in 4 LPMs. In each 
market, environmental specimens (eg, drinking water used by poultry, water on the floor/sewage, 
soil/mud collected on the floor, poultry feathers, poultry faeces) as well as tracheal and cloacal swabs 
from live poultry are collected. After sample processing and virus concentration, samples are tested 
by real-time RT-PCR for influenza A, A(H5N1) and A(H7N9) virus detection. Specimens tested 
positive are inoculated into embryonated eggs for virus isolation. A subset of the strains isolated is 
partially or fully sequenced including unsubtypable influenza A strains. To monitor the exposure of 
poultry workers (poultry sellers, butchers, middlemen) to the virus, human serum samples are 
collected every 3 months throughout 2013 (starting in January 2013). Sera are tested by 
hemagglutination-inhibition assay (HIA) and microneutralization test (MN) to detect anti-H5 and anti-
H7 virus neutralizing antibodies. Results: Preliminary results indicate that from January to May 2013, 
of the 528 LPM environmental samples tested, 151 (29%) tested positive for A(H5N1) virus by qRT-
PCR and an additional 114 samples (21%) tested positive for Influenza A virus. The detection rate of 
A(H5N1) virus by RT-PCR was higher in environmental specimens (43% in water, 40% in soil/mud, 
34% in feathers) than in poultry swabs (16%). The positivity rate in environmental specimens was 
highest (81%) during the Chinese/Lunar New Year festival (Feb 2013). Serology screening of the two 
first series of sera obtained from 125 poultry workers found no recent H5N1 infections. Conclusions: 
Past and current avian influenza virus surveillances at LPMs in Cambodia demonstrate that the LPM 
environment is highly contaminated with A(H5N1) virus, particularly before and during the main 
national festivals. In contrast with traditional surveillance, virus circulation can be very efficiently 
monitored by environmental samples analysis. The risk for poultry workers to develop infection is 
currently being evaluated. 
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P2-492 

Analysis of the swine movement network in a province of Northern Vietnam: 
implications for swine influenza surveillance 

E Baudon1,2*,  G Fournié3, DT Hiep4, VD Ton4, JS Peiris1,5, BJ Cowling1, M Peyre2

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong, 
China; 2Centre International de Recherche en Agriculture pour le Développement, Montpellier, 
France; 3Royal Veterinary College, University of London, United Kingdom; 4Hanoi University of 
Agriculture, Hanoi, Vietnam; 5Centre for Influenza Research, Li Ka Shing Faculty of Medicine, The 
University of Hong Kong, Hong Kong, China 

Background: South-East Asia, and especially Vietnam, is known for its high human, poultry and pig 
population density. The Red River Delta region alone includes about a quarter of the human, pig and 
poultry population of Vietnam in just 6.4% of the area of the country. This high density along with 
familial production practices could put the area at a higher risk for interspecies influenza virus 
transmission and emergence of reassortant viruses. Live animal movements are one of the most 
important factors for disease transmission between holdings and geographic areas, and its 
description is required to study disease spread and design surveillance. The objective of the present 
study was to describe the swine movement network in the Red River Delta, and to draw implications 
for local surveillance of swine influenza viruses. Materials and Methods: The study was carried out in 
Vietnam, in two communes of Hung Yen province. Structured interviews of farmers were performed to 
collect data on animal production and live pig movements from January 2011 to June 2012. All the 
large familial farmers (100-1000 fattening pigs per cycle and/or 10-250 sows) were interviewed in the 
two selected communes, as well as all the small familial farmers (< 100 fattening pigs per cycle and/or 
< 10 sows) in one selected village in each of the communes. Based on the farmer questionnaires, a 
sample of the mentioned middlemen, slaughterhouses and also industrial farms were chosen for 
interview. Data were entered into a computerized database and analyzed using R 2.15.3. Results: A 
total of 88 small farmers, and 50 large farmers were interviewed, ie, over 95% of the farms fitting the 
selection criteria. Thirty middlemen and slaughterhouses and two industrial farmers were interviewed. 
Trades of live pigs from interviewed farmers represented 49,000 pigs and 1600 trades, and the 
involvement of a high number of traders and different farmers. However, about 85% of the actors 
were mentioned only 1 or 2 times.  Also, important differences were observed for pig trading between 
the two communes. Farmers in Me So bought preferentially from large and industrial farms while Dinh 
Du farmers bought from middlemen and small farmers. Overall, large farmers in Me So commune 
traded 78% of the pigs. The pigs originated from height provinces in Northern Vietnam and three in 
Center and South Vietnam, but were sold only in the Red River Delta. The traders and other industrial 
farmers who were subsequently interviewed mentioned the trade of 550,000 pigs over 22,000 trades. 
Weaners and breeders were purchased mostly from familial farms in 11 provinces in Northern 
Vietnam and one in the South. They were then sold to other farms over 16 provinces in Northern 
Vietnam. Fattening pigs sold to slaughterhouses were mostly purchased in Hanoi and Hung Yen, 
most of the pigs coming from large and industrial farms. Conclusions: The study shows the complexity 
of the pig movement network in Vietnam composed by many small private businesses and involving 
many provinces. This pattern in trading is a challenge for influenza surveillance design and also food 
safety control. In particular, influenza spread in this area among swine and other species could differ 
substantially from the dynamics in other countries with generally larger farms and tighter biosecurity. 
In further work, we hope to explore the implications on influenza transmission dynamics of the 
different network structures in the Dinh Du versus Me So communes. In particular, the feasibility and 
added value of surveillance at different points in the swine supply chain, including slaughterhouses, 
live pig markets, farms, and the approach to selection of animals for sampling. Strategies adapted to 
the local context must be developed to increase the chance of influenza virus detection while keeping 
surveillance at a low cost. 
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P2-493 

Haemagglutinin activation by human transmembrane protease serine 2 or by 
human airway trypsin-like protease is necessary for the production of high 
titre influenza A virus pseudotypes that can be employed for the evaluation of 
pandemic potential 

F Ferrara1*, E Molesti1, E Böttcher-Friebertshäuser2, D Corti3, G Cattoli4, S Scott1, N Temperton1 

1Viral Pseudotype Unit, Medway School of Pharmacy, University of Kent, Chatham Maritime, United 
Kingdom; 2Institute of Virology, Philipps University Marburg, Marburg, Germany; 3Institute for 
Research in Biomedicine, Bellinzona, Switzerland; 4Istituto Zooprofilattico Sperimentale delle Venezie, 
Legnaro, Padua, Italy 

Background: The monomer of influenza haemagglutinin (HA) is synthesized as a single polypeptide 
precursor that during maturation is cleaved by proteases into two active subunits. Recent studies 
have demonstrated that the human transmembrane protease serine 2 (TMPRSS2) and the human 
airway trypsin-like protease (HAT) can activate, by cleavage, the HA of human seasonal influenza 
viruses. As a model of activation of all influenza subtypes (human H1, H2, H3 viruses and other 
representative viruses from group 1 and group 2 avian subtypes), we have investigated the use of 
human TMPRSS2 and HAT to produce high titre influenza HA lentiviral pseudotypes. Such 
pseudotypes represent powerful and safe tools to study viral entry mechanisms and zoonotic 
potential. Materials and Methods: Influenza pseudotype particles are obtained by cotransfecting 
human embryonic kidney HEK293T/17 cells using plasmids coding for the influenza HA, HIV gag-pol 
and a retroviral vector incorporating firefly luciferase. To investigate the role of these proteases in the 
HA activation necessary for infective particle generation, a plasmid expressing TMPRSS2 or HAT was 
cotransfected during pseudotype production. The HA lentiviral pseudotypes produced were used to 
investigate cell entry potential via transduction of target cell lines and as surrogate antigens in 
neutralization assays. Results: Influenza pseudotype particles produced by cotransfection of these 
proteases can transduce HEK293T/17 cells with high efficiency compared with the pseudotypes 
produced in the absence of proteases. The high titre of these influenza pseudotypes permits their use 
as surrogate antigens in neutralization assays and subtype-specific sera can readily neutralize them. 
Conclusions: TMPRSS2 and/or HAT can activate, in vitro, both the HA of human seasonal influenza 
and also other avian HA influenza strains in a pseudotype particle production system. Furthermore, 
this panel of influenza pseudotypes can be used in neutralization assays to study heterosubtypic 
antibody responses and pandemic potential. 

P2-494 

Avian influenza at the animal-human interface: investigations among poultry 
workers in live bird markets in Dhaka city, Bangladesh, 2012-13 

KM Sturm-Ramirez1,2*, S Afreen1, MZ Rahman1, S Chowdhury1, SU Khan1, Md M Rahman3, AR 
Sharif3, M Rahman1, T Azim1, S Nasreen1, L Berman2,  F Liu2, V Veguilla2, N Simpson2, D Iuliano2, A 
Balish2, M-A Widdowson2, R Donis2, D Jernigan2, J Heffelfinger1,2, S Luby4, C Davis2, S Lindstrom2, J 
Katz2, AA Alamgir5, TM Uyeki2, M Rahman3, ES Gurley1 

1International Centre for Diarrheal Diseases Research, Bangladesh (icddr,b), Dhaka, Bangladesh; 
2Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Institute of 
Epidemiology, Disease Control and Research (IEDCR), Dhaka, Bangladesh; 4Stanford University, 
Palo Alto, California, United States; 5World Health Organization, Dhaka, Bangladesh  

Background: Since 2007, highly pathogenic avian influenza (HPAI) H5N1 virus has circulated among 
Bangladesh poultry. Workers in live bird markets (LBMs) have intense occupational exposure to 
poultry with minimal use of personal protective measures. In February 2012, we started surveillance 
to identify human cases of infection with avian influenza A viruses (AIVs) among poultry workers in 16 
LBMs of Dhaka. Whenever poultry workers with detectable AIV RNA by rRT-PCR were identified, we 
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initiated an outbreak investigation in the affected market to enhance case detection, ascertain clinical 
history and health status of suspected cases, and explore possible sources of infection. Details 
regarding index cases that triggered investigations are reported separately; here we report on 
investigations at markets with suspected cases from February 2012 to February 2013. Methods: We 
defined suspected AIV cases as influenza-like illness (fever with cough or sore throat) for the first 
LBM investigation and any respiratory symptoms subsequently. In response to any AIV RNA-positive 
case, we screened all workers in that market to identify further suspected AIV cases for up to three 
weeks after detection of the index case. Nasopharyngeal (NP) and oropharyngeal (OP) swabs were 
collected from suspected cases and tested by rRT-PCR for influenza viral RNA and further subtyped 
(H1N1pdm09, H3, H5, H7 and H9) if positive for influenza A virus. Acute (< 7 days post illness onset) 
and convalescent serum (> 21 days after acute serum collection) were collected from workers with 
detectable AIV RNA and tested for H5-specific antibodies by microneutralization assay. An H5 
seropositive was defined as a ≥ 4-fold rise in antibody titer in paired sera (seroconversion) or a 
neutralizing antibody titer of ≥ 40 in any serum specimen with confirmation by Western blot assay and 
serum adsorptions. Starting with the second investigation, NP and arm swab specimens were 
collected from asymptomatic workers matched 1:1 to suspected cases by timing and market location. 
Results: Nine investigations were launched within eight markets, all during months of peak AIV 
circulation among poultry (November-March). We screened 3111 workers, of whom 836 (27%) had 
respiratory symptoms. Respiratory swabs were collected from 778 (93%) symptomatic workers. Of 
778, 69(8.9%) had detectable AIV viral RNA but frequently with high Ct values (> 37): 25 (3.2%) for 
H5, 35 (4.5%) for H9, 9 (1.2%) for H5 and H9. A further 59 (7.6%) had detectable influenza ARNA but 
unsubtypeable. Attempts to culture H5N1 virus from 12 positive swabs were unsuccessful. Of 25 
paired sera tested to date, no seroconversions to H5N1 virus were identified, but sera from five 
workers were H5 seropositive in both specimens. Four suspected AIV cases missed work due to 
illness, but none were hospitalized and all recovered. Among 371 asymptomatic workers, 17 (4.5%) 
had detectable AIV RNA in NP swabs and 67/361 (18.5%) had detectable AIV RNA in arm swabs; H5 
viral RNA was detected in 7 NP and 37 arm swabs, and H9 viral RNA was detected in  8 NP and 11 
arm swabs. The proportion of H5 viral RNA-positive NP swabs was similar among symptomatic 
(23/778; 3.0%) and asymptomatic (7/371; 1.9%) workers. Conclusions: In Dhaka LBMs with 
suspected AIV cases, we identified 145 poultry workers with detectable AIV or influenza 
A/unsubtypeable viral RNA by rRT-PCR in respiratory specimens, often with high Ct values, during 
months of peak AIV circulation among poultry. Five workers were seropositive for HPAI H5N1 virus 
antibodies, suggesting prior infection. Among symptomatic workers, no severe illness was reported 
and no H5-specific seroconversion was identified. Frequent detection of AIV RNA among poultry 
workers and in NP swabs and on arms of asymptomatic workers suggests that detection of AIVs in 
symptomatic workers without serologic confirmation could represent viral contamination rather than 
active infection. LBM markets are an ideal setting to perform surveillance for zoonotic influenza A 
virus transmission, but interpretation of rRT-PCR findings is challenging and highlights the need to 
discriminate between viral contamination of the human respiratory tract and infections with AIVs. 
Further research should investigate why severe illness is not detected among highly exposed poultry 
workers. 

P2-495 

Did intensified surveillance lead to increased detection of human infections 
with highly pathogenic avian influenza A(H5N1) virus in East Jakarta, 
Indonesia? 

Amalya1*, Misriyah2, Y Praptiningsih1, A Storms3, K Lafond3, Ester1, T Romadona2, K Wu3,  A Iuliano3, 
G Samaan1, T Uyeki3

1US Centers for Disease Control and Prevention, Jakarta, Indonesia; 2Ministry of Health, Jakarta, 
Indonesia; 3US Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Indonesia has reported the most human cases of highly pathogenic avian influenza 
(HPAI) A(H5N1) virus infection worldwide, with 192 cases and 83% mortality since 2005. Cases are 
detected through health care facility notifications, in which patients meeting the World Health 
Organization suspected case definition for A(H5N1) virus infection are tested. To assess whether 
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there is underdetection of human cases, enhanced influenza surveillance was implemented in East 
Jakarta District. The district was chosen because 12 confirmed human HPAI A(H5N1) cases have 
occurred there since 2005, and periodic outbreaks of HPAI A(H5N1) virus have been identified in 
backyard poultry and through ongoing sentinel live bird market (LBM) surveillance. The district also 
has an extensive poultry trade, with 63% (n = 114) of poultry collector yards, 79% (n = 926) of 
slaughterhouses and 37% (n = 314) of LBMs in Jakarta province located in this district. This study 
reports the findings of enhanced influenza surveillance conducted during August 2011 through March 
2013. Materials and Methods: Enhanced surveillance was conducted by designating teams at four 
government health centers and six of the largest hospitals in East Jakarta District to actively screen 
and enroll patients. At the health care centers, all outpatients with influenza-like illness (ILI), defined 
as fever ≥ 38°C and either cough or sore throat, seeking care from Monday through Friday, were 
enrolled. At the hospitals, all inpatients with severe acute respiratory infection (SARI), defined as 
sudden onset of fever in the last five days or history of feverishness and either cough or sore throat or 
shortness of breath, were enrolled 7 days a week. For all ILI and SARI patients, demographic and 
poultry exposure data were collected through a questionnaire. Nasal and throat swabs were collected 
at enrollment and tested by real-time reverse transcription polymerase chain reaction for influenza 
viruses, including A(H5). Data were analyzed to determine the proportion testing positive for influenza 
viruses, types of poultry exposure and number of HPAI A(H5N1) cases detected. Results: Of the 
269,188 outpatient visits and 105,905 hospitalizations during August 2011 through March 2013, 4572 
(2%) and 2692 (3%) met the definition for ILI and SARI, respectively. All of these were tested, of 
which 33% ILI cases and 15% SARI cases tested positive for influenza viruses. For ILI cases, the 
proportion of specimens testing positive for influenza viruses was highest in children aged 5 to 17 
years (50%), whereas for SARI cases, the highest percentage of influenza positive specimens was 
identified in children aged < 5 years (33%). Of the 1882 influenza positive cases, 57% were positive 
for influenza A and 43% positive for influenza B. Among patients positive for inflluenza A, 56% were 
positive for A(H3), 44% were positive for A(H1N1pdm09), and none were positive for A(H5). No HPAI 
A(H5N1) infections were detected (prevalence 0%, upper limit 95% confidence interval = 0.05%) 
despite 30% of ILI and SARI cases reporting poultry exposures such as visiting LBMs (12%), owning 
poultry (13%) and handling poultry products (7%). Conclusions: Despite enhanced influenza 
surveillance conducted over 19 months in which thousands of ILI and SARI case specimens were 
tested, including patients with poultry exposures known to be risk factors for HPAI A(H5N1) virus 
infection, no human HPAI A(H5N1) virus infections were identified from the enhanced system or from 
the routine national surveillance system. This suggests that clinical HPAI A(H5N1) virus infections 
among the East Jakarta District population under surveillance are rare. In contrast, a substantial 
number of seasonal influenza A and B virus infections were documented, suggesting that the public 
health impact of seasonal influenza may be underrecognized among this population. For HPAI 
A(H5N1), further research, including assessing the suitability of the surveillance sites for detection of 
HPAI A(H5N1) virus infections and the health care utilization practices of HPAI A(H5N1) cases, and 
determining the impact of preventive measures such as poultry vaccination and poultry movement 
control, is needed. 

P2-496 

Risk analysis of a novel avian H3N8 virus isolated from harbor seals 

E Karlsson1*, S-W Yoon1, H Ip2, J Hall2, R Webby1, S Schultz-Cherry1

1Department of Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, Tennessee, 
United States; 2National Wildlife Health Center, US Geological Survey, Madison, Wisconsin, United 
States 

Background: The recent isolation of avian H3N8 influenza viruses from New England harbor seals 
that naturally acquired several of the changes associated with increased transmissibility of H5N1 
viruses generated a great deal of scientific and public interest. To elucidate the potential human 
health threat from these viruses, we evaluated the virulence and transmissibility of a panel of avian 
and mammalian H3N8 viruses in vitro and in vivo, including a panel of avian H3N8 viruses genetically 
related to the seal virus. Materials and Methods: Viruses were subjected to a full risk analysis panel 
including replication assays in MDCK, A549 and NHBE cells, pathogenicity in mice and 
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transmissibility in ferrets. In addition, viruses were analyzed by ELISA against different sialic acids to 
determine receptor specificity. Finally, to determine the baseline immunity to the seal H3N8 virus, HI 
assays were performed with a panel of sera from vaccinated adults. Results: Our studies demonstrate 
that although the seal and genetically similar wild-bird viruses replicate faster in human lung cells 
compared with other mammalian (canine and equine) and avian H3N8 viruses, only the harbor seal 
virus caused severe disease in mice. More importantly, the seal and genetically similar wild-bird 
viruses readily transmit via direct contact in ferrets and the harbor seal virus transmitted by aerosol 
droplet to 2 of 3 contacts. Sequence analysis of the seal viruses from aerosol contacts revealed 
genetic changes that may increase transmissibility. Receptor binding specificity revealed that the seal 
virus had increased specificity for a2,6 sialic acids.  Importantly, none of the human sera used in our 
studies had neutralizing antibodies against the seal H3N8 virus, suggesting that there is little 
population-wide immunity to this virus. Therefore, it is imperative to understand how this particular 
clade of viruses may have evolved over time to become readily transmissible in ferrets. Conclusions: 
Our results suggest that the avian H3N8 viruses warrant closer examination and enhanced 
surveillance to monitor potential risks to human health, as they exhibit a number of prepandemic 
characteristics. Further study will attempt to define why this particular clade of H3N8 viruses seems to 
be able to readily adapt to mammalian hosts.  
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O-882 

H5N1-SeroDetect EIA and rapid test: a novel differential diagnostic assay for 
serodiagnosis of H5N1 infections and surveillance 

S Khurana*, H Golding 

Division of Viral Products, Center for Biologics Evaluation and Research (CBER), US Food and Drug 
Administration, Bethesda, Maryland, United States 

Background: Pandemic influenza is a persistent threat to global health. The continuing evolution of 
highly pathogenic (HP) H5N1 influenza viruses in wild birds with transmissions to domestic poultry 
and humans poses a pandemic threat. There is an urgent need for a simple and rapid serologic 
diagnostic assay which can differentiate between antibodies to seasonal and H5N1 strains that could 
provide surveillance tools not dependent on virus isolation and nucleic acid technologies. Methods: 
We constructed whole-genome-fragment phage display libraries (GFPDLs) expressing fragments of 
15-350 amino acids covering all the open reading frames of the H5N1-A/Vietnam/1203/2004 strain. 
These GFPDLs were used to elucidate the epitope repertoire recognized by the antibodies in the sera 
of five individuals who had recovered from H5N1 infection. Three of these immunodominant epitopes, 
mapping to conserved regions in H5N1 HA2, M2e, and PB1-F2, were further evaluated as the basis 
for development of a serodiagnostic assay in ELISA as well as a rapid test platform. Results: 
Following affinity selection using the H5N1-GFPDL, we identified a diverse array of epitopes 
recognized by the H5N1 convalescent sera, including several potentially protective targets in HA1, NA 
catalytic site, and M2 ectodomain. In addition, for the first time in humans, we identified strong 
reactivity against PB1-F2, a putative virulence factor, following H5N1 infection. Importantly, few novel 
epitopes were identified, which were recognized by H5N1-convalescent sera but did not react with 
sera from control individuals (H1N1 or H3N2 seropositive but H5N1 negative). Here we describe the 
establishment of H5N1 SeroDetect ELISA and rapid test assays based on three peptides in HA2 
(488-516), PB1-F2 (2-75), and M2e (2-24) that are highly conserved within H5N1 strains. To date, 
both platforms demonstrated high levels of sensitivity and specificity in detecting H5N1 infections 
(clade 1 and clade 2.3.4) in Vietnamese patients as early as 7 days and up to several years post 
infection. H5N1- uninfected individuals in Vietnam and the US, including subjects vaccinated with 
seasonal influenza vaccines or confirmed seasonal infections, did not react in the H5N1-SeroDetect 
assays. Moreover, sera from individuals vaccinated with H5N1 subunit vaccine with moderate anti-
H5N1 neutralizing antibody titers did not react positive in the H5N1-SeroDetect ELISA or rapid test 
assays. Conclusions: Our data support the use of peptide-based H5N1-SeroDetect ELISA and rapid 
tests for serodiagnosis of H5N1 exposure in humans that can be easily adapted for surveillance of 
H5N1 infection in birds as a POC test for detection of H5N1 infection. The simple H5N1-SeroDetect 
ELISA and rapid tests could provide an important tool for large-scale surveillance for potential 
exposure to HP H5N1 strains in both humans and birds. 

O-883 

Poor correlation of influenza viral load between swabs of clinical samples from 
the 2011-2012 influenza season in Belgium highlights the importance of 
standardized sample collection 

L Van Wesenbeeck1*, H Meeuws1, G Ispas1, K Schmidt1, L Houspie2, M Van Ranst2, L Stuyver1

1Janssen Infectious Diseases - Diagnostics BVBA, Beerse, Belgium; 2Laboratory of Clinical Virology, 
Rega Institute for Medical Research, KU Leuven, Leuven, Belgium 

Background: Respiratory tract infections (RTIs) have an enormous social economic impact, with high 
incidence of hospitalization and high direct and indirect costs. Because of similar clinical symptoms 
and simultaneous circulation of several different viruses, the etiology is often unknown. Timely 
detection and discrimination of the infecting pathogens are crucial to optimize treatment and care, to 
prevent unnecessary antibiotic use, and to prevent secondary spread of infection. Adequate specimen 

458Diagnostics



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

collection has a high impact on the correct diagnosis of influenza and other respiratory infections. In 
this study, the influenza A viral loads of two midturbinate swabs (one for each nostril) per patient were 
compared. Material and Methods: Belgian patients suffering from RTI presented themselves at a 
primary care physicians’ office during the 2011-2012 influenza season. The patients were enrolled 
regardless of age and were symptomatic for less than 3 days at presentation. Sampling on patients 
with acute RTI was done using midturbinate flocked swabs (Copan Flock Technologies) and the 
collected pathogens were stored in universal transport medium (UTM). Two swabs per patient were 
collected (one swab per nostril). One swab was resuspended in 1 mL of UTM and the other swab in 3 
mL of UTM. The influenza A viral load of all samples was determined with qRT-PCR assay using 
universal influenza A primers/probe (CDC). Results: A total of 175 patients were enrolled in this study 
during the period of Influenza epidemic peak. One hundred and one samples (57.7%) of the 1-mL 
aliquots were identified as influenza A positive (viral load range 3.64-9.34 log copies/mL with an 
average of 6.63 log copies/mL) and 74 samples (42.3%) as influenza A negative. Only 94 samples 
(53.7%) of the 3-mL aliquots were recognized as influenza A positive (viral load range 3.24-9.00 log 
copies/mL with an average of 6.12 log copies/mL) and 81 samples (46.3%) as influenza A negative. 
Of them, 86 were concordantly positive, and 66 concordantly negative for influenza A. The remaining 
23 samples (13.1%) gave discordant results (either positive in 1 mL and negative in 3 mL, or the 
inverse). The 1-mL aliquots have a statistically higher viral load than the 3-mL aliquots (mean of 
differences = .5377; paired t test, P = .0003), which could imply that using 1-ml collection volume 
could also increase the probability of a correct influenza diagnosis. However, there was a poor 
correlation between the concordant positive aliquots per patient (R² = .3142). On an individual basis, 
even a difference in viral load up to 5 log copies/mL was observed. In this study, it was not known in 
which order the swabs were taken (first the 3-mL or the 1-mL aliquot). Therefore, this study was 
expanded to the 2012-2013 influenza season whereby two groups of clinical samples were made. In 
the first group, the 3-mL aliquot will be first collected and in the second group the 1-mL aliquot. 
Conclusions: Collection of swabs in a lower collection volume resulted in a higher viral load of these 
samples, and this could have implications for influenza diagnosis. However, a poor correlation 
between two swabs per patient was observed. Discordant results were observed for 13.1% of the 
samples. This study highlights the importance of proper specimen collection.  

O-884 

Quantitative influenza diagnostic testing (QIDT) as a novel biomarker for the 
monitoring of disease activity at the point-of-care  

X Chen1, K Pouran Yousef2, S Wählisch3, P Obermeier1, F Tief1, S Mühlhans1, L Seeber1, K Karsch1, 
S Duwe3, M von Kleist2, B Schweiger3, BA Rath1* 

1Department of Paediatrics, Division of Pneumonology-Immunology, Charité University Medical 
Center, Berlin, Germany; 2Department of Mathematics and Computer Science, Free University Berlin, 
Berlin, Germany; 3National Reference Centre for Influenza, Robert Koch Institute, Berlin, Germany 

Background: Influenza infections create considerable disease burden in infants and children, who also 
tend to exhibit higher viral loads than adults. WHO and CDC guidelines state that antiviral treatment 
may need to be extended beyond 5 days, in case of ongoing viral replication. RT-PCR cycle 
thresholds (CT) and viral load (VL) assessments have been used to direct duration of treatment in 
immunosuppressed patients, but quantitative tests that can be performed at the point-of-care (POC) 
are currently lacking. Rapid Influenza Diagnostic Tests (RIDT) are widely used for the initial diagnosis 
of influenza infections. Second-generation fluorescence-based RIDT such as the SOFIATM Influenza 
A+B FIA, show increased sensitivity while providing a user-independent qualitative read-out within 15 
minutes. SOFIATM quantitative immunofluorescence signals may be used to establish a novel 
biomarker for the longitudinal monitoring of influenza infections at the POC. Materials and Methods: 
The study was performed in the context of an IRB-approved quality management (QM) program at the 
Charité Department of Paediatrics (ChILD = Charité Influenza Like Disease Cohort). Patients with 
influenza-like illness were screened prospectively using nasopharyngeal swabs. Fluorescence-based 
RIDT and QIDT (SOFIATM) were performed at the POC, in addition to (blinded) RT-PCR at the 
National Reference Centre for Influenza at the Robert Koch Institute. Patients with laboratory-
confirmed influenza were followed prospectively until a first negative RIDT or RT-PCR was obtained. 
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Follow-up parameters included RIDT, QIDT, and RT-PCR. QIDT-values were calculated, based on 
the relationship between the influenza A and B test lines’ fluorescence intensities and the cutoffs for 
each analyte with the SOFIATM test. CT values were obtained from qualitative RT-PCR. In RT-PCR-
positive samples, VL was measured using genome equivalents. Samples with quantifiable VL (ie, 
above 103 cp/ml) were included for the calculation of viral clearance rates over time. Influenza 
subtyping (HAI or sequencing) was performed with all PCR-positive samples. Results: During the 2 
consecutive influenza seasons, 2011/2012 and 2012/2013, a total number of 1821 infants and 
children participated in the QM program. Overall, 277 (15.2%) patients showed laboratory-confirmed 
influenza infection. Of these, 36 patients were treated with oseltamivir. Subtyping of PCR-positive 
samples revealed 26% influenza A(H1N1)pdm09, 40.4% influenza A(H3N2), and 33.6% influenza B. 
During longitudinal follow-up visits, the first negative RIDT result was consistently observed either 
prior to the first negative RT-PCR result, or simultaneously. The “switch” from the last positive to the 
first negative RIDT occurred around day 8 (range = 2-19) after symptom onset, with a median CT of 
36 and a median VL of 5.6*103 cp/ml. During follow-up, no cases of viral rebound with newly positive 
RIDT were observed. QIDT values showed a significant correlation with CT values of 0.67 
(Spearman, P < .001). Median VL clearance rates (CLVL) were 1.36/day for treated patients and 
0.63/day for untreated patients (P = .035). QIDT-based clearance rates (CLQIDT) revealed similar 
ranges in both groups, with median rates of 1.41/day and 0.75/day respectively, thus discriminating 
between treated and untreated patients (P = .06). Conclusions: Regular use of second-generation 
rapid influenza diagnostic testing (RIDT) may provide a first, immediate assessment of influenza 
disease activity. A “switch” from positive to negative RIDT results during follow-up indicates that viral 
loads may have dropped below a critical threshold, when viral rebound is no longer expected. 
Second-generation rapid testing may also be used to obtain quantitative results. QIDT provides 
excellent tools to estimate virus burden at the time of disease onset, as well as during follow-up, with 
the advantage of obtaining results immediately at the POC. QIDT may also be able to discriminate 
between treated and untreated patients, ie, to estimate viral clearance as an effect of antiviral therapy. 
Minor significance levels with CLQIDT compared with CLVL suggest that further analyses in larger 
groups of treated patients may be required. Large-scale studies investigating influenza disease 
severity in relation to CT, VL, RIDT, and QIDT will reveal the full impact of this innovative and 
personalized approach to the clinical and therapeutic management of influenza infections in infants 
and children. 

O-885 

Do case definitions affect the prediction of influenza virus in different seasons 
in north India? 

R Srivastava1*, SK Rai1, A Krishnan1, S Broor2, FS Dawood4, KE Lafond4, S Saha4, M Chadha3, RB 
Lal4, M-A Widdowson4, S Kant1

1All India Institute of Medical Sciences, New Delhi, India; 2The INCLEN Trust, New Delhi, India; 
3National Institute of Virology, Pune, India; 4Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States 

Background: A variety of case definitions have been used to screen for influenza disease, but the 
sensitivity and specificity of these vary. Influenza has also been shown to have different seasonality in 
different parts of India. While influenza infection reaches a peak in July-August in and around Delhi, 
the peak of respiratory illnesses usually occurs in December-February. This can result in change in 
validity parameters of a testing strategy based on symptoms and signs. We evaluated the 
performance of five screening definitions for detection of influenza among hospitalized patients in 
India during different seasons of the year. Materials and Methods: From January 2009 through 
December 2012, patients of any age with any acute medical illness (resident of Ballabgarh Health and 
Demographic Surveillance System, rural community near Delhi) were enrolled at 33 primary- and 
secondary-level medical facilities from January 2010-December 2012. Patients hospitalized for 
trauma, accident, poisonings, obstetric causes, or elective surgeries were excluded. Data were 
collected on patients’ medical histories and illness signs and symptoms, and respiratory specimens 
(nasopharyngeal swab) were collected for influenza virus testing by real-time reverse transcription 
polymerase chain reaction. The clinical details of the patients were assessed by a doctor who visited 
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these facilities, and the condition on admission was accessed through hospital records. Clinical 
histories and examination were used to classify the patient in one of the following categories: acute 
respiratory infections (ARI), febrile ARI (FARI), severe ARI (SARI), influenza-like illnesses (ILI) and 
presence of any respiratory symptoms. Diagnostic odds ratio (DOR), sensitivity and specificity were 
calculated for screening definitions during winters (December to March), summers (April to June), and 
monsoon-post monsoon (July to November) over a period of three years from January 2010 to 
December 2012. DOR is the ratio of the odds of positivity in disease relative to the odds of positivity in 
the nondiseased; it rises steeply when sensitivity or specificity becomes nearly perfect. Results: 
During 2009-2012, 1852 patients hospitalized with acute medical illness were enrolled and tested for 
influenza, of which 110 (5.9%) tested positive. The median age of enrolled patients was 26 years 
(IQR: 10-45). Of 110 patients with laboratory-confirmed influenza, the most common symptoms were 
fever (79.5%) followed by cough (51%). Overall, FARI had the highest DOR of 7.0 (4.1-12.2) with a 
sensitivity and specificity of 85% and 54%, respectively, compared with DORs of 6.9 (sensitivity = 
89%; specificity = 45%) for ARI, 6.4 (sensitivity = 83%; specificity = 57%) for ILI, 3.6 (sensitivity = 
95%; specificity = 16%) for any respiratory symptoms and 2.1 (sensitivity = 40%; specificity = 76%) for 
SARI. However, when stratified by season, this order changed; in the summer, ARI definition had the 
highest DOR (14.7, 95% CI 1.9-113.0), whereas in the monsoon and postmonsoon period, both ARI 
and ILI definitions had maximum DOR of 9.3 (95% CI 4.4–19.5), and in winter, any respiratory 
symptom had the highest DOR (4.9). Presence of any respiratory symptom had the highest sensitivity 
(94%) in the monsoon period, while SARI (33%) had the least. In winters the DOR for different case 
definitions ranged from 1.8-4.8, while in summers and monsoon, it ranged from 4.7–14.7 and 1.7-7.4. 
SARI had a lower DOR in all seasons. Conclusions: With the changing season the accuracy (DOR, 
sensitivity and specificity) of various definition changes. This needs to be kept in mind by researchers 
while planning studies or comparing studies from different settings or seasons. Another implication of 
changing accuracy of different definitions in various seasons would be assigning correction factors to 
various definitions (depending on the seasons) while estimating the burden of influenza. This study 
was supported in part by cooperative agreement U01 IP000206 from the Centers for Disease Control 
and Prevention, Atlanta, Georgia, United States. 

O-886 

Diagnosis of influenza A/H1N1pdm virus genome by hairpin-type peptide 
nucleic acid chromatography 

K Kaihatsu1*, S Sawada1, S Nakamura2, T Nakaya3, T Yasunaga2, N Kato1 

1The Institute of Scientific and Industrial Research, Ibaraki, Osaka, Japan; 2Research Institute for 
Microbial Diseases, Suita, Osaka, Japan; 3Department of Infectious Diseases, Kyoto Prefectural 
University of Medicine, Kyoto, Kyoto, Japan 

Background: The diagnosis of infectious diseases is increasingly important for preventing pandemics 
and prescribing the correct treatment to patients. Although DNA microarrays and PCR analyses are 
well established, they require genome amplification and fluorescence detection. The development of a 
rapid and accurate diagnostic kit requires a methodology that can directly capture the viral genome 
and visualize it without requiring advanced technical skills or expensive equipment. Peptide nucleic 
acid (PNA) is an RNA/DNA analogue in which the sugar-phosphate backbone is replaced by a neutral 
amide backbone. PNA is advantageous for the diagnosis of diseases from clinical samples because it 
is nuclease and protease resistant and recognizes RNA/DNA without electrostatic repulsion. Hairpin-
type PNA comprising two complementary strands against the target sequence forms a stable triplex 
with the target oligonucleotide. Here, we synthesized hairpin-type PNAs that have different types of 
spacer molecules linking the two PNA strands and studied their binding properties against a 
conserved sequence of the NS genome of influenza A/Osaka/180/2009/H1N1pdm. We also 
immobilized hairpin-type PNA in a well or on a chromatography strip to visualize the target gene by 
the naked eye. Materials and Methods: Single-stranded PNA (ssPNA) and hairpin-type PNA tethered 
with either an ethylene glycol linker (hairpin-type PNA) or a thioazobenzene linker (hairpin-type PNA-
AZO) were synthesized to be complementary against a conserved sequence of the NS genome of 
influenza A/Osaka/180/2009/H1N1pdm virus. The ssPNA, hairpin-type PNA, and hairpin-type PNA-
AZO sequences were K3-(AEEA)3-CCTTCTCTTCCAGGA-K-(AEEA)2-K, K3-TCTCTTCC-(AEEA)3-
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CCTTCTCTTCCAGGA-K-(AEEA)2-K, and K3-TCTCTTCC-(AZO)-CCTTCTCTTCCAGGA-K-(AEEA)2-
K, respectively, where AEEA is 2-(2-aminoethoxyethoxy) acetic acid, AZO is thioazobenzene, and K 
is lysine. In each well of the ELISA plate, 0.5 μg of PNA was immobilized via primary amine cross-
linking. The well was prewarmed with 0.05% Triton-X100-PBS solution at 50°C for 15 min to prevent 
inter- and intramolecular aggregation of PNA. At the same time,90 μL of influenza virus containing 
specimens were mixed with 10 μL of 10% lysis buffer and incubated on ice for 30 min. After removing 
the Triton-PBS solution from the wells, 100 μL of the lysis buffer-treated virus were added to each well 
and incubated for 1 h at r.t. Then, the wells were washed with 0.05% Triton-X100-PBS and were 
loaded with 20 μL of the manufacturer’s recommended dilution of the anti-influenza A virus 
nucleoprotein and 20 μL of goat antimouse IgG secondary antibody conjugated with alkaline 
phosphatase in 2% BSA-PBS at a final dilution of 1/20. The wells were placed on an orbital shaker at 
r.t. for 2 h. After washing the wells with 0.05% Triton-X100-PBS (300 μL × 3), the wells were 
incubated with a BICP/NBT (5-bromo-4-chloro-3'-indolyphosphate/nitro-blue tetrazolium) assay 
solution for 1 h. Alkaline phosphatase conjugated with the antimouse IgG secondary antibody 
produces a stable purple dye. Images of the plates were taken using a digital camera. For each strip 
of the PNA chromatography, 0.5 μg of PNA was immobilized and the virus gene detection was 
performed in a similar manner, except that the visualization step was accomplished by gold-
conjugated anti-NS antibody. Results: Hairpin-type PNA-AZO selectively recognized the NS gene of 
influenza A/H1N1pdm among other seasonal strains such as influenza A/H3N2 and B virus. The NS 
gene of A/H1N1pdm and nucleoprotein complex in PNA-immobilized wells was detected by an 
antibody-enzyme linked system for virus concentrations between 104 and 106 pfu/mL. Further, hairpin-
type PNA-AZO on a chromatography strip also captured the A/H1N1 virus gene and allowed it to be 
visualized using gold-nanoparticle conjugated anti-NP antibody for virus titers of 104-5 pfu/mL with the 
naked eye. Conclusions: Introduction of AZO linker into hairpin-type PNA enhanced its affinity to the 
virus gene and enabled us to develop a diagnostic for influenza virus A/H1N1pdm that can be read by 
the naked eye. This technology can be applied to the diagnosis of emergent viruses such as highly 
pathogenic avian influenza viruses and drug-resistant influenza viruses at any place without requiring 
the use of expensive equipment or electricity. 

O-887 

Better tests, better guidance, better practice: outcomes of a strategy for 
improving rapid influenza diagnostic tests 

D Jernigan1*, J Villanueva1, L Williams1, N Kupka2, S Barrett2, J Chmielewski2, T Aden3, R Shively4, T 
Uyeki1, N Cox1 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2The Joint Commission, 
Oakbrook Terrace, Illinois, United States; 3Association of Public Health Laboratories, Silver Spring, 
Maryland, United States; 4Biomedical Advanced Research and Development Authority, DHHS, 
Washington, DC, United States 

Background: Rapid influenza diagnostic tests (RIDTs) using immunoassays to detect influenza A and 
B antigens are widely used; however, a rising number of reports indicate that RIDTs have low 
sensitivity (≈ 60%), leading to misinformed clinical management. Suboptimal RIDT performance may 
be due to several factors beyond the performance of the test device itself, including specimen 
collection, timing of testing during the season, patient demographics, and clinician knowledge of test 
performance and interpretation. Materials and Methods: Beginning in 2010, the Centers for Disease 
Control and Prevention (CDC), along with private and government partners in clinical medicine, 
device manufacturing, and public health, developed and implemented a strategy for improving 
clinician and laboratory use of RIDTs with the goals of 1) better guidance on RIDT use, 2) better 
practices for optimal use of RIDTs, and 3) better tests available for clinicians and laboratories. 
Evaluation of current RIDT use practices was done using nationally representative medical care 
claims data, surveys and online voting of representatives from clinician and laboratory organizations, 
and through a representative sample of approximately 5000 outpatient facility providers (OFPs) 
comprised of physician offices, community health centers, and emergency departments.  Finally, a 
comparison of 11 commercially available RIDTs was performed using 23 representative influenza 
viruses to determine analytic sensitivity. Results: Medical care claims data revealed a 17-fold increase 
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in RIDT use between 2000 and 2009; by 2011, use persisted at around 12-fold higher. Stakeholder 
engagement revealed need for improved, detailed RIDT use algorithms, improved communication of 
influenza surveillance data to effect clinical management, and strong support for regulatory agencies 
to participate in guiding test manufacturers toward improved test performance. A representative 
survey of clinical laboratories showed 88% of 566 respondents used RIDTs; 49% used RIDTs as the 
only influenza diagnostic, and most (60%) did not include information on test performance/sensitivity 
to clinicians in the reported results. The OFP survey revealed that RIDTs are commonly used, but 
55%-75% of OFPs do not use any supplemental testing (culture, PCR, DFA) to confirm RIDT results, 
and OFPs relied on positive RIDT results to determine whether antivirals were prescribed. Based on 
stakeholder and study findings, an online clinician continuing education Web site was established. An 
evaluation of 330 clinicians completing the course showed 99% had an improved understanding of 
RIDT use, and 47% planned to change their practice. Instructional YouTube videos demonstrating 
appropriate specimen collection were posted in October 2012, and by June 2013, 11,606 viewings of 
the 1-2 minute videos had occurred. Algorithms for optimum RIDT use and influenza clinical 
management were developed in collaboration with clinical professional societies and were posted on 
the CDC Web site. Results comparing the analytic performance of 11 commercially available RIDTs 
were posted to the CDC Web site and shared through multiple communication paths to clinicians and 
laboratorians. The study showed that positivity varied considerably among RIDTs by virus 
concentration and by strain of influenza; only one RIDT detected at least 50% of all influenza A 
viruses at lower virus dilutions. Conclusions: Efforts to improve RIDT use require addressing not only 
the test devices themselves, but also providing better guidance and tools to improve clinician and 
laboratory practices. The combined findings of the strategy described here were provided to US 
regulators overseeing clearance of RIDTs and are informing ongoing efforts for regulatory 
enhancements and incentives for improved RIDT development. 
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P2-550 

Application of single-strand conformational  polymorphism for differentiation 
of influenza A strains 

B Szewczyk1*, B Pajak2, K Lepek1, B Gromadzka1, K Smietanka3, Z Minta3, K Kucharczyk2 

1Molecular Virology, University of Gdansk, Gdansk, Poland; 2BioVectis, Warsaw, Poland; 3National 
Veterinary Institute, Pulawy, Poland  

Background: Mixed infections of a single host with different genetic variants of influenza A virus are 
the main source of reassortants, which may have unpredictable properties when they establish 
themselves in a human population. We describe here a method for detection of minor genetic 
influenza variants in a host with sensitivity down to 0.1% of total genomic material. Different  A/H5N1 
strains as well as the seasonal A/H1N1/ human strain and the swine-origin pandemic A/H1N1/v strain 
were used to validate the method. Materials and Methods: The influenza A strains were characterized 
by a multitemperature single-stranded conformational polymorphism (MSSCP) method.  Single-
stranded DNA fragments attain a number of conformations that may be separated by electrophoresis, 
giving a characteristic pattern of bands. Minute sequence changes (eg, point mutations) and 
physicochemical conditions (eg, temperature) may have a significant effect on electrophoretic mobility 
of single-stranded DNA. A series of primers were synthesized after the comparison of the 
hemagglutinin gene sequences of different A/H1N1/ and A/H5N1 strains. RT-PCR reactions were run 
using these primers and, after denaturation, single-stranded DNA fragments were subjected to 
MSSCP electrophoresis at strictly controlled temperatures. Results: The MSSCP gel patterns of 
hemagglutinin gene fragments originating from different H5N1 and H1N1 strains were easily 
distinguishable two hours after completion of PCR. Coinfections with different variants of the A/H1N1/ 
subtype were identified in swabs diagnosed by real-time RT-PCR assay as a single strain infection. 
The sensitivity of the MSSCP-based minor genetic variant detection was 0.1% as determined by a 
mixture of DNA fragments obtained from amplification of two different hemagglutinin genes. 
Conclusions: This technique makes possible fast characterization of new viral variants, circulating, for 
example, in birds or pigs, long before they become dominant in the mixture of strains. We anticipate 
its possible use in the detection of early stages of a minor variant in mixed infections in swine 
reactors, where the human-to-swine transmission of the pandemic A/H1N1/v is gaining importance 
and may give rise to future reassortments with unpredictable outcome. 

P2-551 

Influenza A(H1N1)pdm09 virus as the cause of lethal pneumonia in Russia, 
2009-2013: epidemiological, biological, and genetic properties 

E Burtseva*, L Kolobukhina,  M Schelkanov,  E Kirillova, S Trushakova,  E Silujanova, E Mukasheva, 
T Oskerko, N Breslav, V Ivanova, V Lavrischeva, I Fedyakina, A Prilipov, S Alhovsky, K 
Krasnoslobodtsev, R Vartanian, D Lvov 

DI Ivanovsky Institute of Virology, Ministry of Health of the Russian Federation, Moscow, Russia 

Background: The autopsy materials (bronchi, trachea, and lungs) from 127 patients who succumbed 
to lethal pneumonia caused by influenza A(H1N1)pdm09 virus during 2009-2013 were examined in 
the DI Ivanovsky Institute of Virology, Moscow. Most of the cases were registrated in the European 
part of Russia (87%): Moscow, Lipetsk, Yaroslavl, Vladimir, Novgorod Velikiy, Nizhniy Novgorod, 
Cheboksary, Orenburg, Penza, etc. The mean patient age was 42.7 years (from 4 months to 79 
years); 47% of the patients were women; 10% were pregnant. Many patients (34.4%) had chronic 
diseases, mainly metabolic (11.5%), cardiac (8.2%), and renal (9.4%). The mean duration of the 
illness was 10.2 days (from 2 to 26 days). No one among these patients was vaccinated. Materials 
and Methods: We used RT-PCR, virus isolation on MDCK and embryonated eggs (EE), 
hemagglutination inhibition, sequencing, and in-cell ELISA to study the properties of A(H1N1)pdm09 
viruses. Results: Thirty-seven strains of A(H1N1)pdm09 were isolated: 25 on EE (68%), and 12 on 
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MDCK (32%). Most isolates were characterized as A/California/7/2009-like, the virus used as the 
influenza A(H1N1)pdm09 component of the 2009-13 influenza vaccines for the Northern Hemisphere. 
One virus (2.7%) showed reduced titers with antiserum produced against the reference virus. All 
viruses tested were susceptible to the arbidol and neuraminidase inhibitors, oseltamivir and zanamivir, 
respectively, and were rimantadine resistant. We detected mutations in the HA1 receptor-binding site 
in 103 samples (37% of total; 29/42 [69%] samples collected in 2009-2010, 5/45 [11%] samples 
collected in 2010-2011, 4/16 [25%] samples collected in 2012-2013) and in 71% of 34 strains isolated 
from these materials. D222G and Q223R were the most common mutations found in 69% and 30.8% 
of the strains accordingly. Only in 11 of the 61 samples (18%) revealed coinfection of influenza 
A(H1N1)pdm09 virus and other pathogens, including BoV (1 case), adenovirus (2 cases), 
parainfluenza  (1 case), rhinoviruses (6 cases) and Streptococcus (1 case). Conclusion: Our findings 
demonstrate that future monitoring of influenza viruses from patients with lethal pneumonia will 
provide the most important trends in A(H1N1)pdm09 virus evolution and the effectiveness of 
control/treatment /prevention measures. Funding:  Our investigations were supported by the Centers 
for Disease Control and Prevention, Atlanta, Georgia, United States. CoAg: U51IPOOO527-02. 

P2-552 

Molecular transport media for inactivation of influenza virus and other 
respiratory viruses allows safe transport and molecular analysis for global 
surveillance 

LT Daum1*, YW Choi2, GW Fischer1 

1Longhorn Vaccines and Diagnostics, San Antonio, Texas, United States; 2Battelle, Columbus, Ohio, 
United States 

Background: Emergence of novel and highly pathogenic respiratory viruses requires safe and efficient 
collection and transport for effective global surveillance. Specimen collection is the first and most 
critical step in robust and sensitive detection using downstream nucleic acid testing (NAT). Sensitive 
real-time RT-PCR detection assays hinge on the quality and preservation of nucleic acids from 
collected specimens. PrimeStore MTM is a collection and storage solution that safely inactivates 
bacteria and viruses, including influenza virus, and preserves and stabilizes released RNA/DNA at 
ambient temperature or higher for prolonged periods. These studies analyzed the inactivation and 
killing of influenza A H1N1-2009 pandemic virus and the newly emerging H7N9 strain, and SARS 
coronavirus. Materials and Methods: Swabs were loaded with 0.1 mL of virus grown to 106 TCID50/mL 
or viral storage buffer (negative control), placed into PrimeStore MTM and held for 10, 30, or 60 
minutes at 25°C (ambient temperature). Samples were cultured for 96 hours and visually examined 
for CPE with total TCID50/mL determined. Results: At the earliest sampling time (10 minutes), no 
viable influenza viruses were detected. Because MTM is designed to destroy lipid membranes of cells 
and microbes, MDCK cells were destroyed until the test samples were diluted 1:1000, LOD 10-3. 
Greater than 4-log reduction, > 99.99% viral killing was demonstrated in 10 minutes at ambient 
temperature. Conclusions: Previous studies have shown that MTM rapidly kills a wide variety of 
microbes, including many respiratory pathogens such as Mycobacterium tuberculosis and MRSA. 
This report extends the respiratory virus data to include additional emerging and pandemic influenza 
A strains that continue to circulate around the world. New viral pathogens often emerge in areas 
endemic for other highly infectious agents, such as M tuberculosis. In addition, safe specimen 
transport and analysis may be a challenge. Global surveillance of emerging respiratory pathogens 
increasingly utilizes molecular diagnostics and sequencing. Safe, efficient, and cost-effective 
collection and transport of specimens for molecular analysis are important to improve identification 
and tracking of these new pathogens. PrimeStore MTM provides a collection and transport solution 
that kills pathogenic microbes while preserving high-quality RNA/DNA for downstream molecular 
testing. 
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P2-553 

Comparison of influenza diagnostic results among seven United States 
Department of Defense laboratories 

A Hawksworth*, P Kammerer, J Radin, G Brice 

Naval Health Research Center, San Diego, California, United States 

Background: Naval Health Research Center (NHRC) provided annual quality assurance (QA) panels 
for influenza testing to 6 other Department of Defense laboratories. All laboratories used the Applied 
Biosystems 7500 Fast real-time PCR platform to test for influenza using reagents provided by the 
CDC Influenza Reagent Resource (IRR). Materials and Methods: Blinded QA panels containing 8 
samples each were prepared by NHRC in 2011 and 2012. Panels were identical within each year and 
consisted of influenza A/H3, A/H1N1(09), B and negative samples. Influenza positive samples were a 
1:100 dilution of infected cell tissue culture isolates. Panels were shipped frozen on dry ice and tested 
by all laboratories in both 2011 and 2012. Results: All laboratories correctly identified 100% of the 
samples in both years. The mean and maximum crossing thresholds (CTs) for influenza positive 
samples were 24.8 and 32.2, respectively, in 2011 and 23.9 and 30.5 in 2012, well under the positive 
threshold value of 38. There was strong correlation among laboratory CT values, with all 7 having 
significant (P < .05) Pearson correlation coefficients of 0.85 or more in 2011 and 6 of 7 in 2012. 
Conclusions: The Department of Defense laboratories in this program successfully identified 100% of 
blinded samples, providing confidence in their influenza diagnostic capabilities. The reproducibility 
and high correlation of CT values among different laboratories suggest that the Applied Biosystems 
7500 Fast real-time instrument and CDC IRR primers comprise a robust and reliable diagnostic 
platform for detection of influenza. 

P2-554 

Comparison of Quidel rapid diagnostic influenza tests, 2012-13 

P Kammerer, A Hawksworth*, C Myers 

Naval Health Research Center, San Diego, California, United States 

Background: National borders do not prevent the transmission of pathogens and associated vectors 
among border populations. The Naval Health Research Center (NHRC) has collaborated with the 
Mexican Secretariat of Health, the US Department of State’s Biosecurity Engagement Program and 
the US Centers for Disease Control and Prevention in concert with local health officials to conduct 
influenza-like illness (ILI) surveillance since 2004 in the border region. Participating clinics have tested 
each ILI patient with a commercial (Quidel QuickVue Influenza A + B) rapid influenza diagnostic test 
(RIDT). This past influenza season NHRC provided three of four clinics with the Quidel Sofia 
Fluorescent Immunoassay Analyzer to replace the RIDT used in the past (clinics A, B and C). One 
clinic continued to use the Quidel QuickVue Influenza A + B test (clinic D). Materials and Methods: 
Demographics were determined for all clinics. Respiratory swabs were collected from patients with ILI 
(fever ≥ 100˚F, and sore throat or cough). A nasal swab was used to run the RIDT. Specimens were 
tested with molecular techniques, viral and bacterial culture. RIDT results were compared with PCR 
results to determine sensitivity and specificity for each RIDT. Results: At clinic D, 102 ILI patients 
were tested. Clinics A, B and C tested 372 ILI patients. Clinic D tested a somewhat older ILI 
population: 30% of their patients were aged 25 years or older, while clinics A, B and C had 8% of their 
patients in this age group (P < .0001). Overall sensitivity/specificity of the Quidel Sofia was 83% (95% 
CI: 77-88)/81% (95% CI: 75-86) and the Quidel QuickVue was 59.0% (95% CI: 46-72)/100% (95% CI: 
91-100). Influenza A sensitivity/specificity: Quidel Sofia―82% (95% CI: 73-90)/98% (95% CI: 94-99); 
Quidel QuickVue―57% (95% CI: 39-74)/100% (95% CI: 91-100). Influenza B sensitivity/specificity: 
Quidel Sofia―84% (95% CI: 75-91)/83% (95% CI: 77-88); Quidel QuickVue―62% (95% CI: 41-
80)/100% (95% CI: 91-100). Conclusions: The Quidel Sofia Fluorescent Immunoassay Analyzer had 
higher sensitivity than the Quidel QuickVue Influenza A + B test for influenza A + B, influenza A and 
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influenza B in this population. It had a decreased specificity for influenza A + B and influenza B. The 
results for the QuickVue test are very similar to what we have observed for this test over the past 9 
influenza seasons in the same population, that is, poor sensitivity and very good specificity. The large 
amount influenza B false-positive results seen with the Quidel Sofia (compared with the amount of 
influenza A false-positives on this instrument) resulted in a decreased specificity. Therefore, an 
influenza B–positive Quidel Sofia result should be evaluated with this in mind. 

P2-557 

Enhanced RNA preservation may be critical for molecular detection, tracking 
and surveillance of influenza cases 

LT Daum1*, DE Sutter2, SA Worthy1, GW Fischer1 

1Longhorn Vaccines & Diagnostics, San Antonio, Texas United States; 2Department of Pediatrics, 
San Antonio Military Medical Center, San Antonio, Texas United States; 3Battelle, Columbus, Ohio, 
United States 

Background: The threat of new and highly pathogenic respiratory pathogens emerging around the 
world requires continuous global surveillance. In the past decade there has been the rapid spread of 
SARS, pandemic H1N1-09, the continued threat of H5N1, emergence of a novel SARS-like-
coronavirus, and a new H7N9 influenza strain.  Specimen collection is the first and most critical step 
in downstream nucleic acid testing (NAT). PrimeStore Molecular Transport Medium (MTM) is a 
collection and storage solution that safely inactivates bacteria and viruses, and preserves and 
stabilizes released RNA/DNA at ambient or higher temperatures for prolonged periods. Clinical 
studies were combined with in vitro laboratory studies to analyze the relationship between influenza 
virus titers in collected specimens, RNA preservation, and testing the capability to accurately detect 
influenza. Materials and Methods: A prospective family influenza transmission study was conducted at 
Wilford Hall Medical Center (WHMC) in San Antonio, Texas, during the 2007-08 influenza season. 
Nasal wash specimens (N = 222) were obtained from pediatric patients with influenza-like-illness (ILI), 
and symptomatic and asymptomatic accompanying family members. Nasal wash aliquots were placed 
into commercial universal transport medium (UTM) and PrimeStore MTM. Specimens in UTM were 
analyzed for influenza virus using PrimeMix RT-PCR, rapid antigen test (Remel), and culture. The 
specimens in PrimeStore MTM were analyzed using PrimeMix RT-PCR. Additional laboratory studies 
evaluated influenza virus detection from various collection media and the level of RNA degradation 
over time. Influenza A virus was inoculated into PrimeStore MTM, commercial UTM, RNALater, or 
water control. Media were incubated at various temperatures and times, and analyzed by real-time 
RT-PCR. Results: In the family study, influenza was detected in 66/222 (31%) enrolled subjects. Of 
these, 11 were PCR positive from PrimeStore MTM collected specimens, but culture negative and 
PCR negative from UTM. Additionally, PrimeStore MTM specimens also detected 3 asymptomatic 
family members not detected from UTM specimens. Controlled laboratory studies demonstrated that 
influenza virus may be destroyed and RNA degraded during transport or storage and that PrimeStore 
MTM, in contrast to other transport media, enhances RNA preservation at temperatures up to 40°C. 
Conclusions: For a variety of reasons, collected specimens containing influenza virus often have low 
viral loads. To optimize detection and surveillance, preservation of specimen RNA may be essential to 
identify asymptomatic cases and individuals with low levels of influenza virus.   
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P2-558 

Assessment of needs and opportunities across the landscape of influenza 
testing 

B Leader1*, D Faulx1, N Perin1, M Lochhead2, G Domingo1

1Program for Appropriate Technology in Health (PATH), Seattle, Washington, United States; 2MBio 
Diagnostics, Inc, Boulder, Colorado, United States 

Background: Timely and accurate laboratory diagnosis of influenza infection is important in both 
patient care and surveillance. The results of influenza testing inform clinical management decisions 
and infection control efforts. In addition, data produced from influenza testing performed for both 
clinical and public health purposes are integral to influenza surveillance and pandemic response 
activates. Despite their suboptimal performance compared with reference standard methodologies, 
antigen-based rapid influenza diagnostic tests (RIDTs) remain in common use in many clinical 
settings and also as a component in some surveillance programs. Current reference testing, 
particularly reverse transcriptase (RT-PCR) or eukaryotic cell culture, offers great advantages over 
RIDTs in terms of test performance and their capacity for allowing further characterization such as 
subtyping. However, reference testing is more costly, requires a longer time to result following 
specimen collection, and must typically be performed in specialized laboratory settings by trained 
laboratorians. Finally, process and system requirements, such as specimen collection and handling, 
are considerations that directly impact performance of influenza tests regardless of the diagnostic 
device used. In the present study, we sought to evaluate the current landscape of influenza testing, 
technical requirements for influenza diagnostic tests used in different settings, and opportunities for 
improvement in testing. Material and Methods: A comprehensive landscape analysis of published 
data was conducted in conjunction with qualitative research activities. This included interviews with 
US and international subject-matter experts and test users as well as process mapping at multiple 
sites in Washington State (United States) that perform influenza testing for either clinical or 
surveillance purposes. A map of where influenza tests are used across both clinical and surveillance 
domains was developed and used in conjunction with collected data to inform inputs of target product 
profiles for influenza tests used for patient management or surveillance purposes and in clinical or 
laboratory settings. Finally, the general influenza testing process was plotted and used in an 
assessment of gaps and opportunities. Results: Test performance was considered a key 
characteristic for test users across all domains. However, in point-of-care clinical settings, additional 
requirements for test complexity, time-to-result, and cost were also critical considerations. The ability 
to batch and detect additional analytes was desirable for referral laboratory settings in both the 
clinical and surveillance domains. Low cost and minimal complexity of the tests were also important 
considerations for commercial tests used as part of surveillance programs in low-resource, 
international settings. Analysis of requirements at different stages of the testing process indicated 
system improvements including efforts to better stabilize testing components and inputs during 
transport as opportunities that could be emphasized to further improve influenza testing. particularly 
in remote, resource-poor locations. Furthermore, connectivity for data transfer following performance 
of the test was another area of improvement identified. Conclusions: A new influenza test that offers 
performance similar to RT-PCR but like RIDTs is low cost and offers convenience in terms of both 
speed and complexity would improve both clinical and public health decision-making and be attractive 
for uptake and adoption by users across multiple domains of influenza testing. However, 
advancements that improve the stability of test reagents and sample inputs are important 
considerations that still must be addressed to improve the quality and robustness of influenza testing, 
particularly in low-resource settings where infrastructure challenges exist. Finally, a growing area of 
emphasis for improvement in new devices is connectivity. Real-time data access to influenza results 
is already a desirable attribute for global surveillance applications, due to its ability to reduce 
response times. In clinical domains within the US health care system, connectivity is not currently a 
key consideration, but it could become an area of future importance as test devices become more 
integrated into information management systems to improve efficiency. 
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P2-559 

Influenza viral shedding in HIV-infected and HIV-uninfected individuals, South 
Africa, 2012 

O Hellferscee1*, C von Mollendorf1, F Treurnicht1, M Pretorius1, E Variava2, H Dawood3, S Walaza1, S 
Tempia1,4, A Cohen4, C Cohen1,5, M Venter1,5

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases, 
Johannesburg, South Africa; 2Klerksdorp Hospital, Klerksdorp, South Africa; 3Grey’s Hospital, 
Pietermaritzburg, South Africa; 4Centers for Disease Control and Prevention, Atlanta, United States 
and Pretoria, South Africa; 5University of Pretoria, Pretoria, South Africa 

Background: Influenza virus is often shed in respiratory secretions for 5-7 days after symptom onset in 
otherwise healthy individuals. HIV-infected individuals infected with influenza may be more likely to 
transmit the virus due to shedding of a higher load or for a longer time. In South Africa > 10% of the 
adult population is infected with HIV. To assess the potential for influenza viruses to be shed for a 
prolonged period in HIV-positive patients in South Africa, we conducted a pilot study in HIV-infected 
and -uninfected individuals with influenza, comparing the viral load and duration of influenza viral 
shedding. Materials and Methods: Children and adults of all ages with severe acute respiratory illness 
(SARI) or influenza-like illness (ILI) who presented with symptoms for ≤ 3 days at two surveillance 
clinics in Klerksdorp, Northwest Province, and Pietermaritzburg, KwaZulu-Natal Province, South 
Africa, were enrolled. Individuals ≥ 5 years of age had a nasopharyngeal swab and throat swab taken 
for influenza diagnosis. Paediatric patients < 5 years of age had a nasopharyngeal aspirate 
performed. Patients were screened for influenza using a rapid Directigen EZ Flu A+B (Becton-
Dickinson) test, and patients testing influenza positive were enrolled in the study. Patients were asked 
to return on days 2, 4, 6, 8, 10, 12, 14, 21, and 28 for repeat specimen collection until two consecutive 
negative influenza tests results were obtained. All samples were confirmed and typed at the National 
Institute for Communicable Diseases (NICD). Influenza viral load was measured using real-time 
reverse transcription polymerase chain reaction (rRT-PCR) assays. Viral load was estimated by Ct 
values relative to a standard curve. Patients enrolled in the study were offered a rapid HIV test if HIV 
status was unknown. Date of onset of influenza symptoms was determined on history. Results: 
Eleven persons met the enrollment criteria and tested positive for influenza on the rapid influenza test 
between May and October 2012. The median age was 13 years (range 3-38 years). Eight (73%) were 
male. All patients had ILI, and one was later hospitalized with SARI. HIV infection status was known 
for all patients; two (18%) of the 11 individuals were HIV infected. No other underlying medical 
conditions were reported. Three (27%) of the 11 individuals were infected with influenza A(H3N2) and 
the remaining eight were infected with influenza B/Victoria-lineage. Influenza was detected for a 
median of 9 days (range 2-14 days) from onset of symptoms for HIV-infected and -uninfected 
patients. As the number of days of influenza viral shedding increased, the influenza viral load 
decreased. The mean influenza Ct value and viral load on day 0 were 25.5 and 85,375,705 
copies/mL, respectively; day 2, 28.3 and 6,583,750; day 4, 31.0 and 3,306,881; day 6, 35.1 and 
127,895; day 8, 35.0 and 38,833; day 10, 34.7 and 42,850; day 12, 36.4 and 27,060; and day 14, 38.5 
and 1811. No significant differences in terms of duration or intensity of influenza shedding were 
observed between HIV-infected and -uninfected individuals. Conclusions: Influenza virus is shed in 
highest quantities in the first two days of illness, declines gradually over the first week, and can be 
found for up to 14 days after symptom onset. The lack of association with HIV infection could be 
attributed to the small number of individuals enrolled in the study. This study will be continued in the 
current influenza season and more individuals enrolled in both groups. 
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Understanding the process of influenza testing in clinical management of 
influenza patients in urgent and outpatient care clinics 

D Faulx1*, N Perin1, B Leader1, M Lochhead2, G Domingo1

1Program for Appropriate Technology in Health (PATH), Seattle, Washington, United States; 2 MBio 
Diagnostics, Inc, Boulder, Colorado, United States 

Background: The development of diagnostic tests often occurs in a silo, separate from the end-use 
scenario for which the tests themselves are intended. Although this can lead to appropriate and 
successful tests, many tests fail to meet specific attributes required for uptake by their targeted end-
user groups. It is important to understand the environment the tests will eventually be used in to 
ensure that products are viable in those settings. In the United States, specific recommendations for 
the use of influenza tests are provided by the manufacturer, through health care organizations, and 
through agencies including the CDC and the FDA. However, it is through the firsthand experiences of 
end-users that an accurate picture can be developed of how recommendations are translated into 
real-world practices and policies of test use in clinical management. In this study, we sought to 
explore how influenza testing is used in different clinical settings and what factors influence end-
users’ choice of which test to use, when, and by whom. This information can be used to aid in the 
development of future tests that better encompass features that will allow for successful adoption and 
sustained use. Materials and Methods: We performed a series of site visits and interviews with 
providers, lab managers, and test users at primary and urgent care centers in western Washington. 
Data from these visits and interviews were used to develop process maps to visualize the processes, 
subprocesses, and decision-making points. We classified common clinic flows in primary care and 
urgent outpatient settings to identify the most important decisions that clinicians make when 
diagnosing and treating influenza patients. We then incorporated this information with feedback from 
the interviews to understand the most important trade-offs in product requirements for an influenza 
diagnostic test. Results: Although the overall activities and flow of urgent and primary care clinics are 
analogous, the realities of their patient population and the intended use of the clinic create differences 
in diagnostic needs. Urgent care settings are characterized by a high throughput of patients 
particularly during the influenza season, which requires an efficient clinic flow with minimal waste. 
Similarly, primary care settings have high numbers of patients during the influenza season; however, 
providers have an existing relationship with these patients, and this changes the dynamics 
considerably. Familiarity with patients and their families also has implications on care decisions 
including the use of diagnostic testing. Participants were asked to rank the most important attributes 
of a future influenza test. Accuracy was highly ranked although not the most important feature. A CLIA 
waiver was deemed critical to perform influenza testing on site. Insurance reimbursement rates for 
influenza tests were a major factor that influenced the selection of a particular test as costs must be 
kept low, particularly in clinics where patients are more likely to be uninsured. Finally, the algorithms 
that providers use when making decisions on testing and treating patients with influenza-like illness 
were explored. The decision to test is primarily influenced by the social setting in which the patient 
lives. Treatment for influenza was discussed during all interviews as one of the bottlenecks in care. In 
this context, the lack of treatment options became a major contributor in the decision to test. 
Conclusions: By identifying and qualifying the current realities of primary and urgent clinic flow during 
clinical management of influenza, we were able to better understand what tests fit best into different 
settings. While accuracy remains an important requirement for an influenza test, cost is an equal, if 
not more important, determinant of uptake and widespread use. As discussed, the most important 
decisions when a patient presents with influenza-like illness are the decision to test and decision to 
treat. These two decisions are not mutually exclusive and often occur simultaneously during patient 
management. By identifying the factors influencing the use of influenza testing in clinical care, the 
needs of the end-user will be better understood and can be incorporated into product development. 
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Preliminary assessment of the performance of the Sofia Analyzer in an 
outpatient clinic 

N Leung1*, K Chan2, W Seto3, H Yen1,4, D Ip1, M Peiris1,4, B Cowling1 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Department of Microbiology, Li Ka Shing Faculty of Medicine, 
The University of Hong Kong, Hong Kong Special Administrative Region, China; 3Department of 
Pathology, Hong Kong Baptist Hospital, Kowloon Tong, Hong Kong; 4Centre for Influenza Research, 
Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong Special Administrative 
Region, China 

Background: Rapid diagnostic tests are frequently used to allow a quick laboratory diagnosis of 
influenza virus infections, informing clinical management and infection control measures. The 
objective of our study was to make a preliminary assessment of the diagnostic accuracy of the Sofia 
Influenza A+B Fluorescent Immunoassay Analyzer (Quidel, San Diego, CA) with RT-PCR in an 
outpatient clinic. Materials and Methods: We recruited patients between January and April 2013 in a 
large outpatient clinic in Hong Kong, as part of a larger study investigating influenza virus 
concentrations in exhaled breath. Subjects were eligible to participate if they were aged 11 y or older 
with acute respiratory illness onset within 72 hours. Acute respiratory illness was defined as having at 
least two of the following signs or symptoms: fever ≥ 37.8°C, cough, sore throat, runny nose, 
headache, myalgia and phlegm. A nose swab was collected from each participant for testing by the 
Sofia Analyzer according to the manufacturer’s instructions, and a separate nose swab was collected, 
transported at 4°C and stored at -70°C for subsequent testing by quantitative RT-PCR for influenza A 
and B (matrix gene). We assessed the sensitivity and specificity of the Sofia Analyzer compared with 
RT-PCR as the gold standard, and used bootstrapping with 1000 resamples to estimate 95% 
confidence intervals. Results: We recruited 78 subjects with median age 35 y (range 12-84) and 29% 
were male. Thirty-four (44%) had illness onset within 36 h. A total of 12 subjects were positive for 
influenza A and 3 for influenza B by the rapid test. For influenza A, 8/12 rapid test positives were 
confirmed by RT-PCR, while 0/3 rapid test positives were confirmed by RT-PCR for influenza B. We 
estimated the sensitivity of the Sofia Analyzer for influenza A to be 80% (95% CI: 50%, 100%). We 
could not estimate sensitivity for influenza B. We estimated the specificity of the Sofia Analyzer to be 
90% (95% CI: 82%, 96%). Among 10 subjects positive for influenza A by RT-PCR, the geometric 
mean viral load was 5.5 log10 copies/mL for the subjects negative by rapid test compared with 7.0 
log10 copies/mL for the subjects positive by rapid test (P = .46). Conclusions: The diagnostic accuracy 
of the Sofia Analyzer measured in our study was within the manufacturer’s product insert (sensitivity 
89%-90; specificity: 95%-96%). Larger studies are needed to confirm whether the Sofia Analyzer has 
improved diagnostic accuracy compared with other point-of-care rapid tests in community settings. 
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Clinical performance of the Sofia Influenza A+B FIA to detect influenza A virus 
in adults 

JY Noh1,2, WS Choi2,3, J Lee4, JY Song2,5, HL Kim6, HJ Cheong2,5, WJ Kim2,5,6*

1Department of Microbiology, Korea University College of Medicine, Seoul, South Korea; 2Asia Pacific 
Influenza Institute, Korea University College of Medicine, Seoul, South Korea; 3Division of Infectious 
Diseases, Department of Internal Medicine, Korea University Ansan Hospital, Korea University 
College of Medicine, Ansan, Gyeonggi province, South Korea; 4Division of Infectious Diseases, 
Department of Internal Medicine, Kangnam Sacred Heart Hospital, Hallym University School of 
Medicine, Seoul, South Korea; 5Division of Infectious Diseases, Department of Internal Medicine, 
Korea University Guro Hospital, Korea University College of Medicine, Seoul, South Korea; 
6Transgovernmental Enterprise for Pandemic Influenza in Korea, Seoul, South Korea 

Background: The rapid influenza diagnostic test (RIDT) has been used widely for early diagnosis of 
influenza. However, unsatisfactory sensitivity of conventional RIDT is one of the clinical issues. The 
objective of this study was to evaluate the performance of Sofia Influenza A+B FIA in adult patients 
with influenza-like illness (ILI). Materials and Methods: From 23 Dec 2012 to 11 Apr 2013, 
nasopharyngeal swab specimens were obtained from 394 adult patients with ILI in three teaching 
hospitals in South Korea. The performance of the Sofia Influenza A+B FIA was compared with that of 
the SD Bioline Influenza Ag A/B/A(H1N1/2009). A specimen was regarded as true positive when the 
real-time RT-PCR test was positive. Results: Median age of the patients was 40 years (IQR 30-59) 
and median time to sample collection from symptom onset was 1 day (IQR 0-2). Among 394 
specimens, 196 (49.7%) samples were influenza A virus and 149 (37.8%) were H3N2 influenza virus. 
The Sofia Influenza A+B FIA showed 74.0% sensitivity, 95.4% specificity, 94.2% positive predictive 
value, and 78.5% negative predictive value for influenza A virus. The Sofia Influenza A+B FIA yielded 
higher sensitivity than the SD Bioline Influenza Ag A/B/A(H1N1/2009) for both influenza A virus 
(74.0% vs 54.1%, P < .01) and H3N2 influenza virus (73.8% vs 57.1%, P < .01). The Sofia Influenza 
A+B FIA showed higher sensitivity in patients who visited the hospital within two days from symptom 
onset than in patients who visited the hospital after two days from symptom onset (for influenza A, 
77.4% vs 56.3%, P = .01). Test sensitivity was decreased in patients over age 50 years than in 
younger patients; however, this was not significant. Conclusions: The Sofia Influenza A+B FIA 
showed a relatively high sensitivity to detect influenza A virus. It would be useful for rapid diagnosis of 
influenza, especially in patients who visit the hospital within two days from symptom onset.  
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Association of cycle threshold values with disease severity in HIV-infected and 
HIV-uninfected patients with influenza-associated respiratory illness, South 
Africa 

O Hellferscee1*, M Pretorius1, C Cohen1, S Walaza1, J Moyes1, E Variava2, H Dawood3, K Kahn4, S 
Madhi1,5,6, M Venter1,7 

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases, 
Johannesburg, South Africa; 2Klerksdorp Hospital, Klerksdorp, South Africa; 3Pietermaritzburg 
Metropolitan Hospital/NHLS Complex, Edendale, KwaZulu Natal, South Africa; 4School of Public 
Health, Wits, South Africa; 5Medical Research Council, Respiratory and Meningeal Pathogens 
Research Unit, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, 
South Africa; 6Department of Science and Technology/National Research Foundation: Vaccine 
Preventable Diseases, University of the Witwatersrand, Johannesburg, South Africa; 
7Department of Medical Virology, University of Pretoria, Pretoria, South Africa 

Background: It is possible to obtain semiquantitative data on the amount of nucleic acid present in a 
clinical sample based on the cycle threshold (Ct) value as measured by real-time polymerase chain 
reaction (RT-PCR) amplification curves. If the Ct value is associated with disease severity, this would 
be valuable in a diagnostic setting because the Ct value is the output of all diagnostic RT-PCR 
assays, regardless of whether a standard curve was used. Our aim was to determine if there is an 
association of Ct values with disease severity of influenza viruses in different age groups and in 
specimens from HIV-infected and HIV-uninfected patients collected as part of a severe acute 
respiratory infection (SARI) surveillance programme in South Africa. Materials and Methods: 
Surveillance for patients hospitalized with SARI is conducted at 6 hospitals in 4 provinces in South 
Africa. At 3 hospitals in 2 of those provinces, surveillance of patients with outpatient influenza-like 
illness (ILI) and enrollment of patients without fever or respiratory symptoms (controls) are conducted. 
Patients meeting the case definition for SRI, ILI and controls were systematically enrolled.. 
Nasopharyngeal aspirates were collected from children < 5 years of age, and nasopharyngeal 
and oropharyngeal swabs were collected from individuals ≥ 5 years of age. All respiratory 
samples were tested by multiplex RT-PCR for 10 respiratory viruses: influenza A and B, 
respiratory syncytial virus, adenovirus, enterovirus, human metapneumovirus, rhinovirus and 
parainfluenza virus 1-3. Children and adults of all ages with laboratory-confirmed influenza (Ct value 
≤ 40) and a valid Rnase P (human housekeeping gene) amplification were included in the analysis to 
look at pathogen-specific Ct values.  A logistic regression model was used to model the association 
between influenza Ct values and disease severity. Because age is the most important potential 
confounder, separate analyses were done for children < 5 years of age and older children and adults 
≥ 5 years of age. HIV status, age, symptom duration, and presence of underlying medical condition 
were explored as potential factors associated with Ct values. Results: From 2009 to 2013, 21,745 
patients were enrolled, of which 1379/21,745 (6%) had ILI, 18,621/21,745 (86%) had SARI, and 
1073/21,745 (5%) died. Of these patients, 1599/21,745 (7%) had influenza Ct values available for 
analysis. Of those, 292/1599 (18%) had influenza Ct values < 25. For ILI cases, the median influenza 
Ct value was 30.5 (range 20.2-39.3), for SARI cases 31.0 (range 17.7-41.0), and for deaths 35.7 
(20.0-41.4). On multivariable analysis controlling for ILI and SARI case status, influenza Ct values ≥ 
25 were associated with older age individuals (odds ratio [OR] 0.3, 95% confidence interval [CI] 0.19-
0.43 for 5-64 year olds and OR 0.4, 95% CI 0.20-0.83, for those 65 years old and older, compared 
with children < 5 years of age]and HIV infection (OR 0.5, 95% CI 0.31-0.76) for HIV-infected 
individuals compared with HIV-uninfected individuals). Conversely, influenza Ct values < 25 were 
associated with death compared with ILI cases (OR 3.0, 95% CI 1.02-8.79). Conclusions: Higher 
influenza Ct values were found in patients who died and in younger children. HIV-infected patients 
had lower Ct values, compared with HIV-uninfected patients, which may suggest lower shedding or 
that HIV patients may present later. 
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Evaluation of a new lateral flow immunoassay for rapid and differential 
detection of RSV, influenza type A and type B viruses 

K Mitamura1*, M Saikusa2, C Kawakami2, H Shimizu3, N Harada1, N Ikeda1, M Yamazaki4, M 
Ichikawa5, T Abe6 

1Eiju General Hospital, Taito-ku, Tokyo, Japan; 2Yokohama City Institute of Health, Yokohama, 
Kanagawa, Japan; 3Kawasaki City Institute for Public Health, Kawasaki, Kanagawa, Japan; 4Zama 
Children's Clinic, Zama, Kanagawa, Japan; 5Ichikawa Children's Clinic, Isehara, Kanagawa, Japan; 
6Abe Children's Clinic, Yokohama, Kanagawa, Japan 

Background: Respiratory syncytial virus(RSV) is the one of the most important respiratory viruses 
such as influenza viruses, especially for children and for high-risk patients. Early diagnosis of 
influenza and RSV infections may help to select appropriate treatment for patients with respiratory 
tract infection and may also be helpful for infection control. In this study, we have evaluated 
QuickNaviTM FLU+RSV (DENKA-SEIKEN Co., Ltd. Tokyo, Japan), a new multiline lateral flow 
immunochromatographic assay for rapid and differential detection of antigens of influenza A(FluA), 
B(FluB), and RSV. Materials and Methods: Vaccine strains and clinical isolates were used for 
evaluation of detection limits of QuickNaviTM FLU+RSV. Nasopharyngeal aspirate specimens were 
collected from children and adults with respiratory tract infection for clinical evaluation. The 
performances of QuickNaviTM FLU+RSV were compared with viral isolation in cell culture for influenza 
and RT-PCR for RSV and also compared with other rapid antigen tests (QuickNaviTM FLU and 
CHECK RSV). The sensitivity and specificity of the test were determined by using viral isolations and 
RT-PCR as a reference standard. Results: Detection limits of QuickNaviTM FLU+RSV were 2.5 × 102 
to 5.0 × 104 pfu/mL for Flu A and B viruses, and 2.5 ×103 to 2.0 × 105 TCID50/mL for RSV. The 
sensitivity and specificity of QuickNaviTM FLU+RSV using nasopharyngeal aspirate specimens were 
95.4% and 99.4% for flu A, 89.4% and 100% for flu B, and 79.8% and 98.3% for RSV respectively. 
Conclusions: Our findings suggest that QuickNaviTM FLU+RSV have high sensitivity and specificity, 
and may be useful for early diagnosis of influenza and RSV infections in the clinical setting throughout 
the year. 

P2-565 

Use of influenza duplex PCR to improve response to influenza pandemic and 
epidemic surge in a hospital virology department 

JS Casalegno1,2, M Bouscambert1,2*, M Valette1, G Billaud1, F Emilie1,2, I Schuffnecker1, V Escuret 1,2, 
Y Mekki1, F Morfin1,2, B Lina1,2  

1Hospices Civils de Lyon, Centre National de Référence Virus Influenza France Sud, Laboratoire de 
Virologie Est, Bron, France; 2Université de Lyon, Université Lyon 1, Faculté de Médecine Lyon Est, 
Lyon, France  

Background: During the 2012-2013 influenza season, the Lyon hospital virology department received 
an average of 6000 respiratory samples a year, ie, as many as during the 2009 pandemic. Since 
2009, we moved from in-house real-time PCR assays (1 for FluA, 1 for FluB, 1 for RSV, 1 for 
rhinovirus [Rh]) to the Argene-bioMérieux Respiratory MWS r-gene system duplex real-time PCR 
(FluA/FluB; RSV/metapneumovirus; adenovirus/bocavirus; parainfluenza/coronavirus, Rh/cell control 
performed in 96 well plates). This study aimed to demonstrate the improvement in our lab workflow 
after introduction of this system by comparing two representative weeks of 2009 and 2013. Methods: 
We compared two sets of data collected during two representative weeks of 2009 and 2013 seasons, 
which represented a similar number of respiratory samples. For these two periods, we retrieved the 
number of PCR and batches done, and calculated the percentage of empty wells. The turnaround 
time (TAT) for influenza and the others respiratory viruses was defined as the time spent between 
registration and result transfer to electronic medical record. Results: From the 16th of November to 
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the 22nd of November 2009 (week 47), we received 414 respiratory samples, compared with 429 
samples from the 18th of February to the 24th of February 2013 (week 8). In week 47 of 2009, we 
performed 717 PCR tests on 10 plates (38.8% of empty wells per plate), and searched for 717 
respiratory viruses (2.8 viruses sought per sample). In comparison during week 8 of 2013, we 
performed 814 PCR tests (12.3% more than week 8/2009) on 10 plates (16.0% of empty wells per 
plate) and searched for 1570 viruses (45.7% more than week 8/2009). The TAT (time between arrival 
of the sample and release of the results) for influenza was consistent with the lab objectives (an 
average of 11 hours in 2009 and 17 hours in 2013) and was shortened for RSV (an average of 37 
hours in 2009 versus 17 hours in 2013). Conclusions: Implementation of the respiratory multi-well 
system r-gene Argene-bioMérieux in our laboratory gave us the opportunity to (i) provide a more 
complete panel of respiratory viruses, while reducing the number of PCR runs, and (ii) reduce the TAT 
for others respiratory viruses. Quick expansion of the surge capacity is an important issue for 
laboratories involved in influenza diagnosis, to be able to cope with increased demand and early 
response for disease management. 

P2-566 

Implementation of an external quality assessment for the evaluation of the real 
time rt-pcr influenza diagnosis performance in the Argentinean surveillance 
network 

A Czech, M Avaro, E Benedetti, M Russo, A Pontoriero, A Campos, E Baumeister* 

National Influenza Centre PAHO/WHO, Laboratorio de Referencia Nacional, Servicio Virosis 
Respiratorias, Departamento Virología, Instituto Nacional de Enfermedades Infecciosas, ANLIS 
Malbrán, Buenos Aires, Argentina 

Background: Argentinean influenza (FLU) surveillance pursues the reduction of the disease burden 
associated with FLU by collecting and exchanging timely information on FLU activity. It provides 
relevant information about FLU to health professionals and the general public, and contributes to the 
revision of the FLU vaccine formulation. FLU surveillance in Argentina is based on a laboratory 
network, a sentinel units system and clinical surveillance. The success of the laboratory networks can 
be measured through the implementation of standardized procedures and assays, and specific 
training programs as well as a reliable technical proficiency test. A surveillance network with strong 
detection capability is required for the early detection of new viral variants that could emerge as the 
next epidemic and/or pandemic strain. PCR, as a diagnostic tool, requires a high degree of 
technological expertise including operational skills and procedures, and appropriate facilities in 
addition to good quality reagents. Therefore, quality assessment is required to evaluate network 
performance. In 2010 the National Influenza Centre (NIC) organized the first external quality 
assessment (EQA) to evaluate the performance of the real-time RT-PCR (rtRT-PCR) technique 
implemented. In the National Influenza Laboratories Network during the 2009 pandemic (9 labs) and 
during 2010 and 2011, a total of 35 labs were incorporated into the new platform. We designed and 
distributed proficiency panels containing influenza  A virus subtypes H1N1pmd09 and H3N2 and 
influenza B virus to evaluate their performance to carry out the detection of influenza A and B viruses 
by rtRT-PCR. Materials and Methods: The designed panel included the first isolate of the influenza 
A(H1N1)pdm09 in Argentina, (A/Argentina/17/2009) full genome sequenced, and two reference 
viruses, A/NewYork/55/2004 (H3N2) and B/Brisbane/60/08 (Victoria lineage). The viruses were 
propagated in MDCK cells. Virus titers were tested using hemagglutinin assay with guinea pig red 
blood cells. The RNA copy number was measured by rtRT-PCR using a quantified commercial 
positive control. The 2012 panel consisted of 6 samples (S) containing 560 µL of AVL buffer (QIAamp 
Viral RNA Mini kit, QIAGEN) and 140 µL of the following viruses: S1: A/Argentina/17/2009 
(H1N1)pdm09 1.7 x 104 copies/µL (cp/µL); S2: A/NewYork/55/2004(H3N2) 2.3 x 103 cp/µL; S3: 
B/Brisbane/60/08; S4: negative; S5: A/Argentina/17/2009 (H1N1)pdm09 256 cp/µL. S6: 
A/NewYork/55/2004(H3N2) 2.2 x 104 cp/µL.  The panel was distributed to 35 lab members of the 
National Laboratory Network. Results: 24 of 35 labs that received the panel performed the EQA and 
returned the results to the NIC. For S1, 100% of the labs identified this sample correctly; for S2, 
95.8% (23 labs); S3, 94.7% (18 labs); S4, 100%; S5, 83.3%  (20 labs); and S6, 95.8% (23 labs). All 
the participants were able to correctly detect the M gene of the influenza A viruses, 100% in medium 
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viral loads to H1H1pdm and 95.8% for influenza A(H3N2). The negative sample was correctly 
identified by 100% of the labs. Conclusions: In 2010, after the 2009 pandemic, as a result of three 
training courses given by the NIC with the aim to transfer the rtRT-PCR methodology for influenza 
detection, 9 lab members of the National Laboratory Network had implemented this technique and 
participated in the first EQA. Two years later, 24 of 35 participated in this proficiency test and almost 
all of them were able to correctly detect the positive samples A(H3N2) and A(H1N1)pdm09 with 
medium viral load and the negative sample; 20 of 24 correctly detected the A(H1N1)pdm09 with low 
viral load. The effort to expand the molecular diagnosis of influenza during and post pandemic helped 
to incorporate molecular platforms for influenza detection in provincial labs and provided the 
foundation for further expansion of this new technology into their diagnostic repertoire. These benefits 
clearly extend beyond influenza testing and have strengthened laboratory networks in Argentina. One 
of the missions of our NIC is transferring new technologies to the national network to improve 
diagnostic capability and to evaluate their performance in order to be prepared for an effective 
response to public health emergencies. 

P2-567 

Towards the development of alternative methods for determining antibody to 
influenza 

K Hoschler1*, RP Parry1, S Brailsford2, R Eglin2, D Major3, C Powers4, D Samuel1, G Smith5, RS 
Tedder1,2, K Tettmar2, L Williamson6, M Zambon1 

1Virus Reference Department, HPA Centre for Infections, London, United Kingdom; 2Transfusion 
Microbiology, NHS Blood and Transplant, Colindale, London, United Kingdom; 3HPA National Institute 
for Biological Standards and Controls, South Mimms, Hertfordshire, United Kingdom; 4HIV and STI 
Department, HPA Centre for Infections, London, United Kingdom; 5HPA Local and Regional Services, 
London, United Kingdom; 6NHS Blood and Transplant, Cambridge, United Kingdom 

Background: Diagnosis of influenza infection is usually based on detection of virus in respiratory 
secretions during the acute phase (days 1-7 post onset) of illness using molecular, biochemical or 
culture methods. Acute viral infection is followed by the development of strain-specific antibodies from 
about 10 to 14 days post illness onset, and detection of such (mainly anti-HA) antibody in 
convalescent serum has been the basis of traditional serologic methods for identifying influenza 
infections. Serology detects symptomatic and asymptomatic infections and can thus aid estimates of 
disease burden and severity in epidemics and pandemics. However, in the 2009 pandemic, very few 
serologic studies were undertaken globally. One of the main obstacles for serologic investigations is 
the requirement for venous blood; collection of this specimen type requires a network of trained staff 
while members of the public are typically reluctant to give blood samples. Therefore, the majority of 
samples used for influenza seroepidemiology have been opportune sera collected for other 
investigations. Samples collected through less invasive methods (oral fluids or dried blood spots) for 
use in antibody detection have enormous value in public health programmes for infectious disease 
control, as they are inexpensive, user friendly, and allow self-sampling in population studies. They 
could also be useful for influenza serology. Here we report the use of an ELISA format to detect anti 
A(H1N1)pdm09 antibodies in serum, plasma and oral fluids. Materials and Methods: We designed IgG 
antibody capture ELISAs utilising recombinant haemagglutinin proteins derived from influenza 
A(H1N1)pdm09 (HA1 and HA0 GACELISAs). The test format was validated using sera from 
individuals after laboratory-confirmed natural infection (collected 1-13 months post diagnosis) and pre-
/postimmunisation sera by comparison with traditional neutralisation (MN) and haemagglutination 
(HAI) tests. Furthermore, the ELISAs were used to analyse sera and plasmas collected in October 
and December 2009 from blood donors (age 17-71 years) and oral fluids collected using Oracol 
collection kits and extracted as described in Brown et al (1994). Two hundred and seventeen 
anonymous residual oral fluids (collected January-December 2007 from three age groups: < 5 years, 
10-19 years and ≥ 50 years) and 152 oral fluids from 125 individuals receiving monovalent 
A(H1N1)pdm09 vaccine (GlaxoSmithKline, Pandemrix) November 2009-February 2010 in the UK 
were analysed. The later panel included paired pre- and postimmunisation samples from 25 
individuals for whom we had received both oral fluids and sera. Results: The analysis of 54 sera from 
individuals with laboratory-confirmed A(H1N1)pdm09 infection shows good agreement of T:N ratios 
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09HA1 ELISA and 09HA0 ELISA and results by HAI, MN. The relationship between time since 
diagnosis and antibody titres or T:N ratios indicates that antibody detectable by the 09HA1 
GACELISA is short-lived, whereas that detected by the other three assays persists beyond 12 months 
after infection. Comparing HAI titres and T:N ratios for 389 samples indicated 55% vs 77% sensitivity 
as well as 97% vs 77% specificity for the 09HA1 ELISA and 09HA0 ELISA, respectively. Comparing 
correlation of HAI result for serum with ELISA result for the paired oral fluids from the same individual, 
we found correlation between the two sample types with an R2 of 0.6537 and 0.6236 for the 09HA1 
and 09HA0 assays, respectively. Conclusions: Use of the assay on sera and plasma indicated that 
there was potential for using the GACELISA to carry out seroepidemiologic studies. Although the 
ELISA formats described here would benefit from improvements in sensitivity and specificity through 
further development, we also demonstrated that if the GACELISAs were employed, very similar 
results would be obtained using oral fluid or serum/plasma. This is particularly useful in children and in 
settings where blood collections by venipuncture are impractical or difficult. 

P2-568 

Subtyping and H275Y oseltamivir-resistant H1N1pdm09 influenza virus 
detection by xTAG fluorescent beads technology 

K Krasnoslobodtsev*, S Alkhovsky, E Burtseva, M Shchelkanov, E Silujanova, N Breslav, E Kirillova, 
D Lvov 

DI Ivanovsky Institute of Virology, Moscow, Russia

Background: The spread of oseltamivir-resistant H1N1pdm2009 strains is still low, but their 
appearance requires monitoring. Multiplex testing for subtyping of human influenza virus A and 
simultaneous detection of a genetic marker of oseltamivir-resistant virus were developed using xTAG 
fluorescent beads technology. Materials and Methods: Six PCR primer pairs for detection of H1, 
H1pdm09, H3, N1, N1pdm09, N2 genes, one universal primer pair for detection of the M gene and 
two allele-specific primer pairs for detection of the H275Y (H1N1pdm09) mutation were used in a one-
tube PCR reaction. PCR products were hybridized to appropriate xTAG beads and analyzed on a 
Luminex200 instrument. The test developed was used to subtype 20 influenza virus strains isolated in 
MDCK cell lines in 2012-2013 and to test autopsy lung specimens taken from 24 patients who died of 
viral pneumonia caused by H1N1pdm09 virus. Twelve lung samples were sequenced by next-
generation sequencing technology (Illumina platform). Results: Eighteen H1N1pdm09 and two H3N2 
isolates were detected. One H1N1pdm09 isolate with an H275Y mutation, conferring oseltamivir 
resistance, was found. It was confirmed by sequencing of the NA gene and neuraminidase inhibition 
(NI) assay. Only 16 lung specimens were successfully subtyped by the test developed despite the fact 
that all samples were positive for H1N1pdm09 in a real-time RT-PCR (rtRT-PCR) test. Only high-titer 
(Ct < 30 in rtRT-PCR) samples were subtyped. Therefore sensitivity the test developed is lower than 
rtRT-PCR. No cases of H275Y mutation were found among 16 positive specimens, which was 
confirmed by sequencing. Mutations D222G, D222E or D222G/N in the HA gene of the H1N1pdm09 
genome were found in four samples. Thus, the H1N1pdm09 influenza mortality was not related to the 
oseltamivir-resistant strains. Conclusion: The test developed using xTAG fluorescent beads 
technology can be used for rapid influenza virus subtyping and H1N1pdm09 oseltamivir-resistant 
mutation detection in clinical samples including autopsy specimens.The work was supported by the 
Centers for Disease Control and Prevention, Atlanta, Georgia, United States. CoAg: U51IPOOO527-
02. 
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P2-569 

Development of monoclonal antibodies specific for H5N1 virus HA and their 
application to rapid detection of influenza A/H5N1 virus diagnostics 

H Takahashi1*, K Ohnishi2, K Nishimura3, I Takayama1, M Nakauchi1, S Nagata1, Y Tsunetsugu-
Yokota2, M Tashiro1, T Kageyama1

1Center for Influenza Virus Research, National Institute of Infectious Diseases, Musashimurayama, 
Tokyo, Japan; 2Department of Immunology, National Institute of Infectious Diseases, Shinjuku, Tokyo, 
Japan; 3Toyobo Co, Ltd, Tsuruga, Fukui, Japan 

Background: The highly pathogenic avian influenza A/H5N1 (HPAI H5N1) virus infection is sporadic 
persistent in humans and has the potential to cause a serious future pandemic. There are a number 
of commercially available rapid influenza diagnostic tests for influenza A and B virus infections. 
However, these are indistinguishable from seasonal influenza and HPAI H5N1 influenza. To develop 
a simple and rapid diagnostic system with high sensitivity and specificity for HPAI H5N1 virus 
detection by chemiluminescent immunoassay, we attempted to produce monoclonal antibodies 
(mAbs) recognizing linear epitopes specific for HPAI H5 hemagglutinin (HA). Materials and Methods: 
To obtain mAbs for specific HPAI H5 HA, mice were immunized with five synthesized peptides 
conjugated to keyhole limpet hemocyanin (KLH). These amino acid sequences of five peptides were 
highly conserved among HPAI H5HAs.The screening of mAb was conducted by ELISA using 
denatured HA antigens of A/Vietnam/1194/2004 (NIBRG-14) virus, which was lysed with 1% Triton X-
100 treatment. The lysates were diluted with ELISA-coating buffer (15 mM Na2CO3, 35 mM NaHCO3, 
pH 9.6) and coated ELISA plates. The ELISA method was followed according to the conventional 
protocol. To assess the mAb for specificity for H5HA antigen, these mAbs were tested by ELISA using 
H1 and H3 virus antigens. Because 1% Triton X-100 was insufficient to lyse H5HA antigens in the 
ELISA system, we determined the most suitable concentration of detergent to detect lysed NIBRG-14 
virus. Results: When five peptides conserving to linear epitopes of H5HA immunized to mice, nine 
mAb clones were obtained by the screening ELISA that reacted to one of the peptides. These clones 
reacted specifically with H5 virus antigen, and not with H1 and H3 virus antigens. The most 
appropriate composition of detergent with maximum denaturing of HA molecules and conserving the 
mAb binding capacity was 0.05% SDS and 0.01% Empigen. Conclusions: Nine mAb clones were 
obtained from mice immunized with peptides corresponding to linear epitopes conserved among 
H5HA molecules. These clones were specific for H5N1 virus, and the highest reactivity in ELISA was 
shown in a buffer with 0.05% SDS or 0.01% Empigen. It was presumed that in these lysis buffer 
conditions, virus antigens were lysed sufficiently without affecting the binding capacity of mAb. 
Development of a highly sensitive HPAI H5N1 virus detection system is in progress using these mAbs 
and chemiluminescent immunoassay. 
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O-888 

Quantifying the global antigenic and genetic evolution in swine influenza A 
viruses and evaluating the relative zoonotic potential to humans  

NS Lewis1*, CA Russell1, DF Burke1, IH Brown2, H Chen3, F Claes4, G Dauphin4, R Donis5, M 
Culhane6, K Hamilton7, E Mumford8, T Nguyen9, B Nuansrichy10, J Pasick11, G Pavade7, A Pereda12, 
M Peiris13, T Saito14, S Swenson15, K Van Reeth16, A Vincent17, R Webby18, F Wong19, J Ciacci-
Zanella20, for the ESNIP 3 Consortium 

1Department of Zoology, University of Cambridge, Cambridge, United Kingdom; 2Animal Health and 
Veterinary Laboratories Agency, Weybridge, United Kingdom; 3Harbin Veterinary Research Institute, 
Harbin, China; 4Food and Agriculture Organization of the United Nations, Rome, Italy; 5Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 6University of Minnesota Veterinary 
Diagnostic Laboratory, St Paul, Minnesota, United States; 7World Organization for Animal Health, 
Paris, France; 8World Health Organization, Geneva, Switzerland; 9Department of Animal Health, 
National Centre for Veterinary Diagnostics, Hanoi, Vietnam; 10National Institute of Animal Health, 
Bangkok, Thailand; 11Canadian Food Inspection Agency, Winnepeg, Canada; 12Instituto de Virologıa–
INTA, Buenos Aires, Argentina; 13Hong Kong University, Hong Kong City, Hong Kong; 14National 
Institute of Animal Health, Ibaraki, Japan; 15US Department of Agriculture—APHIS NVSL, Ames, 
Iowa, United States; 16Ghent University, Ghent, Belgium; 17Virus and Prion Research Unit, US 
Department of Agriculture—ARS NADC, Ames, Iowa, United States; 18St Jude Children’s Research 
Hospital, Memphis, Tennessee, United States; 19Australian Animal Health Laboratory, CSIRO 
Livestock Industries, Geelong, Victoria, Australia; 20EMBRAPA Swine and Poultry, Concordia, Brazil 

Background: Swine are important hosts for influenza A viruses where outbreaks of disease have a 
significant economic impact. Variants arising in pigs can be zoonotic and may cause epidemics and 
pandemics. The 2009 H1N1 pandemic in humans was caused by a virus that might have originated in 
swine. That outbreak highlighted our lack of knowledge about the circulation of influenza A viruses 
among pigs worldwide, the relative threat of these viruses to human health, and the limitation of 
vaccination as a method of disease control in pigs. The zoonotic potential of H1 and H3 viruses in 
pigs is difficult to assess, being complicated by marked heterogeneity among some of the H1 and H3 
strains currently in circulation globally. Virus control is hampered further by the lack of a formalized 
method of monitoring and selecting specific vaccine strains. Pigs are routinely vaccinated against 
influenza A virus in the US swine industry, where fully licensed commercial vaccines or autogenous 
vaccines are available. The use of autogenous vaccines continues to rise because of the diversity of 
viruses co-circulating among North American pigs and the inability of the animal biologics industry to 
change vaccines as rapidly as the viruses change. The more limited use of swine influenza vaccine in 
the European Union and elsewhere increases the possibility of substantial differences in immune 
selection pressure in an already diverse antigenic landscape. The key to assessing the zoonotic 
potential of swine influenza A viruses, which may improve our ability to develop more effective 
vaccines, is to improve our understanding of both the phenotypic and molecular characteristics of the 
virus throughout its evolution across the globe. Materials and Methods: Antigenic drift is usually 
assessed using the hemagglutination inhibition (HI) assay, but the semi-quantitative data it provides 
can be difficult to interpret.  We used antigenic cartography to quantify and map antigenic differences 
among viruses in different parts of the world. We integrated differences in  antigenic measurements 
with genetic sequence data to investigate the molecular basis for the evolution of antigens into 
endemic influenza A viruses in swine. We also followed amino acid (AA) substitutions that occurred in 
swine viruses to make them antigenically similar to the human influenza A viruses that were 
circulating during the previous season. Using experimental cross-protection data in swine, we 
identified antigenic distances associated with a reduction in vaccine efficacy. Results: The global 
evolution of antigens to swine influenza A viruses clustered around both H1 and H3 subtypes within 
subtype clades. We found substantial antigenic and genetic heterogeneity among viruses that are 
endemic in different geographic regions, with substantial differences between the H1 viruses endemic 
to swine in North America versus Europe. We found that a single AA substitution can alter the 
antigenicity of swine influenza A H3 viruses significantly and that 6 AA substitutions in HA1 may be 
responsible for antigenic differences among swine influenza A H3 viruses. We also evaluated the 
relative cross-reactivity between endemic swine influenza A viruses and selected seasonal human 
influenza A viruses to determine whether it has any implications for our understanding of the genetics 
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and antigenic characteristics of these viruses and for disease control. Conclusions: We have provided 
a basis for the quantitation and monitoring of antigenic variability among endemic swine influenza A 
viruses. Our findings could be used to determine the relative risk of swine infection to humans. Given 
that no single vaccine is sufficient to protect against all circulating swine influenza A viruses in a 
specific region, and given the increasingly global nature of livestock movement that allows for 
continued variations in antigens and the risk of re-introducing seasonal influenza A viruses from 
humans to pigs, there is still a risk for large-scale dissemination of the virus. With further study and 
refinement of the methods described in our study, we may eventually be able to follow the evolution of 
this virus globally and develop effective vaccines while minimizing the extent and severity of infection.  

O-889 

Ocular-only aerosol inoculation of ferrets with H7 and H5 influenza viruses 

JA Belser*, KM Gustin, JM Katz, TR Maines, TM Tumpey 

Immunology and Pathogenesis Branch, Influenza Division, Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States 

Background: The study of influenza A viruses has traditionally been performed by studying virus 
exposure to and infection of respiratory tract tissues. However, these studies typically overlook the 
role of ocular surfaces, which represent both a potential site of influenza virus replication and a portal 
of entry for establishment of a respiratory infection. The ability of influenza viruses to engage both 
tissue systems is best exemplified by H7 influenza viruses, which frequently cause conjunctivitis in 
infected individuals but also can cause severe and fatal respiratory disease, as evidenced in the 
recent emergence of H7N9 viruses in humans. While ocular disease has not been reported among 
H7N9 virus–infected individuals, there is a need to understand the capacity of this virus to employ 
transocular entry to cause respiratory disease in mammals as a potential route of human exposure. 
Here, we established a ferret model to study the ability of human and avian influenza viruses to cause 
disease and be transmitted to naive contact animals following ocular-only exposure to aerosolized 
virus compared with ferrets inoculated intranasally or by aerosol inhalation. This allowed us to assess 
differences in virus infectivity, disease progression, and transmissibility between respiratory and 
ocular routes of virus exposure. Materials and Methods: Influenza A viruses of the H7N3, H7N7, 
H7N9, H5N1, H1N1, and H3N2v subtypes were used in this study. To inoculate ferrets by the ocular 
aerosol route, sedated ferrets were fitted with aerosol-delivery goggles that formed a close seal 
around each eye to exclude respiratory exposure to virus. Aerosolized influenza virus was passed 
through the goggles for varying times and concentrations. Ferrets were observed for clinical signs and 
symptoms, and nasal washes were collected postinoculation to measure viral replication. 
Transmission was assessed by placing naive ferrets in direct contact with inoculated animals or in 
adjacent cages with perforated side walls to evaluate transmission by respiratory droplets. Parallel 
studies were conducted in ferrets inoculated intranasally or by aerosol inhalation. Results: All human 
and avian influenza viruses tested were capable of mounting a productive respiratory infection 
following ocular aerosol exposure. Strikingly, ferrets succumbed to fatal H5N1 infection following 
ocular-only aerosol exposure of < 10 PFU of virus or for as little as 2 minutes of virus exposure time, 
demonstrating comparable infectivity and lethality of this virus subtype to ferrets inoculated by the 
respiratory route. The pathogenesis of H7N9 viruses was assessed in the ferret following traditional 
intranasal aerosol inhalation or ocular-only aerosol exposure. H7 influenza viruses associated with 
human conjunctivitis (H7N7, H7N3) and respiratory disease caused by the novel H7N9 virus 
replicated to a high titer in the upper respiratory tract of ferrets following ocular-only aerosol exposure, 
albeit with slightly delayed kinetics compared with intranasal or aerosol inhalation inoculation. Ferrets 
inoculated by the ocular aerosol route with H7 viruses associated with human infection were capable 
of transmitting virus to naive animals in a direct contact model, but transmission efficacy was reduced 
compared with traditional intranasal inoculation. Similarly, transmission of seasonal H1N1 and H3N2v 
viruses by respiratory droplets by ferrets inoculated via the ocular route was detected, but with 
reduced frequency compared with intranasal inoculation. Conclusions: We established a novel 
inoculation method that delivers an influenza virus aerosol inoculum exclusively to the ocular surface 
of ferrets. Our results reveal that the ocular surface represents a potential entry point for human and 
avian influenza viruses to mount a productive and potentially fatal respiratory infection in ferrets, even 
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among viruses that do not typically demonstrate an ocular tropism. Divergent patterns in respiratory 
disease and virus transmissibility following ocular as compared with respiratory routes of inoculation 
highlight the modulation of virus infectivity and disease progression, depending on the route of virus 
exposure. These findings allow for a greater understanding and risk assessment of emerging 
influenza viruses, such as H7N9, that pose a threat to human health and underscore the importance 
of eye protection during occupational exposure to aerosols containing influenza viruses of all 
subtypes. 

O-890 

Characterization of the 2012 highly pathogenic avian influenza H7N3 virus 
isolated from poultry in Mexico: pathobiology and vaccine protection 

DL Suarez1*, DR Kapczynski1, M Pantin-Jackwood1, E Spackman1, SG Guzman2, Y Ricardez2, K 
Bertran1, MS Silva1, DE Swayne1

1Exotic and Emerging Avian Disease Research Unit, Southeast Poultry Research Laboratory, 
Agricultural Research Service, US Department of Agriculture, Athens, Georgia, United States; 
2Laboratory Biosafety Level 3, Mexico–United States Commission for the Prevention of Aphthous 
Fever and Other Exotic Diseases of Animals, Palo Alto, Mexico 

Background: In June 2012, a highly pathogenic H7N3 avian influenza (HPAI) virus was identified as 
the cause of a severe disease outbreak among commercial laying chicken farms in Mexico. 
Vaccination was rapidly implemented as a control measure, along with increased biosecurity and 
surveillance. However, the virus was not contained and has spread to other areas of Mexico. At the 
time of the initial outbreaks, the H7 AIV vaccine was not commercially available in North America. A 
recent H7N3 wild bird isolate from Mexico (A/cinnamon teal/Mexico/2817/2006 H7N3) was selected 
for use as the vaccine seed strain. Material and Methods: We characterized the Mexican 2012 H7N3 
HPAI virus (A/chicken/Jalisco/CPA1/2012) genetically and biologically and determined the degree of 
protection conferred against the virus by different H7 vaccines in chickens. Results: Chickens 
inoculated intranasally with the virus became infected and died 2 to 4 days after inoculation; this was 
expected with an HPAI virus infection. High virus titers and viral replication in many tissues was 
demonstrated in infected birds. The Jalisco virus had high sequence similarity (> 97%) with viruses in 
wild birds from North America in all 8 gene segments. The hemagglutinin gene of the virus contained 
a 24-nucleotide insert at the hemagglutinin cleavage site that had a 100% sequence identity with 
chicken 28s ribosomal RNA; this suggests that the insert was a result of nonhomologous 
recombination with the host genome. In protection studies using experimental oil emulsion vaccines, 
low pathogenic (LP) H7 AI viruses from the United States and a 2006 Mexican H7 LPAI virus antigen 
were injected as a challenge into chickens 3 weeks prior to testing. All H7 vaccines tested provided 
>90% protection against clinical disease after the Mexican H7N3 virus challenge and decreased the 
number of infected birds and the amount of virus shedding. In another study, laying chickens were 
vaccinated with a recombinant fowlpox virus vaccine containing a low pathogenic LPAI H7 gene insert 
(rFPV-H7-AIV), and an inactivated oil-emulsified H7N3 AIV vaccine and were subsequently 
challenged with the Jalisco H7N3 HPAIV. All vaccine combinations provided similar and significant 
protection against mortality, morbidity, and shedding of the challenge virus from the respiratory and 
gastrointestinal tracts. In a third study, the potency and efficacy of a vaccine seed (A/cinnamon 
teal/Mexico/2817/2006 H7N3) was evaluated in chickens against a challenge with Jalisco H7N3 
HPAIV. A vaccine dose of 256 and 102 hemagglutinating units (HAUs) reduced mortality and 
morbidity significantly compared with sham vaccinates, but a dose of 512 HAUs was needed to 
prevent mortality and morbidity completely. Conclusions: The Mexican H7N3 virus represents a new 
HPAI virus that probably mutated from an LPAI virus. The exact timing of movement of the LPAIV 
from wild birds to poultry cannot be determined, because a closely related LPAI virus was never 
identified. The virus was associated with rapid and severe disease in naïve chickens. Several 
vaccines were identified, including the killed oil adjuvant vaccine using the Mexican 2006 virus, which 
was used as a seed in a widespread vaccination effort in the affected Mexican states. Initially, the 
vaccine program appeared to control the outbreak. Unfortunately, the virus re-emerged in March 2013 
and continues to cause outbreaks in Mexico. 
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O-891 

The first detection and isolation of avian influenza viruses in Antarctica  

A Hurt1,2*, J Butler 1, D Vijaykrishna3, C Baas1,2, M Silva de la Fuente4, G Medina-Vogel5, B Olsen6, A 
Kelso1,I Barr1,2, D Gonzalez-Acuna4 

1World Health Organization Collaborating Centre for Reference and Research on Influenza, North 
Melbourne, Australia; 2Monash University, School of Applied Sciences, Churchill, Australia; 
3Laboratory of Virus Evolution, Duke-NUS Graduate Medical School, Singapore; 4Laboratory of 
Ecosystem Health, Universidad Andrés Bello, Santiago, Chile; 5Universidad de Concepción, Facultad 
de Ciencias Veterinarias, Chillán, Chile; 6Medical Sciences, Uppsala University, Uppsala, Sweden 

Background: Avian influenza viruses (AIVs) typically cause asymptomatic infections in wild aquatic 
birds; occasionally, highly pathogenic AIVs, such as H5N1, cause large-scale bird mortality. The 
movement of AIVs around the world occurs predominantly through migratory dabbling ducks, gulls, 
and shorebirds. As a result, distinctly different AIVs exist in birds along major migratory bird flyways, 
eg, North American and Eurasian lineage strains. Antarctica is the most southern and isolated 
continent on earth and is home to at least 45 species of birds. Some of these birds are migratory and, 
thus, may facilitate the movement of avian influenza viruses to and from the Antarctic continent. 
Previous studies of birds and penguins in Antarctica have detected antibodies against influenza, but 
none has detected any AIVs. Given the importance of understanding the ecology of avian influenza 
viruses in Antarctica, particularly with respect to the potential movement of highly pathogenic AIVs 
into this fragile environment, we collected swabs and blood from nearly 400 penguins in Antarctica to 
test for the presence of AIV or antibodies to AIV. Materials and Methods: In January and February 
2013, we sampled penguins from 2 locations in Antarctica: Admiralty Bay on King George Island 
(62°9'35"S; 58°28'17"W) and Kopaitik Island on the Antarctic Peninsula (63°19′15″S; 57°53′55″W). A 
total of 150 Adelie penguins (Pygoscelis adeliae) from King George Island (110 adults and 40 chicks) 
and 151 Adelie penguins (110 adults and 40 chicks), 74 Gentoo penguins (P papua; 10 adults and 64 
chicks) and 18 Chinstrap penguins (P antarcticus; all adults) from the Antarctic Peninsula were 
sampled. Blood was collected from each bird for serological analysis and was tested using a universal 
influenza A ELISA test and hemagglutination-inhibition assay. Combined cloacal and tracheal swabs 
were taken for virological analysis using various RT-PCR assays and Sanger sequence analyses. 
Samples with a matrix gene real-time RT-PCR assay cycle threshold (Ct) of <38 were considered 
presumptive positives. They were tested further using gene sequencing analysis and by inoculating 
embryonated hens’ eggs to confirm the presence of live/infectious influenza virus. Results: Of the 393 
combined cloacal/tracheal swabs from penguins, 14 had a matrix gene real-time RT-PCR (rRT-PCR) 
Ct value of <38. Six of these samples were subsequently confirmed as being influenza-positive 
following successful RT-PCR amplification and sequencing of the HA2 region of the hemagglutinin 
gene. BLAST analysis of these sequences revealed they were all the influenza A subtype H11. All 6 
viruses were identified in samples obtained from Adelie penguins on Kopaitik Island. Four of the 6 
samples were successfully isolated in embryonated hens eggs, with HA titers ranging from 8 to 64. 
Through subsequent full HA and neuraminidase (NA) sequence analysis of the isolates, we 
determined that the full subtype of the virus was H11N2 and that the HA and NA sequences of the 4 
viruses were virtually identical, differing by only 1 or 2 nucleotides. Phylogenetic analysis of the H11 
HA gene with sequences on public databases revealed that these viruses were distinct from other 
H11 AIVs currently circulating in the southern or north hemispheres and, instead, were most closely 
related to strains circulating in Eurasia during the 1960 and 1970s. The N2 gene was distantly related 
to all other N2 sequences on public databases, including Eurasian and North American AIV 
sequences and human H2N2 and H3N2 NA sequences. The lack of close similarity with either early 
or contemporary N2 sequences suggests that an evolutionary divergence took place prior to the 
1960s. Internal gene analysis and serological analyses will be completed shortly. Conclusions: We 
present the first description of AIVs in penguins and the first detection of AIVs in any bird in 
Antarctica. Phylogenetic analysis of the H11N2 viruses revealed that the genetic sequences were 
highly divergent from those recently isolated on any other continent, which suggests that these 
viruses may have been evolving independently in Antarctica for at least half a century. 
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O-892 

Detection of multiple genotypes of swine influenza viruses in southern China, 
2009-2012 

H Liang1*, H Zhu1,2, TTY Lam1, X Fan3, X Chen2, CL Cheung1, L Li1, M Tse1, J Zhou1,2, Y Zeng1,2, L 
Duan1,2, B Zhou2, LLM Poon1,2, M Peiris1,2, Y Guan1,2  

1Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong Kong, 
China; 2State Key Laboratory of Emerging Infectious Diseases (HKU-Shenzhen Branch), Shenzhen 
Third People's Hospital, Shenzhen, China; 3Department of Microbiology, Guangxi Medical University, 
Nanning, China 

Background: Pigs may act as “mixing vessels” to facilitate the genesis of novel variants of influenza 
viruses and as intermediate hosts for zoonotic transmission to humans. All major existing swine 
influenza virus lineages--classical swine (CS), Eurasian avian-like swine (EA), and triple-reassortant 
swine (TR)--have co-circulated in southern China during the last decade. With the introduction of the 
pandemic H1N1 2009 (pdm09) virus into pigs, frequent reassortment with enzootic swine influenza 
viruses have occurred. To investigate the impact of the pdm09 virus on swine influenza, an active 
influenza surveillance program has been conducted on slaughtered pigs at abattoirs in Hong Kong, 
Guangdong, and Guangxi provinces since 2009. Materials and Methods: Between August 2009 and 
September 2012, 387 swine influenza viruses were isolated from nasal and tracheal samples taken 
from slaughtered pigs, and the full genomes of these viruses were sequenced. Complete genome 
sequences of all swine influenza viruses available in GenBank and GISAID EpiFlu databases were 
combined with our swine influenza virus sequences and analyzed with reference avian, human, and 
equine influenza viruses. Sequence alignments were carried out using MUSCLE. Maximum likelihood 
phylogenies of each viral gene segment were inferred using RAxML with the GTR+I+Γ4 substitution 
model and Shimodaira-Hasegawa-like branch tests. Swine influenza genotypes were characterized by 
lineage of origin of each of their gene segments, based on the phylogenetic analyses. Results: Most 
of the contemporary swine influenza isolates were reassortant variants. Approximately 60% contained 
at least one gene segment from the human pdm09 lineage. The proportion of pdm09 reassortants in 
our surveillanced regions increased from 16% in 2010 to 68% in 2011 and decreased slightly to 55% 
in 2012. A total of 29 distinct “genotypes” were identified throughout our surveillance period. Of these, 
23 were novel genotypes, with 17 containing at least one segment of pdm09 origin. Nine novel 
genotypes were isolated on different sampling occasions over an extended period, which suggests 
sustained onward transmission of these variants in the swine population. Conclusion: Repeated 
introduction of human pdm09 viruses to the swine population has led to an expansion of the 
genotypes of swine influenza viruses in southern China. The high prevalence of pdm09 reassortant 
viruses suggests that pdm09 genes are highly compatible with current swine influenza viruses and 
may confer a fitness advantage. Some of the newly generated reassortant variants may be 
establishing themselves in pigs and might lead to a threat to the human population.
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O-893 

Coordinated surveillance of influenza viruses in European pigs: enhanced 
virological and epidemiological analysis from the European Surveillance 
Network for Influenza in Pigs (ESNIP3) 

IH Brown1, SM Reid1, G Simon2, W Loeffen3, LE Larsen4, P Kellam5, N Lewis6, SM Brookes1*, ESNIP3 
Consortium

1Virology Department, Animal Health and Veterinary Laboratories Agency–Weybridge, Addlestone, 
United Kingdom; 2Anses, Ploufragan-Plouzané Laboratory, Swine Virology Immunology Unit, 
Ploufragan, France; 3Central Veterinary Institute of Wageningen UR (CVI-Lelystad), The Netherlands; 
4Technical University of Denmark, National Veterinary Institute, Copenhagen, Denmark; 5Wellcome 
Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, United Kingdom; 
6University of Cambridge, Centre for Pathogenic Evolution, Cambridge, United Kingdom 

Background: Since its detection, the human influenza pandemic H1N1 2009 virus has spread around 
the world infecting pigs. Although the virus did not emerge in pigs in Europe, its appearance 
highlighted the fact that there were gaps in surveillance for influenza in pigs that caused concern for 
global veterinary and public health officials. As a result, the European Union (EU) funded a network to 
address the epidemiology, identification, and detailed characterization of influenza viruses circulating 
in European pig populations. The primary aims of the network were to develop programmes of 
harmonized surveillance across Europe and to coordinate the appropriate identification and 
characterization of viruses. Materials and Methods: The methods of surveillance include the collection 
of epidemiological meta-data to understand the distribution and spread of the viruses, the basic 
virological characterization of virus subtypes, antigenic cartography, and the full genome genetic 
characterization of selected strains. Results: An extensive virological surveillance system has been 
harmonized and established in 14 countries. Influenza virus has been detected in approximately 30% 
of the herds examined, in which approximately 750 viruses have been identified and subtyped and 
approximately 180 fully sequenced. Influenza A (H1N1)pdm09 has been detected in pigs in at least 7 
EU member states. The epidemiology of swine influenza across Europe continues to vary among 
regions. Detected viruses include the endemic strains: avian-like swine H1N1, swine H1N2 and 
human-like swine H3N2, and H1N1pdm09, which now holds endemic status in many countries. These 
viruses continue to co-circulate but with a different incidence in each country. Enhanced analysis of 
these viruses has revealed low levels of first-generation genetic reassortment involving H1N1pdm09. 
Preliminary antigenic cartography maps reveal substantial geographical and temporal differences. 
Conclusions: The epidemiology of influenza in pigs in Europe is complex and involves several co-
circulating strains. The unique emergence of several first-generation reassortments between endemic 
swine strains and H1N1pdm09 strains will require continued surveillance to determine if any of these 
become established in pig herds with implications for veterinary health. Preliminary antigenic maps 
will be informative for vaccine strain selection in the European context and can be cross-referenced 
for worldwide scenarios. The potential emergence of some of these novel strains may have 
implications for zoonotic infection and public health in the future. 
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P2-571 

Swine and human influenza viruses 

S Sasraku*, P Enyan, E Ankra

Pantang Nursing Training College, Accra, Ghana 

Background: An H1N1 subtype of swine origin caused the first influenza pandemic in Accra, Ghana. 
This pandemic strain was a reassortant of avian, swine, and human influenza viruses. Many 
diagnostic laboratories were overwhelmed by the testing demands related to this pandemic. 
Nevertheless, there remains the threat of other animal influenza viruses, such as the highly 
pathogenic H5N1 virus. An essential part of pandemic preparedness is the ability to identify the 
diagnostic challenges that will accompany that pandemic. Content: We discuss the natural reservoir 
of influenza viruses and the possible role of livestock in the emergence of pandemic strains. Current 
molecular tests commonly used for influenza diagnosis or surveillance are also briefly reviewed. 
Some of these approaches are also used to detect animal viruses. Unfortunately, owing to the lack of 
a systematic method of surveillance of animal influenza viruses, established tests may not be able to 
detect pandemic strains that have yet to emerge from the animal reservoir. Thus, multiple strategies 
need to be developed for better identification of influenza viruses. Molecular assays for mutations 
associated with antiviral resistance and for the reassortment of viral segments should also be 
encouraged. Conclusion: Influenza viruses are highly dynamic. Regular and systematic surveillance 
in both humans and animals is essential to provide a more comprehensive picture of prevalent 
influenza viruses. To be better prepared for the next pandemic, we should develop simple and easy-
to-use tests for characterizing newly emerging influenza viruses.  

P2-572 

Phylogenetic analysis of surface and internal protein genes of influenza A 
H3N6 and H3N8 virus subtypes isolated from wild birds in Kazakhstan 

M Sayatov, K Zhumatov*, A Kydyrmanov, K Karamendin, N Ishmukhametova, S Asanova, K 
Daulbayeva 

Institute of Microbiology and Virology, Almaty, Kazakhstan 

Background: The natural reservoir of influenza A is wild avifauna, mainly migratory birds occupying 
water and wetland complexes. Influenza A virus overcomes the species barrier between birds and 
mammals through long-term adaptation, after which it circulates through the ecological niche of the 
“new” species for decades as an endemic pathogen. In swine, horses, and dogs and in most cases of 
human infection, influenza can be attributed to such endemic infections. The H3 subtype of the 
influenza virus belongs to one of 3 variants that caused a pandemic during the 20th century. There is 
a considerable amount of interest in carrying out a comparative phylogenetic study of A/H3 influenza 
viruses isolated from wild birds in different regions of Kazakhstan with other viruses of this subtype. 
Materials and methods: Four isolates of influenza A/H3 virus—A/garganey/Korgalzhyn/865/04 
(H3N6), A/teal/Korgalzhyn/1797/06 (H3N8), A/graylag goose/Korgalzhyn/1867/06 (H3N6), and 
A/teal/South Kazakhstan/8048/08 (H3N8)—isolated from cloacal swabs of waterfowl in the Central 
and Southern Kazakhstan were cloned by limited dilution in 10- to 11-day-old chicken embryos using 
a standard technique. We then isolated their RNA using a QIAamp Viral RNA Minikit (Qiagen GmbH, 
Hilden) following the manufacturer’s instructions. Complementary DNA was derived from the RNA 
using reverse transcription with help from a uni-12 universal primer for influenza A viruses (First 
Strand cDNA Synthesis kit; Fermentas) following the manufacturer’s instructions. DNA sequencing 
was carried out by identifying terminal dideoxynucleotides on an automatic 96-capillary ABI 3730xl 
DNA sequence analyzer (Applied Biosystems). Alignment of influenza A virus gene sequences with 
full nucleotide sequences of analogous viral genes obtained from an international data base GenBank 
was carried out using BioEdit computer software. The sequences were compared by creating 
phylogenetic trees containing an "accession of neighbors" with 1000 bootstrap replications using 
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MEGA software. Result: Phylogenetic analysis of HA, NP, M, and NS genes of Kazakhstan isolates of 
influenza A virus containing subtype H3 hemagglutinin revealed the heterogeneity of these 
populations. The HA gene of the A/garganey/Korgalzhyn/865/04 (H3N6) isolate is similar to that of the 
A/mallard/Netherlands/05/2001 (H3N6) virus and is included in the cluster of European strains. By 
contrast, the A/teal/Korgalzhyn/1797/06 (H3N8) isolate demonstrated a high-degree relationship with 
А/aquatic bird/Korea/CN-1/2004 (H3N6) and is included in a cluster of Asian viruses in the Euroasian 
line. The A/teal/Korgalzhyn/1797/06 (H3N8) virus, having an NP gene, is considered a member of a 
separate cluster, unlike the A/garganey/Korgalzhyn/865/04 (H3N6) and A/graylag 
goose/Korgalzhyn/1867/06 (H3N6) strains, which have similar isolation periods and regions of 
occupancy. A close phylogenetic relationship was identified between isolates from Central 
Kazakhstan on the M gene; differences between this strain and the A/teal/South Kazakhstan/8048/08 
virus were revealed. Nucleotide sequencing of NS genes in isolates from the 
A/teal/Korgalzhyn/1797/06 and A/teal/South Kazakhstan/8048/08 viruses revealed that they are 
considerably different from the A/common tern/Korgalzhyn/847/04 and A/graylag 
goose/Korgalzhyn/1867/06 viruses, and they were assigned to A and B genetic alleles, respectively. 
Conclusion: The H3 subtype influenza A virus remains one of the most widespread and quickly 
changing infection agents. The data from our study confirm the important role of Kazakhstan 
migratory birds in the evolution of influenza A virus. 

P2-574 

Five known molecular determinants of virulence correlate with the virulence of 
strain A/swan/Mangistau/3/06 (H5N1) in birds and mammals 

К Tabynov*, M Mambetaliyev, V Strochkov, K Sultankulova, O Chervyakova, N Sandybayev, A 
Sansyzbay 

Research Institute for Biological Safety Problems, Gvardeiskiy, Kazakhstan 

Background: A number of determinants of genetic virulence are associated with the virulence of the 
avian influenza virus and its ability to replicate in the cells of mammals and birds. Our study was 
carried out to determine the correlation between known molecular determinants of virulence in 
different avian influenza virus (AIV) genes and the results of experimental infection of birds (chickens, 
ducks, geese, turkeys) and mammals (mice, guinea pigs, rabbits, cats, dogs, pigs) with AIV strain 
A/swan/Mangistau/3/06 (H5N1), which was isolated in March 2006 from a dead swan in the 
Mangistau region of the Republic of Kazakhstan. Materials and Methods: The nucleotide sequences 
of the HA (Genbank Accession No FJ436942), NA (FJ436943) and NS (JF262041) genes and the 
PA, PB1, PB2, NP and MP genes (not yet published in Genbank) were determined with dideoxy 
sequencing techniques using the ABI Genetic Analyzer 3130 xl. In 29 previous studies of the 
pathogenicity of avian influenza virus A/H5N1 strains, investigators found that strains containing 
amino acid (AA) substitutions in 11 genes were associated with virulence in mammals and birds. The 
intravenous pathogenicity index (IVPI) was determined according to WHO protocol. The pathogenicity 
of A/swan/Mangistau/3/06 strain (H5N1) in ducks and geese (age: 6 weeks), turkeys (age: 4 weeks), 
mice (age: 5-6 weeks), guinea pigs (age: 8 weeks), cats and dogs (age: 8-12 weeks), rabbits (weight: 
2.5-3.0 kg), and pigs (age: 12-20 weeks) was assessed by determining the duration, severity, and 
outcome of infection; the severity of pathological changes; and accumulation of the virus in animals 
that died or were euthanized in an agonal state. Animals were infected intranasally, intramuscularly, 
or subcutaneously with doses of 104.00 EID50/50 µL (mice), 104.29 EID50/0.5 mL (geese, ducks, 
turkeys, and guinea pigs), 104.59 EID50/0.5 mL (cats and dogs), 105.29 EID50/mL (pigs), or 105.95 
EID50/0.5 mL (rabbits). The specificity of disease was confirmed by the presence of the 
hemagglutinating agent using the hemagglutination reaction (HAI), by identification of the virus in 
biomaterials from euthanized animals using ELISA, or by detecting antibodies in the recovered 
animals using the hemagglutination inhibition (HI) reaction. Results: The avian 
A/swan/Mangistau/3/06 (H5N1) strain was highly pathogenic (IVPI = 2.34), being fatal in turkeys, 
ducks, mice, and dogs, which died within 48 to 72, 120 to 144, 48 to 72, and 72 to 120 hours post 
infection, respectively. Hemagglutinating agents (titer: 2.67 ± 0.33 – 6.67 ± 0.33 log2) and H5 
subtype-specific antigens (titer: 4.93 ± 0.33 – 8.65 ± 0.33 log2) were detected in suspensions of lung 
tissue taken from euthanized mammals and birds using HI and ELISA analyses, respectively. The 
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virus could be released into the environment by infected turkeys, ducks, mice and dogs, given that it 
was isolated from tracheal and oropharyngeal swabs (titer: 4.65 ± 0.00 to 7.32 ± 0.33 log2 per 
ELISA). Anti-hemagglutination antibodies were detected by seral HI in geese, guinea pigs, rabbits, 
cats, and pigs, which did not get sick after infection. Titers ranged from 3.32 ± 0.00 to 9.32 ± 0.00 log2 
when measured 14, 21, and 28 days after infection. Molecular determinants of the virulence of the 
strain A/swan/Mangistau/3/06 (H5N1) were identified in HA (HA-140), NS1 (V149A, ESEV motif), NP 
(M105V, A184K), M1 (15T, 30D, 215A) and M2 (31S). Other known molecular determinants were not 
identified, including those in HA (multiple basic AAs or insertion of AAs at the HA cleavage site, HA-
102, HA-154 , HA-172, HA-228, and HA-279), NA (deletion of AAs 49-68), PA (T515A, V127A, and 
L336M), PB1 (M317I), PB1-F2 (N66S), PB2 (E627K, D701N , Q591K, R318K, R355K), NS1 (A42S, 
D92E, D97E [with a deletion], T127N, D189N, S195T, and S228P), and NS2 (M31I and H56Y). 
Conclusions: AA substitutions in HA, NS1, NP, M1 and M2 in A/swan/Mangistau/3/06 (H5N1) are 
responsible for the virulence of this strain in chickens, turkeys, ducks, dogs, and mice. This study 
provides new information about the influence of molecular virulence determinants on the 
pathogenesis of A/H5N1 infections in birds and mammals. 

P2-575 

Nomadic duck flock management practices and their potential relevance to the 
spread of avian influenza A viruses in northeastern Bangladesh 

S Sarkar1*, SU Khan1,3, MZ Rahman1, J Abedin1, N Zeidner1,2, K Sturm-Ramirez1,2, A Mikolon1,2,4, SP 
Luby1,2,5 

1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh; 2Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3Emerging Pathogen Institute, 
University of Florida, Gainesville, Florida, United States; 4US Department of Agriculture, Hawthorne, 
California, United States; 5Center for Innovation in Global Health, Stanford University, Stanford, 
California, United States 

Background: Avian influenza A (H5N1) virus has been known to be circulating among domestic 
poultry in Bangladesh since 2007. Nomadic duck flocks may be important carriers of this virus, 
facilitating its persistence in this country by shedding the virus into the environment. We surveyed 
nomadic duck flocks to characterize their demographic characteristics and management practices and 
to determine the proportion with avian influenza type A infection and antibody positivity in 
northeastern Bangladesh. Materials and Methods: We defined nomadic duck flocks as groups of 
domestic ducks moving intentionally to access feeding sites beyond village boundaries, not returning 
home for extended periods of time, and housed overnight in temporary enclosures in the scavenging 
areas. From December 2011 to March 2012, trained field workers interviewed 62 nomadic duck flock 
owners using structured questionnaires. They also collected eggs and fecal samples early in the 
morning from the night shelters of randomly selected nomadic duck flocks in northeastern 
Bangladesh. Egg yolk specimens were tested for the H5 antibody using antibody-capture ELISA, and 
fecal samples were analyzed for influenza A virus RNA and subtype for H5 using real-time one-step 
reverse transcriptase polymerase chain reaction (rRT-PCR). Results: The median age of the ducks in 
the nomadic duck flocks was 24 months (range: 8-36 months) and the median flock size was 300 
(range: 105-1100 ducks).The majority of the duck flocks (63%, n = 39) consisted of multiple breeds of 
ducks (Khaki Campbell and local breeds). All of the ducks were used for commercial egg production 
and were housed overnight in temporary enclosures in scavenging areas. Most of the duck flock 
owners (74%, n = 46) did not provide litter as bedding material in the duck night shelter. The median 
length of time the duck flocks stayed in scavenging areas was 30 days (range: 15-99 days). The main 
reason for moving the duck flocks to a new scavenging area was a scarcity of feed in the current 
scavenging area (100%, n = 62). The median distance duck flocks moved in a year was 7 km (range: 
1 - 150 km). Most duck owners moved their duck flocks outside their village (58%, n = 36); 16% and 
28% of owners moved their ducks outside their subdistrict and district, respectively. All of the duck 
eggs were sold in markets. The majority (92%, n = 57) were sold to a vendor; the remainder (8%, n = 
5) were sold directly to retail customers. Most of the flock owners (94%, n = 58) reported that their
duck flocks shared their feeding ground with wild waterfowl. The majority of the duck flocks (58%, n = 
36) were vaccinated against either duck plague or duck cholera. We collected 1860 egg yolks and
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496 pooled fecal samples, of which 886 (48%, 95% CI: 42%-53%) were positive for antibodies to 
avian influenza (H5). Sixty flocks (97%) produced at least one egg with antibodies against avian 
influenza type A (H5). Of the 496 pooled fecal samples, 131 (26%) had detectable RNA for avian 
influenza type A virus, but none had detectable RNA for A/H5. Thirty-three flocks (54.8%, 95% CI: 
42%-68%) had at least one pooled fecal sample that was positive for avian influenza type A virus. 
Conclusions: Nomadic duck flocks in northeastern Bangladesh frequently shed avian influenza type A 
virus and had evidence of exposure to avian influenza type A (H5) virus. Developing and evaluating 
interventions to reduce influenza A virus infection and shedding in these birds should be a priority for 
research. This process should include an investigation of their interactions with wild birds and other 
domestic birds to determine the potential for influenza transmission.  

P2-576 

Complete genome sequence analysis of avian-origin H3N2 influenza viruses 
isolated from dogs and cats in South Korea 

SJ Park*, M Hong, W Na, M Yeom, DS Song, SH Kim 

Viral Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology, 
Daejeon, South Korea 

Background: In South Korea, an avian-origin H3N2 influenza virus strain designated 
A/canine/Korea/01/2007 (H3N2) was isolated in 2007 from nasal swabs of pet dogs exhibiting severe 
respiratory syndrome. At the beginning of 2010, another avian-origin Korean H3N2 influenza virus 
strain (A/feline/Korea/01/2010 [H3N2]) was isolated from a lung specimen taken from a dead cat that 
had had a severe respiratory disease. To date, complete genome sequences containing 3′ and 5′ 
noncoding regions (NCRs) of influenza viruses have rarely been reported, despite multiple known 
functions of NCRs in the replication of influenza viruses. Therefore, it is necessary to analyze the 
complete genome sequence—including both 3′ and 5′ NCRs—of the A/canine/Korea/01/2007 (H3N2) 
and A/feline/Korea/01/2010 (H3N2) strains and elucidate their molecular characteristics. Materials 
and Methods: Viral RNA was extracted from the allantoic fluid of embryonated eggs infected with the 
A/canine/Korea/01/2007 (H3N2) or A/feline/Korea/01/2010 (H3N2) strains and circularized using T4 
RNA ligase. To determine the complete genome sequence containing 3′ and 5′ NCRs, the PCR 
products of RNA ligation-mediated reverse transcriptase PCR (RT-PCR) were purified, cloned, and 
sequenced using an automated DNA sequencer with universal primer sets containing slight 
modifications and newly designed segment-specific primers. Results: The complete genome of the 
A/feline/Korea/01/2010 (H3N2) is 13,629 nucleotides (nt) long, making it identical in length to 
A/canine/Korea/01/2007 (H3N2). Segments 1 through 8 (Seg-1 – Seg-8) contain 2341, 2341, 2233, 
1765, 1565, 1467, 1027, and 890 nts, respectively, and encode 12 viral proteins containing the 
following number of amino acids: PB2, 759; PB1, 757; N40, 718; PB1-F2, 90; PA, 716; HA, 566; NP, 
498; NA, 469; M1, 252; M2, 97; NS1, 230; and NS2, 121. The lengths of the 3′ and 5′ NCRs in the 
viral RNA of the A/canine/Korea/01/2007 (H3N2) and A/feline/Korea/01/2010 (H3N2) strains varied 
(19-45 and 20-58 nt at the 3′ and 5′ NCRs, respectively) in different genome segments, and the 
terminal 12 and 13 nt of the 3′ and 5′ ends, respectively, were highly conserved (3′-
UCG(C/U)UUUCGUCC- and -GGAACAAAG AUGA-5′) compared with all 8 genome segments; this is 
consistent with the findings of previous studies. Surprisingly, 1 nt changed between the start codon 
(UAC) and the conserved region [UCG(C/U)UUUCGUCC] in the 3′ NCR of Seg-1 and in Seg-6 of 
A/feline/Korea/01/2010 (H3N2) compared with A/canine/Korea/01/2007 (H3N2). Conclusion: This is a 
report of the complete genome sequence containing the 3′ and 5′ NCRs of avian-origin H3N2 
influenza viruses isolated from dogs and cats in South Korea. We hope these data will provide 
important insight into the molecular basis of the pathogenesis, transmission, and evolution of 
influenza viruses. 
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P2-577 

Antigenic drift of the pandemic 2009 A(H1N1) influenza virus in a ferret model 

T Guarnaccia1,2, LA Carolan1, S Maurer-Stroh3-5, RTC Lee3, E Job6, PC Reading1,6, S Petrie7, JM 
McCaw7,8, J McVernon7,8, AC Hurt1,2, A Kelso1, J Mosse2, IG Barr1, KL Laurie1,2,6* 
1WHO Collaborating Centre for Reference and Research on Influenza, Victorian Infectious Diseases 
Reference Laboratory, Melbourne, Victoria, Australia; 2Monash University, School of Applied 
Sciences, Churchill, Victoria, Australia; 3Bioinformatics Institute, Agency for Science, Technology and 
Research, Singapore; 4National Public Health Laboratory, Communicable Diseases Division Ministry 
of Health, Singapore; 5School of Biological Sciences, Nanyang Technological University, Singapore; 
6The University of Melbourne, Department Microbiology & Immunology, Melbourne, Victoria, 
Australia; 7The University of Melbourne, Melbourne School of Population Health, Melbourne, Victoria, 
Australia; 8Royal Children’s Hospital, Murdoch Childrens Research Institute, Vaccine and 
Immunisation Research Group, Melbourne, Victoria, Australia 

Background: Surveillance data indicate that most circulating A(H1N1)pdm09 influenza viruses have 
remained antigenically similar since they emerged in humans in 2009. However, antigenic drift is likely 
to occur in the future in response to increasing population immunity induced by infection or 
vaccination. The potential for antigenic drift of A(H1N1)pdm09 viruses was assessed in the ferret 
model of influenza virus infection and immunization. Materials and Methods: Ferrets were 
suboptimally vaccinated with (i) monovalent pandemic vaccine (MIV) alone, (ii) adjuvanted MIV 
(MIV+IFA) or (iii) adjuvant (IFA) alone or were not vaccinated (naive). A(H1N1)pdm09 virus was 
sequentially passaged by contact transmission seven times through two independent series of ferrets 
of each group. Daily samples were collected from the upper respiratory tract of all ferrets. Kinetic 
parameters of growth and transmission were analyzed. Viruses that were transmitted were subject to 
detailed genetic, antigenic and receptor binding analyses. Results: A variant virus, with an amino acid 
substitution (N156K, H1 numbering without signal peptide; N159K, H3 numbering without signal 
peptide; N173K, H1 numbering from first methionine) in a known antigenic site of the A(H1N1)pdm09 
viral HA emerged only in the MIV+IFA passage line. The N156K HA variant replicated and transmitted 
efficiently between naive ferrets and outgrew wild-type virus in vivo in ferrets in the presence and 
absence of immune pressure. In vitro, in a range of cell culture systems, the N156K variant rapidly 
adapted, acquiring additional mutations in the viral HA that also potentially affected antigenic 
properties. The N156K escape mutant was antigenically distinct from wild-type virus and had altered 
receptor binding preferences based on HA-specific antibodies and glycans, and these findings were 
also supported by computational modeling predictions. The N156K substitution, and culture 
adaptations, have been detected in human A(H1N1)pdm09 viruses with N156K preferentially reported 
in sequences from original clinical samples rather than cultured isolates. Conclusions: This study 
demonstrates the ability of the A(H1N1)pdm09 virus to undergo rapid antigenic change to evade a 
low-level vaccine response while remaining fit in a ferret transmission model of immunization and 
infection. Furthermore, the potential changes in receptor-binding properties that accompany antigenic 
changes highlight the importance of routine characterization of clinical samples in human 
A(H1N1)pdm09 influenza surveillance.   
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P2-578 

Proteomics analysis of mouse lung tissue proteins caused by H9N2 avian 
influenza virus PB2 K627E 

W Qi1,2#, J Tian1,2#, L Huang1,2, H Li1,2, P Jiao1,2, C Zhang1,2, M Liao1,2*

1College of Veterinary Medicine, South China Agricultural University, P. R. China; 2National and 
Regional Joint Engineering Laboratory for Medicament of Zoonoses Prevention and Control, 
Guangzhou, P. R. China; # Authors contributed equally to this study 

Background: Although the influenza virus was one of the first human viruses isolated, it continues to 
pose a challenge each year with newly acquired genetic variation. H9N2 subtype avian influenza 
viruses (AIVs) have shown expanded host range and can infect mammals, such as humans and 
swine. Our previous studies had demonstrated that PB2 amino acid 627 is critical for pathogenicity 
and viral replication of H9N2 viruses in mice lungs and brains. Furthermore, the increased virulence 
induced by PB2 E627K of H9N2 AIV was associated with the activated hypothalamus-pituitary-
adrenal (HPA) axis and sympathetic nervous system (SNS) response, which contribute to the 
immunosuppression. Materials and Methods: To gain more information about the increased 
pathogenicity for H9N2 AIV PB2 E627K, we compared the difference in mouse lung proteins 
expression caused by a single amino acid in PB2 627. Four-week-old Balb/C mice were infected with 
wild H9N2 AIV PB2 K627 and recombinant H9N2 AIV PB2 K627E. The lungs were harvested, 
respectively, at 12 h and 72 h post infection. Results: The results revealed that the mutation K627E 
contributed to a set of differentially expressed lung proteins, including 6 up-regulated proteins and 10 
down-regulated proteins in 12 h post infection; 12 up-regulated proteins and 29 down-regulated 
proteins in 72 h post infection. These changed proteins were mainly invoved in the formation of 
cytoskeleton and the regulation of cell cycle, mRNA transcription, and protein translation, as well as 
biochemistry metablism and transport of cellular protein. Some changed proteins caused by PB2 
K627E were also proved in A549 cells. The mutation K627E recovered the distribution of Moesin and 
Ezrin in A549 cells. Moreover, the over-expression of surfactant proteins, SP-A in A549 cells could 
decrease the efficiency of virus (PB2 K627) replication. The knockdown of SP-A in A549 cells could 
increase the virus titer. Conclusions: The changed pathogenicity caused by PB2 K627E may be 
associated with the increased level of sp-A, Moesin and Ezrin in the lungs. These data can provide 
insight into the potential mechanism of increased pathogenicity for H9N2 AIV PB2 E627K. 

P2-579 

Isolation and sequence analysis of reassortant low pathogenic avian influenza 
virus H4N6 from ducks and chickens in the live bird markets of Pakistan 

N Siddique1*, K Naeem1, Z Ahmed1, A Abbas1, A Ali1, S Rafique1, F Rashid1, A Ghafar1, I Begum1, S 
Akbar2  

1National Reference Laboratory for Poultry Diseases, Animal Sciences Institute, National Agricultural 
Research Center, Park Road, Islamabad, Pakistan; 2Quaid-i-Azam University, Islamabad, Pakistan 

Background: Live birds markets (LBMs) are considered major centers of avian influenza A virus 
dissemination and, possibly, reassortment. In Pakistan, bird markets are abundantly filled with 
captured birds during the winter. Pakistan is home for a wide variety of migratory birds that travel from 
Siberia and Russia during that time of year. The largest group of visitor-birds is the waterfowl group, 
most commonly ducks. During routine avian influenza (AI) surveillance in Pakistan, the avian 
influenza virus subtype H4N6, which is not very pathogenic, was isolated for the first time in Khaki 
Campbell ducks (Anas platyrhynchos) during 2010 and in broiler chickens during 2011 in the LBM in 
Karachi. To determine the evolutionary status and genetic makeup of this virus, we subjected both 
isolates to whole-genome sequencing, phylogenetic analysis, and serological evaluation. Materials 
and Methods: Avian influenza surveillance was carried out by analyzing and monitoring specimens 
obtained by cloacal swabbing of ducks and chickens with mild respiratory symptoms. These samples 
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were processed and subjected to virological evaluation by inoculating embryonated SPF chicken 
eggs. Subtype identification of the isolated virus was determined by standard hemagglutination 
assessment (HA), hemagglutination inhibition, and neuraminidase inhibition tests. Reverse 
transcription polymerase chain reaction (RT-PCR) and real time PCR analyses were carried out using 
sequence-specific primers and probes. The purified PCR products were subjected to cycle-
sequencing reactions then sequenced in a genetic analyzer. Phylogenetic and molecular evolutionary 
analyses were conducted using MEGA version-4. Results: Whole-genome sequencing of these 
viruses revealed that a new reassortant of a Eurasian avian strain had been introduced. 
Phylogenetically, the HA, neuraminidase (NA), matrix (M), nucleoprotein (NP), and polymerase basic 
2 (PB2) genes were Asian in origin and clustered mostly with Russian strains of influenza viruses. By 
contrast, nonstructural (NS) and PB1 genes showed maximum homogeneous sequence identity with 
the Pakistani H3N1 virus, which was isolated from backyard poultry during 2010. The polymerase 
acidic (PA) gene was European in origin and clustered with AI isolates from The Netherlands. No 
significant relationship was observed between these and the previously reported AIV subtypes (H9N2, 
H7N3, and H5N1). Sequence analysis revealed a low pathogenic amino acid (AA) motif (PEKASR) at 
the HA cleavage site; avian-like receptor specificity achieved by retaining the AAs Q239 and G241; 
conservation of AAs at the receptor binding sites; and 5 N-linked glycosylation sites at AAs 18, 34, 
178, 310, and 497. The NA gene possessed 9 N-linked glycosylation sites at AAs 28, 32, 51, 54, 67, 
70, 86, 146, and 201; one glycosylation site was lost due to a mutation in N62S. The AAs known to be 
associated with sensitivity to antiviral drugs (oseltamivir, zanamivir, and amantadine) were conserved. 
The C-terminal of the NS gene was unique, containing an ESEI PDZ domain motif in duck viruses due 
to mutation. Seroprevalence of H4N6 was recorded in both commercial and domestic poultry. 
Domestic poultry showed more seroconversion against H4N6 than other birds, especially in the bird 
populations of the provinces of Sindh and Khyber Pakhtoon Khawa (KPK), where bodies of water 
serve as attractive birding sites, with better opportunities for the wild birds and migratory water fowls 
to move frequently and intermingle with local domestic and commercial poultry. Conclusions: Our 
observations suggest that these LP H4N6 strains continue to circulate among wild and domestic bird 
populations in Pakistan. Isolation of the H4 subtype, first from ducks and subsequently from chickens, 
indicates that the mingling of bird species in LBMs provides an excellent opportunity for the 
transmission of avian influenza viruses between bird species. The seroprevalence of the H4N6 virus 
among domestic birds is noteworthy, in that it represents a risk for inoculation with reassortant AIVs in 
local bird species. The point mutations in these H4N6 isolates and the close relationship of Pakistani 
H3N1 and other Eurasian strains from Russia and Europe also reflect the prevailing diversity among 
AI viruses circulating in local communities. 

P2-580 

Transcriptome analysis of influenza-infected mouse lungs reveals the kinetics 
of the host response 

E Wilk1*, C Pommerenke1, K Dimitrakopoulou2, A Bezerianos2, R Geffers3, K Schughart1 

1Department of Infection Genetics, Helmholtz Centre for Infection Research, Braunschweig and 
University of Veterinary Medicine Hannover, Germany, and University of Tennessee Health Science 
Center, Memphis, Tennessee, United States; 2School of Medicine, University of Patras, Patras, 
Greece; 3Research Group Genome Analytics, Helmholtz Centre for Infection Research, 
Braunschweig, Germany 

Background: To capture the kinetics of the host response after influenza infection, we studied the 
transcriptome in mouse lungs after infection with a nonlethal H1N1 influenza A virus (PR8) dose using 
Agilent´s microarrays. Materials and Methods: Global analyses as well as cell specific gene profiles 
were applied followed by a network analysis. Flow cytometry and immunohistology were performed to 
correlate gene expression to the cellular immune response. Results: Distinct phases of the host 
response were observed and specific pathways could be identified in the transcriptome of the whole 
lung (eg, the increase in interferon genes and upregulation of a defined NK-specific gene set revealed 
the initiation of the innate immune response phase). Infiltration and activation of T and B cells could 
be seen by an augmentation of T- and B-cell specific expression signatures. Our results demonstrate 
that the permanent changes in expression profiles were still evident at 60 days after infection. 
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Furthermore, the network analysis based on the kinetics of gene expression changes revealed a 
model which also includes genes that are not well studied or have not yet been annotated. We also 
compared the expression profiles from wild type with Rag2-/- mice, demonstrating that the deficiency 
of T and B cells in Rag2-/- mice is well reflected within the transcriptome. Finally, we compared the 
gene expression from resistant C57BL/6J mice with the susceptible DBA/2J mouse strain. 
Conclusions: In conclusion, our comprehensive gene expression study describes the entire host 
response to an acute influenza A infection at the transcriptome level and is a suitable method to 
unravel the biological mechanisms for phenotypic alterations in genetically different mice. 

P2-581 

Unusual mortality of crows and ducks associated with an outbreak of H5N1 
clade 2.3.2.1 in Bangladesh: a study in comparative pathology 

N Zeidner1,2*, N Haider1, A Islam1, K Sturm-Ramirez1,2, A Balish2, N Gerloff2,T Davis2, MZ Rahman1, H 
Shivaprasad3, A Wilson4, S Luby5, JD Heffelfinger1,2 and S Khan1,6 

1International Centre for Diarrheal Diseases Research, Bangladesh, Dhaka, Bangladesh; 2Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3University of California, Davis, 
California, United States; 4US Department of Agriculture, Ames, Iowa, United States; 5Stanford 
University, Stanford, California, United States; 6Department of Environmental and Global Health, 
University of Florida, United States  

Background: Two large bird die-offs were investigated in disparate parts of Bangladesh. The first 
occurred from January to March 2011 and involved sick crows in Patuakhali and Dhaka city in the 
southern and central parts of the country; and the second occurred in June and July 2011 and 
involved ducks in the northern city of Netrokona. In each case, a significant percentage of backyard-
raised poultry was found to be sick or dying 1 to 3 weeks prior and within a 3- to 5-kilometer radius of 
these events. In both die-offs, sick crows and ducks displayed unusual neurological signs, and test 
results indicated a pronounced concentration of viral antigen and extensive pathology within the 
central nervous system (CNS). Materials and Methods: In both events, die-offs were reported and 
investigated by field teams consisting of veterinarians and veterinary technicians from the Department 
of Livestock Services and the International Centre for Diarrheal Diseases Research in Bangladesh. 
Oropharyngeal and cloacal swabs were obtained from sick and dying birds, and postmortem 
examinations were performed. Tissue samples were obtained from the eye, lung, trachea, pharynx, 
gizzard, skeletal muscle, peripheral nerve, gall bladder, brain, liver, pancreas, intestine, kidney, bursa 
of Fabricius, and spleen of each bird and placed in 10% buffered formalin in preparation for 
histopathology and immunohistochemistry testing. The swabs were placed in viral transport media. 
Virus isolation and real-time RT-PCR analysis allowed investigators to identify influenza A and 
determine the specific subtype of this virus in each specimen. Results: In crows and ducks (Anas 
platyrhynchos domesticus), common clinical signs consisted of pronounced opisthotonus and 
torticollis, incoordination, and sudden death. The virus was successfully amplified in 
oropharyngeal/cloacal swabs from 100% of the crows—both Corvus splendens and C 
macrorhynchos—from Dhaka city and Patuakhali and 89% of the ducks from Netrakona. 
Histopathology tests revealed significant CNS lesions confined to the cerebellum, brain stem, and 
medulla oblongata and characterized by severe enlargement, degeneration, and necrosis of neurons, 
including Purkinje cells, as well as diffuse gliosis. Occasional perivascular cuffing was also noted, with 
mild hemorrhaging seen within the neuropil. The meninges were thickened due to infiltration by 
lymphoid cells. Necrotizing pancreatitis (acinar cells) was evident in both crows and ducks, as was 
diffuse splenitis (plasmacytosis) with hemosiderosis and multifocal necrosis and degeneration of 
hepatocytes associated with lymphocyte and macrophage infiltration. Kidney and heart tissue 
specimens both lacked evidence of inflammation, but multifocal acute necrosis was seen in the 
tubular epithelium of the kidney and multifocal degeneration was seen in the myofibers of the heart. 
Necrotizing enteritis was noted only in ducks. Immunohistochemistry studies demonstrated 
pronounced levels of viral antigen in the brain, acinar cells of the pancreas, hepatocytes, lamina 
propria of the intestine, myocytes of the heart, and epithelial cells of the bursa of Fabricius. Antigen 
was also seen in the trachea and in the tubular epithelium of the kidneys, although with less intense 
staining. No lesions were seen in specimens from the eyes, lungs, trachea, pharynx, gizzard, skeletal 
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muscle, peripheral nerves or gall bladder. Sequence analysis indicated that the viral isolate was 
influenza A/H5N1; phylogenic analysis of HA gene sequences indicated the isolates were specifically 
from clade 2.3.2.1. Conclusions: These observations indicate the introduction of a new clade of H5N1 
virus (subtype 2.3.2.1) into Bangladesh in 2011. This is of considerable concern, given the unusual 
neurological signs observed in these birds, which signal the introduction of a virulent neurotropic 
variant of influenza virus into Bangladesh. Continued vigilance in surveillance platforms is warranted, 
given that Bangladesh continues to be at risk for the introduction or evolution of new influenza viruses 
in both animals and humans. 

P2-582 

Influenza A H3N2 viruses from duck farms near Poyang Lake could infect mice 
without adaption 

L Dong, H Bo, B Dong, C Xu, Y Zhu, S Zou, Y Shu* 

National Institute for Viral Infectious Disease Control and Prevention, China Centers for Disease 
Control, Beijing, China 

Background: Poyang Lake is an important stopover and winter residence for migratory birds in China. 
The exchange of influenza viruses between wild birds and domestic poultry is monitored in that area. 
In March 2011, we conducted an active avian influenza virus survey near Poyang Lake in Jiangxi, 
China. In this study, we obtained 2 isolates of the H3N2 subtype and one isolate of the H3N8 subtype 
of the avian influenza virus (AIV) from a duck farm. A sequence analysis of the 3 viruses showed that 
they were all new genotypes from different origins. A duck-origin virus was supposedly the donor of 
the 1968 H3N2 pandemic strain. Therefore, a study of the biological characteristics of these H3 
viruses would be meaningful. Materials and Methods: We infected mice with the 3 viruses to assess 
their pathogenesis and infectivity in this mammalian model. The mice were inoculated intranasally 
with a 106 50% egg infectious dose (EID50) of the H3 virus. Clinical signs and weight change were 
recorded daily. Mouse tissues were collected on day 3 after the infection, and virus replication in the 
tissue was titrated in the eggs. Blood samples were collected 14 days after infection. Results: None of 
the mice demonstrated significant clinical symptoms. Both H3N2 isolates were replicated efficiently in 
the mouse lung tissue without adaption, and pathological changes were exhibited in the lungs. No 
viruses were detected in the spleen and brain of these animals. By comparison, the H3N8 virus could 
not be detected the lungs or any other organs of these animals after a high-dose infection. 
Conclusions: The 3 new genotypes of influenza H3 subtype viruses isolated from ducks varied in their 
ability to induce an infection in mice. The H3N2 duck-derived viruses were able to infect respiratory 
tissue in mice with adaptation. AIVs with different genotypes should be investigated systematically for 
their biological characteristics to determine their mammalian infection potential. 

P2-583 

Phenotyping of influenza A virus–infected mice with respect to different 
genetics of virus and host using hematologic and immunologic parameters 

L Dengler*, N Mehnert, D Shin, B Hatesuer, E Wilk, K Schughart 

Helmholtz Centre for Infection Research, Braunschweig, Lower Saxony, Germany; University of 
Veterinary Medicine, Hannover, Lower Saxony, Germany; University of Tennessee Health Science 
Center, Memphis, Tennessee, United States 

Background: The outcome of an influenza A virus (IAV) infection depends on the viral subtype and the 
genetics of the host—here inbred mouse strains. We compared C57BL/6 (B6) mice infected with two 
different variants of PR8 and a relative-resistant B6 mouse with susceptible DBA/2 (D2) mice. 
Materials and Methods: By analyzing body weight loss, virus titers in the lung and oxygen saturation 
in the blood, we could identify a clear correlation between these parameters and severity of the 
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disease. By using flow cytometry, we could measure the kinetics of single-cell populations in IAV-
infected lungs. Results: While the amount of phagocytes increased strongly in the case of severe 
infections until the animals succumbed, an increase in T and B cells could be measured starting on 
day three postinfection in the lungs of surviving mice. To verify how the infection process in the lung is 
reflected in peripheral blood, hematologic parameters were analyzed and flow cytometric analyses of 
the blood were conducted. We found significant differences in the relative distribution of the main 
immune cell populations in peripheral blood as early as day two postinfection, revealing this as an 
early and sensitive marker. The susceptible mouse strain and the lethally infected B6 mouse exhibited 
strong decreases in lymphocyte and very intense augmentation of granulocytes after infection. In 
comparison, the hemograms of surviving mice changed to a much lesser extent. We demonstrated 
that the ratio of lymphocytes to granulocytes is a strong indicator of infection outcome. Conclusions: 
In summary, peripheral blood parameters correlate well with the clinical course and outcome of IAV 
infection in mice. Therefore, these parameters (eg, the lymphocyte/granulocyte ratio) can indicate an 
IAV infection in the lung very early and indicate that the severity of the infection, independent of these 
parameters, is due to the pathogenicity of the virus or to the susceptibility of the host. 

P2-584 

Avian influenza A viruses in wild birds and domestic ducks in Bangladesh 

A Islam1*, NJ Hill2, A Mikolon1,3, K Sturm-Ramirez1,3, MA Rahman1, SK Paul1, A Islam4, K Hossain1, 
MZ Rahman1, SU Khan1, K Vandegrift4,6, J Desmond4, PR Hosseini4, P Daszak4, M Yamage5, SH 
Newman5, JY Takekawa2, N Gerloff3, N Simpson3, A Balish3, T Davis3, R Donis3, SP Luby1,3, N 
Zeidner1,3 

1International Centre for Diarrheal Disease Research, Bangladesh, Dhaka, Bangladesh; 2US 
Geological Survey, Western Ecological Research Center, United States; 3Centers for Disease Control 
and Prevention, Atlanta, Georgia, United States; 4EcoHealth Alliance, New York, New York, United 
States; 5Food and Agriculture Organization of the United Nations, Rome, Italy; 6Center for Infectious 
Disease Dynamics, The Penn State University, University Park, Pennsylvania, United States  

Background: Wild waterfowl are the ancestral reservoirs for avian influenza A viruses and support the 
persistence of these viruses in nature. Domestic ducks, as well as resident and migratory wild birds, 
inhabit the freshwater wetlands in northern Bangladesh during the winter months (November to 
March). The coastal areas of the Bay of Bengal are also wintering grounds for a number of migratory 
waders and shorebirds. We conducted a study of wild birds and domestic ducks in these areas to 
assess the prevalence of avian influenza A viruses using satellite telemetry to quantify flight distances 
and trace migratory routes of influenza-virus–infected waterfowl in these areas. Materials and 
Methods: We sampled wild birds from the Hakaluki and Tanguar haors of northern Bangladesh and 2 
coastal sandbars in southeastern Bangladesh. Mist nets, noose traps, and dazzling techniques were 
used to capture wild birds. Oropharyngeal and cloacal swabs from each bird were placed in viral 
transport media before being stored in liquid nitrogen. Cloacal swabs were also obtained from 
domestic ducks (Anas platyrhynchos) from Hakaluki haor. All swab samples were tested using real-
time reverse transcription-polymerase chain analysis with influenza A specific primers and probes at 
the icddr,b laboratory prior to confirmation at the CDC. Argos (9-12 g) and GPS (22 g) satellite 
transmitters were used to provide flight data from March 2010 through April 2012. Results: A total of 
1172 wild birds representing 95 species and 23 families were sampled from March 2010 to April 2012; 
of these, 285 were resident birds and 887 were migratory birds. Among them, 564 were from Hakaluki 
haor, 290 from Tanguar haor, and 318 from coastal sandbars. Nine birds (0.76%, CI 0.35%-1.45%) 
tested positive for avian influenza A virus, including 8 migratory waterfowl from Hakaluki haor: 4 
northern pintails (A acuta), 1 ferruginous pochard (Aythya nyroca), and 3 garganey (A querquedula) 
ducks. Of the 4 influenza-A–positive northern pintails, one was positive for both H5 and H9 subtypes 
and another for H5 only. Among birds from the coastal area, one lesser sand plover (Charadrius 
mongolus), a migratory wader, also tested positive for influenza A virus. Among the 800 domestic 
ducks at the Hakaluki haor from which samples were obtained, 16 tested positive for influenza A 
(1.86%, CI 1.05%-3.07%). We affixed satellite transmitters on 43 migratory waterfowl (16 during 2010 
and 27 during 2011). The marked birds consisted of 17 ruddy shelduck (Tadorna ferruginea), 11 
northern pintail, 8 garganey, 6 northern shoveler (A clypeata), and one gadwall (A strepera) animals. 
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The median distance covered by these birds was 2390 km (IQR 554-4370). The median days of 
signal transmission after satellite deployment was 110 days (IQR 26-235). Among the marked birds, 
38 (88.37%) were negative and 5 (11.63%) were positive for influenza A virus; these included 1 
northern shoveler, 2 northern pintails, and 2 garganey birds. Of the 2 marked northern pintails, 1 
(distance covered: 7188 km) tested positive for H5 and another (distance covered: 2805 km) tested 
positive for both H5 and H9. Transmission signals were maintained in 8 waterfowl as far as Assam 
(India), 6 as far as Lhasa (China), 2 as far as south China, 7 as far as Qinghai Plateau (China), 1 as 
far as Myanmar, and 1 as far as Siberia. The median distance covered by influenza A–positive birds 
did not differ significantly with that covered by influenza A–negative birds (2738 km vs 2387 km, P = 
.95). Conclusion: Both migratory wild birds and domestic ducks in Bangladesh can harbor and shed 
influenza A viruses, including the highly pathogenic H5N1 subtype. The migratory waterfowl routes 
connect Bangladesh with other regions in south and central Asia. Any attempt to model the 
geographic distribution of avian influenza A viruses should consider the fact that infection with these 
viruses does not hamper long distance migration of wild waterfowl. Continuous surveillance of 
migratory wild birds to identify and characterize avian influenza viruses would allow us to determine 
whether they play any role in the dissemination of influenza A viruses among domestic ducks of 
Bangladesh and throughout their migratory flight ranges. 

P2-586 

The survey of avian influenza viruses in wild birds in eastern China, 2013 

TX Li*, Z Zhang, S Tang, Z Kou, H Xia, ZJ Fan, F Deng, ZH Hu 

State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, 
Hubei, China 

Background: H7N9 is a serotype of the Influenza A virus (avian influenza virus, or bird flu virus). Avian 
influenza A H7 viruses normally circulate among avian populations with some variants that are known 
to occasionally infect humans. An H7N9 virus was first reported to have infected humans in 2013 in 
China. From March to May 2013, 4 Chinese provinces (Shanghai, Zhejiang, Jiangsu, and Shandong) 
ended their emergency response to H7N9 bird flu. Chongming Island, which is located in the Yangtze 
River estuary in Shanghai, is the third largest island in China. It has a north subtropical humid 
temperate climate, with 4 distinct seasons and many species of wild birds and waterfowls. Materials 
and Methods: We conducted a survey of avian influenza viruses in Chongming Island and Zhejiang in 
April 2013 by collecting 1555 feces samples from 3 species of wild birds (Calidris alpine, Charadrius 
alexandrines, and Anas platyrhynchos [mallard]) and using AIV-M PCR testing to identify the virus. 
The test was positive for 15 birds (1.8%). We inoculated 9-day-old SPF chicken embryos with the 
positive samples to culture and isolate the virus. Results: We identified the genome for 3 avian 
influenza viruses: one for the H9N2 virus, isolated from samples taken from 
A/Mallard/Zhejiang/136/2013, and 2 for H5N2, isolated from samples taken from 
A/Mallard/Zhejiang/9/2013 and A/Mallard/Zhejiang/16/2013. All of the isolates were genetically and 
phylogenetically characterized. Phylogenetic analysis of the H9N2 viral genomes showed 8 gene 
segments with a recent H9N2 relationship very close to those in the Yangtze River delta region. We 
also identified 6 internal genetic evolutionary trees within a group and 2013 H7N9 coexistence. 
Conclusions: These findings highlight the importance of surveillance in this region for potential 
recombinant avian influenza viruses. 
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P2-587 

Viral kinetics and pathogenesis of intranasal and intratracheal infection with 
influenza A (H1N1)pdm09 virus in isogeneic guinea pigs (Cavia porcellus) 

L Wiersma1*, S van Trierum1, N Nieuwkoop1, C van de Sandt1, G van Amerongen1, M Ladwig2, S 
Banneke2, H Schaefer3, A Osterhaus1, G Rimmelzwaan1

1Viroscience Lab, Erasmus Medical Centre, Rotterdam, the Netherlands; 2Federal Institute for Risk 
Assessment, Berlin, Germany; 3Robert Koch Institute, Berlin, Germany 

Background: Animal models for influenza virus infections have their respective advantages and 
limitations. The most appropriate animal model for any given study should therefore be selected 
based on the research question. In studies of transmission, outbred ferrets and guinea pigs are the 
preferred species. Mice do not transmit influenza, but the availability of inbred syngeneic mice permits 
investigation of the role of different cellular subsets in immunity through, for example, adoptive 
transfer of lymphocytes. In studies of both cellular immunity and viral transmission, inbred isogeneic 
guinea pigs uniquely combine the virtues of the ferret and the mouse model. In order to pave the way 
for new lines of research into viral transmission and cellular immunity, a baseline study was 
performed to assess replication kinetics and pathogenesis of influenza A(H1N1)pdm09 virus infection 
in strain 2 isogeneic guinea pigs. Materials and Methods: Twenty-two female 12-16-week-old strain 2 
guinea pigs were inoculated with 300 µl of 2 x 106 TCID50 pandemic H1N1 (A/Netherlands/602/09) on 
day 0. Twelve animals were inoculated intranasally. Nasal, pharyngeal and rectal swabs were taken 
on days 1, 2, 3, 4 and 7. On days 4 and 7, six animals were euthanized. Ten animals were inoculated 
intratracheally; all were swabbed daily as described, and 2 animals were killed on days 1, 2, 3, 4, and 
7. Full necropsy was performed, and the entire respiratory tract and other parenchymatous tissues
were collected and either frozen at -80ºC or fixed in 4% buffered formalin. Formalin-fixed tissues were 
embedded in paraffin, cut to 4-µm sections, and stained with haematoxylin and eosin for histological 
evaluation or stained immunohistochemically (IHC) with primary antibody directed against influenza A 
nucleoprotein. Infectious virus titres in tissue samples and swabs were determined on Madin-Darby 
Canine Kidney (MDCK) cells according to standard protocols. Results: Intranasally inoculated animals 
shed virus from days 1 to 4, with a peak in viral titres in nasal secretions on day 2 postinoculation (pi). 
By day 7 pi, infectious virus was no longer detectable (< 0.75 TCID50 per ml) in nasal secretions. 
Pharyngeal swabs were variably virus positive until day 4, and rectal swabs were uniformly negative. 
Nasal epithelium collected on day 4 pi showed viral titres ranging from 2.7 to 5.6 log TCID50 per gram 
tissue. Virus could not be isolated from the remaining tissues, with the exception of one animal that 
had low titres in the cerebrum on day 4. Histological evaluation revealed mild to moderate multifocal 
acute to subacute purulent rhinitis, tracheitis, bronchitis and bronchiolitis as well as multifocal mild 
broncho-interstitial pneumonia with type II pneumocyte hyperplasia on day 7. IHC demonstrated 
moderate numbers of viral antigen–positive cells in the nasal epithelium on day 4 and fewer on day 7. 
Intratracheal infection resulted in more diffuse pneumonia and higher numbers of IHC-positive cells. 
Conclusions: Isogeneic guinea pigs show great promise as a model for cellular immunity and 
transmission of influenza viruses. However, further studies, including studies of adoptive transfer of 
lymphocytic subsets, is required to fully assess the suitability of this model. 
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P2-588 

Pathogenicity of an H5N1 highly pathogenic avian influenza virus isolated in 
the 2010-2011 winter in Japan to wild ducks and herons 

K Soda1,2*, T Usui1,2, Y Uno1, Y Nagai1, H Ozaki1,2, H Ito1,2, N Yamamoto3, T Tamura3, T Hiono3, M 
Okamatsu3, Y Sakoda3, A Takada4, T Yamaguchi1,2, T Ito1,2 

1Department of Veterinary Medicine, Faculty of Agriculture, Tottori University, Tottori, Japan;  2Avian 
Zoonosis Research Center, Faculty of Agriculture, Tottori University, Tottori, Japan; 3Graduate School 
of Veterinary Medicine, Hokkaido University, Sapporo, Hokkaido, Japan; 4Research Center for 
Zoonosis Control, Hokkaido University, Sapporo, Hokkaido, Japan 

Background: Many highly pathogenic avian influenza (HPAI) outbreaks occurred in Japan during the 
2010-2011 winter. H5N1 HPAI viruses were isolated from 63 wild birds, including migrating and 
resident birds, and caused HPAI outbreaks in 24 chicken farms by the end of March. It has been 
suggested that migratory waterfowl flying from their nesting lakes in Siberia play a role in 
dissemination of H5N1 HPAI viruses to domestic poultry and resident birds, and that dead wild birds 
act as a source of infection to birds of prey such as Falconiformes. Elucidating the susceptibility of 
each wild bird to HPAI viruses should be needed to prevent future HPAI outbreaks. In the present 
study, we examined the pathogenicity of causal H5N1 HPAI virus to several wild duck and heron 
species, which are commonly observed in Japan. Materials and Methods: Anatidae (mallards, 
wigeons, pintails, tufted ducks, and mandarin ducks) and Ardeidae (grey herons, intermediate egrets, 
little egrets, and black-crowned night herons) were intranasally inoculated with 200 μl of allantoic fluid 
containing 106.0 50% egg infectious dose (EID50) of A/mandarin duck/Miyazaki/22M-807/2011 
(H5N1), which belonged to clade 2.3.2.1 and are mainly circulating in East Asia. The birds were 
observed for clinical signs for 10 days, and checked for viral shedding in laryngopharyngeal and 
cloacal swabs at 0, 1, 2, 3, 5, 7, and 10 days post inoculation. Results: A tufted duck (1/2: indicates 1 
of 2 birds), a mandarin duck (1/3), grey herons (2/4), little egrets (2/2), and a black-crowned night 
heron (1/3) showed clinical signs such as depression and neurologic symptoms. All the birds 
presenting disease signs terminated in death except 1 tufted duck and 1 grey heron. Viruses were 
mainly recovered from the laryngopharyngeal swabs of mallards, tufted ducks, mandarin ducks, and 
Ardeidae until 5-7 days post inoculation. On the other hand, viruses were rarely recovered from the 
swabs of wigeons and pintails. Further study revealed that the H5N1 HPAI viruses were transmitted 
between Anatidae or grey heron populations. Conclusions: The results showed that pathogenicity of 
the H5N1 HPAI viruses differed by wild bird species while all the experimentally-inoculated ducks and 
herons were susceptible to the recent H5N1 HPAI virus. The viruses were mainly recovered from 
laryngopharyngeal swabs of some birds with subclinical infection, indicating that they have the 
potential to disseminate the virus to other birds. Therefore, attempts should be made up to keep wild 
birds out of poultry farms. Furthermore, the number and species of wild birds around farms need to be 
continuously monitored to reduce the risk of viral transmission to poultry populations. 

P2-589 

Characterization and pathogenicity of highly pathogenic H5N1 avian influenza 
virus strains isolated from migratory wild birds in Mongolia (2005-2010) 

T-O Erdene-Ochir*, D Batchuluun, K Bodisaikhan 

State Central Veterinary Laboratory, Ulaanbaatar, Mongolia 

Background: Since its emergence in 1997 and re-emergence between 2002 and 2003, highly 
pathogenic avian influenza (HPAI) infections caused by the H5N1 virus have spread to most of the 
countries in east and south Asia. A new outbreak of morbidity and infection due to AI in wild birds, 
domestic birds, and humans has been observed worldwide. Mongolia is the second country to report 
wild birds infected with the H5N1 virus after the Qhinghai Lake outbreak in China in 2005. H5N1 HPAI 
viruses were isolated from whooper swans and other migratory wild birds during 8 reported outbreaks 

500Animal Influenza and Models

GATES
FellowshipFELLOWSHIP



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

in Mongolia since that time. A combination of geographical features makes Mongolia an ideal location 
for studying the epidemiology of avian influenza viruses in wild birds. For example, 4 main migration 
routes pass through Mongolia (East-Asia/Australia, Central-Asia/lndia, West-Asia/Africa and 
Mediterranean/Black-Sea), and approximately 391 species of migratory birds arrive in Mongolia. 
Mongolia also represents an important molting site for the Anseriformes species. Materials and 
Methods: We isolated the virus from a homogenate of tissue from the brain, lungs, and spleen of 20 
carcasses of bar-headed goose (Anser indicus), whooper swan (Cygnus cygnus), common goldeneye 
(Bucephala clangula), and ruddy shelduck (Tadorna ferruginea) birds, which were found in the Khunt 
(Saikhan soum, Bulgan Province), Erkhel (Alag-Erdene soum, Khuvsgul Province), Doityn Tsagaan 
(Ugiinuur soum, Arkhangai Province), Doroo (located at the boundary of Rashaant soum in Khuvsgul 
Province and Tsetserleg soum in Arkhangai), and Ganga Lakes (Dariganga soum, Sukhbaatar 
province) in Mongolia in July 2005, May 2006, May 2009, July 2009, and May 2010. The virus was 
isolated using the egg inoculation method, and the RT-PCR, qRT-PCR, and neuraminidase inhibition 
tests were used to identify subtypes. Confirmation of the isolated virus as the highly pathogenic avian 
influenza virus (HPAIV), based on OIC criteria, as well as determination of the intravenous 
pathogenicity index (IVPI) and preparation of the phylogenetic analysis, were carried out in the OIE 
Reference Laboratory for HPAI at Hokkaido University, Japan. Results: In July 2005, H5N1 viruses 
were isolated from tissue homogenates and swab samples taken from a bar-headed goose and a 
whooper swan in the Khunt and Erkhel Lakes. Similarly, H5N1 viruses were isolated from a whooper 
swan and a common goldeneye in May 2006 in the Khunt and Erkhel Lakes. These viruses were 
classified as clade 2.2 Qinghai Lake-type. In May 2009, H5N1 viruses were isolated from 3 whooper 
swans in Doityn Tsagaan Lake. In late July 2009, H5N1 viruses were isolated from dead wild birds, 3 
bar-headed geese, 2 ruddy shel ducks, and 2 common goldeneyes in Doroo Lake. In May 2010, 
H5N1 viruses were isolated from 4 whooper swans in Ganga Lake. These viruses were classified as 
being part of the clade 2.3.2. The IVPI was high /2.97-3.00/. Conclusions: All H5N virus infections 
identified in 2005, 2006, 2009, and 2010 occurred in May and July, when wild waterfowl migrate from 
southern Asia to their nesting lakes in Siberia, and all HPAI outbreaks were restricted to wild birds in 
north central and eastern Mongolia. Additionally, H5N1 viruses that are genetically related to isolates 
found in Mongolia were prevalent among domestic poultry in southern Asia, although no HPAI 
outbreak has been reported in poultry in Mongolia so far. The H5N1 HPAI viruses were isolated only 
from migratory waterfowl returning to their northern territory and not from those flying south from 
Siberia in autumn. This suggests that H5N1 HPAI viruses had not perpetrated their nesting lakes in 
Siberia until then. Finally, phylogenetic differences among H5N1 isolates identified in 2005, 2006, and 
2009, 2010 indicate that the role of the migratory birds in Mongolia in the AIV mutation should be 
clarified. Therefore, studies of avian influenza in wild birds should be continued. 

P2-590 

Poultry vaccination and H5N1 occurrence in Indonesia 

Pudjiatmoko2, T Prajitno3, E Brum1, R Mudigdo2, N Hartaningsih1, M Kim1, J McGrane1, L 
Schoonman1* 

1Food and Agriculture Organization of the United Nations, Emergency Centre for Transboundary 
Animal Diseases, Jakarta, Indonesia; 2Directorate of Animal Health, Directorate of General of 
Livestock and Animal Health Services, Ministry of Agriculture, Jakarta, Indonesia; 3Japfa Comfeed 
Indonesia, Jakarta, Indonesia

Background: HPAI due to H5N1 virus was first recognized in Indonesia in 2003 and soon became 
enzootic in poultry throughout much of the country. Vaccination was introduced as one measure of 
controlling HPAI. Homologous and heterologous vaccines from both local and international production 
laboratories were used. Vaccine was provided free of charge by the government to sector 4 poultry 
keepers. Commercial companies were permitted to use the registered vaccine of their choice, but 
overall coverage was low. Structured HPAI surveillance began in 2006 with the introduction of the 
Participatory Disease Surveillance and Response (PDSR) system, which mainly detected outbreaks 
in poultry sectors 3 and 4. Beginning in 2009, HPAI environmental surveillance was introduced in live 
bird markets. Materials and Methods: Since 2007, H5N1 field strains have been monitored under an 
OIE/FAO network of experts on animal influenza (an OFFLU programme) to screen for antigenic 
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variants, to obtain a representative sample of circulating viruses, and to identify potential strains for 
use in vaccines or challenge testing. Two challenge virus strains and 4 candidate vaccine strains, all 
in sub-clade 2.1.3, were identified and provided to vaccine manufacturers to develop and register 
vaccines against H5N1 in Indonesia. Results: As a result of these collaborative efforts, efficacious 
vaccines with antigenically relevant strains were produced locally, with sales initiated in 2009. 
Simultaneously, vaccine policy and advocacy was refocused on commercial production, with sector 4 
vaccination de-emphasized. From 2009 to 2012, sales of poultry vaccine based on antigenically 
similar viral strains derived from local field isolates increased steadily in Indonesia, progressively 
replacing vaccines based on poorly matched foreign virus strains as the most common vaccine sold in 
Indonesia. The vaccination rate using local vaccines in the commercial sector increased, but there 
was no evidence of significant improvement in biosecurity practices in the commercial sector. Over 
this same time period, the number of outbreaks of HPAI detected by the PDSR system decreased. A 
significantly negative correlation was also observed between the prevalence of H5-subtype positive 
animals in live bird markets and the dose of locally produced antigenically relevant vaccine sold. The 
number of cases of H5N1 infection in humans also decreased over this time period, indicating a 
negative correlation between human infection and the proportion of locally produced antigenically 
relevant vaccine sales. Conclusion: Use of locally produced, antigenically relevant vaccines 
significantly improved control of H5N1 HPAI in poultry in Indonesia, thereby reducing urban 
environmental contamination and the number of cases of infection in humans. To reduce the risk to 
both the public and animal health, vaccination of commercial poultry using antigenically relevant virus 
strains is strongly recommended in areas where H5N1 HPAI is endemic. Adoption of this practice by 
farmers may be boosted further if antigenically relevant vaccines can be produced locally by existing 
poultry vaccine manufacturers, rather than being imported. Surveillance systems designed to monitor 
strain antigenic characteristics in the field and monitor poultry outbreaks and environmental 
contamination in live bird markets are strongly recommended in endemic areas. The efficacy of 
candidate vaccine master seeds should be verified through challenges by antigenically representative 
field strains. 

P2-591 

H3N2 canine influenza virus with the matrix gene of the pandemic A/H1N1 
virus: infection dynamics in dogs and ferrets 

M Hong1,3, H Moon2, W Na1,3, SJ Park1, M Yeom1, DJ Kim1, SH Kim1 and D Song1,3* 

1Viral Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology, 
Daejeon, South Korea; 2Research Unit, Green Cross Veterinary Products, Yong-in, South Korea; 
3University of Science and Technology, Daejeon, South Korea 

Background: Canine influenza virus (CIV) is a newly emerging agent that causes acute respiratory 
diseases in dogs. Interspecies transmission of H3N2 CIV from dogs to domestic cats with high 
mortality also occurred at the beginning of 2010. After a recent event caused by the pandemic 
influenza A/H1N1 (pH1N1) virus, the emergence of a recombinant H3N2 canine influenza virus (CIV) 
representing the pH1N1 virus and the classical H3N2 CIV was reported. Our continuing surveillance 
resulted in the isolation of another reassortant H3N2 CIV containing the matrix gene of the pH1N1 
virus in 2012. Materials and Methods: As part of the canine influenza surveillance program of the 
Korean National Veterinary Research and Quarantine Service (NVRQS), 8 nasal swab samples were 
collected from sick dogs showing influenza-like symptoms in animal hospitals. Three of these samples 
were determined to be positive for the influenza A virus based on the findings of a commercial rapid 
detection influenza virus A antigen kit, and only 1 of the 3 was found to be positive based on the 
findings of virus isolation (A/Canine/Korea/MV1/2012 [CE/Kor/MV1/12; H3N2]). All 8 segments of the 
virus were identified using reverse transcriptase polymerase chain reaction (RT-PCR) assays 
followed by sequence analysis. The dynamics of infection by the CE/Kor/MV1/12 virus were 
investigated in dogs and ferrets through experimental infection and transmission. Results: Dogs and 
ferrets infected by the CE/Kor/MV1/12 virus demonstrated symptoms typical of respiratory disease, 
efficient virus shedding, and seroconversion, as previously shown in classical H3N2 CIV infections. 
Direct contact transmission of the CE/Kor/MV1/12 virus was detected in both animal models, although 
this type of transmission occurred more efficiently in ferrets. Interestingly, transmission by the 
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CE/Kor/MV1/12 virus appeared to be revitalized compared with transmission by the classical H3N2 
CIV. Transmission via respiratory droplets, which was performed only in the ferret model, failed. 
Conclusion: We isolated and characterized a strain of the H3N2 CIV containing the M gene segment 
of the pH1N1 virus. Our CE/Kor/MV1/12 virus demonstrated efficient replication and triggered contact 
transmission in dogs and ferrets. Most importantly, it showed augmented transmissibility in the ferret 
model when compared with the classical H3N2 CIV, which was hypothesized to be conferred through 
the presence of the M gene segment of the pH1N1 virus. To prove this hypothesis, additional studies 
using reverse genetics will be needed. 

P2-592 

The mechanisms of route dependent immunodominance to influenza A virus: a 
strategy for optimizing CD8+ T cell vaccine efficacy 

D Zanker*, K Xiao, W Chen 

La Trobe University, Department of Biochemistry, Bundoora, Australia 

Background: Creating a successful vaccine requires understanding the optimal conditions for 
generating the best immune response for a particular physiological site. The immune response to 
influenza A virus (IAV) involves multiple arms of the immune system, including responses to 
numerous CD8+ T cell epitopes. CD8+ T-cell responses offer cross-reactive protection against 
multiple strains of IAV due to conserved epitopes. Because of this, CD8+ T cells are excellent vaccine 
candidates against IAV. CD8+ T-cell responses can be combined collectively into an 
immunodominance hierarchy based on magnitude. Interestingly, the immunodominance hierarchy to 
IAV differs depending on the administration site of infection.  Materials, Methods, and Results: Using 
a murine IAV model, we show that intranasal (IN) infection results in enhanced responses in the lung 
to several subdominant CD8+ T-cell epitopes, especially PB1/703, when compared with 
intraperitoneal (IP) immunization. Alveolar macrophages have been proposed to be a depot of antigen 
in the lung following local infection. Through ex vivo antigen presentation studies, we have shown that 
alveolar macrophages have the ability to present multiple CD8+ T-cell epitopes to monospecificity 
CD8+ T-cell cultures within hours of infection. Using BFA antigen presentation kinetics assays of in 
vitro cultured macrophages from various anatomical sites, we have also shown that alveolar 
macrophages have enhanced antigen presentation kinetics of subdominant epitopes when compared 
with bone marrow derived dendritic cells and macrophages from alternate sites. Conclusions: To that 
end, we propose a role for macrophages in antigen presentation leading to enhancement of immune 
responses observed during IN infections. Targeting antigen not only to DCs but also towards 
macrophages may provide an excellent vaccine strategy to direct a more balanced T-cell response to 
IAV. 

P2-593 

Infectivity and transmissibility of avian H9 influenza A virus in pigs 

J Wang1,2, M Wu1, R Chen1, Z Zheng1, Y Zen1, W Hong1, H Zhu1,2,D Smith2, Y Guan1,2* 

1Joint Influenza Research Center of STUMC-HKU, Shantou University Medical College, Shantou, 
Guangdong, People’s Republic of China; 2State Key Laboratory of Emerging Infectious Diseases, The 
University of Hong Kong, Hong Kong SAR, People’s Republic of China. 

Background: Interspecies transmission of avian H9N2 influenza viruses to mammalian hosts has 
been reported sporadically over the last 2 decades. These viruses are widely prevalent in land-based 
poultry in Asia; therefore, understanding the infectivity and transmissibility of the virus in pigs, a 
potential “intermediate host” for transmission of influenza viruses to humans, is of importance to 
evaluate the pandemic potential of this virus. Materials and Methods: We collected sera from 4500 
pigs from 2002 to 2012 in 3 cities in southern China and tested them against a panel of antisera from 
antigenically different H9 viruses from the major H9 lineages. Six H9 strains from 3 major lineages 
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(G1, Y280, and Y439) that are established in domestic poultry in China were selected to study the 
infectivity of the virus in pigs. Two strains that infected pigs were used for a transmission study in 
pigs. Results: We found that 10.42% of the pig sera we collected was seropositive for H9 viruses. 
These samples were tested against viruses of the H9N2 Y280 or G1 lineage that have been 
established in land-based poultry for more than a decade. No sera were positive for viruses of aquatic 
bird Y439 lineage. A similar pattern was observed for infectivity in pigs. Viruses from the G1 and Y280 
lineage were able to infect pigs, in which nasal shedding of the virus and seroconversion were 
detected. Neither aquatic bird H9 virus from the Y439 lineage was able to induce a productive 
infection in pigs. No transmission of the H9N2 viruses to physical or airborne contact animals was 
detected. Conclusion: This retrospective serologic study revealed that interspecies transmission of 
avian H9 viruses to pigs has occurred frequently in the field. The H9N2 G1 and Y280 lineage viruses 
established in land-based birds were able to infect pigs, whereas the viruses from aquatic birds could 
not. This suggests that adaptation in land-based poultry led to the ability of the viruses to infect pigs. 
Although H9N2 viruses do not appear to be able to be transmitted to pigs, repeated introduction of H9 
viruses to pigs will increase the risk that adapted or reassorted variants will be generated and, thus, 
pose a threat to humans. In view of the wide prevalence of H9 viruses in poultry, surveillance of H9 
viruses in pigs should be strengthened. 

P2-594 

Evolution and diversity of HPAI H5N1 clade 2.3.4 in Vietnam from 2005 to 2010 

H Nguyen1*,T Nguyen2, T Nguyen1, B Kapella3, J Kile3, J Partridge3, L Nguyen1, P Hoang1, T 
Nguyen2, T To2

, G Smith4, P Horby5, A Balish6, A Klimov6, C Davis6, R Donis6, H Nguyen1, M Le1 

1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2National Centre for Veterinary 
Diagnosis, Department of Animal Health, Hanoi, Vietnam; 3Influenza Program, Centers for Disease 
Control and Prevention, Hanoi, Vietnam; 4Duke-NUS, Singapore; 5Oxford University, Hanoi, Vietnam; 
6Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States. 

Background: The highly pathogenic avian influenza A H5N1 virus has caused poultry outbreaks in 
Vietnam since 2003. Although the number of reported outbreaks has decreased substantially, H5N1 
continues to circulate despite national control and prevention efforts, such as poultry vaccination 
campaigns. A total of 123 laboratory-confirmed cases of H5N1 infection in humans, including 61 
deaths (case fatality rate: 50%), have been reported in Vietnam. From 2003 to 2010, clades 1 and 
2.3.4 were predominant, although their distribution has changed over time. Clade 2.3.4 was first 
identified in poultry in early 2005, and the first human case was reported in August 2005. Clade 2.3.4 
expanded across northern Vietnam and replaced clade 1 in 2006, but essentially disappeared in 2011 
following the introduction of a variant clade 2.3.2.1. We conducted molecular characterization and 
whole genome sequencing studies of human and poultry clade 2.3.4 isolates to better understand the 
evolution and diversity of this clade in northern Vietnam. Materials and Methods: All poultry and 
human H5N1 isolates of clade 2.3.4 obtained from animal and human virological surveillance 
programs in Vietnam from 2005 to 2010 were classified according to time (year) and place (province). 
Isolates (18 human and 30 poultry) were amplified in eggs for sequencing. All isolates underwent full 
genome sequencing using the Sanger method and antigenic analysis by using the hemagglutination-
inhibition assay based on a panel of 3 reference ferret antisera provided by the US Centers for 
Disease Control and Prevention and chicken antisera provided by the Vietnam National Center for 
Veterinary Diagnosis. For all data sets, phylogenetic alignments were determined using Geneious 
6.0.6, and neighbor-joining trees were inferred using a general time reversible model. Reassortment 
analysis was carried out for concatenated whole-genome isolates. Results: H5N1 viruses in Vietnam 
have diverged genetically and antigenically since 2003. Viruses derived from a clade 2.3.4 ancestor 
circulated in northern Vietnam from 2005 to 2010 and belonged to 3 sub-clades--2.3.4.1, 2.4.3.2, and 
2.4.3.3--as determined by genetic analysis of the hemagglutinin gene. Sub-clades were identified as 
having incongruent tree topologies in 8 different segments in some poultry and human isolates, 
suggesting reassortment. Reassortment of clade 2.3.4 was determined in sub-clades 2.3.4.2 and 
2.3.4.3 only, occurring more frequently in the NA and MP genes (7/28 viruses in each gene) and less 
frequently than in NP genes (4/28 viruses) and the PB2 gene (1/28 viruses). Reassortments between 
clades 2.3.4 and a newly identified variant clade 2.3.2.1 were observed in the NA and MP genes of 2 

504Animal Influenza and Models

GATES
FellowshipFELLOWSHIP



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

isolates belonging to sub-clades 2.3.4.2 and 2.3.4.3. Reassortment of the NS, PB1, and PA genes 
was not identified in this study. Antigenic cartography of HI data for clade 2.3.4 viruses and its sub-
clades indicated antigenic similarity among the 3 sub-clades. An adequate reaction between the 
H5N1clade 2.3.4 isolates and the corresponding H5N1 poultry vaccination antisera was shown with 
the hHI titer ranging from 40 to 160. Conclusions: Over a 5-year period, H5N1 clade 2.3.4 viruses 
exhibited marked genetic diversity in northern Vietnam, with 3 sub-clades in both human and animal 
isolates. Reassortments in the NA, MP, NP, and PB2 genes were identified and related to viruses 
clustering in sub-clades 2.3.4.2 and 2.3.4.3. Although there is no evidence of antigenic changes 
following genetic diversity, reassortment between clade 2.3.4 and clade 2.3.2.1 was identified in this 
study. These findings suggest continued diversification and evolution of HPAI H5N1viruses in 
Vietnam and indicate that continued surveillance for pandemic preparedness is warranted. 

P2-595 

Neuraminidase-dependent multi-organ replication of H7 influenza viruses 

HI Kwon,1* MS Song, 1,2 PNQ Pascua,1 SJ Park,1 EH Kim,1 GJ Lim,1 SM Kim,1 YI Kim,1 EJ Choi,1 YK 
Choi1 

1Chungbuk National University, Cheongju, Republic of Korea; 2St. Jude Children’s Research Hospital, 
Memphis, Tennessee, United States. 

Background: Influenza virus replication is initiated by the cleavage of the major surface glycoprotein 
hemagglutinin (HA). Tissue-specific trypsin-like proteases are essential for the replication of low 
pathogenicity. By contrast, the HA of high-pathogenicity viruses harbors a multibasic motif that allows 
proteolytic cleavage by various proteases that facilitate systemic spread. Alternative mechanisms of 
HA protein cleavage and activation have been demonstrated by different viruses. One classic 
example is the facilitation of efficient viral replication of the A/WSN/33 (H1N1) virus through activation 
of plasminogen in a neuraminidase (NA)-dependent manner. We report a novel NA-dependent 
mechanism for replicating an avian H7N6 influenza virus (A/Mallard duck/Korea/6L/07 [A/Md/6L/07]) 
in vitro and in vivo. Materials and Methods: During routine avian influenza activity surveillance in wild 
migratory birds, we isolated A/Md/6L/07 from dead mallard ducks in December 2007. This virus can 
grow without trypsin in culture media. Viral replication kinetics and pathogenesis were measured in 
vitro and in vivo in mice, chicken, ducks, and ferrets. To determine the details of the trypsin-
independent growth mechanism for A/Md/6L/07, we generated various combinations of reassortant 
HA (H1, H3, H5, H7, H9, H10) and NA (N1-N9) viruses in the backbone of A/Md/6L/07 using reverse 
genetics. Rescued viruses were evaluated for their growth kinetics with and without trypsin or various 
protease inhibitors. Results: Genetic characterization revealed that A/Md/6L/07 is a low-pathogenicity 
virus possessing a monobasic cleavage motif in its HA gene. Despite its low pathogenicity, 
A/Md/6L/07 grew efficiently in vitro in the absence of exogenous trypsin, thereby producing an 
influenza virus-specific cytopathic effect (CPE). Animal studies demonstrated that the A/Md/6L/07 
virus can replicate in multiple organs (lung, spleen, kidney, and brains) apart from the respiratory 
tract. Among the recombinant viruses, only the N6-NA was able to cleave glycine (G) specifically from 
the P2 position of the H7 HA0 glycoprotein. The results of the molecular biological study revealed that 
this novel mechanism is partially associated with thrombin, a serine protease, with A/Md/6L/07 
replication significantly attenuated in media containing the direct thrombin inhibitor agatroban. 
Conclusion: We report for the first time a means by which influenza H7 viruses promote viral 
replication in a thrombin-dependent manner. This mechanism appears to be associated with a 
specific N6 NA gene constellation. We propose that thrombin-dependent cleavage of the HA protein 
is an emerging novel mechanism by which H7 virus replication is facilitated in various hosts. 
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P2-596 

Infection and transmission of emerging swine H3N2 reassortant influenza 
viruses in ferrets and pigs 

H Zhu1,2, J Zhou1,2*, Z Zheng1, R Chen1, R Zheng1, Q Cai1, L Li1, C Shu1, Y Zeng1, Y Zhang1, L Peng1, 
W Hong1, J Wang1,2, DK Smith1,2, M Peiris2, Y Guan1,2 

1Joint Influenza Research Center (SUMC/HKU), Shantou University Medical College, Shantou, China; 
2Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong Kong, 
China  

Background: Following the initial outbreak in humans, the pandemic 2009 H1N1 influenza virus 
(pdm/09) has been repeatedly introduced back to pigs and reassorted with the enzootic swine 
influenza viruses to generate an array of novel variants. In North America, a swine-origin H3N2 virus 
containing the pandemic matrix gene has caused more than 300 human infection cases since August 
2011. In southern China, H3N2 reassortants with pdm/09-like internal genes (rH3N2pIG) were first 
detected in 2010 and were subsequently found to be established in the swine populations across 
several provinces. This raised concerns that the prevailing rH3N2pIG viruses might also infect 
humans. Here we used ferret and pig models to investigate the infectivity and transmissibility of this 
reassortant virus. Materials and Methods: Influenza-free pigs (4-6 weeks old, n = 6) were intranasally 
inoculated with 106 times the median tissue culture infectious dose (TCID50) of the rH3N2pIG virus 
A/Swine/Hong Kong/NS2811/2011 (Sw-NS2811) and co-housed with four physical contact– and three 
airborne-exposed pigs and three airborne-exposed ferrets at 1 day postinoculation (dpi). Ferrets (6-8 
months old, n = 2) intranasally inoculated with 106 TCID50 of Sw-NS2811 were co-housed with two 
physical contact– and two airborne-exposed ferrets at 1 dpi. Another two naive ferrets were 
introduced as secondary airborne exposed ferrets at 4 dpi. Clinical signs, body weights and body 
temperatures were recorded daily, and nasal swabs (for pigs) or nasal washes (for ferrets) were 
collected for virus titration. Seroconversion was determined with a hemagglutination inhibition (HI) 
test. The prototype pdm/09 virus A/California/07/2009 (CA07) and a contemporary human seasonal 
H3N2 virus A/Shantou/546/2010 (ST546) were used as control viruses. Results: The novel swine 
H3N2 reassortant Sw-NS2811 could replicate and transmit efficiently via both direct contact and 
airborne exposure in swine, with a disease profile and virus shedding kinetics similar to those of the 
CA07 virus. Sw-NS2811 could also be efficiently transmitted from pigs to airborne-exposed ferrets. All 
tested animals developed mild pneumonia and seroconverted. Ferret-to-ferret transmission of the Sw-
NS2811 virus was efficient via direct contact but was limited via airborne exposure. Only one of the 
four ferrets airborne-exposed to Sw-NS2811 seroconverted, but without detectable virus being shed 
from the nasal route. All ferrets airborne-exposed to CA07 shed virus and seroconverted by 35 dpi, 
while those airborne-exposed to ST546 shed virus at marginal levels and seroconverted by 14 dpi. 
Conclusions: The novel swine H3N2 reassortant virus established recently in southern China could 
transmit and cause mild disease within experimentally exposed pigs. It could also cross the species 
barrier to infect ferrets via airborne exposure. Though efficient by direct contact transmission in 
ferrets, it only has limited airborne transmissibility from ferret to ferret. The potential for this virus to 
infect humans cannot be excluded, but its airborne transmissibility is expected to be lower than that of 
the contemporary human seasonal H3N2 and pdm/09 viruses. 
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P2-597 

Changes in the prevalence of H5N1 influenza viruses in Hong Kong 

L Duan1,2, CL Cheung2* , YHC Leung2, H Zhu1,2, X Chen1, DK Smith2, B Zhou1, JSM Peiris1,2 Y 
Guan1,2 

1State Key Laboratory of Emerging Infectious Diseases (Shenzhen Branch), Shenzhen Third People’s 
Hospital, Shenzhen, Guangdong, China; 2State Key Laboratory of Emerging Infectious Diseases and 
Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong Kong 
SAR, China 

Background: The highly pathogenic Asian H5N1 avian influenza virus first emerged in 1997 and by 
2006 had spread in 3 major transmission waves to more than 60 countries across Eurasia and Africa. 
During each wave transmission, a different H5N1 clade or genotype was disseminated, which 
widened the geographic range affected by the viruses and led to some viruses becoming enzootic in 
affected regions. More recently, clade 2.3.2.1 H5N1 viruses have been transmitted to many Eurasian 
countries and are forming different subgroups. Introduction of live poultry market management 
measures in Hong Kong has meant that H5N1 viruses are mainly isolated from migratory wild birds. 
The presence of clade 2.3.2.1 viruses in wild birds in Hong Kong could be part of the widespread 
dissemination of these viruses. Materials and Methods: Avian influenza H5N1 viruses were isolated 
from dead wild birds or poultry carcasses found in Hong Kong and identified using real-time PCR and 
hemagglutinin inhibition tests at the laboratory of the Agriculture, Fisheries and Conservation 
Department of the Hong Kong SAR Government. Three human viruses were isolated from specimens 
taken from RT-PCR–confirmed H5N1 human infections in Hong Kong and Shenzhen, Guangdong, 
China. Genetic and antigenic analyses of these viruses were performed as described previously. A 
phylogenetic tree of each gene segment was generated using a maximum likelihood model, and the 
robustness of the tree topologies was evaluated with the approximate likelihood log ratio test, 
implemented in PhyML (version 3.0). Results: We characterized 71 H5N1 viruses isolated from 
poultry, wild birds, and humans in Hong Kong and Shenzhen from June 2008 to June 2013. One third 
of the viruses belonged to clade 2.3.4; the others belonged to clade 2.3.2.1 viruses that had diverged 
into 2 phylogenetic subgroups: Barn-swallow-like and 6841-like. The last virus belonging to clade 
2.3.4 was isolated in January 2011; clade 2.3.2.1 viruses were last isolated in January 2013. H5N1 
viruses showed a distinct preference for the winter season in Hong Kong. Viruses from clades 2.3.4 
and 2.3.2.1 were antigenically distinct. However, the internal genes of the clade 2.3.2.1 viruses were 
mainly derived from clade 2.3.4 H5N1 viruses that were present in southern China from 2006 to 2008. 
All clade 2.3.2.1 viruses had a T156A substitution (most also had an N154D substitution) in the HA, 
which removed the glycosylation site at position 154. Loss of this site was implicated in the recent 
attainment of airborne transmission by H5N1 viruses in ferrets. S223R in HA, which may confer an 
increasing binding affinity for α-2, 6-NeuAcGal receptors, was found in 13 of the 2.3.2.1 viruses. 
Conclusions: Clade 2.3.2.1 viruses appear to have replaced clade 2.3.4 viruses in Hong Kong as part 
of the apparently new transmission wave of clade 2.3.2.1 viruses throughout Eurasia. Wild bird 
2.3.2.1 viruses from Hong Kong belonged to 2 of the 4 subgroups in which this clade appears to be 
evolving. Possible antigenic and dissemination differences among these subgroups need to be 
evaluated. 
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P2-598 

Immune responses against H5N1 highly pathogenic avian influenza virus 
induced by intradermal immunization of inactivated viral antigen with CpG-
ODN adjuvant in ducks 

SS Yuk*, DH Lee, JK Park, JH Kwon, JY Noh, BY Kim, SW Choi, JB Lee, SY Park, IS Choi, CS Song 

Avian Disease Laboratory, College of Veterinary Medicine, Konkuk University, Seoul, Republic of 
Korea 

Background: Because waterfowls are considered a natural reservoir for avian influenza viruses (AIV), 
AIV could circulate silently among Anseriformes birds, such as ducks, geese, and swans. Raising 
ducks in Asia has been found to play an important epidemiological role in the transmission of HPAI 
H5N1 to domestic poultry. Therefore, the effective control of H5N1 virus in ducks has important 
implications for the eradication of H5N1 influenza virus infection in poultry. To prevent AIV infection in 
ducks, various types of AIV vaccines are currently under development. The only vaccines currently 
available to control AIV in ducks are inactivated vaccines that demonstrate variable efficacy. It has 
been widely proposed that delivery of the vaccine antigen to the dermis and epidermis rather than to 
muscle or subcutaneous tissue could induce superior protective immune responses and have an 
antigen dose-sparing effect. We compared hemagglutination inhibition (HI) titers induced by 
vaccination through the intradermal (ID) web skin route and the intramuscular (IM) route using various 
dose of vaccine concentrations in commercial ducks. We also used a well-established toll-like 
receptor agonist, CpG-motif oligodeoxynucleotides (CpG-ODN), as an ID vaccine adjuvant to 
evaluate the adjuvant effect in ducks. Materials and Methods: A reverse genetics-derived H5N1 virus 
containing the modified H5 and N1 of A/chicken/Korea/ES/03 and the internal genes of influenza 
A/PR/8/34 was kindly provided by Dr BL Seong (Yonsei University, Korea). Virus was propagated in 
embryonating chicken eggs and formalin-inactivated for vaccine antigen preparation. A total of 56 
one-week-old influenza virus seronegative domestic ducks were divided into 10 groups. To measure 
antibody responses induced by specific doses of the vaccine, with or without CpG-ODN, we 
vaccinated 6 groups of ducks with escalating doses of antigen (104.3, 105.3, and 106.3 EID50/bird) 
through the web skin route with or without CpG-ODN. To compare the effectiveness of the ID route 
with the IM route, we vaccinated another group of ducks with oil-emulsified vaccine through the IM 
route. After 4 weeks, boost immunization was done using same vaccine preparations. To determine 
the immunogenicity of vaccine, we collected serum samples 1, 2, 3, 5, 6, and 7 weeks after prime 
immunization for HI test. Results: After prime immunization, ducks receiving the highest antigen dose 
(106.3 EID50/bird) did not exhibit an immune response, whether they were immunized through the ID 
route or IM route. After boost vaccination, ducks immunized through the ID web skin route showed 
higher HI titers than those immunized through the IM route. Ducks who also received CpG-ODN 
exhibited its antigen dose-sparing effect compared with non–CpG-ODN vaccinated groups. 
Conclusion: ID immunization is an emerging technique in vaccine delivery. In previous studies, 
researchers investigated ID vaccine delivery, driven by the fact that the dermis and epidermis are rich 
in antigen-presenting cells, which, in turn, suggests that the delivery of vaccines to these tissue 
layers, could induce an immune response with smaller amounts of vaccine antigen compared with the 
amount required when the vaccine is delivered through muscle or subcutaneous tissue. In our 
investigation of ID delivery of vaccine to commercial ducks, we found that prime-boost immunization 
by ID route resulted in a superior immune response compared with immunization through the IM 
route. We also found that a significantly higher mean antibody titer could be achieved using a reduced 
dose of antigen when CpG-ODN as administered than a high dose of vaccine without CpG-ODN. 
Thus, ID vaccine delivery and use of CpG-ODN adjuvant may be an attractive vaccine strategy to 
better control AIVs in commercial ducks. 
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P2-599 

The use of equine influenza pseudotyped lentiviruses for serological 
screening 

S Scott1*, E Molesti1, N Temperton1, F Ferrara1, E Böttcher-Friebertshäuser2, J Daly3

1Viral Pseudotype Unit, School of Pharmacy, University of Kent, Chatham Maritime, United Kingdom; 
2Institute of Virology, Philipps University, Marburg, Germany; 3School of Veterinary Medicine and 
Science, University of Nottingham, Sutton Bonington, Nottingham, United Kingdom 

Background: The H3N8 subtype of equine influenza virus continues to produce outbreaks worldwide, 
with resultant economic and agricultural impact. The surface hemagglutinin (HA) glycoprotein elicits 
neutralizing antibody responses following a natural infection or vaccination. Unfortunately, the 
standard assays used for influenza serology present certain practical issues, such as interlaboratory 
variability, complex protocols, and the necessity to handle certain virus strains in high biological 
containment facilities. To address this, avian and human influenza HA pseudotyped retroviruses have 
been used successfully in antibody neutralization assays. In this study, we have, for the first time, 
generated equine influenza pseudotyped lentiviruses to detect HA-directed neutralizing antibodies in 
equine sample sera. Materials and Methods: Stocks of H3N8 A/equine/Sussex/89 were grown in 10-
day-old embryonated eggs, with viral RNA extracted and HA amplified using RT-PCR and custom 
primers. The product was cloned into the pI.18 expression vector. Pseudotyped viruses were then 
produced through co-transfection of HEK293T cells with plasmids expressing the HA, HIV gag-pol, 
and firefly luciferase reporter genes and harvesting of virus from the supernatant. To produce infective 
pseudotype particles, it was necessary to also cotransfect a plasmid encoding the TMPRSS2 
endoprotease to cleave the HA. High-titer pseudotype virus (PV) was then used in PV antibody 
neutralization assays (PVNAs); a luminometer was used to quantify PV infectivity (luciferase 
expression). Sera from vaccinated (n = 21) and influenza-naïve (n = 2) equines were tested. These 
samples were also screened using the single radial hemolysis (SRH) assay. Correlation and 
significance were determined by Pearson analysis using GraphPad Prism software. Results: 
Pseudotype viruses were generated successfully, with a titer of 1 x 109 relative luminescence units 
per mL. The TMPRSS2 protease was essential for this process, with no significant PV generation in 
the absence of the protease expression plasmid. The PVs thus produced were used in PVNAs to 
distinguish all test sera from vaccinated versus nonvaccinated equines. All vaccinated equines 
exhibited PVNA antibody titers of IC50 >1100 (positive control IC50: >40,000; negative sera: <80). 
Antibody was detected by SRH in 18/20 of the vaccinated equines (range: 61-207 mm2). There was a 
65% correlation between results from the 2 assays (r = 0.65, P = .002). Conclusion: H3N8 equine 
influenza pseudotyped lentiviruses have been generated for the first time. These were successfully 
used to detect anti-HA neutralizing antibodies in serum samples. We were also able to use the 
pseudotype virus neutralization assay to distinguish sera from vaccinated versus influenza-naïve (by 
SRH) equines. The correlation between PVNA and SRH assays was good (65%), with the 
pseudotype assay exhibiting slightly more sensitivity. Future work will require more extensive testing 
of the PVNA using a larger number of serum samples to assess sensitivity/specificity and 
inter/intralaboratory variability and to define a protective antibody titer. 
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P2-600 

Mutation from arginine to lysine at the position 189 of hemagglutinin 
contributes to the antigenic drift in H3N2 swine influenza viruses 

J Ye1, Y Xu1, J Harris1, A Bowman2, F Cunningham3, C Cardona4, K Yoon5, R Slemons2, X-F Wan1*

1Department of Basic Sciences, College of Veterinary Medicine, Mississippi State University, 
Mississippi State, Mississippi, United States; 2Department of Veterinary Preventive Medicine, College 
of Veterinary Medicine, The Ohio State University, Columbus, Ohio, United States; 
3USDA/APHIS/WS, National Wildlife Research Center, Mississippi Field Station, Mississippi State, 
Mississippi, United States; 4College of Veterinary Medicine, University of Minnesota, St Paul, 
Minnesota, United States; 5Department of Veterinary Diagnostic and Production Animal Medicine, 
College of Veterinary Medicine, Iowa State University, Ames, Iowa, United States 

Background: In the North American swine population, the current predominant H3N2 influenza A virus 
(IAV) was associated with a “spillover” of human seasonal H3N2 IAVs to pigs in 1990s. Two distinct 
antigenic clusters were previously identified among the H3N2 swine IAVs and were designated 
H3N2SIV-alpha and H3N2SIV-beta (Feng, et al. J Virol. 2013;87(13):7655-7667). A consistent 
mutation was observed at the position 189 of hemagglutinin (R189K) between H3N2SIV-alpha and 
H3N2SIV-beta fair isolates. Our previous study also showed that the viruses in the antigenic cluster 
H3N2SIV-beta cross-reacted with ferret antisera produced against several seasonal human influenza 
viruses with HA carrying R189K mutation. However, little is known about the contribution of R189K 
mutation to the antigenic drift from H3N2SIV-alpha to H3N2SIV-beta, and also to the cross-reaction. 
Materials and Methods: Four reassortant viruses with HA carrying189R or 189K were generated by 
reverse genetics and designated as 09SW64_189R (wt), 09SW64_189K(mt), 11SW347_189K(wt), 
and anti11SW347_189R(mt). The antigenicity of these viruses was characterized by HI test and 
antigenic cartography. Results: The HI and antigenic cartography demonstrated that the R189K 
mutation in the hemagglutinin of H3N2 SIV contributed to the antigenic drift, separating these viruses 
into H3N2SIV-alpha to H3N2SIV-beta. This R189K mutation was also found to contribute to the cross-
reaction with several ferret sera raised against historical human IAVs with hemagglutinin carrying 
189K. Conclusions: This study suggests that the R189K mutation plays a vital role in the antigenicity 
of swine and human H3N2 IAVs and identification of this antigenic determinant will help us rapidly 
identify antigenic variants in influenza surveillance. 

P2-601 

A mechanism of antigenic escape: generation of a neuraminidase-negative 
H5(N1) HPAIV (and its characterization) 

D Kalthoff1*, S Röhrs1, D Höper1, B Hoffmann1, J Bogs1, J Stech2, M Beer1 

Institutes of Diagnostic Virology1 and Molecular Biology2, Friedrich-Loeffler-Institut, Greifswald – Insel 
Riems, Germany 

Background: To model an escape from immunogenic pressure, the H5N1 HPAIV strain A/Cygnus 
cygnus/Germany/R65/06 (H5N1) (R65) was passed through embryonated chicken eggs in the 
presence of chicken serum. The escape variant (EscEgg50A), which was obtained after 50 passages, 
acquired extensive alterations in its NA-encoding segment, which resulted in the loss of sialidase 
activity. Material and Methods: We used a neutralizing polyclonal serum originating from chicken after 
vaccination with an inactivated H5N2 vaccine followed by a challenge with HPAIV H5N1 to provide 
antigenic pressure. Reverse genetics was used to generate a recombinant virus (EscEgg50Arec) 
consisting of a wild-type R65 backbone and the shortened NA-segment. Results: In addition to 12 
amino acid substitutions scattered across its genome, whole-genome sequencing of EscEgg50A 
revealed deletions and rearrangements within the NA-encoding segment. Loss of the NA protein of 
EscEgg50A and EscEgg50Arec was confirmed using indirect immunofluorescence and Western 
blotting; a neuraminidase activity assay verified the complete loss of enzymatic activity. After 

510Animal Influenza and Models



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

inoculation of MDCK cells at MOI 1, EscEgg50A and EscEgg50Arec revealed a delay until 48 h pi but 
replicated to similar titers as R65 at 72 h pi. Replication after the application at MOI 0.01 led to a more 
pronounced delay, which, together with a severely reduced plaque size, indicated an impaired cell-to-
cell-spread of NA-deleted variants. Two additional escape variants (EscEgg50B, EscEgg50C) were 
generated from 2 independent repetitions starting from the 30th passage in the presence of different 
polyclonal chicken sera. These variants also demonstrated similar partial deletions and shuffling 
events within the NA segment that resulted in the loss of NA activity. In contrast to R65, which has an 
IVPI of 2.97, the NA-negative variants EscEgg50A, EscEgg50B, and EggEsc50C were attenuated in 
chickens and did not cause any clinical signs, resulting in an IVPI of 0. Almost all of the chickens (27 
out of 30) developed antibodies against NP and H5, indicating viral replication. After the oronasal 
administration of NA-deleted mutants, the chickens remained healthy and were challenged with a 
lethal dose of R65. All of the chickens that tested positive for H5 antibodies (3, 4, and 1 out of 10 for 
EscEgg50A, EscEgg50B, and EscEgg50C, respectively) survived, whereas the remaining animals 
succumbed to the disease. Conclusions: We present a replication-competent virus without NA activity 
and propose that the NA of HPAIV H5N1 may not be essential for in vitro replication and assembly, 
but is necessary for efficient cell-to-cell-spread and host entry. Because independent truncation and 
segment shuffling events in segment 6 occurred repeatedly during parallel passages under multiple 
immunogenic pressures, we claim this to be a general mechanism of antigenic escape. Our work 
provides a unique tool for studying the role of NA in the replication cycle and pathogenesis of this 
virus. It also serves as a new approach for developing attenuated live vaccines. 

P2-602 

Shedding duration: the key risk factor for the spread of highly pathogenic 
H5N1 avian influenza viruses over long distances by ducks? 

MF Ducatez1,2*, S Sonnberg1, JC Crumpton1, A Webb1, P Phommachanh3, B Douangngeun3, A 
Marinove-Petkova1, M Peiris4, Y Guan4, RG Webster1, RJ Webby1

1Division of Virology, Department of Infectious Diseases, St. Jude Children's Research Hospital, 
Memphis, Tennessee, United States; 2 INRA UMR1225 IHAP Interactions Hôtes-Agents Pathogènes, 
ENVT, INPT, Toulouse, France; 3 Ministry of Agriculture, Department of Livestock and Fisheries, 
Vientiane, Lao PDR; 4 State Key Laboratory of Emerging Infectious Diseases, Department of 
Microbiology, University of Hong Kong, Hong Kong, SAR, China 

Background: Since their reemergence in humans in 2003, highly pathogenic avian influenza (HPAI) 
H5N1 viruses have been detected in avian species in Asia, Europe, and Africa. Only specific H5N1 
clades have spread outside Asia: clade 2.2 viruses, which first reached Europe and Africa in late 2005 
to early 2006; and clade 2.3.2 viruses, which reached Europe in early 2010. Their route of 
transmission across continents is still a subject of controversy, although wild birds have been 
implicated. Clade 2.3.2 viruses have been repeatedly isolated from wild birds, whereas clade 2.3.4 
viruses, which circulated contemporaneously, have not, which suggests that a virologic property may 
influence their ability to establish an infection and spread in this host population. Our aim in this study 
was to clarify the putative (selective) role of wild birds in virus spread using representative viruses 
from clades 2.3.2 and 2.3.4. Materials and Methods: We compared the pathogenesis and 
transmission patterns of 4 HPAI H5N1 viruses in the mallard duck. Two of the viruses were from clade 
2.3.2—A/barn swallow/Hong Kong/1161/2010 (HK1161) and A/buzzard/Bulgaria/38WB/2010 
(Bulg38WB)—and 2 were from clade 2.3.4—A/duck/Lao/LH2/2010 (LaoLH2) and A/chicken/Hong 
Kong/AP156/2008 (HKAP156). Adult (3-month-old) mallards were selected as age-relevant for 
migrating birds. To better assess any differences in pathogenicity among these viruses and to 
compare their transmission patterns, we also inoculated 4-week-old mallards. Donor birds were 
inoculated with 104 EID50 of one of the viruses through the nasal, ocular, and oral route One day after 
the infection was established, each donor bird was housed with a naïve bird that had been infected by 
direct contact and a naïve bird that had been infected through airborne contact Thus, a total of 12 
young mallards were used to test each virus: 4 donor (D) birds, 4 direct contact (DC) birds, and 4 
aerosol contact (AC) birds. Results: In adult mallards, clinical signs of infection were only observed in 
birds that had been inoculated with clade 2.3.2 viruses. All 4 ducks inoculated with HK1161 had 
cloudy eyes, as did half of the ducks infected with Bulg38WB by day 5 post infection. In all, 75% of 
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the mallards inoculated with HK1161 succumbed to the infection, whereas all of the birds inoculated 
with Bulg38WB survived. No morbidity or mortality was observed in adult ducks infected with either 
2.3.4 virus. Virus shedding was the highest in birds inoculated with HK1161 (2.3.2), followed by 
Bulg38WB (2.3.2), LaoLH2 (2.3.4), and HKAP156 (2.3.4). In the young mallards, clinical symptoms 
were more severe. Cloudy eyes and neurological signs were observed in some inoculated birds in all 
virus groups. Every donor bird inoculated with the Bulg38WB (2.3.2) or HKAP156 (2.3.4) virus 
survived the infection, whereas 25% and 0% of donors inoculated with LaoLH2 (2.3.4) and HK1161 
(2.3.2), respectively, survived. All 4 viruses were transmitted efficiently to each direct contact and 
aerosol contact, with the highest mortality, morbidity, and virus shedding titers seen in birds 
inoculated with HK1161 (2.3.2), followed by LaoLH2 (2.3.4), Bulg38WB (2.3.2), and HKAP156 (2.3.4). 
Interestingly, Bulg38WB (the virus that reached Europe) donor and contact birds shed the virus for 
longer periods of time than birds infected with the remaining 3 H5N1 strains (mean shedding duration 
by Bulg38WB-infected ducks: 7.5 ± 1.6, 10.4 ± 1.3, and 5.0 ± 2.4 days ± SEM for D, DC, and AC 
birds, respectively). Conclusion: The pathogenicity and shedding of HPAI H5N1 viruses are highly 
variable both between and within each virus clade. It has been proposed that an intricate interplay of 
virus shedding and a low level of pathogenicity is required for each virus spread via migratory birds. 
We found a relatively low degree of pathogenicity in mallards accompanied by robust virus shedding 
in a virus that can be transmitted across continents. Further assessment of viral phenotype, 
particularly for HPAI H5N1 viruses seen more frequently isolated from wild birds, is warranted to 
identify fitness markers for these viruses in mallards.  

P2-603 

Susceptibility of bank voles (Myodes glareolus) to infection with H5N1 and 
H7N1 highly pathogenic avian influenza viruses  

A Romero Tejeda1*, R Aiello1, V Berton1, A Salomoni1, M Vascellari2, G Cattoli1 

1OIE/FAO and National Reference Laboratory for Newcastle Disease and Avian Influenza, OIE 
Collaborating Centre for Infectious Diseases at the Human-Animal Interface and 2Histopathology 
Laboratory, Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro, Padova, Italy 

Background: Direct transmission of avian influenza (AI) viruses to humans and other mammals that 
are not traditionally considered susceptible to AI through natural exposure has been reported, 
particularly for highly pathogenic AI (HPAI) viruses. This finding has led to an increase in research 
efforts to better understand the mechanisms of pathogenicity and transmission for the HPAI virus in 
mammals and the role of non-avian species in AI epidemiology. The laboratory mouse has been 
widely used to investigate AI virulence and pathogenesis, but only a few studies have explored the 
potential role of wild rodents in the AI ecology. This study was designed to evaluate the infectivity and 
transmissibility of H7N1 HPAI A/ostrich/Italy/2332/2000 (Os/2332) and H5N1 HPAI 
A/turkey/Turkey/1/2005 (Tk/05) viruses in the bank vole (Myodes glareolus), a wild rodent common 
throughout Europe and Asia. Material and Methods: To assess nasal shedding, we infected 2 groups 
with 12 animals each intranasally with 104.4 and 103.75 EID50 of Tk/05 and Os/2332 strains, 
respectively, corresponding to 10 x MLD50 in BALB/c mice. On days 3, 5, 7 and 9 post infection (pi), 
nasal washes (NW) and brains from 3 subjects in each group were tested using real-time RT-PCR 
(RRT-PCR) and virus isolation (VI). Lungs were processed for immunohistochemical (IHC) 
examination. We then assessed virus pathogenicity and transmissibility to contact sentinels (CS) by 
infecting 12 voles of each strain and moving them (24 h pi) into a clean cage hosting 12 AI-
seronegative CS. Lungs, NW, brain, spleen, kidney, and intestinal tissue samples from 2 infected 
voles and 2 CS were tested by RRT-PCR and VI on days 3 and 4 pi and post contact (pc), 
respectively. Seroconversion of the remaining animals was assessed using ELISA and 
hemagglutination inhibition (HI) tests on day 30 pi/pc. Results: Nasal shedding was detected by RRT-
PCR in 1/3 asymptomatic Os/2332-infected voles on days 3, 5 and 7 pi, and viable virus was isolated 
from one NW on day 5 pi. All brain samples tested negative by RRT-PCR and VI. Positive staining 
was revealed in the trachea and lungs of 2 voles on day 3 pi. In Tk/05-infected voles, nasal shedding 
was detected only by RRT-PCR in 3/3, 1/3, and 2/3 voles on days 3, 5 and 9 pi, respectively. Only 
one vole showed mild respiratory signs and tested positive by RRT-PCR in brain tissue on day 7 pi. 
No virus was detected in the remaining brains and lungs by RRT-PCR, VI and IHC. The results 
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obtained in the transmission experiment demonstrated that all lungs collected from asymptomatic 
Os/2332-infected voles were positive by RRT-PCR and VI on days 3 and 4 pi. Viral RNA was also 
detected in the NW and extra-respiratory organs of infected voles on day 3 pi. Six out of 8 infected 
voles seroconverted. CS were asymptomatic; however, the lungs of 1/2 sentinels tested positive by 
RRT-PCR and VI on day 4 pc and 4/8 CS seroconverted. In Tk/05-infected voles, all lungs and NW 
tested positive by RRT-PCR on days 3 and 4 pi, and 4/4 lungs and 2/4 NW were positive by VI. 
Moreover, one brain tested positive by RRT-PCR on day 4 pi. Only one infected vole showed severe 
respiratory signs; it died on day 2 pi, testing positive by RRT-PCR in the lungs, NW, and spleen. All 
surviving infected voles seroconverted. CS animals were asymptomatic; however, the lungs of 1/2 
sentinels tested positive by RRT-PCR and VI on day 4 pc and 1/8 CS seroconverted. Conclusions: 
Two non-rodent–adapted HPAI viruses caused asymptomatic infections in bank voles, which shed 
viable virus capable of infecting in-contact sentinels. Infection of BALB/c mice with the same strains in 
previous experiments caused 100% mortality and severe clinical signs. Thus, our findings suggest 
that voles are more resistant to HPAI viral infection but may still transmit the virus. Additional studies 
may elucidate the potential role of wild rodents in the epidemiology of HPAI infections. 
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O-900 

Post-pandemic review of anti-influenza drug effectiveness (PRIDE study): an 
individual patient data (IPD) meta-analysis investigating the impact of antiviral 
use on severe patient outcomes during the 2009-2010 influenza A(H1N1)pdm09 
pandemic 

SG Muthuri*, P Myles, J Leonardi-Bee, S Venkatesan, JS Nguyen-Van-Tam, on behalf of the PRIDE 
Research Study Consortium 

Division of Epidemiology and Public Health, University of Nottingham, Clinical Sciences Building, City 
Hospital Campus, Nottingham, NG5 1PB, United Kingdom 

Background: The impact of neuraminidase inhibitor (NAI) treatment on clinical outcomes of public 
health importance during the 2009-2010 pandemic has not been firmly established. Materials and 
Methods: We conducted an individual patient data meta-analysis of data on hospitalised 
A(H1N1)pdm09 pandemic influenza cases (n = 29,235) contributed by 78 research groups from 38 
countries and 6 WHO regions. We considered severe outcomes, which included need for critical care 
and/or mortality. We conducted multilevel logistic regression modelling, with each research site 
included as a random intercept. We adjusted for propensity scores (based on age, sex, comorbidity 
and disease severity at admission) and for treatment with antibiotics and steroids. We conducted 
further analyses by age and pregnancy status. Results are presented as adjusted odds ratios (ORs) 
and 95% confidence intervals (CIs) unless otherwise stated. Results:  After adjustment, we observed 
a significant decrease in mortality associated with NAI treatment (at any time) versus no treatment 
(OR, 0.83 [95% CI, 0.72 - 0.97]) and early treatment (≤ 48h after symptom onset) versus late (OR, 
0.47 [95% CI, 0.41 - 0.55]) or no (OR, 0.50 [95% CI, 0.37 - 0.67]) treatment. Preliminary unadjusted 
results for admission to critical care suggest a reduced likelihood of admission to critical care with 
early treatment compared with late treatment (OR, 0.59 [95% CI, 0.53 - 0.66]). Conclusions: During 
the 2009-2010 influenza A(H1N1) pandemic, early initiation of NAI treatment reduced the likelihood of 
the need for severe outcomes (critical care and/ or mortality) compared with late treatment. Prospero 
Registration.  CRD42011001273. 

O-901 

Indirect effects of oseltamivir treatment of an influenza-infected index case-
patient on secondary household transmission: a randomized placebo-
controlled clinical trial in a crowded urban area in Bangladesh 

AM Fry1*, D Goswami2, K Nahar2, A Tahia Sharmin2, M Rahmun2, L Gubareva1, T Azim2, J Bresee1, 
SP Luby2,3, WA Brooks2

1Influenza Division, Centers for Disease Control and Prevention3, Atlanta, Georgia, United States; 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh; 3Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Prophylactic use of oseltamivir can prevent influenza infection and illness when given 
prior to exposure or immediately after exposure to an infectious person. However, during a pandemic, 
a large drug supply would be needed if prophylactic use was recommended. Oseltamivir treatment 
reduces virus shedding and may reduce infectiousness and subsequent virus transmission to 
susceptible individuals. However, studies supporting a reduction in transmission are limited. Prior to 
the 2009 pandemic, we initiated a double-blind, randomized, placebo-controlled trial in a crowded 
area in Dhaka, Bangladesh, to determine the indirect effects of treatment of an index case-patient on 
secondary household transmission.  
Materials and Methods: From May 11, 2008 through December 31, 2010, we enrolled ill index 
patients with a positive rapid influenza test result and randomized them 1:1 to placebo to oseltamivir. 
The index patient and household members were monitored daily for illness. Household members with 
one major symptom (eg, fever, tachypnea, breathing difficulty) or two minor symptoms (eg, cough, 
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sore throat, chills, myalgia, rhinorrhea) were sent to the clinic for collection of a nasal wash specimen. 
All specimens were tested for influenza with reverse transcriptase–polymerase chain reaction (PCR). 
We compared the secondary attack rate (SAR) due to illness and PCR-confirmed influenza between 
households with an index patient randomized to oseltamivir treatment versus placebo. Effectiveness = 
1-SARo/SARp estimated from a log binomial model adjusted for household clustering. Index patients 
and their households were pre-specified to be stratified by onset of the index case-patient’s major 
symptoms relative to enrollment, < 48 hours or 48-120 hours (“≥ 48 hours”). All analyses were intent 
to treat, except where noted. Results: Among 6544 households under surveillance, 1190 index case-
patients and their households were enrolled in the study; 794 (67%) index case-patients were enrolled 
< 48 hours and 396 (33%) were enrolled ≥ 48 hours after symptom onset. Overall, 2292 and 2402 
household members were monitored from placebo- and oseltamivir-treated index case-patient 
households. The median age of index case-patients was 5 years (interquartile range [IQR] 2, 9), and 
infecting viruses included influenza A(H3N2)  (35%), seasonal influenza A (H1N1) (11%), 
A(H1N1)pdm09 (18%), and influenza B virus (33%). The median household size, excluding index 
patients, was 4 (IQR 3, 5), and the median age of household members was 24 years (IQR 10, 34). 
The median interval from index enrollment to household illness was 1 day; 32% of household 
illnesses occurred before or on the same day as index enrollment, and 27% occurred 1 day after 
enrollment. There were no differences between groups. The SAR for illness was less in the 
oseltamivir group (196/2402 [8.1%]) compared with the placebo group (233/2292 [10%], P = .02; 
effectiveness = 0.20; 95% confidence interval [CI] = 0.03, 0.34). The SAR for PCR-confirmed illness 
was not statistically different between placebo (4.5%) and oseltamivir (3.8%) groups (P = .30); 
however, only 40% of ill household members had a respiratory specimen collected for PCR. Among 
the group with index case-patients enrolled < 48 hours after illness onset, SAR for household illness 
was less in the oseltamivir group (8.5%) compared with the placebo group (10.2%, P = .09), but not 
statistically significant. Among the households with index case-patients enrolled ≥ 48 hours from 
illness onset, SAR for illness was less in the oseltamivir group (7.4%) compared with the placebo 
group (10%, P = .07), but the difference was not statistically significant. In a post hoc analysis, 
households with an illness before or on the same day as the index case-patient enrollment, or with 
incomplete household illness onset dates, were excluded (n = 208 households). Among households 
with index case-patients enrolled ≥ 48 hours after illness onset, the SAR for illness was less in the 
oseltamivir (3.2%) compared with the placebo (5.7%) group (P = .04; effectiveness = 0.43; CI = 0.02, 
0.67); the < 48 hour groups were not significantly different (oseltamivir 5.7%, placebo 6.8%; P = .21). 
Conclusions: In a crowded low-income setting, oseltamivir treatment of an index case-patient resulted 
in a 20% reduction in secondary illness among household members when treatment was started 
within 120 hours after illness onset. Future studies will explore these results and their relevance more 
completely. 

O-902 

Impact of pneumococcal co-infection on disease severity and antibiotic 
prescriptions in infants and children with influenza: an inception cohort study 

F Tief1, C Hoppe1,2, L Seeber1, P Obermeier1, X Chen1, K Karsch1, S Mühlhans1, E Adamou1,3, T 
Conrad2, B Schweiger3, T Adam4, B Rath1* 

1Department of Paediatrics, Division of Pneumonology-Immunology, Charité University Medical 
Centre Berlin, Germany; 2Institute of Mathematics and Computer Science, FreieUniversitaet Berlin, 
Germany; 3National Reference Centre for Influenza, Robert Koch Institute, Berlin, Germany; 
4Department of Microbiology, Institute for Laboratory Medicine, Charité University Medical Centre 
Berlin, Germany 

Background: Respiratory tract infections are common diagnoses in the paediatric health care setting. 
Even though influenza-like illness (ILI) is predominantly viral in origin, antibiotics are used frequently. 
Antibiotic overuse contributes to the development of multidrug-resistant bacteria. Ever since the 1918 
influenza pandemic, coinfections with Streptococcus pneumoniae among other bacterial pathogens 
are considered major contributors to influenza morbidity and mortality. Material and Methods: The 
study was performed in the context of the Charité Influenza-Like Disease (ChILD) cohort, a real-time 
surveillance program at the Charité Departments of Paediatrics and Microbiology in collaboration with 
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the National Reference Centre for Influenza at the Robert Koch Institute (RKI). This prospective in-
/outpatient cohort encompasses the full spectrum of disease presentations, from mild forms of ILI to 
severe to fatal cases. In addition to routine medical care, a specifically trained quality management 
team performs daily screening exams and standardized disease severity assessments on all patients 
fulfilling pr-defined case criteria (ChILD score; based on 22 WHO case criteria). Nasopharyngeal 
swabs are sent to the RKI for independent real-time PCR, as well as to the Department of 
Microbiology for culture-based microbiologic analysis: Swabs were spread onto routine agar plates 
and read after first and second days of incubation at 37°C. Identification of pneumococci was using 
classical optochin test, biochemical analyses (StreptRapid or Vitek2, bioMérieux), or mass 
spectrometry (VitekMS, bioMérieux). Bacterial coinfection was defined as culture positivity for any 
bacterial pathogen in a patient with evidence of ILI or laboratory-confirmed influenza. Statistical 
analyses were performed using Kullback-Leiber (KL) divergence as a nonsymmetric measure 
probability distributions and the Fisher exact test for significance testing of categorical data. Results: 
From December 2011 through April 2013, a total of 2574 patients presenting with ILI were enrolled, 
with an average age of 39 months (median: 20, range: 0-224). Influenza infection was confirmed in 
408 patients (16%), 238 of whom showed evidence of bacterial coinfection. In this inception cohort 
setting, pneumococcal coinfection was detected in only 20/408 patients with laboratory-confirmed 
influenza. This may be attributed to adequate immunization coverage with pneumococcal conjugate 
vaccines (87.1%) and comparatively low influenza vaccination rates (6.0%). Other types of bacterial 
coinfection were more common in influenza patients, namely Staphylococcus aureus, (21.3%) 
Haemophilus influenzae type non-B (15.7%) and Enterobacteriaceae (12.8%). Using standardized 
disease severity assessments (ChILD score), pneumococcal coinfection had no significant impact on 
disease severity in influenza patients. The same holds true for other forms of bacterial coinfection in 
the ChILD  cohort, including staphylococcal and Haemophilus coinfections. During feature analysis, 
fever was shown to be the only clinical sign that significantly correlated with pneumococcal coinfection 
(P = .0162). Using fever (≥ 38°C) and hypoxia (O2 saturation < 93%) as key criteria in decision tree 
analyses, the predictive value for pneumococcal coinfection can be increased to 66.4%. At the time of 
presentation to the hospital, 12% of children with influenza were already on antibiotics, most 
commonly (68%) 2nd-generation cephalosporins. In ≈ 20% of all patients with influenza and ILI, new 
antibiotic prescriptions were issued before bacterial culture results were available. If antibiotic 
prescriptions had been delayed until results were available, the physicians would have learned that 
(amino-) penicillins could have sufficed in the majority of cases (76%). KL-divergence statistics 
revealed that antibiotic prescriptions were associated with disease severity (= elevated ChILD scores; 
KL 6.41), followed by abnormal haematocrit and CRP values (KL 3.51 and 3.35, respectively), as well 
as need for hospitalization (KL 1.25). Conclusions: Antibiotic prescriptions in influenza and ILI patients 
should be restricted to patients with laboratory evidence of bacterial coinfection. Antibiotics should be 
withheld until bacterial culture results are available, along with standardized assessments of disease 
severity, such as the ChILD score. Patients with influenza-bacterial coinfection exceeding a critical 
level for disease severity should receive individualised antibiotic therapy based on culture  and 
sensitivities, using the narrowest spectrum possible. In the tertiary care setting described above, the 
proposed standard operating procedure would reduce inappropriate use of antibiotics by more than 
two thirds.  

O-903 

Drug dispensing practices for acute respiratory infections and availability of 
oseltamivir through pharmacies in Dhaka, Bangladesh 

F Chowdhury1*, AA Mamun1, E Azziz-Baumgartner2, MJ Chisti1, D Iuliano2, M Ahmed1, MU Bhuiyan1,
S Haider3, M Rahman3, K Sturm-Ramirez1,2 

1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh; 2Centers for 
Disease Control and Prevention (CDC), Atlanta, Georgia, United States; 3Institute of Epidemiology, 
Disease Control and Research, Dhaka, Bangladesh 

Background: Drug sellers comprise 16% of primary healthcare providers in Bangladesh and often 
serve as first point of care for the poor and less educated. During the 2009 influenza pandemic, a 
survey in Dhaka reported that 48% of respondents who had influenza-like illnesses (ILI) used 
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pharmacies as the first point of care. Therefore, drug sellers have an important influence on public 
health through their health advice and treatment recommendations. No published data are available in 
Bangladesh on drug dispensing practices for acute respiratory infection (ARI) or on the availability of 
oseltamivir in pharmacies, an antiviral drug used to treat and prevent influenza virus infection. We 
investigated drug sellers dispensing practices for ARI and the availability of oseltamivir in pharmacies 
throughout Dhaka city, Bangladesh. Methods: During May to October 2012, we conducted a cross-
sectional study among 100 pharmacies: 10 pharmacies from each of the 10 zones of Dhaka city 
which were selected using random points on GPS and identifying the closest pharmacy to that point. 
Using a structured questionnaire researchers collected data on demographics, availability of 
oseltamivir and knowledge of oseltamivir from the drug seller who spent the most time in the 
pharmacy. Additionally, 6 field research assistants (FRAs) visited all the selected pharmacies and 
acted as relatives of patients with ARI. FRAs sought drug sellers’ advice about clinical management 
and did not carry a prescription from a physician. FRAs described to drug sellers one of three clinical 
symptoms for either children or adults: acute onset of cough with runny nose, cough with fever, or 
respiratory distress. FRAs recorded health advice provided and drugs dispensed by the drug sellers 
for each visit. We compared dispensed drugs with ARI management guidelines (Government of 
Bangladesh, Unicef, and WHO) to assess the appropriateness of drug seller recommendations. 
According to the guidelines acetaminophen was considered the only appropriate choice of drug for 
patients with common cold and fever; antibiotics (erythromycin, azithromycin, amoxycillin, penicillin) 
were appropriate for pneumonia; whereas steroids, nonsteroidal anti-inflammatory drugs (NSAIDs) 
and pseudoephedrine were inappropriate and potentially harmful. Results: Among 100 selected 
pharmacies, none had oseltamivir available for sale during the survey. Ninety-nine (99%) drug sellers 
had no knowledge of oseltamivir and only 1 (1%) drug seller dispensed oseltamivir as recommended 
by the government of Bangladesh during the 2009 influenza pandemic. Drug sellers dispensed drugs 
for the patient in 383 (64%) of 600 FRA visits, asked FRAs to take the patient to a physician or 
hospital in 184 (31%) visits and refused to give drugs without the patient present in 33 (6%) visits. In 
84 (14%) of the 600 visits, drug sellers dispensed drugs at the behest of FRAs despite referral or 
refusing to treat the patient. Among all the dispensed drugs, acetaminophen was dispensed in 238 
(40%) visits, antibiotics in 224 (37%), antihistamines in 177 (30%), bronchodilators in 103 (17%), 
cough expectorants in 83 (14%), , herbal cough syrups in 52 (9%), gastric ulcer healing drugs in 30 
(5%), prophylactics for bronchial asthma in 25 (4%), cough suppressants in 20 (3%), steroids in 12 
(2%) and other drugs in 15 (3%) visits. An average of 1.6 drugs was dispensed per visit. According to 
the guidelines, 687 (70%) of the dispensed drugs were inappropriate but not harmful, 225 (23%) were 
appropriate, 52 (5%) (herbal medicines) could not be judged appropriate or inappropriate and 15 (2%) 
were inappropriate and potentially harmful. In 150 (25%) visits, advice was provided by drug sellers 
during consultation. The most common advice provided was to take antibiotics if the patient was not 
cured within 3-5 days in 69 (46%) visits, avoidance of cold drinks in 22 (15%) visits, and to take 
antibiotic according to physician if not cured in 19 (13%) visits. Conclusion: Drug sellers were 
unfamiliar with and did not stock oseltamivir. Their dispensing practices for ARI were often 
inappropriate. Formal training on the empirical management of acute respiratory illness may promote 
safer dispensing practices. 

O-904 

INSIGHT FLU002 and FLU003, an international cohort study of influenza 
A(H1N1)pdm09 virus infection, 2009-2012 

DE Dwyer1*, R Davey2, M Losso3, R Lynfield4, D Wentworth5, A Cozzi-Lepri6, Z Temesgen7, S 
Kuetter5, G Cholewinska5, D David8, J Neaton5 for the INSIGHT FLU002 and FLU003 Study Groups 

1Westmead Hospital, Westmead, New South Wales, Australia; 2NIAID, NIH, Washington DC, United 
States; 3Hospital J.M. Ramos Mejía, Buenos Aires, Argentina; 4Infectious Disease Division, Minnesota 
Department of Health, St. Paul, Minnesota, United States; 5Division of Biostatistics, University of 
Minnesota, Minneapolis, Minnesota, United States; 6University College London, United Kingdom; 
7Mayo Clinic, Rochester, Minnesota, United States; 8Hospital Rawson, Argentina 

Background: Influenza causes significant morbidity and mortality; however, prospective multicenter 
follow-up studies assessing rates and risks for disease progression are rare. Following the emergence 
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of influenza A(H1N1)pdm09, two international cohort studies were initiated to estimate morbidity and 
mortality due to A(H1N1)pdm09 and assess predictors of progression. Methods: From October 2009, 
patients > 17 years were enrolled in an outpatient (FLU002) or inpatient (FLU003) protocol, using a 
Northern and Southern Hemisphere network (INSIGHT) encompassing 95 sites in 18 countries, if 
there was clinical or laboratory evidence of influenza infection. Demographics, clinical data, and upper 
respiratory tract (URT) swabs were collected. Swabs were tested centrally for influenza detection and 
subtyping using RT-PCR. For outpatients, disease progression (hospitalization or death) through 14 
days follow-up was determined; for hospitalized patients disease progression (hospitalization for ≥ 28 
days, progressing to ICU or death) through 60 days follow-up was determined. Cross-sectional 
comparisons of baseline characteristics of patients in FLU003 (hospitalized) versus FLU002 (not 
hospitalized at enrollment) were conducted with logistic regression controlling for demographics, 
symptom duration and medical history. Similar multiple logistic models, pooled across both studies, 
examined baseline predictors of disease progression. Adjusted odds ratios are cited for cross-
sectional (ORCS) and cohort (ORCO) analyses. In a substudy, a random sample of 333 participants 
(235 from 002, 98 from 003) with confirmed A(H1N1)09pdm were analyzed for viral and bacterial 
copathogens using RT-PCR on URT samples. Results: Through December 2012, 2602 patients were 
enrolled in FLU002 and 749 in FLU003. One thousand and sixty-two (40.8%) patients in FLU002 and 
395 (52.7%) patients in FLU003 had confirmed influenza A infection: 589 (55.5%) in FLU002 and 294 
(74.4%) in FLU003 had A(H1N1)pdm09. The percentage of patients with influenza A virus subtyped 
as A(H1N1)pdm09 was greatest during the first year of enrollment (92.8% for FLU002 and 94.8% for 
FLU003). The average age of patients with A(H1N1)pdm09 was 33.6 years in FLU002 and 47.1 years 
in FLU003 (ORCS associated with 10 years older = 1.49 (1.30-1.72; P < 0.001); approximately 50% in 
both studies were female (adjusted ORCS =1.37; P = 0.11); 6.8% of patients in FLU002 reported a 
history of asthma or COPD, 9.3% reported HIV or other immunosuppressive conditions, and 2.2% 
reported a history of other CVD or diabetes. These percents were higher for FLU003 patients (28.2%, 
14.6% and 21.8%). ORCS for COPD/asthma [OR 3.62 (2.17-6.03; P < 0.001)] and 
diabetes/cardiovascular/disease [OR 5.54 (2.63-11.69; P < 0.001)] were significant; the ORCS for 
HIV/other immunosuppressive conditions was not (ORCS = 0.88; 95% CI: 0.48-1.59; P = 0.67). Median 
(IQR) duration of influenza symptoms at enrollment was 2 (1-3) days in FLU002 and 5 (3-9) days in 
FLU003 (ORCS per 1 day longer symptoms = 1.51; 95% CI: 1.39-1.63; P < 0.001). Twenty-nine 
patients (5.1%; 95% CI: 3.4%-7.2%) in FLU002 and 60 in FLU003 (21.9%; 95% CI: 17.1%-27.3%) 
had disease progression; 23 in FLU003 died (8.5%; 95% CI: 5.5%-12.5%). In the cohort analysis 
HIV/other immunosuppressive conditions was significantly associated with disease progression 
[ORCO: 2.32 (1.22-4.42; P = 0.01)]. Associations with age (ORCO=1.13; 95% CI: 0.94-1.35; P = 0.19), 
sex (ORCO = 1.30; 95% CI: 0.79-2.15; p=0.31), symptom duration (ORCO=1.05; 95% CI: 0.99-1.11; 
p=0.13) and other medical conditions (ORco=0.64; 95% CI: 0.32-1.31; P = 0.22 for COPD/asthma 
and ORCO = 1.47; 95% CI: 0.73-2.98; P = 0.28 for diabetes/CVD) were not significantly associated 
with disease progression. Prevalence of other viruses and potentially pathogenic bacteria in a random 
sample was 15% and 60%, respectively. Conclusions: During this 3+ year enrollment period (where 
most influenza A(H1N1)pdm09 cases presented in the first year after this strain’s emergence), 
hospitalized patients were older, had more chronic health conditions, and had longer symptom 
duration than outpatient enrollments. In the cohort analysis, risk factor associations with progression 
were weaker and only HIV infection or other immunosuppressive condition was significantly 
associated with an increased disease progression. Differences between the cross-sectional and 
cohort analyses demonstrate the difficulty of using cross-sectional comparisons to identify prognostic 
variables. The rates of disease progression observed in both studies over a relatively short follow-up 
period underscore the importance of effective control strategies. 
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O-905 

A phase 2, randomized, double-blind, placebo-controlled, multicenter study 
evaluating the safety and pharmacokinetics of different dosing regimens of 
favipiravir (T-705) in adult subjects with uncomplicated influenza 

S Frech, C Epstein*

MedVector, Inc, Boston, Massachusetts, United States 

Background: Favipiravir (T-705) is a novel antiviral agent discovered by Toyama Chemical Co., Ltd. 
Mechanistic studies have revealed that T-705 is converted to T-705 ribosyl triphosphate (T-705RTP) 
by host cellular enzymes and that T-705RTP selectively inhibits viral RNA polymerase. Preclinical 
studies have demonstrated its effectiveness against all tested influenza strains, including H5N1. 
Combination studies with various influenza strains have demonstrated synergy with oseltamivir. We 
present results from a double-blind, randomized, placebo-controlled study conducted during the 2012-
2013 influenza season. Materials and Methods: This phase 2 study was designed to evaluate the 
safety and efficacy of a BID and TID regimen, including virologic response and clinical outcomes. 
Subjects were eligible for inclusion if they were between the ages of 18 and 80 years, had 
uncomplicated influenza with symptoms of less than 48 hours duration, and were otherwise healthy. 
Of six influenza symptoms (fatigue, cough, body aches and pains, nasal congestion, headache, sore 
throat), two or more had to be of at least moderate severity (disturbing symptoms, partially interfere 
with daily activities), and the subject had to have had a fever during the site visit or within the six 
previous hours if they had taken an antipyretic during that interval. A positive rapid antigen test (RAT) 
for influenza was required unless the subject had been in close contact with an influenza-infected 
person with a diagnosis made by RAT or real-time polymerase chain reaction (PCR) or there was a 
local influenza outbreak. After eligibility was confirmed, subjects were randomized to one of two active 
treatment arms (a loading T-705 dose of 2400 mg followed by 600 mg approximately every 8 hours 
for a total of 14 doses or 1800 mg approximately every 12 hours for two doses followed by 800 mg 
every 12 hours for a total of eight doses), or matching placebos, in a 2:2:1:1 ratio. The first dose of 
study drug was administered at the study site. Subjects returned to the study site on Days 2-5, 8, and 
15. Tests included nasal swabs for virology testing (quantitative PCR, viral culture, viral typing,
resistance studies) and laboratory safety studies. Subjects discussed their daily body temperature 
and influenza symptoms with the investigator, who reported them in the case report form. Adverse 
events and concomitant medication use were collected at each study visit. Results: Five hundred 
forty-eight eligible subjects were randomized and received study drug. The two placebo groups with a 
BID and TID regimen were prospectively pooled and treated as one single placebo arm in the final 
analyses: 183 subjects were randomized into the active BID regimen and 184 into the placebo 
regimen. The intent-to-treat infected (ITTI) population consisted of 101 BID subjects and 88 placebo 
patients—the primary population for efficacy analyses. Subjects were generally comparable across 
groups for most demographic criteria in both the safety and ITTI populations. In the ITTI population, 
statistically significant differences were seen in time to alleviation of the six clinical symptoms plus 
resolution of fever (P = .01), time to alleviation of each of the six individual symptoms (cough: P = 
.034; fatigue: P = .005; headache: P < .001; nasal congestion: P = .012; body aches and pain: P < 
.001; sore throat: P = .048), change from baseline in median tissue culture infective dose at Days 3 
and 4 (P = .0005 and .0035, respectively), and change from baseline in quantitative PCR at Days 3, 4, 
and 5 (P = .016, .043, and .004, respectively) for the BID compared with placebo group. Significant 
differences were also observed in select intent-to-treat population analyses. Adverse events were mild 
and, except for transient asymptomatic elevations of uric acid in the favipiravir arms, comparable 
across all groups in the safety population. Conclusions: T-705 is a promising novel anti-influenza 
agent with both clinical and anti-viral activity, as demonstrated in the 2012-2013 influenza season in 
the United States. Phase 3 studies are planned for the 2013-2014 influenza season. This study was 
partially funded by the Joint Project Manager Medical Countermeasure Systems (JPM-MCS), 
Department of Defense, USA under HDTRA1-12-C-0031. 

520Clinical Management



Clinical Management

Poster Abstracts

521



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-605 

Development of a decision making model on the management of influenza. A 
proposal of diagnostic policy based on phenomena and therapeutics 

K Iwata1*, Y Noguchi2, A Doi3, T Nishimoto4

1Division of Infectious Diseases Therapeutics, Department of Microbiology and Infectious Diseases, 
Kobe University Graduate School of Medicine, Kobe, Japan; 2Department of General Internal 
Medicine, Nagoya Daini Red Cross Hospital, Nagoya, Japan; 3Department of Infectious Diseases, 
Kobe City Medical Center General Hospital, Kobe, Japan; 4Nishimoto Clinic, Nishinomiya, Japan 

Background: Management of influenza dramatically changed since the introduction of rapid influenza 
diagnostic test (RIDT), and neuraminidase inhibitors (NIs). However, it is still far from optimal due to 
low sensitivity of RIDT and problems involving NIs such as side effects and potential emergence of 
resistant virus. Therefore, we developed a decision-making model on the management of influenza, 
including Kampo medicines (Chinese herbal medicines) on the strategy. Methods: Related literatures 
were reviewed on the diagnostic values of RIDT, as well as the efficacy of NI and Kampo medicines. 
After the literature review, a decision making model on the diagnosis and treatment of influenza was 
developed using Delphi methods among authors. Results: In the model developed, severity of 
patients will be evaluated first. If a patient was judged as severe or having high-risk, intravenous NI, 
such as peramivir would be the main component of the treatment. If a patient was neither in severe 
condition nor having high-risk, the patient would be asked to choose either NI or a Kampo medicine. 
We advocate the use of oseltamivir or zanamivir, but not peramivir or laninamivir available in Japan, 
at outpatient settings. The formers were chosen based on the available evidence and safety data. For 
Kampo medicines, we chose either Maoto (Ma Huang Tang) or Makyokansekito (Ma Xing Shi Gan 
Tang) for the treatment of influenza, depending on the condition of the patient. If one chose to use 
NIs, RIDT would be used only when pretest probability was less than 50%, but it would not be used 
when the pretest probability was more than 50%, based on the lack of influence on the posttest 
probability. If one chose to use Kampo medicines, RIDT would be not used in general as Kampo 
targets “phenomena” only, and the result of RIDT would not change the management. Conclusions: 
This model enables us to optimize the use of RIDT by selecting out the appropriate patients based on 
the characteristics of RIDT, and to avoid unnecessary tests and its misinterpretation. 

P2-606 

Study of viremia in immunocompetent infants and young children with lower 
respiratory tract infection 

A Alzahrani1*, M Hassan2,3, K Alkharsah4, W Albuali5 , A Yousef5, O Obeid3, D Bubsheet5, A Khamis6 

1Department of Clinical Laboratory Science, College of Applied Medical Sciences, King Saud 
University, Kingdom of Saudi Arabia; 2Department of Microbiology and Immunology, Faculty of 
Medicine, Alexandria University, Egypt; 3Department of Microbiology, College of Medicine, Dammam 
University, Kingdom of Saudi Arabia; 4Prince Mohammad Bin Fahd Center for Research and 
Consultation Studies, Dammam University, Kingdom of Saudi Arabia; 5Department of Pediatrics, 
College of Medicine, Dammam University, Kingdom of Saudi Arabia; 6Department of Family and 
Community Medicine, College of Medicine, Dammam University, Kingdom of Saudi Arabia 

Background: Viral infections of the lower airways are a major cause of morbidity and even mortality in 
infants and young children. Viremia has been implicated in the spread of many viral infections from 
the upper to the lower respiratory tract. However, data regarding risk factors and clinical significance 
of viremia in immunocompetent patients are not available, and the role of viremia in the pathogenesis 
of many respiratory infections remains unknown. The aim of this work was to study the frequency of 
occurrence of viral dissemination (viremia) in immunocompetent infants and children with acute lower 
respiratory tract infections (ALRTIs), and to investigate whether viremia has an impact on the disease 
course and prognosis. Materials and Methods: The study population included infants and children 
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below the age of 5 years who were admitted to a tertiary hospital with ALRTIs from May 2010 through 
May 2011. Respiratory symptoms and signs were recorded on a standardized form during the 
emergency department visit. Clinical data were retrieved via a retrospective review of medical 
records. Blood samples were obtained immediately following hospital admission. Six different 
multiplex real time PCR reactions (Sacace Biotechnologies, Italy) were used to detect the following 
viruses: respiratory syncytial virus (RSV), parainfluenza viruses 1- 4, all 100 seroptypes of the 
rhinovirus, adenoviruses B,C, and E, and the new respiratory viruses: human metapneumovirus 
(hMPV), human bocavirus (hBoV), and human coronavirus (hCov) CoNA , OC43, E229, NL63, and 
HKUI. Results: Of the149 participants, 47 (31.5%) demonstrated viremia caused by the different 
studied viruses. Adenovirus was the most frequently detected in serum of children with viremia 
(19/47, 40%), followed by rhinovirus (11/47, 23 %). Viremia due to other studied viruses included: 
hMPV (n = 5), hBoV (n = 5), CoHKU (n = 4), CoNA (n = 2), parainfluenza (n = 3), and RSV (n = 2). 
Age (except with rhinoviremia), prematurity, presence of underlying illness, presence of fever, and 
important respiratory symptoms and signs were not significantly associated with viremia. Apart from 
the high frequency of rhinoviremia among patients with history of bronchial asthma, as well as with 
asthma exacerbation diagnosis, no correlation was found between viremia and the severity of illness, 
and the occurrence of blood stream dissemination did not always lead to a significantly worsened 
outcome. This could be related to individual variability in the control of viral replication, the later 
sampling in relation to symptom initiation, viral load below the detection limit. Conclusion: The data 
obtained suggest that viremia due to the studied respiratory viruses does occur during the course of 
infection in immunocompetent infants and young children. Viremia does not seem to be implicated in 
the severity of illness nor the untoward prognosis. 

P2-607 

Recognizing true H5N1 infections in humans during confirmed outbreaks 

S Toovey1*, M Zaman2, AF Öner3, W Adisasmito4, R Coker5, EL Bamgboye6, PKS Chan7, W 
Hanshaoworakul8, N Lee7, S Touch9, O Tsang10, A Swenson11, NA Dreyer11

1Royal Free and University College Medical School, London, United Kingdom; 2Khyber Medical 
University, Peshawar, Pakistan; 3Yuzuncu Yil University, Van, Turkey; 4University of Indonesia, 
Depok, Indonesia; 5The London School of Hygiene and Tropical Medicine, Bangkok, Thailand; 6St 
Nicholas Hospital, Lagos, Nigeria; 7The Chinese University of Hong Kong, Hong Kong SAR, China; 
8Ministry of Public Health, Nonthaburi, Thailand; 9Ministry of Health, Phnom Penh, Cambodia; 
10Princess Margaret Hospital, Hong Kong SAR, China; 11Quintiles Outcome, Cambridge, MA, United 
States  

Background: The highly pathogenic avian influenza virus of subtype H5N1 remains prevalent in many 
countries, causing human illness that is frequently fatal. The goal of this study was to compare the 
demographic and clinical characteristics of confirmed and possible cases of human H5N1 infection at 
initial presentation, and to compare antiviral treatment effectiveness in the 2 groups. Methods: For 
patients of any age with data recorded in the Avian Flu Registry (www.avianfluregistry.org) during 
H5N1 outbreaks between 2005 and 2011, information was extracted on clinical signs and symptoms 
when patients initially presented for medical attention, treatments received, and disease outcomes, 
using a standardized data collection form. Both laboratory-confirmed cases and “possible” cases 
(those who presented during a confirmed local outbreak through the same medical channels as 
confirmed cases, but who had either a negative or indeterminate H5N1 test result, were not tested, or 
died before testing) were analysed. The analysis was restricted to countries where confirmed and 
possible cases presented at similar times during known H5N1 outbreaks, ie, Azerbaijan, Indonesia, 
Pakistan, and Turkey. This produced a sample of 353 cases (total cases in registry = 647 in 12 
countries as of 30 April 2012). Results: The sample comprised 153 confirmed cases (44.4% male; 
median age, 17.0 years [range, 1.5-67.0]) and 200 possible cases (57.5%; 13.0 years [0.4-80.0]). 
Possible cases were more likely to present at an emergency room than confirmed cases (45.0% vs 
28.1%) and to present later (median of 2 vs 0 days after symptom onset). Confirmed cases had a 
substantially higher case fatality rate (79.1% vs 12.0%, P < .01). At presentation, 2 symptoms were 
significantly more frequent in confirmed cases than possible cases (P ≤ .05): fever (87.8% vs 76.8%) 
and headache (43.5% vs 29.5%). Four symptoms were more frequent in possible cases (P < 0.01): 
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unexplained respiratory illness (82.8% vs 65.7%), sore throat or pharyngitis (62.4% vs 44.1%), 
excessive sputum production (37.8% vs 4.4%), and rhinorrhea (29.1% vs 11.2%). The survival benefit 
in patients who received oseltamivir treatment was significantly higher in confirmed cases than in 
possible cases (10.4% and 3.2% reductions in case fatality, respectively; P < .01). The largest 
survival benefit was seen in confirmed cases who were treated with oseltamivir within 2 days of 
symptom onset; the relative risk of survival compared with no antiviral treatment was 5.51 (95% CI, 
2.54-11.94; P = .002). Conclusion: Since prompt treatment with oseltamivir significantly prolonged 
survival in patients with confirmed H5N1 infection, presumptive antiviral treatment should be 
considered for all possible cases presenting during an outbreak of H5N1 as a potentially life-saving 
measure. 

P2-608 

Developing a practical and truly global response to the next pandemic 

D Fedson 

Sergy Haut, France 

Background: Current pandemic preparedness plans are focused on vaccines and antivirals, yet in 
2009 more than 90% of the world’s people had no access to timely and affordable supplies of these 
agents. For the foreseeable future, it is unlikely that the response to the next pandemic will much 
better. Thus, health officials need to ask if there is anything physicians could use to initiate treatment 
in patients who develop severe illness following infection with a new pandemic virus. Findings: Clinical 
investigators have developed a set of modern medicines that improve outcomes in patients with 
cardiovascular diseases and diabetes—statins, angiotensin converting enzyme inhibitors (ACEIs), 
angiotensin receptor blockers (ARBs), and peroxisome proliferator-activated receptor (PPAR) and 
adenosine monophosphate-activated protein kinase (AMPK) agonists (glitazones, fibrates and 
metformin, respectively). Each of these agents has anti-inflammatory and immunomodulatory 
(pleiotropic) activities, and although their mechanisms of action are incompletely understood, the 
phenotypic benefits of treating pneumonia patients with some of these agents have been 
unmistakable. Statins have received the most attention from clinicians and epidemiologists. Many 
observational studies have shown that outpatient statin treatment is associated with reductions in 
pneumonia hospitalizations and deaths. In these studies, statins have acted as prophylactic agents. 
For inpatient treatment of pneumonia patients, 3 observational studies have reported that statins 
reduced 30-day or hospital mortality by approximately 20%-30%. Another study showed similar 
mortality reductions in hospitalized pneumonia patients treated with ACEIs and ARBs. These studies 
provide indirect evidence that inpatient treatment with these agents is effective, although none of the 
studies showed that treatment was effective if it was initiated after ICU admission. There have been 
no reports of randomized controlled trials of the efficacy of immunomodulatory treatment of 
hospitalized pneumonia patients. However, a recent randomized controlled trial in 100 statin naive 
patients hospitalized with early sepsis showed that treatment with atorvastatin (40 mg/day) reduced 
the development of severe sepsis from 24% to 6% (P < .007) (Patel JM, et al. Crit Care. 
2012;16:R231). This important study suggests that instead of limiting immunomodulatory treatment to 
patients requiring ICU admission, treatment should be administered to all sepsis (and pneumonia) 
patients admitted for hospital care. Only one study has reported the effectiveness of statin treatment 
in patients hospitalized with influenza (Vandermeer ML, et al. J infect Dis. 2012;205:13). This study 
included 3043 older adults who were hospitalized with laboratory-confirmed seasonal influenza in 
2007-2008. In a multivariable logistic regression analysis that adjusted for demographic factors, high-
risk conditions, previous influenza vaccination and antiviral treatment, 1013 (33.3%) statin-treated 
patients had a 41% reduction in mortality within 30 days of a positive influenza test (adjusted odds 
ratio [OR] 0.59; 95% CI 0.38-0.92). These results have been criticized because it is thought that 
patients who received statins were “healthy users.” Yet, statin-treated patients had almost twice as 
many high-risk conditions as those who were not given statins. More important, if receipt of influenza 
vaccine defines a “healthy user,” this potential bias was accounted for by the investigators in their 
adjusted analysis: the 41% reduction in mortality in statin-treated patients was in addition to any 
reduction that might have been attributable to previous influenza vaccination and antiviral treatment. 
Conclusion: For the next pandemic, vaccines and antiviral agents will be unable to meet the needs of 
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most of the world’s people. In contrast, statins and the other immunomodulatory agents mentioned 
above are currently produced as inexpensive generics in developing countries. Global supplies are 
huge, the cost of treating an individual patient would be approximately $1.00, and treatment would be 
available to anyone with access to basic health care on the first pandemic day. If any of these agents 
could be shown to be effective, ordinary physicians working in ordinary health care systems 
throughout the world would have the means to reduce pandemic mortality. 

P2-609 

The severe cases of influenza infection in Vietnamese children—from the 
Cases of PICU in NHP-Hanoi 

S Kawachi1,2*, N Nakajima1, T Okamoto1,2, H Nunoi4, LT San3, NT Thuy3, NT Liem3, K Suzuki5

1National Institute of Infectious Diseases, Tokyo, Japan; 2National Center for Global Health and 
Medicine, Tokyo, Japan; 3National Hospital of Pediatrics, Hanoi, Vietnam; 4University of Miyazaki, 
Miyazaki, Japan; 5Teikyo University, Tokyo, Japan 

Background: Clinically, ARDS associated with H5N1 avian influenza virus (H5N1) infection is much 
more severe compared as general ARDS (Kawachi, et al. JID. 2009). However, not only in H5N1 but 
also in other types of influenza, ARDS sometimes develop in children and the ARDS with influenza 
were always sever. It is an urgent mission to elucidate the mechanism of influenza-ARDS and to 
develop a therapeutic strategy. Methods: We have been cooperating the study for ARDS with 
National Hospital of Pediatrics–Hanoi (NHP-Hanoi) from October 2007. The entry criteria are as 
follows; 1)The patients who admitted the PICU-NHP with ARDS under intra-pulmonary reason 
(pneumonia), and needed mechanical ventilation. 2) The patients aged over 1 month. 3) P/F ratio 
(PaO2/FIO2 ratio) ≤ 100 mmHg in arterial blood gas analysis during the stay in the PICU. Serum, 
tracheal lavage fluid and/or nasopharyngeal aspirate samples were collected on admission. Viral 
genomes were examined by PCR or RT-PCR method with TLF/NPA samples of each patient. In 
55/84 patients we tried 2 gram /kg gamma globulin therapy after informed consent. All patients were 
tracheal intubated and mechanical respiratory support was performed basically according to the 
AECC strategy (1998). Results: Eighty-four patients were diagnosed as ARDS matched in the criteria 
of prospective study. In 8 patients among 84, influenza viruses were detected: H5N1 (3), 
A(H1N1)pdm09 (4), H3N2 (1). Also, before 2007, 10 H5N1-ARDS patients were admitted in PICU of 
NHP-Hanoi. We analyzed the clinical data in totally 18 cases of influenza associated ARDS (Influenza 
group(I group)). In 22 patients among 84, the following viruses were also detected; rhinovirus (10), 
adenovirus (5), CMV (4), RSV (4), measles (1) (non-I group). In the other 54 patients, viral genomes 
were under detection limit. When compared between these 2 groups, we observed significant 
differences in survival time (days) (I group: 13.85 vs non-I group: 31.14) and survival probability (P = 
.0016 by log-lank test, P = .0129 by Wilcoxon test), PH and PaCO2 in arterial blood gas analysis, 
body temperature, and white blood cell and platelet counts. Conclusions: In Vietnam, severe ARDS 
associated with influenza had higher mortality rate than the other viral infections (I group: 83%, non-I 
group: 64%). These results reinforce the importance of further research on the etiology of influenza 
virus infection induced ARDS. Our study will provide some clinical information for development of the 
future therapeutic options. 
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P2-610 

Influenza baseline disease severity does not differ between virus types A and 
B in the first 4 years of the Influenza Resistance Information Study (IRIS) 

E van der Vries1*, JD Zhang2, V Reed3, X Tong4, M Schutten1

1Erasmus MC, Rotterdam, the Netherlands; 2F. Hoffmann-La Roche Ltd, Basel, Switzerland; 3Micron 
Research Ltd, Ely, United Kingdom; 4F. Hoffmann-La Roche, Inc, Nutley, New Jersey, United States 

Background: Since 2009, two influenza A viruses (H1N1 and H3N2) and two influenza B viruses 
(Yamagata and Victoria lineages) have circulated among humans. The Influenza Resistance 
Information Study (IRIS; NCT00884117) was initiated in December 2008 to study global 
neuraminidase inhibitor (NAI) resistance and the clinical and virological course of influenza infection. 
Materials and Methods: Patients aged ≥ 1 year with influenza-like illness and/or a positive rapid test 
result for influenza were enrolled between 2009 and 2012. On patient agreement, baseline nasal and 
throat swabs were conducted for real-time RT-PCR analysis to determine influenza type, subtype, 
viral load, and NAI resistance. Baseline influenza disease severity scores were recorded on diary 
cards by the physician. Multivariate statistical analysis was performed to compare baseline virus 
characteristics and clinical parameters between influenza A and B virus infections. Results: Of 2262 
RT-PCR influenza-positive patients, 1565 had an influenza A virus infection (581 H3N2, 937 
H1N1pdm2009, 47 seasonal H1N1) and 697 had an influenza B virus infection (98 Yamagata, 564 
Victoria, 35 undetermined). Patients with incomplete baseline data (n = 144) were excluded from the 
multivariate analysis. No NAI-resistant viruses were detected at baseline after 21 September 2009, 
when the last patient with seasonal A/H1N1 virus infection was enrolled. Viral loads were higher in 
patients infected with B/Yamagata viruses compared with B/Victoria viruses (P < .001) and in patients 
infected with A/H3N2 virus compared with seasonal A/H1N1 or A/H1N1pdm09 viruses (P < .001 for 
both comparisons). In patients infected with A/H1N1pdm09 viruses, viral loads increased slightly over 
time (P = .008). With the exception of B/Yamagata virus infections, high viral load was associated with 
febricity (P < .05). In A/H1N1pdm09 and A/H3N2 virus infections, high viral load was associated with 
shorter time between onset of symptoms and baseline swabs (P < .01). Viral load was not associated 
with patient age, vaccination status, or baseline influenza disease severity score (P > .1 in all cases). 
The main risk factor for high baseline influenza disease severity score was patient age. Baseline 
influenza disease severity score was higher among young and middle-aged adults compared with 
children aged < 6 years and elderly patients. Baseline influenza disease severity scores were 
independent of virus type, subtype (P = .13–.60), or vaccination status (P = .57). Conclusions: Similar 
influenza disease severity scores were noted for influenza A and B virus infections at baseline. No 
NAI resistance was detected at baseline after 21 September 2009. Ongoing analyses aim to identify 
subtype-specific traits associated with influenza viral titer, baseline influenza disease severity score, 
and emergence of NAI resistance.  

P2-612 

Establishment of a scoring system for identifying severe cases of influenza-
like illness by comorbidity and age—a nationwide cohort analysis 

RJC Chen1, CC Fang2, TC Chan3, FY Frank Shih2, WW Wang1, CC King1* 

1Graduate Institute of Epidemiology and Preventive Medicine, College of Public Health, National 
Taiwan University, Taipei, Taiwan; 2Department of Emergency Medicine, National Taiwan University 
Hospital, Taipei, Taiwan; 3Center for Geographic Information Science, Research Center for 
Humanities and Social Sciences, Academia Sinica, Taipei, Taiwan 

Background: Influenza-like illness (ILI) is often the first presentation to clinicians in daily clinical 
practice. With limited healthcare resources and finite medical attention, how to identify high-risk ILI 
cases by considering the underlying comorbidity attributes becomes an important issue for 
appropriate case management at clinical frontline.Materials and Methods: Retrieved from the one-
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million-per-year systematic sampling patients of Taiwanese National Health Insurance Database from 
2008 to 2010, our cohort composed of all inpatient encounters (admissions) with the diagnostic ICD-9 
(International Classification of Diseases, Ninth Revision) that matched the ILI definition proposed by 
Marsden-Haug’s Code-based syndromic surveillance in the defined scenarios. The defined scenarios 
were: within the same hospitalization, or with a prior ambulatory visit (outpatient clinic or emergency 
room) 1 or 2 days earlier. Comorbidity attributes were defined by appropriate ICD-9 codes that 
included most chronic diseases in several categories: immune-related, pulmonary, metabolic, 
cardiovascular, and others. Four outcome measures represented severe ILI cases: hospitalization 
cost, length of stay (LOS), death, and intensive care unit (ICU) entry. Univariate and multivariate 
analyses were done with the dependent variables as worse outcome, and the comorbidity attributes 
as covariates with the adjustment for gender in predefined age strata. The selected comorbidity 
attributes formulated comorbidity vector and the corresponding age strata formulated age vector. 
Comorbidity score was defined as the dot product of comorbidity vector and age vector. Its 
performance was assessed by Spearman correlation and by receiver operating characteristic (ROC) 
curves. Results: Our cohort had 319,775 ILI inpatient cases, of which 8.82% entered ICU and 3.83% 
died at hospital discharge. The significant comorbidity attributes varied in each age stratum: 
congenital anomaly and heart failure in the age from 0 to 5 years; congenital anomaly, cancer, heart 
failure, nondialyzed renal insufficiency, and transplant in the age from 6 to 17 years; cancer, diabetes, 
heart failure, stroke, chronic obstructive pulmonary disease (COPD), liver cirrhosis, nondialyzed renal 
insufficiency, and human immunodeficiency virus (HIV) in the age from 18 to 44 years; heart failure, 
stroke, and nondialyzed renal insufficiency in the age from 45 to 64 years; heart failure, COPD, and 
nondialyzed renal insufficiency in the age from 65 to 74 years; tuberculosis, heart failure, and 
nondialyzed renal insufficiency in the age from 75 years and above. Comorbidity vector was (heart 
failure, nondialyzed renal insufficiency, cancer, tuberculosis, stroke, congenital anomaly, transplant, 
HIV). Age vector was (1, 1, 6<=age<45, 75<=age, 18<=age<65, 0<age<=18, 6<=age<18, 
18<=age<45). Comorbidity score, the dot product of comorbidity vector and age vector, showed 
significant correlation with hospitalization cost (Spearman rho = 0.1885, P < .0001), and with LOS 
(Spearman rho = 0.1717, P < .0001). Its ROC area-under-curves (AUC) were 0.7454 with death and 
0.6840 with ICU. Conclusions: Higher clinical alertness should be set once an ILI case matches the 
following attributes: heart failure in any age, nondialyzed renal insufficiency in any age, cancer in 
school-age children up to mid-age adults, tuberculosis in the elderly, stroke in adults, congenital 
anomaly in children and adolescents, transplant in school-age up to adolescents, or HIV in young 
adults. The risk estimation would facilitate us to address population measures for upcoming severe 
influenza epidemics, and further allocate resources optimally for prevention and control in public 
health decision-making. 

P2-613 

Use of antivirals and antibiotics in pandemic influenza: findings from the UK 
MOSAIC Study 

J Dunning1, L Garcia-Alvarez1, L Drumright1, M Zambon2, R Smyth3, P Openshaw1* on behalf of the 
MOSAIC Investigators 

1Imperial College London, London, United Kingdom; 2Public Health England, United Kingdom; 
3University of Liverpool, Liverpool, United Kingdom 

Background: Influenza outbreaks are unpredictable and clinical strategies that are appropriate for 
seasonal influenza are not necessarily those applicable during pandemics. Although the 2009-2010 
influenza pandemic strain (pH1N1) generally caused mild disease, many severe cases occurred in 
relatively young people; pH1N1 is estimated to have caused 250,000 deaths worldwide during June 
2009-August 2010. The large number of patients admitted to hospital with influenza during successive 
waves of disease provided a unique opportunity to study the immunopathogenesis and determinants 
of severity in a relatively uniform outbreak. The Mechanisms of Severe Acute Influenza Consortium 
(MOSAIC) was established in 2009 to conduct an integrated study of host, pathogen, and copathogen 
in hospitalised cases. Materials and Methods: We recruited 255 adults and children with influenza-like 
illness (ILI) from 10 hospitals in London and Liverpool during the second (2009/10) and third 
postpandemic (2010/11) waves. We developed detailed and specific protocols, standardised sampling 
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regimens, and an archiving strategy within a few weeks of launch. Sequential samples were obtained 
from the respiratory tract and blood throughout illness and recovery. Patients with ILI caused by other 
viral and bacterial pathogens were also recruited along with asymptomatic healthy controls. We 
accumulated an 8000 sample biobank and a highly detailed database of clinical information with 
approximately 4000 data fields per patient. Results: In total, 170 patients had confirmed influenza 
(87% pH1N1); the cause of ILI was determined in noninfluenza cases. We will describe the clinical 
characteristics, presentation, severity, and outcomes of patients in the MOSAIC cohort, focusing on 
the incidence and significance of viral and bacteriological detection and anti-infectives used prior to 
and during hospitalisation, comparing key clinical findings from analysis of patients recruited during 2 
successive epidemic waves. Previously, it has been shown that the UK’s third wave was surprisingly 
severe, with many hospitalisations and fatalities. Possible explanations include virus evolution, 
cocirculating pathogens, and changes in prescribing patterns in primary and secondary care. In the 
MOSAIC cohort of 170 third-wave patients, only 5 (3%) received preadmission antivirals despite many 
being in known to be at high risk of complicated influenza, compared with a reported rate of 
prehospital antiviral use of 10%-12% in the UK. By contrast, 38 (23%) of 164 third-wave patients (with 
data available) had received antibiotics. Conclusions: Launching an intensive and complex study with 
45 principal coinvestigators during the pandemic was challenging but achievable. We believe that 
earlier administration of antivirals (rather than antibiotics) might have prevented some hospitalisations 
in our cohort. 

P2-614 

Predicting mortality among hospitalized children with respiratory illness in 
Western Kenya, 2009-2012 

G Emukule1*, M McMorrow2, C Ulloa3, S Khagayi1, H Njuguna1, D Burton1, J Montgomery1, P 
Muthoka4, MA Katz5, JA Mott1

1Kenya Medical Research Institute/Centers for Disease Control and Prevention-Kenya (KEMRI/CDC), 
Kenya; 2Influenza Division, National Center for Immunization and Respiratory Diseases, Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States; 3Stanford University School of 
Medicine, Sanford, California, United States; 4Ministry of Public Health and Sanitation, Division of 
Disease Surveillance and Response, Nairobi, Kenya; 5Centers for Disease Control and Prevention, 
Port-au-Prince, Haiti 

Background: Pediatric respiratory disease is a major cause of morbidity and mortality in the 
developing world; 70% of global deaths from respiratory disease in children occur in Africa and South 
East Asia. In Kenya, approximately 16% of annual deaths in children < 5 years of age are attributed to 
acute respiratory infections (ARI). In most health facilities in Kenya, resources are limited; having a 
better understanding of which children hospitalized with respiratory illness are at greatest risk of 
severe outcomes could improve patient triage and inform resource allocation. We developed a 
modified Respiratory Index of Severity in Children (mRISC) scoring system using easy to monitor 
syndrome-based risk factors for in-hospital mortality in children aged less than 5 years that were 
hospitalized with a respiratory illness in Siaya District Hospital (SDH) in Western Kenya. Materials and 
Methods: Since August 2009, the Kenya Medical Research Institute and the US Centers for Disease 
Control (KEMRI/CDC) have conducted hospital-based surveillance for severe respiratory illness at 
Siaya District Hospital (SDH) in rural Western Kenya. Surveillance officers, mostly nurses, enrolled all 
consenting patients who were admitted to SDH with severe respiratory illness (defined as acute onset 
of cough or difficulty breathing within the last 14 days requiring hospital admission). We analyzed data 
from children < 5 years old who were hospitalized at SDH between August 2009 and July 2012. We 
developed a multivariable logistic regression model for in-hospital mortality using patient 
characteristics identified at admission, including demographics, co-morbidities, clinical signs and 
symptoms, and growth standards. Points were assigned to risk factors based on their β coefficients 
(rounded off to the nearest integer) in the multivariable model. The mRISC score for each child was 
developed by adding up the points assigned to each risk factor present, with a higher score 
corresponding to a greater number of possible risk factors for mortality. Ability of the model to 
discrimate between children who died and those who did not was evaluated using the concordance 
(or c) statistic. Using bootstrap samples, with 500 replications we re-estimated the coefficients and 
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their corresponding 95% confidence intervals (CIs) as well as the optimism of the model. Results: We 
analyzed data from 3,581 children hospitalized with respiratory illness; including 218 (6%) respiratory 
deaths. The median age was 12 months (10 months among those who died), and 54% (52% among 
those who died) were male. Caretaker-reported history of unconsciousness (aOR = 2.4; 95% CI 1.6-
3.5), inability to drink or breastfeed (aOR = 2.0; 95% CI 1.3-3.0), chest wall in-drawing (aOR = 2.1; 
95% CI 1.5-3.1), not being alert on physical exam (aOR = 8.6; 95% CI 5.5-13.4), low weight-for-age 
(aOR = 2.1; 95% CI 1.4-3.2), very low weight-for-age (aOR = 3.9; 95% CI 2.8-5.5) and admission 
diagnosis of dehydration (aOR = 2.0; 95% CI 1.4-2.8) were positively associated with in-hospital 
mortality. The mRISC score ranged from -2 to 7. The positive predictive value for mortality increased 
with increasing mRISC scores from 6% at a cut-off score of ≥ -2 to 80% for patients with a cut-off 
score of ≥ 6. The prediction model also showed good discriminating power, as measured by c-
statistics of 0.852 in the original dataset and 0.854 in 500 bootstrap samples. Conclusions: A simple 
modified RISC scoring system based on a set of easily measurable clinical features at admission was 
able to identify children at greater risk of death from respiratory illness in Kenya.  

P2-615 

Physician’s knowledge, attitudes, and practices for pandemic, seasonal, and 
avian influenza in Indonesia 

A Mangiri1*, A Iuliano2, Y Wahyuningrum3, A Storms2, Y Praptiningsih1, K Lafond2, G Samaan1, J 
Kreslake3, D Storey3,  T Uyeki2  

1US Centers for Disease Control and Prevention, Jakarta, Indonesia; 2US Centers for Disease Control 
and Prevention, Atlanta, Georgia, United States; 3John Hopkins School of Public Health, Center for 
Communication Program, Baltimore, Maryland, United States 

Background: Indonesia has reported the most confirmed human cases of highly pathogenic avian 
influenza (HPAI) A(H5N1) virus infection worldwide with 192 cases and 83% mortality since 2005. 
Most human cases of HPAI H5N1 have occured in the western part of the main Indonesia island of 
Java. We conducted a survey among primary care and hospital-based physicians in 2 districts in 
Western Java, East Jakarta, and Bogor, to determine the knowledge, attitudes and practices (KAP) of 
physicians regarding recognition, influenza testing, treatment, and prevention recommendations for 
seasonal influenza, influenza A(H1N1)pdm09, and HPAI H5N1. This study reports on the findings of 
the cross-sectional KAP survey conducted during March to June 2012. Materials and Methods: The 
study population was comprised of practicing physicians providing medical care for adult and/or 
pediatric patients at government or private sector health facilities in East Jakarta and Bogor Districts. 
The study utilized a list of all registered physicians in the 2 districts, and used purposive sampling to 
select general primary care clinicians and subspecialists. Study personnel were trained in the use of a 
standardized data collection instrument, and face-to-face interviews with participants were conducted 
in Bahasa Indonesia language. Among 1130 registered physicians recruited in the 2 districts, 576 
declined to participate and 554 were enrolled in the survey. Results were analyzed using descriptive 
statistics. Results: Of the 554 physicians enrolled, 43% were from East Jakarta and 57% from Bogor; 
87% were general practitioners and 13% were subspecialists. Overall, 71% of physicians reported 
providing outpatient care only, 2% provided inpatient care only, and 27% provided both outpatient and 
inpatient care. Clinical signs and symptoms believed by enrolled physicians to be associated with 
influenza in outpatients and hospitalized patients were fever (96%), cough (83%), and runny nose 
(72%) for seasonal influenza; fever (86%), cough (65%), nasal congestion (42%), and sore throat 
(40%) for A(H1N1)pdm09; and fever (91%), cough (73%), runny nose (53%), and sore throat (43%) 
for HPAI H5N1. Hospital-based physicians reported shortness of breath as a symptom in at least 50% 
of seasonal influenza, A(H1N1)pdm09, and HPAI H5N1 patients admitted to hospital. For outpatients, 
over 90% of physicians reported ever making a clinical diagnosis of seasonal influenza, only 2% 
diagnosed A(H1N1)pdm09, and 4% had diagnosed a case of suspected HPAI H5N1. For hospitalized 
patients, 10% of physicians reported ever making a clinical diagnosis of seasonal influenza, 0.4% 
diagnosed A(H1N1)pdm09, and 1% had diagnosed a suspected case of HPAI H5N1. Only 2% of 
physicians ordered any kind of seasonal influenza testing for outpatients and 1% for hospitalized 
patients. Very few physicians ordered A(H1N1)pdm09 testing, only 1% for outpatients and 0.2% for 
hospitalized patients. For H5N1 testing, 1% of physicians ordered testing for outpatients and 1% 
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ordered testing for hopitalized patients. Fifty-one percent of physicians prescribed antibiotics and only 
2% prescribed antiviral treatment for influenza patients. For clinically diagnosed seasonal influenza 
patients, physicians were most likely not to order influenza testing because they thought it was 
unnecessary (37%), too expensive (33%), or unavailable at hospitals (28%). Conclusions: The 
findings indicate that most physician respondents were familiar with common signs and symptoms of 
seasonal, pandemic, and HPAI H5N1 influenza. However, while most physicians reported making a 
clinical diagnosis of seasonal influenza in outpatients, few had ever diagnosed A(H1N1)pdm09 or 
HPAI H5N1 in outpatients. Overall, a very low percentage of participants had ever diagnosed 
seasonal, A(H1N1)pdm09, or HPAI H5N1 in hospitalized patients, suggesting that physician 
awareness that influenza can result in severe disease is limited. Use of influenza testing was low in 
outpatients and hospitalized patients, and use of antiviral treatment was very low for clinically-
diagnosed influenza patients. These findings suggest that much more education of physicians is 
needed about testing, severity, and antiviral treatment of influenza in Western Java. Further research 
is also needed to explore health system barriers for influenza diagnostic testing and availability of 
antivirals for treatment of influenza.  
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O-894 

Southern Hemisphere Influenza and Vaccine Effectiveness Research and 
Surveillance (SHIVERS) in New Zealand 

QS Huang1*, S Roberts2, C McArthur2, M Baker3, C Grant5, D Williamson2, A Trenholme4, C Wong4, S 
Taylor4, T Wood1, A Bissielo1, G Mackereth1, D Bandaranayake1, R Hall1, N Turner5, N Pierse3, P 
Thomas6, R Webby6, D Gross7, J Duque7, and MA Widdowson7, on behalf of the SHIVERS 
investigation team 

1Institute of Environmental Science and Research, Wellington, New Zealand; 2Auckland District 
Health Board, Auckland, New Zealand; 3University of Otago, School of Medicine in Wellington, New 
Zealand; 4Counties Manukau District Health Board, Auckland, New Zealand; 5University of Auckland, 
Auckland, New Zealand; 6WHO Collaborating Centre, St Jude Children’s Research Hospital, 
Memphis, United States; 7Centers for Disease Control and Prevention (CDC), Atlanta, United States 

Background: The Southern Hemisphere Influenza and Vaccine Effectiveness Research and 
Surveillance (SHIVERS) project was established in October 2011. It is a multicentre and 
multidisciplinary collaboration between the Institute of Environmental Science and Research, 
Auckland District Health Board (ADHB), Counties Manukau District Health Board (CMDHB), 
University of Otago, University of Auckland, WHO Collaborating Centre at St Jude Children’s Hospital 
and the US Centers for Disease Control and Prevention. The SHIVERS project has 9 objectives: 1) 
determine the incidence and prevalence of severe acute respiratory infections; 2) assess influenza 
vaccine effectiveness; 3) study the interaction between influenza virus and other pathogens; 4) 
ascertain the causes of respiratory mortality; 5) determine the incidence and prevalence of nonsevere 
respiratory illness; 6) conduct an influenza seroprevalence study; 7) determine influenza risk factors; 
8) study the immune response to influenza; 9) determine the healthcare and societal economic
burden and vaccine cost-effectiveness of influenza. Materials and Methods: To address the 9 
objectives, we have proposed 2 surveillance systems for the 838,000 residents living in Auckland’s 
ADHB and CMDHB regions:  1) hospital-based surveillance: enhanced, active, year-round 
surveillance for hospitalized severe acute respiratory infection (SARI) cases and a proportion of non-
SARI respiratory cases, ICU admissions and deaths with laboratory confirmation for influenza and 
other respiratory infections; 2) community-based surveillance: enhanced, active, year-round sentinel 
general practice surveillance for illness caused by influenza and other respiratory pathogens. Results: 
Since 30 April 2012, four hospitals serving ADHB and CMDHB have been enrolling SARI cases. As of 
30 September 2012, a total of 4417 patients hospitalised with suspected respiratory infections were 
assessed, and 2033 (46%) patients met the SARI case definition. Of 1430 SARI cases with 
specimens taken, 324 (23%) tested positive for influenza. Infants aged under 1 year experienced the 
highest rate of influenza hospitalization (282/100,000) followed by persons 80 years and older 
(144/100,000). Rates among Pacific People and Maori were 93/100,000 and 46/100,000, 
respectively, compared with 21/100,000 among those of European descent. The lower socioeconomic 
status (SES) patients had the highest rate of influenza hospitalization (32/100,000) followed by middle 
SES patients (20/100,000) and upper SES patients (12/100,000). Conclusions: Results from the first 
season of hospital-based surveillance by SHIVERS suggest a high burden of severe influenza among 
the young, elderly, ethnic minorities and lower SES status patients. Community-based surveillance 
will commence in 2013 and will document the burden of less severe disease. The hospital and 
community-based surveillance systems will provide a research platform over the next 4 years to 
enable focus on the other SHIVERS objectives and therefore comprehensively investigate influenza 
epidemiology, aetiology, immunology and vaccine effectiveness. The outcomes of the SHIVERS 
project are to enable enhanced disease surveillance, assist with early detection and prediction, guide 
targeted vaccination strategies for the population and subgroups and inform better vaccine design, 
optimize clinical management and laboratory diagnosis, identify risk factors, understand host immune 
responses and identify better immune diagnostic markers. 
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O-895 

Applications of pyrosequencing in the molecular surveillance of influenza 

Y-M Deng*, N Caldwell, P Iannello, A Kelso, I Barr 

WHO Collaborating Centre for Reference and Research on Influenza, North Melbourne, Australia 

Background: Surveillance plays an important role in controlling influenza globally. It provides 
information about the predominant circulating influenza viruses for the WHO biannual 
recommendations on vaccine viruses. Currently, there are 2 subtypes of influenza A (H3N2 and 
H1N1pdm09) and 2 antigenically distinct lineages of influenza B (Yamagata and Victoria lineages) 
viruses co-circulating in the human population. It is important to monitor the changes in these viruses 
in order to select the best representative viruses as vaccine candidates.  Pyrosequencing is a DNA 
sequencing method based on the sequencing-by-synthesis principle. In recent years, pyrosequencing 
has become increasingly important in several surveillance areas because it offers rapid high-
throughput screening. Pyrosequencing can measure a short sequence of up to 50 nucleotides in real 
time from 96 samples simultaneously within 1 hour and has the capacity to quantify a target virus in a 
mixed viral population based on single nucleotide polymorphism sites. Materials and Methods: Three 
pyrosequencing-based methods were developed in our laboratory, designed to (i) screen for the 
antiviral oseltamivir resistance marker H275Y in the neuraminidase of both seasonal and pandemic 
2009 H1N1 clinical samples and isolates, (ii) detect and subtype potential human reassortant 
influenza A viruses based on signature sequences of all 8 individual influenza genes, and (iii) 
differentiate both the influenza B lineage and its sublineages based on the hemagglutinin gene 
sequence. Results: Over 1000 samples containing either seasonal H1N1 or H1N1pdm09 virus were 
screened by pyrosequencing for the H275Y mutation, known to cause a high level of resistance to the 
antiviral drug oseltamivir. An accuracy of 100% was achieved when cross-checked with the 
conventional Sanger sequencing and/or neuraminidase inhibition assay. In addition, the assay was 
able to accurately quantify the H275Y mutant in 5%-95% mixtures with its wild-type virus in the clinical 
samples. A pyrosequencing-based assay was also developed to detect potential influenza A 
reassortant viruses. When applied to over 120 original specimens and laboratory isolates containing 
H1N1, H3N2, H1N1pdm09, or H1N2 viruses, the assay was able to correctly identify each virus 
subtype in all cases. A third pyrosequencing assay was designed for influenza B virus lineage 
differentiation. When tested on more than 300 samples, this assay was able to identify both the 
Yamagata and Victoria lineages in all samples. Further, this assay could differentiate the Yamagata 
viruses into 2 currently co-circulating sublineages. Conclusions: The pyrosequencing-based assays 
described in this report provide additional molecular tools that enable the detection of viruses with 
known mutations that cause antiviral drug resistance, the determination of the seasonal influenza A 
virus subtypes as well as the identification of possible influenza A reassortants, and the differentiation 
of the lineages and sublineages of influenza B viruses. Overall, our results demonstrate that these 
assays are robust with a high-throughput capacity that will make it possible to perform large-scale 
screening in a timely manner. In conclusion, pyrosequencing represents a valuable cost-effective 
addition to the current molecular assays for influenza surveillance. 

O-896 

The “Global Influenza Hospital Surveillance Network” (GIHSN): a step forward 

J Puig-Barberà1*, E Burtseva2, A Sominina3, O Launay4, M Ciblak5, A Tormos1,6, C Mahé6 

1Centro Superior de Investigación en Salud Pública, Valencia, Spain; 2D.I. Ivanovsky Institute of 
Virology, Moscow, Russian Federation; 3Research Institute of Influenza, St. Petersburg, Russian 
Federation; 4Centre d’Investigation Clinique de Vaccinologie Cochin Pasteur, Paris, France; 5National 
Influenza Reference Laboratory, Capa-Istanbul, Turkey; 6 Sanofi Pasteur, Lyon, France 

Background: Because the circulating strains, the intensity and severity of the influenza epidemic vary 
between years and between countries, networks of high-quality surveillance systems are very relevant 
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tools to get a better understanding of influenza and of the effect of influenza vaccination programs. 
While several surveillance systems already exist, very few focus on very specific outcomes 
(laboratory-confirmed influenza) and on serious disease requiring hospitalization. Moreover, the low 
level of standardization across sites usually does not allow for a global analysis of the results. In order 
to fill this public health knowledge gap, a public-private partnership was initiated in 2012 between 
Sanofi Pasteur, a Centre of Excellence experienced in hospital influenza surveillance from Spain 
(Centro Superior de Investigación en Salud Pública – CSISP), Fondation Merieux and several country 
sites. The pooled analysis of the results was presented in June 2013 at the first annual meeting of this 
network. Materials and Methods: The network is composed of country sites (mainly affiliated with 
health authorities) supervising a group of 1-5 hospitals each. Each site follows a standard core 
protocol with an option to add site-specific questions of local research interest. In each hospital, all 
consecutive patients admitted to the hospital during the influenza season with any antecedent of 
influenza-like illness (ILI) in the preceding 7 days are swabbed. All samples are analyzed by RT-PCR 
for confirmation. Demographic characteristics, influenza-related risk factors and influenza vaccination 
status are collected for all swabbed participants. In some sites, presence of other respiratory viruses 
is also assessed. Influenza cases were compared with negative controls to assess vaccine 
effectiveness. Technical assistance and support are provided by CSISP to ensure and facilitate the 
standardization of data collection and standard operating procedures across all sites. The pooled 
analyses describe the burden of severe influenza disease by strain and age group as well as vaccine 
effectiveness when vaccine coverage is sufficient. During the 2012-2013 influenza season, the 
network included 21 large hospitals (5 in Spain, 5 in France, 4 in the Russian Federation and 7 in 
Turkey). A pooled analysis was performed by the CSISP and discussed at the annual meeting 
between sites and external experts. Results: During the 2012-2013 influenza season, 8078 patients 
were screened and 4922 patients were admitted to the participating hospitals with an ILI in the last 7 
days. More than 1000 laboratory-confirmed influenza cases were identified.  These data allowed 
computing for some hospital the rate of hospitalization related to influenza for some age group. The 
main circulating strain was H1N1 (55%) followed by B and H3N2. Vaccine effectiveness was 
estimated by strain and age group. For example, the vaccine effectiveness in adults against 
hospitalizations from influenza and related complications against the B/Yamagata strain in Spain was 
45% (95%CI: 17%-63%) this year. Conclusions: The first year of this network already produced 
relevant, useful and timely results (before the next season). Additional countries already agreed to 
join the network next season. This will add geographic representation including the southern 
hemisphere. The GIHSN, with its broad regional representativeness and sustainable framework over 
sequential influenza seasons should contribute significantly to our knowledge of influenza 
epidemiology. Such international public-private partnerships can also provide a strong platform for 
further research and public health activities. Additional components could be added to respond to 
other scientific questions. The experience so far has been very rewarding. However, additional 
partners and contributors will be needed to strengthen this initiative and ensure its sustainability for 
the benefit of the influenza scientific knowledge and global public health. This network activity is partly 
funded by Sanofi Pasteur.  

O-897 

Etiology severe acute respiratory infection during 2 years of hospital-based 
surveillance in Madagascar 

N Razanajatovo1*, S Rajatonirina2, E Ratsima3, J Guillebaud1, R Ratovoson2, Z Andrianirina5, T 
Andriatahina6, L Ramparany3, P Herindrainy2, F Randrianirina3, V Richard4, P Piola2, JM Heraud1

1National Influenza Center, Virology Unit, Institut Pasteur de Madagascar, Antananarivo, Madagascar;  
2Epidemiology Unit, Institut Pasteur de Madagascar, Antananarivo, Madagascar; 3Centre de Biologie 
Clinique, Institut Pasteur de Madagascar, Antananarivo, Madagascar; 4Epidemiology unit, Institut 
Pasteur de Dakar, Dakar, Senegal; 5Pediatric ward, Centre hospitalier de Soavinandriana, 
Antananarivo, Madagascar; 6Pediatric ward, Centre Hospitalier de District II, Moramanga, 
Antananarivo, Madagascar 

Background: The burden of acute respiratory infection (ARI) in outpatients is well documented, but 
little is known on the impact of ARI in hospital care. In Madagascar, hospital-based surveillance of 
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severe ARI (SARI) has been in effect since November 2010 in 2 hospitals in Antananarivo and 
Moramanga. Here we report the distribution of virus and bacteria associated with SARI patients during 
our first 2 years of surveillance. We also present potential risk factors in relation to the evolution and 
outcome of severe respiratory illnesses. Materials and Methods: Patients of all ages hospitalized for 
acute respiratory infections were enrolled following admission in either of the 2 surveillance hospitals. 
The SARI case definition was adapted from the WHO. Demographic, epidemiological, clinical 
information as well as clinical specimens were collected from consenting patients. Nasopharyngeal 
samples were tested for 14 respiratory viruses whereas sera samples were screened for a large panel 
of bacteria. Deaths, clinical aggravation, and hospitalization exceeding 10 days were considered as 
aggravation outcomes. Results: From November 2010 to October 2012, 565 patients meeting the 
SARI case definition were recruited. Twenty-seven cases (4.8%) of worsening condition and 32 
deaths (5.7%) were registered. Ages ranged from 0 to 81 years. Children younger than 5 years were 
the most represented group among SARI inpatients (75.8%; 428/565). Bronchiolitis (39.8%) was the 
most reported diagnosis at admission followed by bronchopneumonia (15.2%) and pneumonia 
(9.7%). Other lower respiratory tract infections were diagnosed in 19.1% of the included patients. At 
least 1 pathogen was detected in 86% (486/565) of inpatients, of which 45.5% (221/486) were 
positive only for viruses and 12.6% (61/486) were positive only for bacteria. Co-infection between 
viruses and bacteria occurred in 42 % (204/486) of infected patients. The highest percentage of co-
infection—87% (177/204)—was reported in children younger than 5 years. Among viral infections, 
RSV (33.4%), Influenza A (22.6%), and rhinovirus (14.5%) were the most detected, whereas S. 
pneumoniae (45%) and H influenzae (17.9%) were the most common bacterial infections. In children 
younger than 5 years, comorbidities and low household incomes were significantly associated with 
worsening condition during hospitalization. Conclusions: This study showed that SARI associated with 
viral and bacterial infections are an important cause of hospitalization in Madagascar. Among SARI 
cases, children younger than 5 years are the most represented. Interestingly, the most prevalent 
viruses detected in SARI cases are the same found in our previous study focusing on ARI within the 
community. These findings expand our knowledge about the epidemiological features of respiratory 
pathogens in hospitalized patients with clinical evidences of ARI in Madagascar. It will be helpful to 
assess vaccine impact but also to recommend appropriate control measures. However, increasing 
surveillance in hospitals will lead to more representative data and better guidance. 

O-898 

Establishing a web-based application for respiratory pathogen biosurveillance 
within a diverse global partner network 

Cockrill JA1, Tsai AY1, Campbell TC2, Cooper MJ1*

1Armed Forces Health Surveillance Center, Silver Spring, Maryland, United States; 2Johns Hopkins 
University Applied Physics Lab, Columbia, Maryland, United States 

Background: Lessons learned from the 2009 influenza pandemic have driven many changes in the 
standards and practices of respiratory disease surveillance worldwide. The US Department of 
Defense (DoD) Armed Forces Health Surveillance Center (AFHSC) and the Johns Hopkins University 
Applied Physics Lab (JHU/APL) have partnered to develop an Internet-based data management 
system known as the Respiratory Disease Dashboard (RDD). The goal of the RDD is to provide 
AFHSC partners with a centralized, standardized, user-friendly system for the monitoring and tracking 
of lab-confirmed respiratory pathogens. Objective: The objective of this abstract is to communicate the 
development of a DoD respiratory pathogen surveillance system used in a multitude of settings 
worldwide. Methods: The RDD is based on the OpenESSENCE platform and developed as a web-
based application. It is highly flexible and can be modified by a public health administrator. Currently 
10 DoD partner laboratories are actively entering respiratory pathogen data into the RDD, 
encompassing specimens from sentinel sites in 26 countries. Users have been individually trained on 
data entry and visualization within the application. Most laboratories currently only test respiratory 
specimens for influenza, but select laboratories have the ability to routinely test for an expanded 
respiratory panel, including RSV, adenovirus, coronavirus, Haemophilus influenzae, and other 
pathogens. Results: To date, 26,372 respiratory pathogens have been isolated from 110,466 
specimens and input into the RDD. Of the isolated pathogens, 23,215 were influenza, 272 were 
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Haemophilus influenzae, 588 were rhinovirus, 131 were coxsackie/echoviruses, and the remaining 
2166 were other respiratory pathogens. Conclusions: The RDD is a user-accepted platform for data 
entry and visualization and provides a central database from which to pull global DoD respiratory 
information. Four additional DoD partner laboratories will be contributing to the RDD in the first quarter 
of 2013. The RDD application is being explored for use in enteric pathogen data reporting and 
visualization. 

O-899 

Patterns of influenza circulation—Latin America and the Caribbean, 2010-2012 

M Cerpa1*, X Xu2, T Wallis2, S Lindstrom2, O Brathwaite1, O Bilbao1, R Palekar1,2 

1Pan American Health Organization/ World Health Organization, Washington, DC, United 
States; 2Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States 

Background: Patterns of influenza circulation, including the co-circulation of different virus lineages, 
are important to determine vaccine composition and timing of application, to ensure maximum vaccine 
effectiveness. These patterns, however, have not been well described in all Latin American 
subregions. We analyzed influenza virologic surveillance data from Latin America and the Caribbean 
(LAC) to better understand the patterns of influenza circulation and to inform decision-making about 
influenza vaccine timing and composition, as both Northern (NH) and Southern Hemisphere (SH) 
vaccines are used in the region. Materials and Methods: In LAC, there are a total of 23 National 
Influenza Centers (NICs) (22 countries) and an additional four national laboratories that conduct 
virologic surveillance, determining types and subtypes of influenza viruses, using real-time RT-PCR 
techniques. These laboratories send, on a routine basis, samples to a WHO Collaborating Center 
(CC) for additional viral characterization. We analyzed viral influenza data provided to WHO from all 
23 NICs and four national laboratories for the period January 2010-December 2012. Grouping the 
laboratories into four subregions (Mexico/Central American, Caribbean, Andean, and Southern Cone), 
we analyzed peak influenza percent positivity, predominant virus type/subtype, as well as virus 
lineages over the study period. Results: During 2010-2012, > 550,000 samples were tested for 
influenza in LAC. By subregion, 17.5% were from Mexico/Central America, 5% from the Caribbean, 
14.7% from the Andean countries, and 62.8% from the Southern Cone. Among the samples tested (n 
= 586,317), 9.9% were positive for influenza (78.8% influenza A [27.5% influenza A(H1N1)pdm09, 
43.3% A(H3N2), 28.9% influenza A not subtyped] and 21.2% influenza B). In Mexico/Central America, 
during the study period, influenza activity peaked in epidemiologic week (EW) 35 [2010, predominant 
virus A(H3N2), EW 42 [2011, predominant influenza A(H1N1)pdm09], and EW 02 [2012, predominant 
influenza A(H1N1)pdm09]. In the Caribbean, influenza activity peaked in EW 37 [2010, predominant 
influenza A(H3N2) and influenza A(H1N1)pdm09 and 2011, predominant influenza A(H3N2)] and EW 
23 [2012, predominant influenza B and influenza A(H3N2)]. In the Andean countries, influenza activity 
peaked in EW 31 [2010, predominant influenza A(H1N1)pdm09], EW 39 [2011, predominant influenza 
A(H1N1)pdm09], and EW 23 [2012, predominant influenza A(H1N1)pdm09]. In the Southern Cone, 
influenza activity peaked in EW 38 [2010 and 2012, predominant influenza A(H3N2)] and EW 32 
[2011, predominant influenza A(H1N1)pdm09 and influenza A(H3N2)]. During 2010-2012, 6.9% (n = 
4070) of the influenza-positive samples were sent to a WHO-CC for additional characterization. 
During 2010 and 2011, 100% of the influenza A(H3N2) viruses antigenically characterized were 
A/Perth/16/2009-like virus (WHO vaccine-recommended strain NH 2011/12 and SH 2012 vaccine 
component). In April 2012, A/Victoria/361/2011-like H3N2 virus emerged and represented 23.8% of 
the influenza A(H3N2) viruses analyzed—first detected in the Andean countries (April 2012), followed 
by the Southern Cone (June 2012) and then Mexico/Central America (July 2012). No 
A/Victoria/361/2011-like viruses were detected in the Caribbean samples analyzed. During 2010 and 
2011, influenza B-Yamagata lineage viruses were detected sporadically. However, in December 
2011, more sustained circulation of Yamagata viruses (NH 2012/13 and SH 2013 vaccine component) 
was detected—first in the Caribbean, followed by the Southern Cone (February 2012), Mexico/Central 
America (May 2012) and then the Andean countries (June 2012). Overall, in 2012, B-Yamagata 
lineage viruses represented 30.7% (n = 70) of the B viruses characterized. Conclusions: The timing of 
influenza virus peak circulation was similar within most LAC subregions during the study period, but 
predominant types/subtypes of viruses varied from year to year. The inclusion of A/Victoria/361/2011-
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like H3N2 virus in the vaccine for the NH 2012/13 and SH 2013 influenza seasons was well matched 
to the circulating H3N2 viruses observed in LAC in 2012; however, the inclusion of an influenza B-
Yamagata lineage virus in the NH 2012/13 and SH 2013 vaccines might not well match currently 
circulating viruses, as this lineage represented less than one-third of the B viruses characterized 
during 2012. These data are useful to inform public health policy decisions such as the timing of 
vaccine application and the use of quadrivalent influenza vaccines that include both B-Yamagata and 
Victoria lineages.  

O-906 

Incursion of clade 2.3.2.1 avian influenza viruses into the Mekong Delta of 
Vietnam 

DT Nguyen1,2, JE Bryant2,3*, T Nguyen1, TL Pham4, VL Nguyen4, LT Ngo5, S Newman6, L Loth6, J 
Siembiedia6, TL Thanh1 

1National Center for Veterinary Diagnostics, Department of Animal Health, Hanoi, Vietnam; 2Oxford 
University Clinical Research Unit and Wellcome Trust Major Overseas Programme, Vietnam; 3Center 
for Tropical Medicine, Nuffield Department of Clinical Medicine, University of Oxford, Oxford, 
UK; 4Department of Epidemiology, Department of Animal Health, Hanoi, Vietnam; 5Regional Animal 
Health Office No 6, Ho Chi Minh City, Vietnam; 6Food and Agriculture Organization, Hanoi, Vietnam 
Background: The geographic distribution of influenza A/H5 variants in Vietnam is closely monitored 
through both active and passive poultry surveillance programs. Clade 1 H5N1 viruses have been 
detected in Vietnam continuously since 2003; however, since 2004, clade 1 descendants have been 
almost exclusively restricted to southern provinces of the Mekong delta.  In contrast, influenza A/H5 
transmission patterns in northern Vietnam have been characterized by repeated incursions from 
southern China and frequent lineage replacements, with predominance of clade 2 variants (first clade 
2.3.2 from 2005 to 2007; then clade 2.3.4 from 2007 to 2009; and since 2010, the emergent 2.3.2.1 A, 
B, and C subclades). Material and Methods: Active surveillance to monitor silent circulation of avian 
influenza through live bird markets (LBMs) was established in September 2011, and thus far sampling 
has involved 268 markets distributed over 30 provinces. Results: H5N1 is widespread in all regions of 
the country, with overall prevalence of approximately 4.15% in ducks sampled at LBM. In 268 LBMs 
visited between September 2011 to February 2012, 187 markets were positive with influenza A 
(69.8%), 79 markets were positive with H5 (29.5%), and 69 markets were positive with H5N1 (25.8%). 
During the first months of 2013, cocirculation of both clade 1.1 and clade 2.3.2.1 variants were 
detected from poultry outbreaks and in live bird markets of southern Vietnam. Conclusions: 
Implications for risk assessment and vaccination control programs will be discussed. 

O-907 

Improving the representativeness of influenza viruses to inform seasonal 
influenza vaccine strain selection 

C Brown1*, C Gruessner1, G Zemtsova1, J McCauley2, R Daniels2, D Pereyaslov1, National Influenza 
Centres in the WHO European Region, which provided data3   

1WHO Regional Office for Europe, Copenhagen, Denmark; 2WHO Collaborating Centre for Reference 
and Research on Influenza, MRC National Institute for Medical Research, London, United 
Kingdom; 3Full list will be provided 

Background: The production of seasonal influenza vaccines requires continuous global monitoring of 
influenza viruses for the emergence and circulation of new antigenic drift variants. Sharing of viruses 
by National Influenza Centres (NICs) within GISRS is the cornerstone of this process. WHO 2010 
guidance recommends that viruses shared for vaccine strain selection are representative of age 
groups, clinical settings, geographical location, and phase of influenza activity. This paper describes 
the first analysis of timeliness and geographic and epidemiologic representativeness of influenza 
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viruses shared by NICs in the WHO European Region (WHO/Europe) during the 2010-2011 and 
2011-2012 northern hemisphere influenza seasons. The results can be used to improve virus sharing 
within GISRS. Materials and Methods: The following variables provided alongside influenza viruses 
shared during 2 seasons were considered: completeness of forms, timeliness of virus collection by 
NICs and submission to WHO CC, geographic location, virus type/subtype, patient age and clinical 
setting. Timeliness was evaluated based on the date of shipment receipt by WHO CC compared with 
the deadline of viruses being characterised by the fifth week of the year for inclusion in the February 
Vaccine Composition Meeting (VCM). Geographic representativeness was analysed by grouping the 
WHO/Europe countries into 5 subregions according to UN definitions (Southern, Northern, Eastern, 
and Western Europe, Central and Western Asia; 
http://unstats.un.org/unsd/methods/m49/m49regin.htm). Results: During 2 influenza seasons, NICs 
representing 40 countries shared 2954 influenza viruses with WHO CC London. For both seasons, 
forms were 100% complete for Centre ID, specimen type, and virus type/subtype. Data was available 
on 99% of collection dates, 84% of patient ages and only 45% clinical setting. During 2010-2011, 
1204 out of 1837 (66%) viruses received from NICs from 38 countries were collected before week 
5/2011, and 606 (50%) were shipped within the characterisation deadline. During 2011-2012, 537 out 
of 1117 (50%) viruses received from NICs in 35 countries were collected before week 5/2012, and 
340 (63%) were shipped within the characterisation deadline. For both seasons combined, 795 
viruses were collected but not shipped by the characterisation deadline. The average time between 
specimen collection date and shipment was 90 days and 54 days for the first and second seasons, 
respectively, but varied significantly by subregion. Most viruses were shared from Eastern, Northern, 
and Southern Europe, while Western Europe, West Asia and in particular Central Asia submitted 
fewer viruses. During both seasons, viruses were shared from both mild and severe cases and from 
several age groups. Conclusions: NICs in WHO/Europe during 2 influenza seasons shared 2954 
influenza viruses with GISRS, representing a significant contribution to the VCM. Viruses shared in 
time for the February VCM represented different geographic subregions, age groups and severity of 
disease. However, approximately half of viruses whose specimen collection date was before the VCM 
deadline were not shared in time for the February VCM, there was on average a 72 days delay 
between specimen collection date and shipment, a number of sub-regions were underrepresented, 
and due to missing data, the true extent of demographic and epidemiologic representativeness could 
not be determined. Late receipt of specimens by the WHO CC may largely be explained by the fact 
that influenza seasons peak concomitantly with or after the virus characterization deadline, notably for 
the eastern versus the western part of the region. Nevertheless, these samples are highly valued for 
the Southern Hemisphere VCM held in September each year, with the focus of the analysis being on 
viruses with collection dates after 1 February of the corresponding year. Greater insight into virus 
selection criteria by countries, the reasons for viruses not being shipped in time for the February VCM 
as well as more complete data on shared viruses is needed to fully understand the 
representativeness of viruses being shared within GISRS, to assess the importance of this for vaccine 
strain selection and whether WHO guidance should be adjusted. The results will guide enhancement 
of virus sharing in WHO/Europe and globally. 

O-908 

Influenza epidemiology in Bangladesh: a pre- and post-pandemic comparison 
of the national hospital-based influenza surveillance findings (2007-2013) 

MA Aleem1*, AA Mamun1, MZ Rahman1, M Rahman1, MA Islam1, T Azim1, ASM Alamgir4, MS Haider3, 
J Heffelfinger1,2, SP Luby1,2, M Rahman3, ES Gurley1, K Sturm-Ramirez1,2 
1International Centre for Diarrhoeal Disease and Research, Bangladesh (icddr,b), Dhaka, 
Bangladesh; 2Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United 
States; 3Institute of Epidemiology Disease Control and Research, (IEDCR), Dhaka, 
Bangladesh; 4World Health Organization, Dhaka, Bangladesh 

Background: In 2007, the Institute of Epidemiology, Disease Control and Research (IEDCR) and the 
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), supported by the 
Centers for Disease Control and Prevention (CDC), established national hospital-based influenza 
surveillance in 12 hospitals in Bangladesh to characterize circulating influenza strains and the 
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seasonal distribution of influenza infections. Here we present surveillance data focusing on how the 
introduction of the 2009 pandemic strain impacted the seasonality, strain dominance and age 
distribution of influenza infections in the country. Material and Methods: In each surveillance hospital, 
physicians systematically identified patients aged ≥ 5 years with severe acute respiratory illness 
(SARI; hospitalized with  history of measured/subjective fever and cough/sore throat in the previous 7 
days) or patients aged < 5 years with severe pneumonia (SP; hospitalized with cough/difficulty 
breathing with ≥ 1 of 6 danger signs) or presenting as outpatients with influenza-like illness (ILI; 
history of subjective/measured fever and cough/sore throat within 7 days of onset). Staff collected 
demographics and clinical history data using a structured questionnaire and obtained nasopharyngeal 
and throat swabs for real-time reverse transcription polymerase chain reaction (rRT-PCR) influenza 
typing (A and B) and subtyping of positives (A/H1, A/H3, A/H5 and A/H1N1pdm09). We defined 
influenza epidemiological periods as pre-pandemic (May 2007-May 2009), pandemic (June 2009-July 
2010) and post-pandemic (August 2010-February 2013) for comparisons. We defined months of 
influenza peak activity as months with > 20% influenza positivity among samples tested. Results: A 
total of 18,311 case-patients’ samples were tested for influenza virus; 4902 were during pre-
pandemic, 4388 during pandemic and 9021 during post-pandemic periods. Overall, 2486 (14%) 
samples (SARI 1002/17%, SP 145/5% and ILI 1339/17%) were influenza positive, with influenza A 
being the dominant type (9%). Among all the hospitalized inpatients, A/H1N1pdm09 was the dominant 
strain (466/5%). Influenza infection among all case-patients was higher during two post-pandemic as 
opposed to two pre-pandemic years (15% during 2011-2012 vs. 10% during 2007-2008; P < .001). 
During the pre-pandemic period, there was a single annual peak of influenza activity followed by a 3- 
to 6-month period with no influenza circulation detected. In contrast, influenza circulation was 
detected every month from March 2011 to February 2013 in the post-pandemic period. In 2012, there 
were 2 discrete peaks of influenza activity, the first one during March-May, almost exclusively due to 
A/H1N1pdm09, and the second one during August-October, predominantly due to influenza B. We 
observed an increase in influenza B infection (1.4% to 36%) among influenza-positive SARI case-
patients in the post-pandemic compared to the pre-pandemic period. Among influenza A-positive 
SARI case-patients, the pandemic virus A(H1N1)pdm09 was detected by this surveillance platform in 
August 2009 and has become the dominant influenza strain detected since January 2012, displacing 
seasonal influenza A/H1 strain completely. Influenza affected all age groups, but the proportion of 
laboratory-confirmed influenza infections was highest among patients aged 5-19 years old (21%) 
during the study period. The median age of all influenza positive cases was higher during the 
pandemic and post-pandemic periods compared to the pre-pandemic period (19 and 20 years vs. 13 
years; P < .001). The median age of A/H1N1pdm09-positive case-patients was significantly higher 
than that of case-patients affected by non-pandemic strains (20 years vs 17 years; P < .001). 
Conclusions: The introduction of pandemic virus A(H1N1)pdm09 affected the age distribution of 
influenza infections and influenza seasonality in Bangladesh, with year-round detection of influenza 
since March 2011 and increased frequency of peak influenza activity in the post- as compared to the 
pre-pandemic period. The irregular seasonality patterns may hinder the deployment of effective public 
health interventions, in particular scheduling an immunization campaign so as to optimize protection 
before vaccine-induced immunity wanes. Additionally, this increases the amount of time that avian 
and human influenza are co-circulating in Bangladesh and so increases the risk for re-assortment and 
emergence of new strains. Support for influenza surveillance should be continued. 

O-909 

Surveillance and characterization of Influenza viruses circulating in the central 
region of Chile  

P Jimenez-Bluhm1*, C Hamilton-West2, E Karlsson3, P Frieden3, B Seufzer3, B Sharp3, F Di Pillo2, J 
Osorio1, S Schultz-Cherry3 
1Department of Pathobiological Sciences, School of Veterinary Medicine, University of Wisconsin-
Madison, Madison, Wisconsin, United States; 2Department of Preventive Veterinary Medicine, School 
of Veterinary Medicine, University of Chile, Santiago, Chile; 3Department of Infectious Diseases, St. 
Jude Children’s Research Hospital, Memphis, Tennessee, United States 
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Background: Waterfowl and shorebirds are the main reservoirs of avian influenza viruses (AIVs) in 
nature, particularly for low pathogenicity (LPAI) strains. Bird migration is believed to be one of the 
main routes in which the virus is able to spread throughout large geographic areas. Chile forms part of 
the Pacific migratory flyway, a bird migration route that stretches from the furthermost tip of Alaska to 
the South American Patagonia. However, influenza surveillance along the southern hemisphere 
section of this flyway has been limited, even though the only reported highly pathogenic avian 
influenza (HPAI) outbreak in South America occurred in commercial poultry in Chile in 2002. No other 
reports of AIV have been made since then in Chile, but it is believed that AIV could still be present. To 
address this question, several sample effort were undertaken. Material and Methods: During autumn 
and spring 2012, 509 blood samples were gathered from poultry and 127 from domestic swine. 
Furthermore, during winter 2012 and summer 2013, 3172 environmental fecal samples were 
collected, of which 942 corresponded to wild birds, 2072 to domestic poultry and 340 to wild captive 
birds from zoos and bird rescue centers. Moreover, a total of 68 swine and 7 equine nasal swabs 
were collected during this period as well. All domestic animal samples, both swabs and sera, were 
collected from backyard production systems located within the central LGB O´Higgins region of Chile. 
Wild bird samples were collected in wetlands within this region and from the adjacent Santiago 
metropolitan area. Blood samples were collected from the brachial vein in birds and the marginal ear 
vein in swine. Sera samples were subsequently screened by influenza A–specific ELISA kits. 
Environmental feces and nasal swab samples for real-time PCR screening were collected with single-
use sterile swabs and stored separately in cryovials containing PBS-glycerol media and antibiotics in 
addition to being kept at –70°C until analysis. Samples were screened by real-time RT-PCR for the 
influenza M gene, and a cycle threshold value of less than 40 was considered positive. Virus isolation 
was attempted either by cell culture or embryonated chicken eggs, and virus titers were determined 
by TCID50 in MDCK cells. Gene segments were sequenced and then phylogenetically analyzed with 
the neighbor-joining method. Results: Twenty sera samples came up positive by ELISA and yielded 
3.5% influenza A–specific antibody prevalence for poultry and 1.6% for swine. Of the 41 positive 
samples tested by real-time RT-PCR, the positives were 3.4% in wild birds and 0.9% in poultry. No 
wild captive bird swabs delivered positive results during screening. The percentage of influenza-
positive swine swabs was 1.5%, whereas horse swabs did not yield any positive results. Viral isolation 
was successful on one of the wild bird samples (Anas georgica spinicauda) and genetic analysis 
revealed a nonpandemic H1N1 virus. Interestingly, even though phylogenetic analysis of the 
hemagglutinin, neuraminidase and most other internal genes (PB2, PA, M) links this virus closely to 
other South American AIV isolates, some internal genes (PB1, NP) match closely to North American 
AIV isolates. Furthermore, a pathogenicity study in BALB/c mice showed no weight loss or disease, 
although viral particles could be detected in lung homogenates until day six post infection. 
Conclusions: This is the first report of influenza-positive waterfowl, swine and backyard poultry in 
Chile, either serologically or by PCR. Even though the one isolate obtained is a LPAI virus, its genetic 
similarities to other influenza A viruses throughout the continent verify the hypothesis that flyways 
provide a route in which recombinant events between geographically distant viral strains do occur. 
Additionally, its capability to successfully replicate in a mammalian host highlights the importance of 
this study. To fully understand the spread and impact of AIV on wildlife, poultry production and human 
health in Chile and other South American countries, it is necessary to continue active influenza virus 
surveillance in the region. 

O-910 

WHO efforts on global capacity of influenza virus detection and antiviral 
susceptibility monitoring 

TG Besselaar*, M Lièvre, R Drager Dayal, D Naidoo, W Zhang 

World Health Organization, Geneva, Switzerland 

Background: The WHO Global Influenza Surveillance and Response System (GISRS), comprising a 
vast network of laboratories, has been conducting surveillance to detect and monitor the circulation 
and the evolution of influenza viruses infecting humans for more than sixty years. Robust laboratory 
diagnostic measures for virus detection is a key requirement. Recognizing this need, the WHO 
external quality assessment programme (EQAP) for detection of influenza viruses by RT-PCR was 
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initiated in 2007. The project, coordinated by WHO’s Global Influenza Programme (GIP), has been 
implemented by the H5 Reference Laboratory and National Influenza Centre at the Centre for Health 
Protection, Hong Kong Special Administration Region, China, and supported by WHO Collaborating 
Centres (CCs) for Reference and Research on Influenza, other H5 reference laboratories and WHO 
regional offices. Monitoring the susceptibility of antiviral drugs is key in terms of updating clinical 
management guidelines and adjusting the relevant components of national preparedness plans. In the 
past few years, the need for guidance for laboratories to establish standardized antiviral susceptibility 
monitoring and results has been identified. Although capacity currently exists in all WHO regions, 
laboratories use a wide range of protocols, and there is a lack of standards for interpreting and 
reporting test results. The role of WHO in addressing these aspects is described here. Methods: 
Laboratory response to avian influenza A(H7N9): Immediately after notification of the emergence of 
influenza A(H7N9) in China, WHO worked closely with the GISRS CCs to make RT-PCR protocols 
and reagents available for the detection of the new virus. EQAP: Since 2007 EQAP panels of RNA 
and/or viruses for RT-PCR detection were sent to participating laboratories once or twice a year. The 
scope was expanded from initially focusing on influenza A(H5N1) to include other influenza A viruses 
of pandemic potential as well as influenza B. Laboratory capacity was assessed by including a Good 
Laboratory Practices questionnaire-based survey with some panels. Antiviral susceptibility monitoring: 
The results of a global survey conducted in 2010 by the WHO’s GIP identified major gaps, and a 
WHO Expert Working Group on Antiviral Susceptibility was formed in 2011 to review the scope of 
antiviral surveillance performed by the GISRS, antiviral testing capacity and the laboratory 
methodologies available. Interpretation of antiviral susceptibility data was also assessed to provide 
practical guidance for laboratories seeking to implement and monitor the quality of antiviral testing 
surveillance. Results: A number of RT-PCR protocols for avian influenza A(H7N9) detection were 
made available on the WHO Web site in a timely manner. Since 2007 the number of laboratories 
participating in the WHO EQAP has increased from 54 to more than 160. Improvement in the overall 
accuracy for the detection of all the influenza virus subtypes was observed. Similarly, the number of 
laboratories that were able to detect A(H5N1) increased. Antiviral susceptibility surveillance 
strategies, laboratory methodologies, data interpretation and reporting have been examined, and 
guidance is currently being compiled for GISRS laboratories for publication on the WHO Web site. 
Conclusions: The WHO EQAP has become a channel to monitor the quality and comparability of the 
performance of participating laboratories in routine diagnosis and surveillance of seasonal and other 
emerging influenza viruses by RT-PCR. The programme will continue to be updated and expanded to 
adapt to changing needs over time, such as the inclusion of avian influenza A(H7N9) viruses in the 
next panel. Next to vaccines, antiviral drugs are an essential intervention of epidemic and pandemic 
influenza infection and diseases. The provision of updated technical guidance for establishing antiviral 
susceptibility monitoring by GISRS and other reference influenza laboratories will help to improve the 
quality of antiviral resistance testing and to provide global updates of incidence and distribution of 
resistant influenza viruses of public health significance. 

O-911 

Circulating seasonal and pandemic influenza A and influenza B virus 
genotypes from 2009-2012: vaccine strain match and breakthrough infections 
in South Africa 

FK Treurnicht1*, J Manamela1, D Naidoo1, J McAnerney1, M Venter1,2 

1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases, 
Johannesburg, South Africa; 2Zoonosis Research Unit, University of Pretoria, Pretoria, South Africa 

Background: Vaccination against seasonal influenza viruses is important to reduce morbidity and 
mortality annually in the most vulnerable of the population. The Viral Watch surveillance program for 
influenza-like illness and enhanced surveillance (Enhanced Viral Watch) for severe disease provide 
epidemiologic and virologic data to describe the annual influenza seasons in South Africa. Materials 
and Methods: Reverse transcription followed by real-time polymerase chain reaction (RT-PCR) was 
used to detect influenza A and B infection in: n = 3475 (2009), n = 2071 (2010),  n =  2680 (2011) and 
n = 1518 (2012) respiratory samples followed by subtyping of influenza A positives using the CDC 
influenza A subtyping kit and protocol. The HA1 region of the influenza hemagglutinin gene was 
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amplified by strain-specific nested RT-PCR followed by direct sequencing of amplicons. Sequence 
alignment and phylogenetic analysis were performed using BioEdit version 7.1.7 and MEGA5 
programs. The ATIVS tool was used to predict antigenic distances between A(H3N2) vaccine and 
seasonal strains where antigenic distances ≥ 3.25 predict low reactivity. Results: In 2009 from 1385 
influenza positives, the majority of infections were caused by influenza A(H3N2) (720/1385 or 52%) 
and the pandemic strain, A(H1N1)pdm09 (529/1385 or 38%). Influenza B was a major contributor 
(425/826 or 51%) followed by influenza A(H3N2) (25%, 209/826) and A(H1N1)pdm09 (21%, 170/826) 
for the total of 826 positives in 2010. During the 2011 season from the total of 986 positives, influenza 
A(H1N1)pdm09 contributed to 79% (774/986) of positives, influenza B to 11% (105/986) and A(H3N2) 
to 10% (101/986). In 2012 a total of 576 positives were detected, with influenza A(H3N2) identified in 
58% (332/576) and influenza B in 41% (236/576). Influenza virus breakthrough infections were 
identified in 44/113 of vaccine recipients in 2009, in 25/81 in 2010, in 14/90 in 2011 and in 8/35 in 
2012. Vaccine breakthrough infections associated with influenza A(H1N1) were primarily as a result of 
infection with the new pandemic strain, A(H1N1)pdm09 in 2009. The mean amino acid distance 
between A(H1N1)pdm09 strains from 2009 (n = 14) and the seasonal vaccine strain (A/Brisbane 
/59/2007) was 35.7% (range 35.9%-37.2%). The mean amino acid distance between breakthrough 
infection strains from 2010-2011 and the A(H1N1)pdm09-like vaccine strain (A/California/07/2009) 
was < 1%. The majority of vaccine failures associated with influenza A(H3N2) were identified in 2009 
and are characterised by antigenic distances ≥ 3.25 compared with the vaccine strain, 
A/Brisbane/10/2007. Vaccine update in 2010 to match circulating strains resulted in reduction of 
antigenic distances to < 3.25 for all except 1 strain from a vaccine breakthrough infection. In 2011 
lineage 7 was identified as an emerging lineage in South Africa, and circulating strains from 2012 
mainly belonged to lineages 7 and 3A. Antigenic distances ≥ 3.25% were observed when circulating 
and 4 breakthrough infection strains from 2012 were compared with the 2012 and 2013 Southern 
Hemisphere vaccine strains. Circulating strains from 2009-2012 grouped with both the B/Victoria and 
B/Yamagata lineages. Eight vaccine breakthrough infection strains from 2010, 1 from 2011 and 1 
from 2012 were B/Brisbane-like. Another 2 from 2011-2012 were B/Yamagata-like with mean amino 
acid distance of 13% compared with the vaccine strain, B/Brisbane/60/2008. The B/Brisbane-like 
breakthrough infection strains carried the I146V mutation and an additional L58P mutation in 2. 
Conclusions: The mechanism for vaccine escape needs to be explored further in cases where the 
antigenic distance between the vaccine and seasonal viruses is < 3%. The emergence of the 
pandemic influenza A/H1N1 strain in 2009 demonstrates vaccine escape as a result of antigenic shift. 
Antigenic drift overtime earmarked vaccine escape for influenza A(H3N2) strains in 2009, which 
coalesced with the introduction of a vaccine strain matched to circulating strains. Vaccine escape is 
also predicted for influenza A(H3N2) if lineages 7 and 3A viruses would circulate in the 2013 season. 
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P2-617 

Use of Hangeul Twitter to track and predict human influenza 

E Kim1, JH Seok1, JS Oh2, HWLee2, KH Kim1*

1Korea University, Department of Biotechnology & Bioinformatics; 2Korea University, Department of 
Electronics & Information Engineering, Sejong, Korea  

Influenza epidemics arise through the accumulation of viral genetic changes. The emergence of new 
virus strains coincides with a higher level of influenza-like illness (ILI), which is seen as a peak of a 
normal season. Monitoring the spread of an epidemic influenza in populations is a difficult and 
important task. Twitter is a free social networking service whose messages can improve the accuracy 
of forecasting models by providing early warnings of influenza outbreaks. In this study, we have 
examined the use of information embedded in the Hangeul Twitter stream to detect rapidly evolving 
public awareness or concern with respect to influenza transmission and developed regression models 
that can track levels of actual disease activity and predict the influenza epidemic situation in the real 
world. Our prediction model using a delay mode provides not only a real-time assessment of the 
current influenza epidemic activity but also a significant improvement in prediction performance at the 
initial phase of ILI peak when prediction is of most importance. This work was supported by grants 
from Mid-career Researcher Program (2010-0029242) through NRF funded by the MEST and from 
TEPIK (A103001) funded by the Ministry for Health, Welfare & Family Affairs, Korea. 

P2-618 

Potential use of rat polyclonal antisera for antigenic analysis of human 
influenza viruses 

DM Danilenko1*, NI Konovalova1, M Yu Eropkin1, DJ Smith2, CA Russell2

1Research Institute of Influenza, Saint Petersburg, Russian Federation; 2Department of Zoology, 
University of Cambridge, Cambridge, United Kingdom 

Background: Hemagglutination inhibition (HI) test is the basic tool for evaluation of antigenic drift in 
influenza viruses. Traditionally, ferret polyclonal antisera against currently circulating influenza viruses 
are used to perform the HI test because ferrets are considered as the most suitable model to mimic 
human influenza infection in animals. Considering the substantial cost of these animals and the need 
for special housing conditions, only a few laboratories have the capacity to work with ferrets on a 
regular basis. However, no suitable alternative to ferrets has been proposed so far. Nevertheless, it 
should be noted that in the Russian Federation, rat antisera have been used for typing, subtyping and 
antigenic analysis of human influenza viruses for many years. White rats are easily available and do 
not naturally suffer from influenza. Rats do not have influenza antibodies in normal blood serum, a 
fact that confirms their insusceptibility to influenza infection. Thus rats can be used for immunization 
directly from the nursery right after the quarantine. The main aim of this study was the comparative 
investigation of rat and ferret antisera in antigenic analysis of influenza A and B viruses in the HI test. 
Materials and Methods: White outbred rats 12-15 weeks old were used to obtain rat polyclonal 
antisera. Ferret polyclonal antisera were kindly provided by Dr J. McCauley (WHO CC for Reference 
and Research on Influenza, London, United Kingdom). The HI test was performed in full compliance 
with the WHO manual. Results: We present data on the potential use of rat polyclonal antisera in the 
HI test as a cheap and easy-to-operate alternative to ferret antisera. Parallel experiments with rat and 
ferret antisera indicated good comparability of the results. High indexes of correlation calculated to 
compare the results clearly demonstrated the validity of the data. Rat antisera permitted us to perform 
detailed antigenic analysis of human influenza isolates that circulated in the Russian Federation in 
2007-2012. In general, ferret and rat antisera gave comparable results in the HI test. However, in 
some cases, rat antisera appeared to be more sensitive at disclosing antigenic drift of contemporary 
human influenza viruses; in the other cases, ferret antisera revealed antigenic differences more 
clearly. To provide additional proof for the potential use of rat antisera, we created antigenic maps 
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based on the results of the HI test for influenza A(H1N1)pdm09 strains for 72 antigens and 4 rat 
antisera, for influenza A(H3N2) viruses for 154 antigens and 12 rat antisera, for influenza B (Victoria 
lineage) for 101 antigens and 12 rat antisera and for influenza B (Yamagata lineage) for 93 antigens 
and 18 rat antisera, respectively. Antigenic cartography with the application of rat antisera 
demonstrated the adequate evaluation of the evolutionary trends of contemporary human influenza 
viruses, and the obtained results were similar to those obtained by other methods. Conclusions: The 
data presented indicate the applicability of rat antisera in antigenic analysis of human influenza A and 
B viruses that belong to different subtypes or lineages and for influenza surveillance; the obtained 
results are comparable with those obtained in HI tests with ferret antisera. These results could add to 
the understanding of peculiarities of natural influenza virus antigenic drift. 

P2-619 

Influenza viruses in Cameroon: 5 years of sentinel surveillance data, 2007-2012 

R Njouom for the Cameroon Network of Laboratories for influenza surveillance 

National Influenza Centre, Centre Pasteur of Cameroon, Yaounde, Cameroon 

Background: Detection and characterization of the local circulating strains of influenza viruses are 
essential to prevent and control epidemics and pandemics. Little information is available in Cameroon 
with regard to the virus. This report presents the epidemiology of influenza viruses circulating in 
Cameroon based on a sentinel surveillance system for influenza-like illness (ILI) program in the 5 
years since November 2007. Materials and Methods: All ILI cases were considered eligible for 
enrollment. A standardized questionnaire to record patients’ demographic characteristics and medical 
history was used. Nasopharyngeal swabs were collected from all enrolled cases in different 
surveillance sentinel sites and then sent to the laboratory for biological confirmation. Detection and 
subtyping of influenza viruses were performed by real-time RT-PCR using the CDC protocol. Patient 
information and laboratory results were recorded in a central database (MS Access®) situated at the 
CPC. Statistical significance was assessed at P < .05 for all parameters. Results: We collected and 
tested a total of 9829 respiratory specimens from November 2007 to December 2012. Of these, 1751 
(17.8%) tested positive. Overall, influenza viruses were detected in 34.8%, 29.1%, 26.0%, 16.6%, 
18.2%, and 15.4% of ILI cases in late 2007, 2008, 2009, 2010, 2011, and 2012, respectively. During 
this period, influenza infections were observed mainly during the rainy season from September to 
November. However, in 2008, influenza activity was observed throughout the year, and in 2009-2010, 
some influenza activity was observed outside of this period due to the pandemic context. In late 2007, 
all of the isolates were A(H3N2) viruses, while A(H1N1) viruses were the most detected in 2008 
(85.7%). In 2009, the majority of isolates (90.7%) were A(H3N2) viruses, and the first 6 cases of 
influenza A(H1N1)v virus were confirmed in Cameroon on August 5, 2009. In 2010 and 2011, the 
majority of isolates were influenza B viruses (54.9.8% and 53.6%, respectively), and a co-circulation 
of influenza A(H1N1)v (34.6% and 26.7%, respectively) and A(H3N2) (10.4% and 19.8%, 
respectively) was also observed. Finally in 2012, influenza A(H3N2) became the virus most detected 
(76.9%), with only 22.6% of isolates being influenza B (50%) viruses. and viruses. Conclusion: These 
data suggest that July-August may be most appropriate months for seasonal influenza vaccination in 
Cameroon. This system provides a robust profile of the epidemiology of influenza viruses in 
Cameroon and has proven to be useful for public health planning. These results highlight the 
importance of continuing surveillance and characterization of emerging influenza drift variants in sub-
Saharan Africa. 
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Molecular characterization of pandemic strains of influenza A virus circulating 
during the postpandemic period in India  

A Jain1*, B Jain1, T Dangee1, A Kumar1, M Mohan1, KP Singh1, JV Singh2, R Kumar3 

1Department of Microbiology, 2Community Medicine and 3Pediatrics, King George’s Medical 
University, Lucknow, UP, India, UP  

Background: A major pandemic of influenza was caused by novel strains of influenza A/pandemic 
H1N1 in 2009. Since then, virus has been circulating and leading to outbreaks on both local and 
global scales. The phenomenon of persistence of the same influenza A strain during such a long time 
interval is not well understood. Therefore, molecular characterization of the strain circulating in 2012 
is required to find any antigenic or phylogenic changes. Hemagglutinin (HA) is a major surface protein 
of the influenza virus envelope which is hyper-variable and act as an epitope. HA1 domain of it acts 
as a receptor binding site to the host and generates an immune response in humans. Changes in this 
region directly affect transmission and pathogenecity of influenza virus. Hence, the molecular 
characterization of this region of HA gene is important to notify any significant changes. The present 
study was planned to study the molecular epidemiology of influenza virus and to determine the 
variation in HA gene (HA1 domain) sequences of influenza A/pandemic H1N1 strains circulating in 
2012. Material and Methods: A total of 2669 cases presenting as influenza-like illness were enrolled 
during 2010-2012. Nasopharyngeal aspirate from every case was tested for influenza A virus and its 
subtypes by real-time RT-PCR according to WHO protocol. A total of 13 samples from influenza 
A/pandemic H1N1–positive strains were randomly selected for sequencing study. The HA gene was 
directly amplified from clinical samples by 2-step conventional RT-PCR assay specific for 447 bp 
fragment (nucleotide position 434-905) in the HA1 domain. Purified products were sequenced using 
BigDye Terminator Cycle-Sequencing Kit (Applied Biosystems, Foster City, California, United States) 
and ABI Prism 3130xl DNA-sequencer (Applied Biosystems). All sequences were aligned by Clustal 
W. Sequences of study strains of influenza A/pdmH1N1 strains were analyzed and edited with Bio-
edit software. A phylogenetic tree was constructed by the neighbour-joining (NJ) method using MEGA 
5.05 software. Evolutionary divergence analysis between HA sequences was performed using a 
Kimura 2-parameter model with 1000 bootstrap replicates in MEGA 5.0.5 version. The sequences 
were deposited in Gene Bank, National Centre for Biotechnology Information (NCBI) 
[http://www.ncbi.nlm.nih.gov]. Results: A total of 192/2669 cases were positive for Influenza A virus, of 
which 129 were influenza A/ pandemic H1N1. After 2010, influenza A/pandemic H1N1activity was not 
observed in the population until August 2012, when it reappeared. Phylogenetic analysis revealed that 
11/13 isolates showed 98% similarity with reference strains of influenza A/pdmH1N1 clade 7 and the 
remaining 2 were 99% similar to reference strains of influenza A/pdmH1N1 clade 1. Clade 7 viruses 
are known to be characterized by S203T mutations in the HA1 gene of influenza A/pdmH1N1 as 
signature sequences which were present in all clade 7 strains of this study also. Comparison of amino 
acid sequences of these strains with respect to 2009 prototype strain of influenza H1N1 
(A/California/04/2009) revealed 2 nonsynonymous changes, including HA S220T and S203T, which 
were located within or adjacent to HA antigenic sites. Conclusion: This study revealed that more than 
1 clade of influenza A/pdmH1N1 strain circulated in this region. The unique finding of this study is the 
presence of Clade 1 strains in the population along with Clade 7 in the postpandemic period, as Clade 
1 was reported in the beginning of pandemic only. No major changes had occurred in influenza 
A/pdmH1N1 strains since 2009, which has been found in other studies, too.  
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Influenza infection patterns among cases with influenza-like illness (ILI) and 
severe acute respiratory infection (SARI) in Nigeria (2009-2012) 
 
A Adedeji*, P Onyiah, S Paul, A Musa, A Garba, A Gubio, O Idowu 
 
Federal Ministry of Health, National Influenza Reference Laboratory, Asokoro District Hospital 
Premises, Abuja, Federal Capital Territory, Nigeria. 
 
Background: The introduction of the highly pathogenic avian influenza (A/H5N1) in Nigeria in 2006 
resulted in substantial economic losses to the poultry industry and claimed 1 human casualty. This 
event, coupled with the fears of further human-to-human spread of the disease, necessitated a 
nationwide study of the human epidemiology of influenza, which hitherto was lacking in the country. 
Toward this, a National Influenza Sentinel Surveillance (NISS) system was established by the Federal 
Government of Nigeria between March 2008 and April 2009. The NISS comprised 4 sentinel sites in 4 
of the nation’s 6 geopolitical zones and a national influenza reference laboratory (NIRL), established 
in 2007, with molecular diagnostic capacity. We documented the spatial and temporal distribution of 
influenza virus types and subtypes in populations of enrolled ILI and SARI cases between April 2009 
and December 2012. Materials and Methods: In each of the 4 sentinel sites, the first 4 ILI cases were 
enrolled daily from the outpatient department from Monday to Thursday of each week. All inpatient 
SARI cases were recruited. Demographic and clinical information for the cases, as well as their oro- 
and nasopharyngeal swabs, were taken and transported, under appropriate conditions, within 48 
hours to NIRL. The specimens were diagnosed for influenza A, B and A subtypes using real-time 
reverse transcriptase-polymerase chain reaction (RT-PCR). Data were analysed using Epi-info 3.5.1. 
Results: Between April 2009 and December 2012, a total of 6324 ILI and 1566 SARI cases were 
tested, of which 597 (9.4%) and 79 (5.0%) were positive for influenza, respectively. Influenza positivity 
was highest (10.1%) among children 0-4 years of age with ILI and the elderly, 65 years of age and 
above, with SARI (6.3%). Influenza A viruses infection was most common among ILI (6.4%) cases, 
whereas infection with influenza B virus was slightly more common among SARI cases. Among 
subtypes of influenza A, A/H3N2 was slightly dominant over A(H1N1)pdm09 for both ILI (48.8% vs 
46.3%) and SARI (48.6% vs 43.2%) cases. Temporal distribution showed the dominance of A/H3N2 
in the prepandemic months of April to September 2009 and a short displacement by influenza B 
during November and December 2009. A(H1N1)pdm09 was first detected in December 2009 and 
assumed dominance during January to April 2010. Influenza B co-circulated at low levels during the 
period but became the dominant subtype from May 2010 through December 2012. Influenza 
A(H1N1)pdm09 and H3N2 were detected sporadically during the period. Dual peak viral activities 
were manifest in January/February and September/November of each year, with minor peaks 
occurring year-round. Conclusion: Influenza affected more young children with ILI and more elderly 
people with SARI during the investigation period. Influenza A viruses were major causes of infection 
among ILI cases, while both influenza A and B viruses were found to be equally responsible for SARI. 
Following the 5 months (December 2009-April 2010) dominance by A(H1N1)pdm09, the seasonal 
influenza viruses (A/H3N2 and Flu B) were re-established. Influenza activities occurred throughout the 
year in Nigeria, with 2 seasonal peaks observed toward the end of the rainy season (September-
November) and during the dry season (January-February). The appearance of pandemic influenza in 
2010 did not affect the seasonality pattern. Continuous influenza surveillance is needed to better 
understand the epidemiology and burden of seasonal influenza in the country in order to guide the 
institution of appropriate prevention, control and mitigation interventions.  
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Use of deep-sequencing to evaluate the intrinsic heterogeneity of human 
influenza type A viruses directly in nasal swabs 
 
C Barbezange1,2, H Blanc1, O Isakov4, V Enouf2,3, N Shomron4, S van der Werf2,3, M Vignuzzi1* 

 
1Institut Pasteur, Viral Populations and Pathogenesis, Paris, France; 2Institut Pasteur, Molecular 
Genetics of RNA Viruses, Paris, France; 3Institut Pasteur, National Influenza Centre, Paris, 
France; 4University of Tel-Aviv, Sackler Faculty of Medicine, Department of Cell and Developmental 
Biology, Tel-Aviv, Israel 
 
Background: In 2009, a new influenza type A virus of H1N1 subtype (H1N1pdm09) entered the 
human population and caused the first pandemic of the 21st century. After this pandemic wave, it 
replaced the previously circulating H1N1 virus and, along with the H3N2 subtype, is now responsible 
for the seasonal influenza epidemics. The genome of influenza type A viruses is composed of 8 
single-stranded RNA segments of negative polarity. So far, the evolutionary potential of influenza 
viruses has been mainly documented by consensus sequencing data. However, RNA virus 
polymerases are considered to have low fidelity, and a virus thus exists as a cloud of closely related 
sequences (referred to as a quasispecies), which could influence its fitness and its adaptability. 
Interest in the quasispecies nature of influenza viruses has only recently increased with the 
development of next-generation sequencing (NGS) technologies that allow a wider study of the 
genetic variability. Materials and Methods: NGS deep-sequencing methodologies were developed to 
determine the whole-genome genetic heterogeneity of the 3 subtypes of influenza type A viruses that 
circulated in humans between 2007 and 2012 in France. For each subtype, between 20 and 30 nasal 
swab samples, collected from mild and severe human cases of influenza, were selected to cover the 
different epidemic seasons. After RNA extraction and specific reverse transcription, the viral genome 
was amplified by PCR. Library preparations and Illumina GAII runs were performed by multiplexing 6 
samples per lane (2 tags per sample). Virus-specific bioinformatics tools were developed to process 
the obtained raw data. Short sequences generated by Illumina technology were aligned to the 
respective reference sequences and underwent different quality controls. The outputs giving the 
proportions of each base at each nucleotide position were then used for analysis and comparison. 
Results: We are presenting here the results of the comparison performed to identify subtype/severity 
signatures focusing on mutation frequencies and specific nucleotide polymorphisms. We first looked 
at the overall mutation frequency and at the gene-specific mutation frequencies to try to identify trends 
for either each subtype (pandemic H1N1, seasonal H3N2, seasonal H1N1) or each severity group 
(mild vs severe within each subtype). We then looked at nucleotide polymorphisms. We thus identified 
subtype-specific positions where subpopulations in apparently similar proportion exist for all the 
samples of the given subtype we tested. Finally, we searched for common or divergent positions 
between viruses of the 2 severity groups to try to identify subpopulations that could be landmarks of 
the severity. Conclusions: This study using a significant number of samples for 3 influenza type A 
viruses that have been circulating in the human population for the past 6 years provides us with a 
clearer view of the intrinsic heterogeneity of influenza viruses. It will be helpful to better understand 
the role that this variability might have in the virus’s biology. This will lead to further studies aiming at 
understanding more precisely how the viral quasispecies nature is involved in the pathogenicity, 
evolution, and adaptability of influenza viruses. 
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Etiology of community-acquired pneumonia among hospitalized adults in the 
United States: preliminary data from the CDC Etiology of Pneumonia in the 
Community (EPIC) study 
 
S Jain1*, W Self2, R Wunderink3,  S Fakhran4, R Balk5, C Trabue6, A Bramley1, C Reed1, E Anderson3, 
D Courtney3, K Ampofo7, S Arnold8,9, D Williams2, D Erdman1, J Winchell1, M Carvalho1, S Lindstrom1, 
V Veguilla1, S Jefferson1, J Katz1, J Chappell2, C Qi3, C Grijalva2, Y Zhu2, M Moore1, E Schneider1, L 
Hicks1, J McCullers8,9,10, A Pavia7, K Edwards2, L Finelli1, and the Centers for Disease Control and 
Prevention (CDC) Etiology of Pneumonia in the Community (EPIC) Study Team 
 
1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2 Vanderbilt University 
School of Medicine, Nashville, Tennessee, United States; 3 Northwestern University Feinberg School 
of Medicine, Chicago, Illinois, United States; 4 John H. Stroger, Jr. Hospital of Cook County, Chicago, 
Illinois, United States; 5 Rush University Medical Center, Chicago, Illinois, United States; 6 University 
of Tennessee Health Sciences Center, Baptist Hospital, Nashville, Tennessee, United 
States; 7 University of Utah Health Sciences Center, Salt Lake City, Utah, United States; 8 Le Bonheur 
Children’s Hospital, Memphis, Tennessee, United States; 9 University of Tennessee Health Science 
Center, Memphis, Tennessee, United States; 10 St. Jude Children’s Research Hospital, Memphis, 
Tennessee, United States 
 
Background: Pneumonia is a common cause of hospitalization. Over the last 2 decades, molecular 
methods have improved diagnostic capability and community-acquired pneumonia (CAP) etiology has 
likely changed due to antimicrobial use and expanded vaccine use. Using traditional and innovative 
methods, the Centers for Disease Control and Prevention (CDC) Etiology of Pneumonia in the 
Community (EPIC) study aims to determine CAP etiology among hospitalized adults. Methods: CAP 
patients ≥ 18 years old were enrolled in 5 hospitals in Chicago and Nashville. CAP was defined as an 
acute respiratory infection and a new radiographic pneumonia in an adult from and hospitalized in the 
catchment area without recent hospitalization or severe immunosuppression. Blood for culture, high-
quality sputum for routine culture, sputum for Legionella PCR, urine for pneumococcal and Legionella 
antigen testing, and naso/oropharyngeal swabs (NP/OP) for PCR of respiratory viruses and atypical 
bacteria were collected as soon as possible after admission. If therapeutic thoracentesis was 
required, pleural fluid samples were tested by culture and PCR methods. Results: From January 1, 
2010, to June 30 2012, we enrolled 2483 (68%) of 3643 eligible adults with CAP aged 18-49 (30%), 
50-64 (34%), and ≥ 65 years old (36%). The majority were white (47%), black (39%), or Hispanic 
(10%). Twenty-one percent of adults were admitted to intensive care, 5% required invasive 
mechanical ventilation, and 2% died. Antibiotic use before hospitalization was reported by 20% of 
adults. Eighty-one percent of blood cultures were collected before inpatient antibiotic administration. A 
viral (25%) or bacterial (13%) pathogen was detected in a total of 843 of  2410 adults (35%) with 
blood culture, high-quality sputum, sputum for Legionella, urine antigen testing, or pleural fluid, and 
NP/OP results available. More than 1 pathogen was detected in 4% of adults (57 had bacteria and 
viruses, 22 had ≥ 1 virus, 7 had ≥ 1 bacteria). No pathogen was detected in 65% of adults. The 
following pathogens were more commonly detected: rhinovirus (9%), influenza (5%), Streptococcus 
pneumoniae (5%), human metapneumovirus (3%), respiratory syncytial virus (3%), parainfluenza 
viruses 1,2,3 (2%), coronaviruses (2%), Mycoplasma pneumoniae (2%), and Staphylococcus aureus. 
Conclusion: Preliminary results from this multisite prospective study conducted in the United States 
indicate that viruses were more commonly detected in adults with CAP requiring hospitalization, 
although a large proportion was of unknown etiology. Bacteria may have been underdetected due to 
limited sensitivity of available tests and prior antibiotic use.  Additional testing, including serology in 
cases and NP/OP PCR in healthy controls, is underway to help further elucidate etiology and clinical 
relevance. Clinicians should test for viruses and bacteria in patients with suspected pneumonia to 
optimize antimicrobial use. The CDC EPIC study is ongoing and will continue to provide insights into 
adult CAP etiology and incidence.   
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Phylogenetic analysis of influenza viruses of H5 subtype isolated in 
Kazakhstan 
 
K  Karamendin, A Kydyrmanov, S Asanova, K Daulbayeva, K Zhumatov, Y Kasymbekov, M Sayatov* 

 
Institute of Microbiology and Virology, Almaty, Kazakhstan 
 
Background: A highly pathogenic H5N1 strain of avian influenza caused huge mortality in wild birds all 
over the world. Millions of domestic poultry have either died or been culled in Asia. Annual monitoring 
among wild birds has been conducted in Kazakhstan to track the situation in this country. In 2006-
2009, influenza viruses A/mute swan/Aktau/1460/06 (H5N1) from dead swan and A/ruddy 
shelduck/South Kazakhstan/kz-0783/07 (H5N2), A/white-fronted goose/Central Kazakhstan/3733/09 
(H5N3) and A/Greylag Goose/Central Kazakhstan/3735/09 (H5N3) from live birds were isolated in 
Kazakhstan and further genetically characterized. Materials and Methods: Tracheal and cloacal 
samples were collected using sterile cotton swabs, stored in viral transport medium and maintained in 
liquid nitrogen before analyses. Genomic RNA was extracted from swab materials using the QIAamp 
Viral RNA Mini kit (Qiagen). Multiplex RT-PCR assays were performed using AccessQuick RT-PCR 
Kit (Promega) with primers targeting fragments of H5 and M genes. After purification, the PCR 
products were sequenced on an ABI 3730xl DNA analyser (Applied Biosystems). Phylogenetic trees 
were generated using the Neighbour-joining method, and the Tamura-Nei model with 500 bootstrap 
replicates in MEGA 5.0 software. Results: Before molecular research, intravenous pathogenicity 
indexes (IVPI) of isolated Kazakhstan viruses were determined. Viruses A/white-fronted 
goose/Central Kazakhstan/3733/09 (H5N3) and A/Greylag Goose/Central Kazakhstan/3735/09 
(H5N3) had zero index, which is considered nonpathogenic. Virus A/mute swan/Aktau/1460/06 
(H5N1) had index 1.77, which is highly pathogenic. 
HPAI H5 strains harbor insertions of positively charged amino acids Arg and Lys in the HA cleavage 
site: PQGERRКKRGLFG. Kazakhstan viruses A/mute swan/Aktau/1460/06 (H5N1) and A/ruddy 
shelduck/South Kazakhstan/kz-0783/07 (H5N2) were identical and had PQGEТGLFG amino acids at 
the cleavage site, typical for LPAI. Two other Kazakhstan viruses A/white-fronted goose/Central 
Kazakhstan/3733/09 (H5N3) and A/Greylag Goose/Central Kazakhstan/3735/09 (H5N3) were 
different from previous viruses and had an insertion of Arg in the HA cleavage site (PQGEТRGLFG) 
and counted as LPAI as well. Substitution of glutamic acid (Е) for lysine (К) at position 627 in PB2 
protein is a molecular determinant of high virulence. A/mute swan/Aktau/1460/06 virus contained E, 
unlike the highly pathogenic Kazakhstan virus A/domestic goose/Pavlodar/1/2005 that harboured 
lysin.Substitution of Е for К in PDZ-binding consensus ESKV at the C-terminus of the protein NS1 
influences the virulence of HPAI Asian viruses, such as the A/bar-headed goose/Qinghai/0510/05 
(H5N1) in chicken. The virus under study, A/mute swan/Aktau/1460/06 (H5N1), did not have the Е→К 
substitution. Another factor of increased virulence is deletion in NS1 gene in position 263-273, and 
virus A/mute swan/Aktau/1460/06 (H5N1) also did not harbor this deletion. So, the Kazakhstan isolate 
A/mute swan/Aktau/1460/06 (H5N1) did not harbor any molecular determinants of highly pathogenic 
influenza virus, although it has high IVP index. One of the possible explanations of that is the 
presence of РВ1-F2 protein in the structure of A/mute swan/Aktau/1460/06 (H5N1) virion. Expression 
of the РВ1-F2 gene and accumulation of appropriate protein in mitochondria leads to induction of 
apoptosis in affected monocytes and macrophages, with subsequent leucopenia and increased 
susceptibility to bacterial infections. Investigations of phylogenetic relationships of the HA gene of H5 
subtype Kazakhstan isolates showed highest (99,1%) identity of the virus A/mute swan/Aktau/1460/06 
(H5N1) with A/ruddy shelduck/South Kazakhstan/kz-0783/07 (H5N2) virus also isolated in 
Kazakhstan. Together they form a separate cluster of Asian viruses. The other Kazakhstan isolates, 
A/white-fronted goose/Central Kazakhstan/3733/09 (H5N3) and A/Greylag Goose/Central 
Kazakhstan/3735/09 (H5N3), appeared to be close to western European isolates of 1999-2005. The 
highly pathogenic Kazakhstan isolate А/domestic goose/Pavlodar/1/2005 (Н5N1) formed a separate 
cluster (genotype Z) with viruses A/bar-headed goose/Qinhai/051/05 (H5N2) and А/Azerbaijan/001-
161/2006 (Н5N1) ascending to А/goose/Guangdong/1/96 (Н5N1). Conclusions: Kazakhstan viruses 
of H5 subtype were determined as nonpathogenic by IVPI with the exception of A/mute 
swan/Aktau/1460/06 (H5N1), whose index was 1.77, which is highly pathogenic, but no molecular 
determinants typical for highly pathogenic virus were found. Phylogenetic studies showed 99,1% 
identity of the virus A/mute swan/Aktau/1460/06 (H5N1) with A/ruddy shelduck/South Kazakhstan/kz-
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0783/07 (H5N2) virus also isolated in Kazakhstan. Viruses A/white-fronted goose/Central 
Kazakhstan/3733/09 (H5N3) and A/Greylag Goose/Central Kazakhstan/3735/09 (H5N3) appeared to 
be close to western European isolates of 1999-2005.  

P2-625 

Influenza surveillance among cases with influenza-like-illness and severe 
acute respiratory illness in Niger, 2009-2012  

HB Maïnassara, L Adamou*, A Sidiki, B Issaka, BA Sidikou, J-P M Pelat, OOM Oukem 

Centre de Recherche Médicale et Sanitaire (CERMES) 

Background: Influenza virus infection is responsible for substantial global morbidity and mortality 
every year, in particular among individuals < 5 and > 65 years of age. However, there is little 
information about the burden associated with influenza infection in Africa. In 2009, the government of 
Niger established a national influenza surveillance system aiming to monitor seasonal influenza as 
well as detect the emergence and spread of novel influenza strains with pandemic potential. The 
system comprised height sentinel sites, located in 5 of the height regions of the country and a national 
influenza reference laboratory (NIRL) with the capacity for molecular diagnosis of influenza virus. We 
documented the epidemiology of seasonal and pandemic influenza among outpatients with influenza-
like-illness (ILI) and inpatients with severe acute respiratory illness (SARI) presenting at selected 
sentinel sites between April 2009 and April 2013. Materials and Methods: Up to 5 patients per week 
meeting the ILI or the SARI case definitions and presenting at the outpatient or inpatient department 
of the selected sentinel sites were enrolled from Monday to Friday. An ILI case was defined as an 
outpatient presenting with fever (≥ 38°C) and cough or sore throat. A SARI case in children < 5 years 
of age was defined as a hospitalized patient with cough or difficulty breathing and at least 1 of the 
following danger signs: unable to drink or breastfeed, lethargic, vomits everything, convulsions, nasal 
flaring, chest indrawing, stridor in a calm child or tachypnea. For patients ≥ 5 years of age, a SARI 
case was defined as any inpatient with fever (≥ 38°C), cough and shortness of breath or difficulty 
breathing. Epidemiological data as well as nasopharyngeal swabs were collected from each enrolled 
patient. The respiratory samples were tested by real-time reverse transcriptase polymerase chain 
reaction (rtPCR) for the detection of influenza A and B viruses. Samples positive for influenza A virus 
were further subtyped. The analysis was implemented using STATA 12 (StataCorp, College Station, 
Texas, USA). Results: During the study period, laboratory results were obtained from 1179 ILI and 
952 SARI cases, of which 142 (12%) and 53 (6%) tested positive for influenza virus, respectively. The 
influenza positivity rate was highest in the 5-14 years age group (28/115; 24% among ILI patients and 
6/61; 10% among SARI patients) followed by the 1-4 years age group (56/381; 15% among ILI 
patients and 31/333; 9% among SARI patients). Conversely, the influenza infection rate was lowest in 
the < 1 year age group (17/343; 5% among ILI cases and 11/455; 2% among SARI cases). Of the 195 
influenza positive cases 102 (52%) were A(H1N1)pdm09, 61 (31%) were A(H3N2) and 32 (17%) were 
B. Influenza virus was detected predominantly from November to April, with peak viral activity 
observed in February (25% detection rate). Influenza A(H3N2) was the dominant circulating subtype 
from November to December 2009. Influenza A(H1N1)pdm09 was first detected in Niger in January 
2010 and became the dominant subtype during the 2009-2010 and 2010-2011 influenza seasons. 
Conversely, influenza A(H3N2) and B co-circulated during the 2011-2012 and 2012-2013 influenza 
seasons. Conclusion: The Niger sentinel surveillance system allowed monitoring of the circulation of 
seasonal influenza as well as the introduction and spread of influenza A(H1N1)pdm09 in the country. 
Influenza virus was detected in both ILI and SARI cases, and the burden was highest among young 
and older children. Influenza virus circulation was detected predominantly from November to April, 
which corresponds to the cold-dry season in the country. After its introduction and spread in 2010, 
influenza A(H1N1)pdm09 became the predominant subtype for 2 consecutive seasons and 
reappeared in 2013. Continuous influenza surveillance is needed to better understand the 
epidemiology and burden of seasonal influenza in the country and monitor the emergence of influenza 
strains with pandemic potential.  
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Phylogenetic characterization of influenza H1N2 subtype viruses isolated from 
wild birds in Kazakhstan 
 
A Kydyrmanov, K Karamendin, S Asanova, K Daulbayeva, K Zhumatov, Y Kassymbekov, M Sayatov* 

 
Institute of Microbiology and Virology, Almaty, Kazakhstan 
 
Background: Among animals, the largest number of antigenic variants of influenza A viruses were 
isolated from birds. The aim of the present work was to study the phylogenetic relationships of 
influenza A virus isolates with hemagglutinin H1 circulating in populations of different species of wild 
birds in several regions of Kazakhstan during the pandemic of "swine flu" in 2010. Circulation of 
influenza virus of this subtype among wild birds in the territory of Kazakhstan was not seen in the last 
10 years, and their appearance in the populations of wild waterfowl in the region coincided with the 
pandemic of "swine flu H1N1." Materials and Methods: Virus isolation was performed by inoculating 
each sample of the material in the allantoic cavity of 10-11-day-old chick embryos. To establish 
membership of hemagglutinating agents to influenza A viruses, RT-PCR was used with primers to the 
M gene. Viral RNA was extracted from 140 uL samples using QIAamp Viral RNA Mini Kit. Reverse 
transcription was performed with reverse transcriptase AMV reverse transcriptase with primers Uni 12 
(agcaaaagcagg). Amplification of cDNA was performed using primers c recommended for sequencing 
the genome segments of influenza A viruses. After purification, the PCR products were sequenced on 
an ABI 3730xl DNA analyser (Applied Biosystems). Phylogenetic trees were generated using the 
Neighbour-joining method, and the Tamura-Nei model with 500 bootstrap replicates in MEGA 5.0 
software. Results: We performed sequencing of the coding regions of HA, M and NS genes of 
influenza virus subtype H1, isolated in 2010 from wild birds in different regions of Kazakhstan 
compared their nucleotide sequences with those of the strains from GenBank. The cluster system 
was dedicated as described Liu et al (2009). The HA genes of all Kazakh influenza viruses of subtype 
H1 exhibit similarity to each other and are included in the cluster H1.1.2 formed mainly by Eurasian 
avian viruses. The HA genes of the Kazakhstan H1N2 influenza viruses are not phylogenetically 
related to the pandemic strain of "swine flu" A/Almaty/347/2009 (H1N1) and porcine virus 
A/swine/Guandong/1/2009 (H1N2), which represent a separate lineage of genetic cluster H1.3. The 
HA genes of the isolates A/black-headed gull/Atyrau/4378/2010 and A /red-crested 
pochard/Balkhash/4529/2010 isolated in different regions were completely identical to each other and 
difference from the A/red-crested pochard/Balkhash/4523/2010 was only one nucleotide as a result of 
transition A → G, resulting in nonsynonymous encoded amino acid substitution at position 39, Lys for 
Arg. Unlike other viruses studied, the HA gene of Kazakhstan H1N2 isolates has unique amino acid 
substitutions: Ala15 → Ile, Thr44 → Ser, Thr99 → Asn. In contrast to the HA gene, the M gene 
phylogeny of Kazakhstan H1N2 virus isolates is represented by different evolutionary lineages. The M 
gene of strain A/red-crested pochard/Balkhash/4523/2010 refers to the Eurasian avian viruses cluster 
in line with HA H1, H8, and H11 isolated from wild ducks in South Korea and China in 2003-2007. In 
turn, the M gene of the Caspian isolate A/black-headed gull/Atyrau/4379/2010 (H1N2) belongs to the 
gull lineage of Eurasian viruses. The NS gene of the isolate A/black-headed gull/Atyrau/4379/2010 
(H1N2) is similar to Siberian strain A/common gull/Ust-Ilimsk/121/2008. Both of these isolates with 
viruses H13N9 from Alaska form a separate group that is part of a sublineage allele A unifying viruses 
H3N8, H4N6, H5N3, and H6N5 from Primorye, Korea, Mongolia, and Malaysia, as well as epizootic 
strain of 2003 H7N7 from The Netherlands and Germany. Kazakhstan isolate A/red-crested 
pochard/Balkhash/4523/2010 (H1N2) by the nucleotide sequence of the NS gene was most similar to 
the Caspian strain A/tufted duck/Aktau/1456/2006 (H4N6), and formed with him and viruses of 
different geographic origin separate sublineage allele A. Conclusions: The study revealed that the 
gene pool of Kazakh isolates of H1N2 influenza virus from wild birds is similar to that of the viruses of 
Eurasian avian lineages, but not identical to them. In their structure, genes of influenza viruses of 
pandemic or swine origin are absent, and the exchange of genetic material involved only influenza 
viruses within this evolutionary line. 
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P2-627 

Etiology of severe acute respiratory infections among hospitalized children in 
Lusaka, Zambia, 2011-2012 

P Simusika1*, A Theo1, AC Bateman3, G Kwenda2, C Mfula2, E Chentulo1, M Monze1 

1Virology Laboratory, University Teaching Hospital, Lusaka, Zambia; 2University of Zambia, School of 
Biomedical Sciences, Lusaka, Zambia; 3Center for Infectious Diseases and Research in Zambia, 
Lusaka, Zambia 

Background: A limited number of studies have been conducted in resource-limited settings to 
determine the etiology of severe acute respiratory infections. Influenza surveillance studies in Zambia 
from 2008-2012 have shown that influenza is detected in less than 5% of severe acute respiratory 
infections (SARI). The objective of this study was to identify pathogens associated with SARI in 
hospitalized children under 5 years of age using singleplex and multiplex polymerase chain reaction 
(PCR). An understanding of the viral and bacterial etiologies of SARI could lead to better clinical 
management of patients and will identify which pathogens constitute the largest disease burden and 
should be targets of vaccines and pharmaceutical development. Methods: From January 2011 to 
December 2012, as part of an ongoing influenza surveillance program in Zambia, we approached all 
hospitalized under 5 years SARI patients presenting to the University Teaching Hospital (UTH) in 
Lusaka, Zambia. For those who were eligible and consented to participate, we used a structured 
questionnaire to collect clinical data, including information on case history and demographics, and 
obtained combined nasopharyngeal and throat swabs. For the current study, we tested respiratory 
swab specimens that were laboratory confirmed as influenza negative. Specimens were examined for 
7 viruses using singleplex real-time reverse transcription PCR (rRT-PCR) and for 18 viruses and 12 
bacteria using multiplex rRT-PCR. Results: A total of 496 influenza-negative specimens from SARI 
cases were tested; a set of 297 were screened by singleplex rRT-PCR, and a different set of 199 
were screened by multiplex rRT-PCR. The average duration of hospitalization was 3.78 days. The 
most common diagnosis was pneumonia (384/496; 77% of specimens), and the second most 
common was bronchiolitis (56/496; 11%). Using the singleplex PCR, 184/297 (62%) specimens were 
positive for at least 1 virus; of these, 34/184 (18%) were co-infections. We detected all 7 viruses 
included in the singleplex panel; in decreasing order of prevalence, they were human rhinovirus 
(HRV; 54/297; 18%), human adenovirus (HADV; 50/297; 17%), respiratory syncytial virus (RSV; 
45/297; 15%), human metapneumovirus (hMPV; 14/297; 5%), and parainfluenza virus 1-3 (PIV; 
21/297; 11%). Among coinfections, the most commonly identified viruses were HADV (20/34; 59%), 
HRV (19/34; 56%), and RSV (15/34; 44%). Using multiplex PCR, at least 1 virus was isolated from 
167/199 (85%) specimens, and at least 1 bacteria was isolated from 197/199 (99%) specimens. 
Cytomegalovirus (CMV) was the most commonly detected virus (116/199; 69%), followed by RSV 
(20/199; 12%). The most commonly detected bacterial infections were Streptococcus pneumonia 
(109/199; 55%) and Moraxella catarrhalis (92/199; 47%). Among the specimens with multiple 
infections, the most commonly detected virus was CMV (106/116; 63%), followed by RSV (15/116; 
9%), HBov (14/116; 8%), and HMPV (11/116; 8%). CMV and HBov were found in all specimens with 
multiple infections that included at least 1 bacterium, and Streptococcus pneumonia was found in all 
specimens with multiple infections that included at least 1 virus. While rates of SARI hospitalization 
were highest between March and August, no distinct seasonality was observed in Lusaka. 
Conclusion: Many bacterial and viral pathogens were isolated from SARI cases among hospitalized 
children in Zambia. These results call for further investigation of respiratory infections to determine 
disease burden,and inform drug and vaccine development, and emphasize the need to use different 
testing methods to determine the cause of SARI in Zambian children. 
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P2-628 
 
Influenza in Burkina Faso: identification of key vulnerable groups in sentinel 
sites  
 
Z Tarnagda1,5*, I Yougbare2

, K Ilboudo1, T Kagoné3, D Valéa1, A Sanou1, A Cissé1, H Zampan3, D S 
Kaboré1, I Médah4, D Yelbéogo4,  S Sakandé3, J B Ouédraogo1 
 
1Institut de Recherche en Sciences de la Santé, Centre National de Référence pour la Grippe, Bobo-
Dioulasso, Burkina Faso; 2St. Michael's Hospital LKSKI - Keenan Research Centre, Toronto, Canada 
3 Centre Muraz/AM, Bobo-Dioulasso, Burkina Faso; 4Direction de la Lutte Contre la Maladie (DLM), 
Ministère de la Santé, Ouagadougou, Burkina Faso; 5University of Ouagadougou, WA Master FELTP, 
Burkina Faso 
 
Background: Although influenza surveillance has increased in some sub-Saharan African countries in 
recent years, no information is yet available from Burkina Faso. Our study was the first to determine 
the prevalence of influenza viruses circulating in Burkina Faso and to identify key vulnerable groups in 
sentinel sites. Materials and Methods: We conducted sentinel surveillance with oropharyngeal swabs 
collected from outpatients (aged 1 month to 83 years) from 6 sites in Bobo-Dioulasso and 
Ouagadougou, according to WHO/CDC case definition for ILI (fever ≥ 38ºC AND cough and/or sore 
throat [in the absence of other diagnosis]) from July 2010 to May 2012. Influenza viruses were 
detected by real time RT-PCR using CDC primers and protocols. Results: A total of 854 outpatients 
with ILI were sampled, with 58 (6.8%) being positive for influenza (29 influenza A and 29 influenza B). 
After subtyping the influenza A viruses, 55.2% (16/29) cases were influenza A (H1N1) pdm 09 and 
44.8% (13/29) cases were seasonal A/H3N2. No cases of seasonal A/H1N1 were detected. Children 
of preschool and school age (0-5 years and 6-14 years) were most affected, 35.2% and 27.8% with 
laboratory-confirmed influenza, respectively. Although adults 35-50 years old were unaffected, older 
adults > 50 years of age were positive, 5%. Influenza peak occurred during the dry, dustry Harmattan 
months from November to March. Conclusion: This study was the first confirming the circulation of 
influenza A (H1N1) pdm 09, A (H3N2) and influenza B viruses in humans in Burkina Faso, with 
infection occurring in all ages, except the 35-50 years age group. 
 
 
P2-629 
 
Evolution of diagnosis and characterization of influenza viruses by the 
National Network of Influenza and Respiratory Viruses in Argentina 
 
E Baumeister*, A Pontoriero, A Czech, E Benedetti,  M Avaro, M Russo, N Periolo, A Campos 
 
National Influenza Centre PAHO/WHO, Laboratorio de Referencia Nacional, Servicio Virosis 
Respiratorias, Departamento Virología, Instituto Nacional de Enfermedades Infecciosas, ANLIS 
Malbrán, Buenos Aires, Argentina  
 
Background: Surveillance of influenza viruses is essential for updating vaccines and also gives 
important insights into the mechanisms of virus evolution; for that purpose, it is essential to have a 
critical mass of trained personnel with skills to detect and characterize virus. In the early 1990s, at the 
National Institute of Microbiology "Carlos G. Malbrán," now the National Institute of Infectious 
Diseases (INEI), ANLIS "Carlos G. Malbrán," virological diagnostic courses were given, which 
addressed the issue of acute respiratory infections (ARI). Each year, participants in those courses 
remained in contact with the Respiratory Viruses Service (RVS) in trying to implement in their 
hometowns rapid techniques applied to the diagnosis of ARI The contact with those laboratories was 
continuous, and gradually, the networking format emerged. In 1997, the National Network of Influenza 
and Respiratory Viruses (Network) was started with its head at RVS, the actual National Reference 
Laboratory for Influenza (NRLI) and WHO National Influenza Center (NIC) and the other 2 
Argentinean NICs are located in Mar del Plata and Cordoba cities. Material and Methods: Initially, 10 
provincial laboratories (LP) of the network started performing the diagnosis of influenza through the 
detection of viral antigens by IFA. NRLI performed viral isolation in MDCK cells, subtyping and 
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antigenic characterization by HI using sera from sheep and ferret, respectively. In 1999, the NRLI 
incorporated the detection and subtyping by RT-PCR and sequencing as tools for genomic 
characterization. In 2007, the NRLI began to study antiviral susceptibility; in 2008, the shift the 
diagnostic and subtyping to real time PCRs techniques occurred. Results: That first year, 1997, 7246 
samples were processed by the network, 232 influenza A (FluA) were detected and 94 influenza B 
(Flu B); 52% of viruses could be isolated and characterized, and 35 strains were sent to the CDC. The 
network has 65 laboratories that continue the diagnosis by IFA, 35 of them have implemented real-
time FluA/FluB RT-PCR. In 2012, the network processed 62,200 samples; 2200 influenza viruses 
were detected, 780 FluB and 1420 FluA. The NRLI subtyped all the FluA clinical samples detected, 
and the B lineages were determined by real-time RT-PCR. Sequencing of several genomic segments 
(HA, NA, M) of these viruses was performed. Almost 80 viruses were sent to the CDC. Conclusions: 
The diagnostic capacity of the network increased more than 100 times and the ability to characterize 
the virus at the NRLI increased 805 times using techniques recommended by international reference 
centers. The rapid detection and characterization of circulating viruses are important tools for health 
authorities to take preventive measures and control, and contribute to global surveillance of influenza 
viruses. 
 
 
P2-630 
 
Monitoring of avian influenza viruses subtypes H5 and H7 in wild birds in the 
Azov-Black Sea region 
 
D Muzyka1*, M Pantin-Jackwood2, B Stegniy1, O Rula1, A Stegniy1, A Gerilovych1 

 

1National Scientific Center Institute of Experimental and Clinical Veterinary Medicine, Kharkiv, 
Ukraine; 2Southeast Poultry Research Laboratory. USDA/ARS. Athens, Georgia, USA 
 
Background: To date, influenza remains an unpredictable infection for animals, birds and people. The 
constant emergence of new strains and variants with new properties and pathogenicity for new hosts 
requires constant monitoring and careful research of new viruses. Since the main and primary 
reservoir of influenza viruses in nature is wild birds, especially waterfowl and shorebirds, constant 
epizootiological monitoring in populations of these birds is necessary. The National Scientific Center 
"Institute of Experimental and Clinical Veterinary Medicine" in Ukraine, since 2000 conducts 
monitoring for influenza viruses in in wild waterfowl and shorebirds in the Azov-Black Sea region of 
Ukraine. Particular attention was paid to the circulation of avian influenza viruses of subtypes H5 and 
H7, which can potentially be dangerous to poultry. Materials and Methods: Sampling of wild birds was 
conducted from 2000 to 2011 in the Azov-Black Sea region of Ukraine. This region is the most 
important region of Eastern Europe concerning ornithology, a place of passage, stops during 
migration, and nesting of migratory and many other bird species with a very high level of biodiversity. 
This region is in the cross of lines of flight of birds from the Baltic and Caspian seas to the Black and 
Mediterranean Seas, from Western Siberia and Kazakhstan to Western Europe and North Africa. 
During the period of 2000 to 2011, biological material (cloacal, tracheal swabs, samples of faeces) 
was collected from more than 6000 wild birds of 66 species, orders Anseriformes and 
Charadriiformes. Virological investigations were carried out by standard methods recommended by 
the OIE. Results. During the period of 2005-2008, highly pathogenic avian influenza (HPAI) virus 
subtype H5N1 was detected in wild birds. Five viruses were isolated from great cormorants in 2006, 
and 3 viruses were isolated from a Great Grebe in 2008. These viruses belong to HA clades 2.2 and 
2.2.3., originating from Asia, and Western Europe respectively. For the period from 2010 to 2012, 
during the large-scale monitoring studies of wild birds of different ecological groups, 59 influenza 
viruses of different subtypes were isolated, including  a low pathogenic avian influenza (LPAI) virus 
subtype H5N2, which had a sequence similar to this subtype viruses that circulated in Europe in 2002. 
With regard to avian influenza virus subtype H7, no viruses were isolated during the 2000-2003 
period, although antibodies to influenza virus H7 were detected in serum and egg yolks from some 
wild ducks. In the period 2010-2012, seven viruses H7 subtype with different neuraminidase (H7N3, 
H7N6, H7N7) were isolated, representing 11.86% of the total number of influenza viruses collected 
during this period. All viruses of subtypes H5 and H7 were isolated from the wild Mallards during their 
autumn migration and wintering in the Azov-Black Sea region. During virological studies, it was found 
that viruses do not cause disease in chickens after intranasal and intramuscular 
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inoculation. Conclusions: The results indicate circulation of low pathogenic avian influenza viruses 
subtype H5 and H7 in wild waterfowl populations in the Azov-Black Sea region. These findings 
support the need for ongoing monitoring of avian influenza for early prevention of highly pathogenic 
variants of viruses that may pose a threat to poultry. 

P2-631 

Implementation of influenza-like-illness sentinel surveillance in Togo 

M Issaka1*, I Zoulkarneiri1, K Kossi1, H Wemboo1, E Landoh2, K Kpante2, L Afiwa3, A Kodjo3, A Koba1, 
P Dabo3, D Essi3, N Charles3, A Kodjo3, C Azara3, K Akolly1, A Abdoulaye3, L Mkinansoi3, K Avafia4, D 
Comi4, T Blaise4, E Kokou3, D Nassoury2, T Tsidi2, P Akouda5, B Kossi1, K Abiba1   

1Institut National d’Hygiène, Lomé, Togo; 2Division de l’Epidémiologie, Lomé, Togo 3Hôpital de Bè, 
Lomé, Togo; 4Service de Santé des Armées de Lomé, Lomé, Togo; 5CHU Sylvanus Olympio, Lomé, 
Togo  

Background: In tropical and subtropical regions where viral transmission occurs throughout the year, 
data on the burden and impact of influenza are limited. The emergence of avian A/H5N1 in 2003 as 
well as the pandemic A/H1N1 in 2009 highlighted the need to establish influenza sentinel surveillance 
in Togo. The Ministry of Health in collaboration with the Institut National d’Hygiène (INH) decided to 
introduce influenza-like-illness (ILI) to the list of Diseases with Epidemic Potential and began 
monitoring through the Integrated Disease Surveillance and Response (IDSR) Program. By April 
2010, Togo was actively involved in influenza surveillance through its new sentinel network. The 
objective of this study is to describe the implementation of ILI surveillance and results obtained during 
April 2010 to December 2012 activities. Materials and Methods: The Division of Epidemiology within 
the Ministry of Health coordinated the sentinel surveillance system. The first site (Hôpital de Bè) was 
chosen for its geographical situation in an area of high population density and high consultation rate. 
In December 2011, a second site, Service de Santé des Armées de Lomé, was added based on the 
essential role of the Army in case of a pandemic and the ability to reach both military and civilian 
personnel. Patients presenting at sentinel sites with ILI were recruited by trained medical staff using 
World Health Organization (WHO) case definitions. Epidemiological and clinical data as well as 
samples were collected and sent to the Influenza National Reference Laboratory located within the 
INH. Samples were processed using real-time RT-PCR. Laboratory results and epidemiological data 
were entered in a single database, and a weekly report of samples received and confirmed cases of 
influenza A and B were produced and shared between sentinel sites, Ministry of Health, Division of 
Epidemiology, WHO and CDC/NAMRU-3. Results: Two sentinel sites were chosen, their staff trained 
on WHO case definitions for ILI and sample collection began in April 2010. During the study period, 
the yearly distribution of samples collected was 87 (2010), 335 (2011) and 533 (2012), for a total of 
955 samples. The median age of patients was 6 years, with 51% of the study population falling 
between age 0 and 4 years. Of the 955 samples, 236 (24.7%) tested positive for influenza; with 136 
(57.6%) positive for influenza A and 100 (42.4%) positive for influenza B. Among influenza A, 71 
(52.2%) tested positive for seasonal H3N2; 62 (45.6%) for pandemic influenza A/H1N1 (2009) and 3 
(2.2%) were unsubtypeable. Though the first case of pandemic influenza A/H1N1 (2009) was 
confirmed in May 2010, it only became predominant from October 2010 to March 2011. Influenza B 
became predominant in 2011 between April and August. From September 2011, there was a co-
circulation of seasonal influenza A/H3N2, pandemic influenza A/H1N1 (2009) and influenza 
B. Conclusions: Togo successfully established an influenza sentinel surveillance system consisting of 
2 sites selected based on their predicted representativeness. Study results identified the median age 
of patients as 6 years of age. Theories are that initially adult patients self-medicate and only seek 
treatment if their condition worsens. Further investigation and confirmation of the age distribution is 
needed. Samples taken from these sites were used to confirm the circulation of influenza viruses and 
particularly the pandemic influenza A/H1N1 (2009) in the country.   
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P2-633 
 
Patterns in the viral etiology of acute respiratory illnesses in children 
presenting at outpatient clinics in Hong Kong  
 
L Wei1*, D Ip1, K Chan2, V Fang1, M Peiris1,3, G Leung1, B Cowling1 
 
1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong 
Kong; 2Department of Microbiology, Li Ka Shing Faculty of Medicine, The University of Hong Kong, 
Hong Kong; 3Centre for Influenza Research, Li Ka Shing Faculty of Medicine, The University of Hong 
Kong, Hong Kong 
 
Background: Respiratory viruses cause acute respiratory diseases in all age groups and are an 
important cause of hospitalizations and deaths every year in Hong Kong. These viruses often result in 
a broad and overlapping spectrum of symptoms. Co-infection of different respiratory viruses is well 
documented, but the implication has not been clarified to date. The aim of this study is to characterize 
the clinical symptoms associated with important respiratory virus infections and to identify the patterns 
in circulation of various respiratory viral infections in children in Hong Kong. Materials and Methods: 
Children presenting to an outpatient clinic with acute upper respiratory tract infection were recruited, 
their clinical signs and symptoms were recorded and a nose swab and throat swab were pooled for 
testing. Swabs were tested using the xTAG multiplex assay, which can detect 17 respiratory viruses. 
The differences in clinical symptoms of various viral infections was compared and tested by Chi-
square test, while seasonal patterns were explored with descriptive analysis. Results: Among 2090 
specimens collected from children presenting from 2007 through 2010, 1343 (64.2%) were positive for 
any respiratory virus, and 815.6%) specimens were positive for co-infection (with 2 specimens 
positive for 3 kind of viruses). There were 491 (23.5%) specimens positive for enterovirus/rhinovirus; 
408 (19.5%) were positive for influenza A virus. Entero/rhinovirus and influenza A were most 
frequently detected with other respiratory viruses. However, para-influenza and RSV have a greater 
percentage of their detection as co-detection. The most commonly detected viruses among children 
6-15 years old were influenza (A, B) and human coronavirus, while many different viruses were 
detected in children younger than 6 years. Except for influenza (A, B) and adenovirus, which were 
associated with higher mean body temperature, all the other respiratory viral infections were 
associated with similar patterns in symptoms. Influenza epidemics occurred twice per year, while 
there were no clear seasonal patterns in the circulation of other respiratory viruses. Conclusions 
Influenza A and B and human coronavirus were more commonly detected in older children with acute 
URTI. Except for influenza (A and B) and adenovirus infection, which were associated with a higher 
chance of febrile illness, the other viral infections in children were associated with similar clinical 
symptoms. Moreover, many of the non-influenza viruses let to illness meeting the ILI surveillance 
definition, potentially affecting the interpretation of ILI data for influenza surveillance.  
 
 
P2-634 
 
Influenza as a cause of reported severe viral pneumonia cases in Vietnam, 
2006-2013 
 
TTY Nguyen1*, HT Nguyen1, DT Pham1, PT Nguyen1, BT Nguyen1, ND Tran1, TQM Le1, NH Tran2, TL 
Nguyen Thanh2, QM Vien3, TXM Trinh3, JM Partridge4, JC Kile4, TT Do4, TH Nguyen1 
 
1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2Pasteur Institute, Ho Chi Minh City, 
Vietnam; 3Pasteur Institute, Nha Trang, Vietnam; 4Influenza Program, US Centers for Disease Control 
and Prevention, Hanoi, Vietnam 
 
Background: In 2005, Vietnam had the highest number worldwide of human cases and deaths from 
avian influenza A/H5N1. Concern for respiratory viruses, such as influenza A/H5N1 and other 
pathogens with pandemic potential, led the Ministry of Health to institute a national surveillance 
system for severe viral pneumonia (SVP). This surveillance has been in place since 2006 in hospitals 
of 63 provinces and cities.  
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Materials and Methods: We use the following case definition for SVP: sudden onset of fever > 38°C 
(measured or reported), difficulty breathing, chest radiograph consistent with viral pneumonia, and no 
other diagnosis. For patients meeting inclusion criteria, we collected epidemiological and outcome 
data, as well as throat swabs which were tested for influenza using RT-PCR with WHO standardized 
procedures. Results: From January 2, 2006, to May 24, 2013, 1160 SVP cases were reported, 708 
male (61%), with a median age of 38 years (IQR 23-53 years), with a range of 1 month to 96 years. 
Influenza viruses were identified in 170 (14.6%). Pandemic A/H1N1/2009 (pH1N1) virus was detected 
in 75 patients (44%), A/H5N1 in 31 (18%), A/H3N2 in 28 (16.5%), influenza B in 26 (15.3%), and 
seasonal A/H1N1 in 9 (5.3%). Through SVP surveillance we detected 31 of 32 reported cases of 
human influenza A/H5N1 in Vietnam since the system’s initiation in 2006. Among SVP cases, the 
case fatality rate for patients testing negative for influenza was 244/798 (30.5%), for patients with 
A/H5N1 was 20/31 (64.5%), and for patients with other influenza viruses was 33/107 (30.8%). For 
SVP case-patients with influenza, median time from onset date to admission date into hospital was 5 
days (IQR 2-7 days) for 51 fatal cases, and 2 days (IQR 1-4 days) for 63 nonfatal cases (P < .01 by 
Wilcoxon rank-sum test). Conclusions:  
Although SVP surveillance met its primary goal of detecting influenza A/H5N1, most of the influenza 
cases detected were pandemic A/H1N1 and seasonal strains, which had a surprisingly high case 
fatality rate. These influenza deaths were significantly associated with longer duration from symptom 
onset to hospitalization. Additional testing is planned on the samples to determine the other etiologies 
of SVP cases. For the future of SVP surveillance, increased testing with a more standardized and 
sensitive case definition is being considered. 
 
 
P2-636 
 
Prevalence and diversity of respiratory viruses in patients over 50 years old 
with ILI in Senegal 
 
N Dia, D Kiori, K Cisse, D Goudiaby, O Diop, MN Niang* 
 
Institut Pasteur de Dakar, Unité de Virologie Médicale, Dakar, Sénégal 
 
Background: A limited number of pediatric studies have described the etiology of influenza-like illness 
(ILI) due to viruses, including non-influenza viruses. No serious study has been conducted to describe 
the prevalence and diversity of respiratory viruses in West African elderly. It is well established by 
studies conducted in other regions that older people are at greater risk of death from complications 
arising from influenza compared with younger adults. In addition, the specificity of the West Africa 
climate combined with some habits such as self-medication and the use of traditional medicine to 
treat ILI largely may cause epidemiological differences. Therefore, the goal of this study was to 
determine the prevalence and the diversity of respiratory viruses associated with ILI cases in adults 
over 50 years. Materials and Methods: The recruitment period of this prospective observational study 
was from January 2009 to December 2011. The study population consisted of 231 patients, over 50 
years old, presenting with ILI. It should be noted that samples were collected in the context of the flu 
monitoring. Inclusion criteria for ILI were a sudden onset of fever (≥ 38°C) and cough or sore throat 
fewer than 3 days in duration, whether or not accompanied by general symptoms, such as myalgia, 
prostration, headache or malaise. Nasal-pharyngeal and/or oral-pharyngeal swabs were collected, as 
well as a form collecting demographic and clinical data. RNA extraction was performed using the 
QIAamp Viral RNA kit. A 2-step real-time RT-PCR was performed using the CFX96 Real-Time PCR 
Detection System (Bio-Rad). Synthesis of cDNA with the RevertAid First Strand cDNA Synthesis Kit 
(Thermo Scientific) and the Anyplex™ II RV16 Detection kit (Seegene) for viral PCR detection were 
performed. Results: A total of 231 patients over 50 years old were enrolled into the study; 129 (55.8 
%) are women and 102 (44.2 %) are men. Subject ages ranged from 51 to 97 years old with a mean 
age of 66 years. Fever is the most frequently reported clinical sign (reported by 92.2 %; 213/231) of 
patients, followed by cough (78.3 %; 181/231), rhinitis (74 %; 171/231) and myalgia (54.1 %; 
125/231). In all, 131 (57 %) of the 231 study participants were found to be infected with at least 1 of 
targeted viruses. In total, 149 viruses were detected, of which influenza viruses (44 %; 66/149) and 
rhinoviruses (27 %; 40/149) are the most prevalent. We detected 13 human Parainfluenza viruses 
(9%), 7 human respiratory syncytial viruses (4.7%), 6 coronaviruses (4%), 5 human Metapneumovirus 
(3.5 %), five human adenovirus (3.5 %) and one human bocavirus (0.7%). A total of 16 cases (6.9%; 
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16/231) of dual virus infections and 1 triple viral detection case were encountered. Influenza viruses 
(13) and rhinoviruses (8) were the most commonly included dual infections. If we consider different 
age groups, viruses were detected in 54 of the 98 patients (59.2 %) in the 50- to 64-year-old age 
group, 56 of the 77 patients (72.7%) in the 65- to 74-year-old age group, and 35 of the 56 patients 
(62.5 %) whose age was ≥ 75 years. The viral co-infections are more frequent in the 65- to 74-year-
old age group (9/15) followed by the ≥ 75-year-old age group (4/15). Conclusions: This pilot study 
demonstrates the presence of a variety of respiratory viruses in the elderly. It also shows a high 
prevalence of these viruses in this cohort. Viral prevalence and co-detections seem to be more 
frequent in adults aged 65 years and over. In light of these results, a more exhaustive study seems 
necessary in order to provide a more complete picture of the influence of respiratory viruses on the 
morbidity among adults over 50 years in the sub-Saharan context. 
 
 
P2-638 
 
MOSAIC: mobile surveillance for ARI and ILl in the community 
 
M Stockwell1,2,3, C Reed4*, C Vargas1, A Garretson1, L Alba1, P LaRussa1, L Finelli4, E Larson2,5, L 
Saiman1,2; the MoSAIC Study Team 
 

1Columbia University Department of Pediatrics, New York, New York, United States; 2Columbia 
University School of Public Health, New York, New York, United States; 3NewYork Presbyterian 
Hospital, New York, New York, United States; 4Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 5Columbia University School of Nursing, New York, New York, United States 
 
Background: Acute respiratory infections (ARI), including influenza-like illnesses (ILI), can result in 
significant morbidity and mortality, increased outpatient visits and hospitalizations, and indirect costs 
from loss of school and workdays. Previous population-based studies assessing the epidemiology of 
ARI/ILI were conducted decades ago when a viral pathogen could be identified in < 25% of samples. 
While modern molecular diagnostic techniques expand our ability to identify viral pathogens, this 
technology has not been used in a US community-based sample. This study’s purpose is to follow a 
sample of households from an urban, underserved community and identify the incidence, etiology and 
risk factors associated with ARI/ILI using molecular diagnostic strategies to detect a wide variety of 
respiratory pathogens. We also explore the use of text messaging as a novel method of disease 
surveillance. Materials and Methods: Approximately 250 households will be followed for 1-4 years, 
with replacement as necessary, to maintain a surveillance population of ≈ 1000 individuals. Potential 
households are identified by randomly sampling of a cohort of households (≥ 3 members and ≥ 1 
child) currently enrolled in a community-based survey study located in northern Manhattan in New 
York City. At enrollment, household and individual demographic information are collected. Once 
enrolled, households receive text messages twice weekly to identify members with symptoms meeting 
study case definitions for ARI/ILI, and a nasal swab is obtained from individuals in their homes by 
trained research assistants. Swabs are analyzed via multiplex RT-PCR using the FDA-approved 
FilmArray Respiratory panel that identifies 19 respiratory pathogens (BioFire Diagnostics, Inc). 
Information regarding illness duration, medical care and antibiotic utilization, and loss of school and 
work, is documented. Monthly home visits are performed. Results: Between December 2012-
February 2013, 85% of 187 eligible households were recruited. There are an average of 4.8 members 
per household, average household density is 2.3 people/bedroom (range of 1-7). Of the 440 adults 
and 323 children, 10.9% are < 5 years old, 31.4% 5-17 years, 54.3% 18-64 years and 3.4% 65 years 
and older.  Nearly two-thirds are female (61.6%). The majority are Latino (99.2%), 43.1% have limited 
English proficiency, and 54.3% are foreign born. Less than half of all adults do not have a high school 
degree (45.2%); 25.4% have only a high school education (or equivalent). Most participants are 
publicly insured (77.8%); 13.2% are uninsured. Most self-report excellent or good health status 
(65.5%); 23.0% have an underlying high-risk condition. Nearly a quarter (24.1%) of households 
include someone who smokes. Most (87.6%) children are in daycare or school. Most adults and 
children spend more than 20 hours a week outside the home (67.3%). Over the first 24 weeks of the 
study, 4963 text message queries were sent; 75.4% received a response with 88.4% of those 
responses received within 4 hours of the initial message. To date, 247 ARI/ILI episodes have been 
reported (54.5% observed in children). The median time from onset of symptoms to a nasal swab 
sample was 2 days. Nearly half (42%) were obtained within 1 day, 68% within 2 days, 85% within 3 
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days, and 98% within 5 days of symptom onset. More (64.2%) were for an index case. Overall, 66.7% 
of samples were positive for a respiratory pathogen, 26.8% of those were positive for influenza 
A/H3N2 or B; 4.3% showed coinfection. Eleven noninfluenza respiratory pathogens were detected: 
subspecies of coronavirus (22.6%), parainfluenza (3.7%), rhinovirus/enterovirus (40.2%), RSV 
(5.5%), adenovirus (0.6%), metapneumovirus (4.9%), and Chlamydophila pneumonia (0.6%). We 
plan to assess ARI/ILI incidence and factors associated with infection and transmission. We will also 
assess antibiotic utilization for ARI/ILI, days lost from school and work, and influenza vaccine 
effectiveness. Conclusions: This study will provide important information about ARI/ILI incidence, 
transmission and etiology in a community-based sample.  In addition, the high response rate and 
rapidness of replies to the text messages has led to collection of the vast majority of specimens within 
72 hours of onset of symptoms. This use of text messaging for ARI/ILI reporting is a promising novel 
approach to real-time surveillance. 
 
 
P2-639 
 
Non-influenza respiratory pathogens in Mongolia: results of multiplex real-time 
polymerase chain reaction (mx-rt-PCR) surveillance in 2008-2013 
 
P Nymadawa1,2*, CMaitsetseg2, STsatsral2 

 
1Mongolian Academy of Medical Sciences,2National Influenza Center, National Center of 
Communicable Diseases, Ministry of Health, Mongolia 
 
Background: Acute respiratory infections (ARI) are the leading cause of human morbidity and 
mortality globally. The control activities of ARI are complicated with the multiple pathogens causing a 
disease with similar clinical expressions. A screening of respiratory samples collected from ARI 
patients in Mongolia in 2003-2007 with the “classical” MDCK cell culture yielded only 9.8% 
(691/7,073) influenza viruses (Darma B, et al. 2009), leaving the vast majority of ARI cases with 
unknown etiology. The aim of this study is to test a current nucleic acid based multiplex technology to 
study the etiology of ARI in Mongolia. Materials and Methods: We studied 2516 archival samples that 
tested negative for influenza viruses by rt-PCR, kept in the National Influenza Center, National Center 
of Communicable Diseases, Mongolia (NIC), collected from patients with ARI by sentinel surveillance 
sites all over the country from November 2008 through March 2013. The nucleic acids were isolated 
from the respiratory samples by NucliSENS Minimag (bioMerieux, France) and specific pathogens 
were detected by ABI Fast Real Time PCR System 7500 (Applied Biosystems, USA) with an mx-rt-
PCR assay for simultaneous detection and identification of 19 respiratory pathogens: respiratory 
syncytial virus (RSV), human rhinovirus (HuRhV), parainfluenza viruses (PIV: types I, II, III, and IV), 
influenza viruses (IV: types A and B, A/H1N1pdm),  human metapneumovirus (HuMpV), enterovirus 
(EV), parechovirus (PEV) human bocavirus (HuBV), human coronaviruses (HuCoV: strains HCoV-43, 
HCoV-63, HCoV-229, and HCoV-HKU), adenovirus (AdV), Mycoplasma pneumonia (MyP) using “FTD 
Respiratory Test Kit” (Fast-Track Diagnostics, Luxembourg). Results: We have detected in total 1485 
pathogens from 1274 (50.6%) tested samples, among them 263 (17.7%) HuRhV, 260 (17.5%) RSV, 
196 (13.2%) PIV, 195 (13.1%) HuCoV, 142 (9.6%) HuBV, 114 (7.7%) HuMV, 111 (7.5%) IV-A, 104 
(7.0%) AdV, 55 (3.7%) EV, 22 (1.5%) MyP, 18 (1.2%) IV-B and 5 (0.3%) PEV. 204 (8.1%) of samples 
yielded more than 2 pathogens (co-infection). The virus detection was significantly higher (P ≤ .001) in 
young age groups: 0-5 (56% = 958/1709) and 6-10 (52.3% = 127/243) years in comparison to the 
older age groups (33.5% = 189/564). 1093 (43.4%) samples were from the outpatient population and 
1423 (56.6%) were from the hospitalized patients, yielding slightly higher virus detection in the 
outpatient samples (51.7% vs 49.7%). The dominating viruses detected were: HuRhV (21.1%), 
HuCoV (15.0%) and PIV (12.1%) among 654 pathogens from outpatient samples, whereas RSV 
(22.4%), HuRhV (15.0%) and PIV (14.1%) were dominant among 831 pathogens from inpatient 
samples. Analysis of monthly distribution of average detection rates for individual pathogens revealed 
different patterns: PIV, RSV, HuCoV, HuBV caused epidemics 2 times a year in October-December 
and in March-May; IV prevailed in December-February; PEV was detected mostly in July-September; 
whereas HuRhV, AdV, EV and MyP were detected year-round. Conclusions: The detection rate of 
respiratory pathogens in respiratory samples from ARI patients can be significantly improved with mx-
rt-PCR method and it is recommendable to introduce it into the routine virological surveillance for ARI. 
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P2-641 
 
Monitoring of influenza viruses in Moscow region, 2009-2013 
 
S Trushakova*, E Mukasheva, K Krasnoslobotsev , E Siluyanova, V Lavrischeva, E Kirillova, N 
Breslav, T Oskerko, L Kolobukchina, R Vartanyan, L Merkulova, M Ivanova, V Ivanova, E Burtseva  
 
DI Ivanovsky Research Institute of Virology, Ministry of Health of Russian Federation, Moscow, 
Russia 
 
Background: The influenza viruses have uncontrolled spread. New subtypes of influenza A virus that 
transmit human to human appear from time to time. The Institute of Virology is 1 of 4 Reference 
Laboratories involved in influenza virus monitoring in Russia. The influenza virus seasonal activity 
was studied over 2009-2013 in Moscow. Materials and Methods: Nasal swabs from patients with ILI 
and tissues from dead individuals were analyzed to detect influenza A and B viruses by rt-RT-PCR 
(Amplisens, Russia). Virus isolation in MDCK and embryonated chicken eggs, HA, and HI tests were 
used to study influenza virus strains properties. Results: After the first case of influenza 
A(H1N1)pdm09 virus brought into Moscow in May 2009, no other cases of the infection being 
transmitted followed. The period of October-December was characterized by the wide spread of 
pandemic virus with the peak of its activity in November. During this period the number of 
A(H1N1)pdm09-positive cases exceeded 50% every week. The period of February-April 2010 was the 
second wave of epidemic caused by influenza B virus activity. Meantime, the activity of seasonal 
influenza viruses was low: A(H1N1)—0.2%; A(H3N2)—0.1%. Antigenic analysis of 96 pandemic 
strains showed that all of them were A/California/7/2009-like; 70 strains belonged to reference strain 
B/Brisbane/60/2008 (B/Victoria-lineage) and only 1 of these to the B/Yamagata lineage. The 
pandemic virus continued circulating in Moscow in 2010-2011 season with its highest activity in 
February-March. A(H1N1)pdm09 was found in 699 samples (39.7%) of 1761 specimens, B—51 
(2.9%), A(H3N2)—4 (0.2%). Out of 54 fatal cases, A(H1N1)pdm09 was confirmed in 49 and influenza 
B in 5 cases. All 256 isolates were related to reference vaccine strains. However, 8.3% of 
A(H1N1)pdm09 showed reduced titers with antiserum produced against A/California/7/2009, and we 
found 9 influenza viruses B/Yamagata-like that the vaccine didn’t include. The 2011-2012 epidemic, 
unlike 2 previous seasons, was caused by influenza A(H3N2) and B circulation. The first cases of 
influenza infection were registered at the end of January with peak of their activity in March 2012 
(30.8%). The A(H1N1)pdm09 viruses had sporadic activity. 1142 swabs were tested by PCR, 373 
(33%) of them were found positive. Isolated influenza viruses accounted for 340: A(H1N1)pdm09—8 
(2.3%), A(H3N2)—192 (56%) and B—140 (41%). Antigenic analysis showed that the isolated strains 
possessed properties of vaccine strains used in that period. However, 5 influenza B belonged to 
B/Yamagata-lineage different from the vaccine strains. The A(H1N1)pdm09 viruses have been found 
out to be back in circulation in the current 2012-2013 season with the highest activity in January-
March 2013. The period of April-May was characterized by the increased spread of influenza A(H3N2) 
and B viruses. The study of 1990 specimens have shown that 288 (8.34%) were A(H1N1)pdm09 
positive, 184 (4,24%)—influenza B and 95 (6.97%)—A(H3N2). According to the antigenic analysis of 
342 isolates 128 influenza A viruses belonged to A/California/01/2009pdm09, 121 were influenza 
A(H3N2) A/Victoria/361/2011-like, 84 influenza B were similar to the current vaccine reference strain 
B/Wisconsin/01/09 (B/Yamagata lineage) and 25 were B/Brisbane/60/2008 like. Over 2012-2013 
period 56 lethal cases have been registered. Influenza A(H1N1)pdm09 has been confirmed in 54 
cases, influenza A(H3N2) and B—in one cases, correspondingly. Conclusions: A(H1N1)pdm09 
viruses were the predominant circulating subtype at high levels in last years in Moscow and replaced 
seasonal influenza A(H1N1). Influenza A(H1N1)pdm09 cocirculated with influenza A(H3N2) and B 
with different activity in different periods. Funding: The study was supported by the Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States, CoAg: U51IPOOO527-02. 
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P2-642 
 
Characterization of viral agents of acute respiratory infections during influenza 
season 2011-12  
 
UB Aamir1, N Nisar1, N Badar1, A Israr1, Y Arshad1, MR Mehmood1, BM Kazi1, SSZ Zaidi1 
 
1National Influenza Center, Department of Virology, Public Health Laboratories Division, National 
Institute of Health, Islamabad 44000 Pakistan 
 
Background: Acute respiratory illnesses (ARIs) are a leading cause of infectious disease-related 
morbidity and mortality, particularly in developing countries. Regardless of geographic location, the 
most common etiologic agents of ARIs are influenza A and B, respiratory syncytial virus (RSV), 
human metapneumovirus (hMPV), adenoviruses (AdV) and parainfluenza viruses. However, the 
dominant viral etiologies responsible for acute respiratory infections (ARIs) are poorly understood in 
resource-limited countries like Pakistan, mainly due to inadequate available data and inadequate 
integrated disease surveillance systems. The development of better, sensitive and specific molecular 
detection methods has facilitated rapid and simultaneous detection of a variety of respiratory viruses. 
This descriptive study retrospectively analyzed the viral aetiologies, clinical and epidemiological 
features of viral pathogens contributing to presentation with acute respiratory infections at a tertiary 
care public hospital from October 2011 to April 2012. Materials and Methods:Nasopharyngeal and 
throat swabs were collected from patients of all age groups admitted with WHO case definitions of 
influenza-like illness (ILI) or severe acute respiratory syndrome (SARI). Detailed epidemiological 
information, including underlying risk factors/disease conditions, was collected using a standardized 
ARI form following informed consent. Samples were tested for viral respiratory pathogens, including 
seasonal influenza A or B and non-influenza respiratory viruses (NIRV) like RSV, hMPV and AdV 
using the CDC real-time RT-PCR (RRT-PCR) protocol. The epidemiological data was analyzed using 
SPSS version 17.0. Results: There were 837 participants in the study, with 55% females. The mean 
age was 17+/-18 years, ranging from 1 month-87 years. Viruses were identified in 367 (44%) 
subjects, and there were 8 cases of co-infection with more than 1 virus. Influenza viruses, including 
pandemic H1N1 2009, were the most frequently detected pathogens, accounting for 37% (n = 312) of 
all detected viruses. RSV 4.8% (n = 37), adenovirus 1% (n = 8) and HmPV 0.4% (n = 3) were other 
causative agents of ARI. There were 3 cases each of co-infection with RSV/influenza, and 
HmPV/influenza and 1 case each of RSV/HmPV and adenovirus/influenza. The relationship between 
identified pathogen and age of the patients was statistically significant by analysis of variance using 
Anova (P = .003). Analysis of clinical features and disease-associated morbidity showed only sore 
throat as a significant factor, while presentation with fever and cough was equivocal. However, 
frequency of fever and cough were also highest amongst cases with influenza A or B. Amongst the 
cases with positive detection of a viral etiology, 33 (9%) were admitted with severe respiratory 
disease, including pneumonia, and this association was statistically significant by Chi-square test. 
Presence of underlying clinical illness, such as cardiac (1%), respiratory (2%), hepatic/metabolic 
conditions (3%) and habits such as smoking (4%) had no impact on the viral etiology. Only history of 
allergy was a significant risk factor for infections with viral pathogens (P = .001). Conclusions: This 
study contributes baseline epidemiological and virological data on ARI in Pakistan and highlights the 
importance of influenza and RSV as dominant viral etiologies. Applying molecular diagnostic testing 
enabled identification of a viral agent in over 40% of cases who presented for evaluation of ARI. Our 
data demonstrates a high frequency of viral respiratory infections, emphasizing the need for a more 
accurate diagnosis, particularly for the emerging respiratory viruses. The percentages of detected 
viral pathogens may increase if samples are also tested for rhinoviruses and coronaviruses. For better 
understanding of the full spectrum of respiratory viruses causing ARIs, there is a dire need to 
enhance laboratory capacity in order to improve preventive and therapeutic strategies. Furthermore, 
enhancement of existing surveillance systems will be an important step to better understand disease 
burden of respiratory pathogens. 
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P2-643 
 
Circulating influenza A (H3N2) viruses in Argentina in the post-pandemic 
period 
 
E Benedetti*, A Pontoriero, M Russo, A Campos, A Czech, M Avaro, N Periolo, V Savy, E Baumeister 
 
National Influenza Centre PAHO/WHO, Laboratorio de Referencia Nacional, Servicio Virosis 
Respiratorias, Departamento Virología, Instituto Nacional de Enfermedades Infecciosas, ANLIS 
Malbrán, Buenos Aires, Argentina 
 
Background: Influenza is a public health problem that affects 5%-20% of the world population 
annually, causing high morbidity and mortality, especially in groups at risk, and at the same time 
posing a potential pandemic threat. Currently, 2 influenza A subtypes, A(H3N2) and A(H1N1)pdm09, 
are circulating in the human population. Acquisition of point mutations in the haemagglutinin (HA) 
glycoprotein leads to continuous antigenic change, a process called “antigenic drift.” Every 3 to 8 
years, predominant A(H3N2) viruses are replaced by a novel antigenic variant, prompting an update 
of the recommended influenza vaccine strain. Before the A(H1N1) 2009 pandemic, the Argentinean 
Ministry of Health recommended the influenza vaccination annually for people from 6 months to 65 
years of age  with risk factors and for those aged over 65 years. Since 2011, all children between 6 
months and 2 years of age have been included. Surveillance of influenza viruses circulating in 
Argentina is an essential tool that enables early detection of new viruses and facilitates the decision 
about the annual vaccine formulation. Materials and Methods: Influenza-positive clinical samples are 
routinely submitted to the National Influenza Centre (NIC) through the National Influenza and 
Respiratory Viruses Laboratory Network for further characterization. Subtyping of positive influenza A 
clinical samples is carried out by a 1-step real-time RT-PCR assay using specific primer/probe sets for 
the HA gene developed by CDC. Since 2010, influenza A(H3N2) clinical samples have been 
inoculated in MDCK-SIAT1 for viral isolation. The presence of virus in the supernatant is confirmed by 
direct IF and/or hemagglutination assay. A subset of isolates (54 from 2011 and 9 from 2012) was 
selected for antigenic characterization by haemagglutination inhibition (HI) assay. 80 isolates were 
selected for phylogenetic analysis based on the sequences of the HA1 region of the HA gene. The 
sequences obtained were edited using the BioEdit program; phylogenetic trees were constructed 
using MEGA 4 and MEGA 5 programs with Neighbor Joining distance method and a bootstrap of 
1000. Results: During the period 2010-2013, 4567 influenza-positive clinical samples were received at 
the NIC: 1147 in 2010, 1118 in 2011, 2212 in 2012 and so far 90 in 2013. From this, 2061 samples 
resulted in A(H3) by real time RT-PCR, 506 in 2010, 844 in 2011, 677 en 2012 and 34 in 2013. From 
this, 472 viruses were recovered in tissue cultures.  Based on HI assay results, the majority of 
A(H3N2) viruses that circulated in 2011 all over the country were antigenically closely related to the 
A/Perth/16/2009 vaccine virus. However, viruses isolated in 2012 were closely related antigenically to 
A/Victoria/361/2011, the A(H3N2) vaccine component for the 2013 Southern Hemisphere season. No 
isolate was characterized by IHA in 2010; complementary results from 2013 strains will be presented 
on posters. Phylogenetic tree for the HA1 region shows that the majority of A(H3N2) isolates analyzed 
up to now in this report belong to the A/Victoria/208/2009 (78/80, 97.5%) genetic clade (subgropus 
3C, 4, 5 and 6), although until 2011 the majority of the circulating strains remained antigenically 
related to A/Perth/16/2009. Conclusions: Surveillance of influenza viruses is essential for updating 
vaccines and also gives important insights into the mechanisms of virus evolution. Based on results of 
both HI and phylogenetic analysis, most influenza A(H3N2) strains characterized up to 2011 influenza 
season were antigenically related to the recommended vaccine strain. In 2012, the majority of 
representative A(H3N2) isolates were antigenically similar to the strain A/Victoria/361/2011, an 
antigenic variant of the A(H3N2) vaccine component A/Perth/16/09. It should be considered that 
several of the substitutions accumulated in the HA could affect the antigenicity of the virus. The strain 
A/Victoria/361/2011 was recommended by WHO as the H3 component for the 2012-2013 Northern 
Hemisphere and 2013 Southern Hemisphere formulation.  
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P2-644 
 
A review of the surveillance systems of influenza in selected countries in the 
tropical region 
 
M Sanicas1*, E Forleo2, G Pozzi1, D Diop1 

 
1Facoltà di Medicina e Chirurgia, Università degli Studi di Siena, Siena, Italy; 2Novartis Vaccines and 
Diagnostics, Siena, Italy 
 
Background: Influenza viruses cause annual epidemics of respiratory tract disease that affect all age 
groups.  Many developing countries do not have an influenza surveillance system or adequate 
laboratory capacity for virus detection. The objective of this study was to describe the influenza 
surveillance systems in the different countries in the tropics and to identify outstanding research 
needs. Methods: A questionnaire was designed to gather information specifically on the surveillance 
system, sentinel sites, specimen and data collection, and laboratory testing. The questionnaire was 
sent to the different national influenza centers (NICs) and/or ministries of health (MOHs). Additional 
information was obtained either online from the MOH Web sites of the different countries. Annual 
reports and presentations made by the NICs or MOHs to international conferences (eg, the Annual 
African Network for Influenza Surveillance and Epidemiology) were also included. Results: 
Questionnaires were sent to 52 NICs and MOHs in the different countries in tropical Asia and Africa. 
Replies were received from 32 NICs and MOHs (61.5% response). In the study, 32 countries were 
included among which 17 were located in tropical Asia. For Africa, only 15 countries were included. 
These were the countries whose NICs responded to the questionnaires sent or responded by 
providing presentations or publications from the country. Human Influenza surveillance comprises 2 
components: influenza-like surveillance (ILI) and severe acute respiratory infection (SARI). ILI and 
SARI surveillance have been initiated in all the countries in tropical Asia except for Malaysia and 
Cambodia. There are 20 WHO recognized NICs in tropical Asia and 14 in tropical Africa, all with virus 
isolation and polymerase chain reaction (PCR) testing capacity. In terms of surveillance sites, for 
Asia, only Hong Kong and Singapore reported that the patient population from the sites represents 
the broader community. In tropical Africa, only Senegal has sentinel sites distributed all over the 
country contributing to the geographic representativeness of the surveillance system. The rest of the 
countries in Africa have just established their influenza surveillance system in the past decade and 
are working toward geographic expansion of the ILI and SARI sites. In most of the NICs, 
epidemiologists are full-time employees who are in charge of outbreak investigation and response, 
risk communication and analysis of ILI and SARI data. Relevant technical personnel have been 
trained by staff from the WHO or US Centers for Disease  Control and Prevention (CDC) in Atlanta, 
United States, or Institut Pasteur. All NICs and MOHs in tropical Asia and Africa collaborate with the 
WHO. Initiatives for building national capacity in the countries in tropical Asia and Africa include 
cooperative agreements with the US CDC, the US Naval Medical Research Unit-3 (NAMRU-3) or 
Institut Pasteur. Conclusions: There are existing influenza surveillance systems in several countries in 
Asia and Africa. WHO and different organizations such as the US CDC, NAMRU, and Institut Pasteur 
lend support to NICs and laboratories in Asia and Africa. Surveillance will allow determination of the 
rates of influenza and a description of the clinical characteristics of the disease. With such 
epidemiologic data, public health officials will have better data to formulate influenza control strategies 
for either seasonal or pandemic influenza. Most of the countries are working toward geographic 
expansion of the ILI and SARI sites. Very few countries in tropical Asia and Africa have the capacity 
to measure the diseases burden of influenza. About half of the countries in Africa still do not have the 
laboratory capacity or infrastructure to perform influenza surveillance. This makes it difficult to justify 
the importance of influenza vaccine or other influenza control measures as a strategy for improving 
population health. Collaborations between countries should be strengthened for efficient utilization of 
laboratory services and capacities.  
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P2-645 
 
Epidemiology of influenza B lineages prevalent from 2011 to 2013 in 
Pakistan; the 2011-12 vaccine was a mismatch 
 
N Badar1, UB Aamir1*, N. Nisar1, MR Mehmood1, BM Kazi1, SSZ Zaidi1 
 
1National Influenza Center, Department of Virology, Public Health Laboratories Division, National 
Institute of Health, Islamabad Pakistan 
 
Background: Influenza virus type B is a major epidemic strain responsible for considerable mortality 
and morbidity. Since the mid-1980s, the HA gene of influenza B viruses has diverged into 2 
antigenically and genetically distinct lineages represented by B/Yamagata/16/88(B/Yam) and 
B/Victoria/2/87(B/Vic)-like viruses that co-circulate among humans with seasonal/periodic variation 
in the dominant lineage. Knowledge of prevalent influenza B lineages year after year is important to 
assess whether the vaccine strain will match closely enough to protect the recipient population. This 
study determined the circulation of influenza B lineages in Pakistan during January 2011 to April 
2013. Methods: Respiratory samples, including nasopharyngeal and throat swabs, were collected 
with epidemiological information from 7 influenza sentinel sites. WHO case definitions for influenza-
like illness (ILI) or severe acute respiratory illness (SARI) were used for patient selection. 
Representative viruses were grown on Madin Darby Canine Kidney (MDCK) cell line and subtype 
identification for Influenza B was carried out using WHO Influenza reagent kit. Samples were 
confirmed for type and subtypes of seasonal influenza A or B using the WHO and CDC Real time 
RT-PCR (rRT-PCR) Protocol for detection and characterization of influenza viruses. The 
epidemiological data was analyzed using SPSS version 17.0. Results: A total of 3642 nasal/throat 
swabs were processed from January 2011 to April 2013. Out of these, 26% (n = 932) samples were 
identified as influenza A or B. Detection of influenza A viruses was dominant, with positive detection 
in 78% (n = 731) of total sample, while influenza B accounted for 22% (n = 201) of positive cases. 
Among the influenza B viruses, 54% (108/201) were typed as B/Victoria lineage, while 46% (n = 93) 
were identified as B/Yamagata lineage. Influenza B circulation was observed throughout the year, 
but there was a surge in cases during the influenza season from October-March. Detection 
frequencies for influenza B during 2011, 2012 and 2013 were 15%, 29% and 74% respectively. The 
2 influenza B lineages co-circulated during the entire study period, with increased prevalence of 
B/Victoria than B/Yamagata. Only during 2011, B/Yamagata was the dominant circulating lineage, 
making up to 75% of all detected influenza B cases, while during 2012 and the early part of 2013, 
B/Victoria lineage prevailed, with frequencies of 76% and 64% respectively. Cross-sectional 
analysis showed that influenza B subtypes variation between geographic regions was statistically 
significant (P < .001) for 3 consecutive years in this study. Both B/Yam and B/Vic lineages were 
seen at a higher proportion among children ≤ 5 years of age (31%-32%) followed by adults between 
21-30 years of age (16%-21%). Mean age was higher for influenza B/Yam; 24 ± 22 years as 
compared to B/Vic at 19 ± 16 years. However, no significant differences were observed with respect 
to gender and hospitalization status between the 2 lineages. Conclusion: This study showed that 
influenza B viruses are responsible for considerable morbidity in the Pakistani population. The 
composition of the 2011-12 northern hemisphere influenza vaccine recommended by the WHO 
included a B/Brisbane/60/2008-like virus from the B/Victoria lineage, which did not match with the 
prevalent B/Yamagata strains. In time characterization of lineage of influenza B viruses and 
submission of representative isolates to GISRS (Global Influenza Surveillance and Response 
System) is therefore pivotal towards choice of relevant strains to be included in the subsequent 
annual vaccine. Since the epidemiology of the 2 influenza B lineages keeps changing, considerable 
morbidity associated with influenza B stresses the need for careful consideration of a quadrivalent 
influenza vaccine that includes viruses of both circulating lineages.  
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P2-646 
 
Analysis of 5-year influenza surveillance and laboratory data from Pakistan  
(2008-13): informed disease prevention strategies 
 
N Nisar1, N Badar1, UB Aamir1*, MR Mehmood1, BM Kazi1, SSZ Zaidi1 

 

1National Influenza Center, Department of Virology, Public Health Laboratories Division, National 
Institute of Health, Islamabad Pakistan 

 
Background: Through centuries, influenza viruses have caused infections in a plethora of hosts. Their 
segmented genome permits rapid evolution through antigenic drift and shift, leading to emergence of 
novel subtypes that cause epidemics and pandemics. Human cases of avian influenza H5N1 since 
1997, human H7N3 infections in The Netherlands in 2003, emergence of a re-assortant pandemic 
A/H1N1 virus in 2009 and the currently ongoing pandemic threat of H7N9 influenza exemplify this 
potential. In Pakistan, prior to 2007, influenza burden of disease was largely undetermined as no 
formal surveillance system was in place. This report describes the establishment of a lab-based 
influenza surveillance network in the country since then and the first 5 years’ surveillance data. 
Methods: Nasopharyngeal or throat swabs were collected from influenza-like illness (ILI) and severe 
acute respiratory illness (SARI) cases as per WHO case definitions from 7 sentinel sites at tertiary 
care hospitals and various districts along with relevant epidemiological information. The samples were 
tested using CDC Real time RT-PCR (rRT-PCR) Protocol for detection and characterization of 
Influenza viruses. All epidemiological and laboratory data was analyzed using SPSS (version 18.0). 
Results: From Jan 2008-April 2013, 8565 respiratory samples were received for influenza testing. On 
analysis by geographical distribution, the highest number of samples were positive for influenza in 
Federal capital-71% followed by Punjab-14%, Sindh-8%, Kyber-Pakhtunkhwa- 2%, Balochistan-4% 
and from AJK-1% (Jan-April 2013). Over all, the frequency of influenza detection was 16% (n = 1485), 
and influenza A viruses constituted 73% (n = 1088) of positive cases while 27% were influenza B. The 
influenza A (Inf. A) subtype distribution was; Inf. A (H1N1) pdm 2009-65 % (n = 704), Inf. A/H3-31% 
(n = 336) and A/Seasonal H1-4% (n = 48).The ratio of cases reported was slightly higher in males 
(57%) as compared to females. The overall mean age was 20 ± 19 years ranging from 1 month-90 
years. The highest number of positive cases (32%) was reported amongst patients under 10 years 
(95% CI: 3-9). The statistical relationship between age groups and presence of influenza infection 
was found significant (P = .001). The mean age of ILI cases was 28 ± 17 and 41 ± 20 for SARI cases. 
The significant relationship was found in ILI and SARI-positive cases with age by Fisher’s chi-square 
test (P = .002). Hospitalization rates were highest for Inf. A (H1N1) pdm 2009 at 32% followed by 21% 
for Inf. B and 9% for other seasonal influenza. Positivity rate was higher among SARI cases 22 % (n = 
450) than ILI-18% (n = 955).The frequency of underlying risk factors among influenza-positive 
hospitalized cases was highest for respiratory conditions (9%) and asthma (25%) followed by smoking 
(12%) diabetes (13%) and cardiac disease (3%). Conclusion: During 2008-2013, the lab-based 
influenza sentinel surveillance system has generated important baseline data on influenza related 
respiratory illness which can be used to strengthen future preparedness and prevention plans. The 
influenza surveillance system has proved its worth by thoroughly supporting the pandemic 
preparedness and response through provision of laboratory diagnostic support for seasonal, pdm 
H1N1 and human cases of H5N1 avian influenza at the country level. The network provided critical 
technical and capacity building support  for national and provincial public health personnel in case 
detection, response and control measures. We have established that influenza is a significant public 
health problem with evidence of virus circulation throughout the year and seasonal peaks in winter 
and early spring.  Our 5-year data shows that Influenza accounts for a large proportion of all 
hospitalizations. Therefore, provision of viral testing for SARI cases at tertiary care facilities would be 
helpful towards more succinct diagnosis and treatment. We found that only < 1% of total cases 
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reported vaccination against influenza, indicating limited awareness, which highlights the need for 
promoting public awareness about influenza and availability of vaccine.  
 
 
P2-647 
 
Molecular epidemiology of influenza A/H3N2 viruses circulating in Pakistan 
from 2008-2012 

 
UB Aamir1*, M Umair1, N Badar1, N Nisar1, MR Mehmood1, BM Kazi1, SSZ Zaidi1 
 
1National Influenza Center Department of Virology, Public Health Laboratories Division, National 
Institute of Health, Islamabad Pakistan 
 
Background: Influenza viruses are negative sense RNA viruses that infect a wide variety of birds and 
mammals. Human viruses continually circulate in yearly epidemics, and novel strains emerge 
intermittently/sporadically as pandemic viruses. Pandemic influenza A viruses have emerged 4 times 
during the last century: in 1918 (H1N1 subtype), in 1957 (H2N2), and in 1968 (H3N2) and 2009(H1N1 
Pdm). This study retrospectively analyzed the epidemiological linkages of human H3N2 viruses in 
Pakistan by partial genome sequence analysis. Materials and Methods: Respiratory samples, 
including nasopharyngeal and throat swabs, were collected from all age groups presenting with 
influenza-like illness (ILI) or severe acute respiratory illness (SARI) based on WHO case definitions. 
Samples were tested for influenza A/H1, A/H3N2 or A/H1N1 (Pdm09) and influenza B viruses using 
the CDC Real time RT-PCR Protocol for detection and characterization of Influenza. Haemagglutinin 
(HA), neuraminidase (NA) and matrix (M) genes of representative H3N2 isolates were amplified using 
RT-PCR and CDC primer sets. Sequences were aligned using the Bioedit program. Nucleotide and 
amino acid sequences were compared using the MEGA program version 5.0 for tree building by the 
neighbor-joining method. The epidemiological data was analyzed using SPSS version 17.0. Results: 
During November 2008-December 2012, a total of 6462 respiratory samples were collected from 
patients at Federal Government General Hospital Islamabad. Out of these 969 (15.3%) tested positive 
for influenza A or B. Influenza A/H3N2 accounted for 39% (n = 289) of influenza A strains. The 
detection frequency for A/H3N2 viruses was highest during 2012; 37% and 2011 (31%). The majority 
of H3N2 cases (89%) were outpatients reporting with ILI. The mean age of H3N2 positive cases was 
22.59 +/-20 SD, and 38% of patients were < 10 years of age followed by the 20-30 years of age group 
(18%) On phylogenetic analysis, both H3 and N2 sequences of Pakistan viruses formed distinct 
clusters with regional viruses and some swine origin human H3N2 strains. Kimura genetic distances 
between the 2008 isolates and the 2009 isolates ranged from 0.2% to 1.8% at the nucleotide level 
and from 0.9% to 3.1% at the amino acid level for the HA gene. All of the isolates had the classical 
receptor binding site motif with 136S, 153W, 183H, 195Y, and 225–228 NIPS in the HA protein, 
except position 19Y. Major differences between the 2009 and 2012 isolates were at antigenic sites A, 
B, and D. Analysis of the HA sequences indicated that the 2008-09 Pakistan isolates were similar to 
A/Brisbane/10/07-like viruses; all carried the signature genetic marker K173Q, while some 2009 
strains had diverged from the A/Brisbane/10/07-like viruses. The 2009 viruses carried substitutions 
N189K and K158N, similar to vaccine strains A/Victoria/208/09 and A/Perth/16/09-like viruses. 
Furthermore, none of the analyzed isolates clustered with the A/Perth/16/09-like strains, defined by 
additional substitutions E62K and N144K, but some 2009 and later 2012 isolates had the T212A 
substitution characteristic of the A/Victoria/208/09 and later A/Victoria/361/2011 (2012-13 H3N2 
vaccine strain for northern hemisphere). Phylogenetic analysis of the NA genes of the Pakistan 
isolates indicated that most of these viruses were related to A/Brisbane/10/2007-like viruses, with 
D147N and I215V genetic substitutions. All the viruses were susceptible to oseltamivir and did not 
carry resistance conferring E119V substitution. Similarly analysis of M gene showed that all isolates 
had the S31N genetic marker for adamantine resistance in M2 sequence. Conclusion: This is the first 
report on molecular epidemiology of H3N2 viruses from Pakistan. Our analysis shows that both HA 
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and NA genes of our isolates share up to 99% homology not only with India, Nepal and Iran, they also 
show 97%-98% similarity with the human H3N2 variants of swine origin. In view of endemic H9N2 
viruses and previous history of H5N1 and H7N3 avian influenza outbreaks in poultry in Pakistan, it is 
vital to track these evolutionary changes in human viruses for early detection of re-assortment events 
or emergence of antiviral resistant subtypes. Therefore, the importance of continued molecular 
surveillance of human influenza viruses towards best matched annual vaccine development cannot 
be overemphasized. 
 
 
P2-648 
 
Influenza virus strain data from Thailand, 2005-2012: how well does the 
vaccine match? 
 
M Chittaganpitch1*, S Pattamadilok1, S Waicharoen1, SJ  Olsen3, B Sriwanthana1, T Yingyong2, P 
Akarasewi2, S Sangkitporn1 
 
1National Institute of Health, Department of Medical Sciences,Ministry of Public Health, 
Thailand; 2Bureau of Epidemiology, Ministry of Public Health, Nonthaburi, Thailand; 3International 
Emerging Infections Program, Thai MOPH – U.S. CDC Collaboration, Nonthaburi, Thailand 
 
Background: Thailand’s annual public influenza vaccination campaign begins in June and uses the 
Southern Hemisphere formulation. Both Northern (NH) and Southern (SH) Hemisphere formulations 
are sold in the private sector. A national sentinel surveillance network for influenza-like illness and 
severe acute respiratory illness is used to monitor weekly influenza virus activity and herald an 
increase in influenza activity. Here we use these data to evaluate the match and timing between 
strains circulating in people and those in the trivalent vaccine. Methods:  Respiratory samples positive 
by real-time reverse transcription polymerase chain reaction were cultured on MDCK cells. Fifty 
percent of high HA titer (> 1:64) influenza isolates were randomly sampled each month and 
antigenically characterized at the Thai National Influenza Center using the hemaglutination inhibition 
assay (HI assay) with standard reagents provided by WHO. In addition, every year some 
uncharacterized isolates and known strain samples were selected and sent twice a year to the WHO 
Collaborating Centers in Melbourne, Australia and US CDC, Atlanta, Georgia, for confirmation (about 
50 isolates and original samples per shipment). If results were discrepant, we used the WHO CC 
results. Our data were analyzed by using the timing of new virus introduction relative to vaccine 
availability from 2005-2012. Northern Hemisphere vaccine (NH-vaccine) and Southern Hemisphere 
vaccine (SH-vaccine) strains were compiled from the WHO website. Results: From 2005-2012, we 
characterized 1594 influenza viruses (range, 108-353 isolates/year); 973 (61%) were influenza A 
viruses (479 H1, 494 H3) and 621 (39%) were influenza B. The predominant type by year was H3 
(2005, 2007, 2008), H1 (2006, 2009, 2010) and B (2011-12). The circulating strain to SH-vaccine 
match by year was as follows:  2005 (100% H1, 34% H3, 60% B), 2006 (94% H1, 0% H3, 33% B), 
2007 (0% H1, 54% H3, 23% B), 2008 (6% H1, 100% H3, 60% B), 2009 (18% H1, 69% H3, 0% B), 
2010 (100% H1, 100% H3, 89% B), 2011 (100% H1, 100% H3, 95% B), 2012 (100% H1, 26% H3, 
58% B). For most of the 8 years, the 2 B strains (Victoria and Yamagata lineages) circulated in 
Thailand with a ratio of 1:1 to 2:1 or 1:2, except in 2010 and 2011, when around 95% of influenza B 
belonged to Victoria and matched well with both NH and SH-vaccines. In years with a poor H3 match 
(2005-7, 2009, 2012), we found co-circulation of the H3 vaccine strain and a new H3 strain that was 
detected in our surveillance system in August-September each year. This suggests that the essential 
period for monitoring for the appearance of new strains should be concentrated during August to 
December.  Conclusions:  Our study of Thai local influenza strains from 2005-2012 revealed that 
predominant influenza strains changed year to year and influenza A viruses were almost always the 
predominant type. For most years, the majority of all strains matched the SH-vaccine. Close 
monitoring of strains in the second half of the year is likely to pick up emerging strains. The common 
co-circulation of the 2 B lineages made it difficult to predict the upcoming predominant B strain and 
suggests that the use of the new quadrivalent influenza vaccine, not yet licensed in Thailand, may 
improve protection. 
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P2-649 
 
Association of influenza and other respiratory viruses with severe acute 
respiratory infection and influenza-like illness, relative to healthy controls in 
South Africa 
 
M Pretorius1*, S Tempia2,3, S Walaza1, A Cohen2,3, J Moyes1,4, O Hellferscee1, E Variava5,6,H 
Dawood7,8, M Chhagan9, S Haffjee10,  S Madhi1,11,12, C Cohen1,4, M Venter1,13 
 
1Centre for Respiratory Diseases and Meningitis, National Institute for Communicable Diseases of the 
National Health Laboratory Service, Johannesburg, South Africa; 2Influenza Division, Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States Pretoria, South Africa; 3Influenza 
Programme, Centers for Disease Control and Prevention–South Africa, Pretoria, South 
Africa; 4School of Public Health, Faculty of Health Sciences, University of the Witwatersrand, 
Johannesburg, South Africa; 5Department of Medicine, Klerksdorp Tshepong Hospital; 6Department of 
Medicine, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South 
Africa; 7Department of Medicine, Pietermaritzburg Metropolitan Hospital; 8Department of Medicine, 
University of KwaZulu Natal, South Africa; 9Department of Paediatrics, University of KwaZulu Natal, 
South Africa; 10School of Pathology, University of KwaZulu Natal, South Africa; 11Medical Research 
Council, Respiratory and Meningeal Pathogens Research Unit, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa; 12Department of Science and Technology/National 
Research Foundation: Vaccine Preventable Diseases; University of the Witwatersrand; 
Johannesburg; South Africa; 13Zoonoses Research Unit, Department of Medical Virology, University 
of Pretoria 
 
Background: Several viruses are detected in patients with acute respiratory infections that may be the 
cause of severe acute respiratory diseases, influenza-like illness (ILI). The relative contribution of 
many of these respiratory viruses to severe acute respiratory disease in sub-Saharan African settings 
with a high prevalence of HIV may differ from that in the developed world. We compared the 
prevalence of 10 common respiratory viruses in a systematic surveillance programme for patients 
hospitalized with severe acute respiratory illness (SARI) as well as outpatients with ILI and with 
control subjects who did not report any respiratory or gastrointestinal illness attending an outpatient 
clinic in the same region to describe the viral etiology of respiratory disease in South Africa and 
assess the role of respiratory viruses in severe disease. Methods: We conducted active, prospective 
SARI surveillance at 2 hospitals and conducted ILI surveillance and enrolled control patients at 2 
affiliated outpatient clinics in South Africa: Edendale Hospital and Gateway Clinic (Pietermaritzburg, 
KwaZulu-Natal Province) and Tshepong-Klerksdorp Hospital Complex and Jouberton Clinic 
(Klerksdorp, Northwest Province). Patients meeting the case definitions were systematically enrolled 
during May 2012 to April 2013. SARI case definition: patients ≥ 5 years old hospitalized with onset of 
illness within 7 days of admission, children 2 days through 2 months old as physician-diagnosed 
sepsis or lower respiratory tract infection (LRTI) and children 3 months through 5 years old as 
physician-diagnosed acute LRTI; ILI case definition: acute fever > 38°C and/or self-reported fever and 
cough within the last 7 days. Controls had no history of respiratory illness, diarrheal illness or fever in 
the preceding 14 days and were frequency matched to SARI cases by age and time. Nasopharyngeal 
aspirates were collected from children < 5 years of age and nasopharyngeal and oropharyngeal 
swabs were collected from individuals ≥ 5 years of age. The respiratory samples were tested by 
multiplex real-time polymerase chain reaction (PCR) assay for 10 respiratory viruses: influenza A & B, 
respiratory syncytial virus (RSV), adenovirus, enterovirus, human metapneumovirus (hMPV), 
rhinovirus and parainfluenza virus 1-3. We used multinomial logistic regression analysis to compare 
SARI and ILI patients to controls. The analysis was performed using STATA 12 (Stata Corporation, 
Texas, United States). Results: Of the 3907 patients enrolled, 2125 (54.39%) were SARI cases, 1325 
(22.91%) were ILI cases and 457 (11.70%) were controls. Of the SARI cases, 730 (34.35%) were 
younger than 4 years old, compared to 298 (26.07%) and 115 (25.16%), (P = .226) of the ILI cases 
and controls respectively. The most common virus identified among SARI, ILI and controls were: 
rhinovirus [(515/962, 26.59%), (356/962, 28.30%) and (91/962, 22.03], followed by adenovirus 
[(338/581, 17.44%), (173/581, 13.75%) and (70/581, 16.95%)], influenza A and B [(91/282, 4.70%), 
(188/282, 14.94%) and (3/282, 0.73%)] and RSV [(259/401, 13.37%), (117/401, 9.30%) and (25/401, 
6.05%)]. Enterovirus, hMPV and parainfluenza viruses were each found in less than 3% of SARI, ILI 
and controls. In multinomial regression model analyzing the association of the different respiratory 
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viruses with disease severity controlling for HIV infection and age, influenza virus [(adjusted relative 
risk ratio (aRRR) = 23.6; P = .001 for ILI), (aRRR = 7.2; P = .001 for SARI)], RSV [(aRRR = 1.9; P = 
.013 for ILI), (aRRR = 2.2; P = .001 for SARI)], hMPV [(aRRR = 16.5; P = .006 for ILI), (aRRR = 9.2; P 
= .030 for SARI)], and rhinovirus [(aRRR = 1.9; P = .001 for ILI), (aRRR = 1.6; P = .001 for SARI)], 
infection was associated with both ILI and SARI. Similar prevalence of other respiratory viruses was 
found among SARI, ILI and controls resulting in lack of association with clinical syndromes. 
Conclusions: These preliminary results indicate that influenza, RSV, hMPV and rhinovirus infection is 
associated with both mild and severe respiratory disease in South Africa relative to healthy controls. 
Other viruses were not associated with severe or mild respiratory illness in this study. This study 
should be continued to include an entire year of ILI and control surveillance to account for seasonality 
and to allow for age-stratified analysis, this will provide useful information on how each pathogen 
impacts disease severity to help prioritize vaccine development. 
 
 
P2-651 
 
Trends of circulating influenza viruses in a rural Indian community under 
active surveillance: impact on vaccination timing 
 
S Broor1*, K Fowler2,V Gupta1, A Krishnan1, S Kant1, VLN Raghuram S1, S Dhakad1, S Saha3, M-A 
Widdowson3, RB Lal3, W Sullender4 
 
1All India Institute of Medical Sciences, New Delhi, India; 2University of Alabama, Birmingham, 
Alabama, United States; 3Influenza Division, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States; 4University of Colorado, Denver, Colorado, United States 
 
Background: Improved understanding of temporal and geographic circulation of influenza viruses is 
essential for development of effective prevention and control strategies. The efficacy of influenza 
vaccine not only depends on the antigenic match between the circulating strain with vaccine 
composition, but also timing of vaccination as vaccine-induced immunity likely wanes with time. Active 
virologic surveillance over a three-year period was assessed to identify the peak of influenza 
circulation and reassess the vaccination timing in and around Delhi region. Methods: From November 
2009 to November 2012, three villages in Ballabgarh, Haryana state, north India, were under 
prospective weekly active surveillance for febrile acute respiratory illness (FARI) under the 
Comprehensive Rural Health Services Project, of All India Institute of Medical Sciences as part of a 
trial of seasonal inactivated trivalent influenza vaccine in children. Weekly house-to-house 
surveillance for FARI was carried out by trained field workers in this dynamic cohort of > 18,000 
individuals. Nasal and oropharyngeal swabs were collected from reported FARI cases and were 
tested for influenza types and subtypes by real-time RT-PCR. Results: A total of 3251 (11.2%) of 
28,955 samples from FARI cases were influenza positive, with consistent peaks of influenza 
circulation between July and September over the three-year period. Of the 3251 influenza-positive 
cases, 955 (29.4%) were identified as A/H1N1pdm09, 566 (17.4%) as seasonal influenza A/H3, and 
1733 (53.3%) as influenza B viruses. The prevalence of influenza types and subtypes varied 
significantly over the study period; a distinct peak of A/H1N1pdm09 was observed in November-
December 2009, with a second wave during August-September 2010, followed by the distinct 
appearance of seasonal influenza A/H3 viruses in July-August 2011 and then reemergence of 
A/H1N1 pdm09 in August-September of 2012. Influenza B viruses co-circulated throughout the study 
period at low levels, however, higher positivity was observed during the influenza peak period from 
August-September. In India, influenza vaccine typically follows the northern hemisphere (NH) 
vaccination regimen (due to physical location of India in NH), with vaccination occurring prior to the 
winter season. Conclusions: The data show a complex pattern of circulating influenza viruses in a 
large surveillance setting in this rural Indian community. Given that cumulative data over a three-year 
study period demonstrates peaks of influenza circulation from July-September, we suggest 
appropriate timing for influenza vaccination should precede the peak of influenza in July-September. 
Both northern and southern formulations should be available in the months before July, so assuming 
that the composition is the same, then either NH or SH vaccine formulations can be used. We believe 
that well-timed and matched vaccination may induce better immunity and hence confer better 
protection. Studies are under way to assess if vaccination with SH Influenza vaccine in April-May in 
Delhi regions results in better efficacy for direct protection against Influenza infection. These studies 
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were supported in part by cooperative agreements U01 IP000177 from the Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States. 
 
 
P2-652 
 
The Global Influenza Hospital Surveillance Network (GIHSN): assessment of 
statistical heterogeneity between study sites 
 
J Puig-Barberà1*, A Natividad Sancho1, A Sominina3, P Vanhems, M Ciblak5, A Tormos1,2, A Buigues 
Vila1, S Martínez-Úbeda1, E. Burtseva6, The GIHSN Group 
 
1Centro Superior de Investigación en Salud Pública (CSISP), Valencia, Spain; 2Sanofi Pasteur, Lyon, 
France; 3Research Institute of Influenza, St. Petersburg, Russian Federation; 4Centre d’Investigation 
Clinique de Vaccinologie Cochin Pasteur, Paris, France; 5National Influenza Reference Laboratory 
Capp-Istanbul, Istanbul, Turkey; 6D.I. Ivanovsky Institute of Virology, Moscow, Russian 
Federation, 7Groupement Hospitalier Edouard Herriot, Lyon, France 
 
The GIHSN Group members (Global Influenza Hospital Surveillance Network): E Burtseva, Moscow, 
Russian Federation; S Trushakova, Moscow, Russian Federation; L Kolobukhina, Moscow, Russian 
Federation; A Sominina, St. Petersburg, Russian Federation; K Stolyarov, St. Petersburg, Russian 
Federation; J Puig-Barberà, Valencia, Spain; J Barrenengoa, Castellón, Spain; R Larrea González 
Castellón, Spain; R Limón Ramírez, Vila-real, Spain; M Tortajada Girbés, Valencia, Spain; C 
Carratalá Munuera, Alicante, Spain; V Gil Guillén, Elda, Spain; O Launay, Paris, France; F Carrat, 
Paris, France; X Duval, Paris, France; D Postil, Limoges, France; C Merle de Boever, Montpellier, 
France; P Vanhems, Lyon, France; M Ciblak, Istanbul, Turkey; S Badur, Istanbul, Turkey; S Ünal, 
Ankara, Turkey; M Durusu, Ankara, Turkey; F Aktaş, Ankara, Turkey; E Çakır Edis-Leyla Fındık, 
Edirne, Turkey; G Aydın, Istanbul, Turkey; S Borekci, Istanbul, Turkey; M Hacımustafaoğlu, Bursa, 
Turkey; S Şimşek Yavuz, Istanbul, Turkey; A Şensoy, Istanbul, Turkey; S Gencer, Istanbul, Turkey; S 
Özer,Istanbul, Turkey. 
 
Background: The Global Influenza Hospital Surveillance Network (GIHSN) aims to provide timely data 
on population-based, laboratory-confirmed annual estimates of influenza-related hospitalizations from 
diverse geographic areas in the world. The ultimate goal is to guide local and global control strategies 
against influenza severe outcomes. A common core protocol for the 2012-13 influenza season was 
developed, including a pooled analysis, to facilitate, when possible 1) more precise influenza-
hospitalization estimates at the global level and 2) more power to assess groups that are hard to 
study without combined data. In this work, we report statistical heterogeneity across study sites and 
the possible reasons for statistically heterogeneous results. Materials and Methods: We estimated 
influenza and non-influenza hospitalizations in all ages with data for 5 countries: Spain (5 hospitals), 
Russia (4 hospitals), Turkey (7 hospitals) and France (5 hospitals) during the 2012-2013 season by 
using a hospital-based test negative design. Individual data from each study was pooled and the 
presence of heterogeneity between individual studies was assessed by using the Cochran’s Q test 
and the I2 statistics in a series of a priori defined subgroup analysis. All statistical analyses were 
performed by using Stata v.12. Results: A total of 4630 records were analysed for the pooled GIHSN 
data set (Spain N = 2335, Russia N = 1837, Turkey N = 54, France N = 404). Overall, statistical 
heterogeneity across study sites for estimates of influenza hospitalizations by patient characteristics 
was not significant (I² < 40% and P > .10), but sample size (in strata) remained low to adequately 
address heterogeneity. Subgroup analysis identified age, influenza strain and presence/absence of 
high-risk conditions as important characteristics associated to severe disease burden. Conclusions: 
The insignificant statistical heterogeneity seen between study sites suggests that pooled analysis of 
the GIHSN network of hospitals is feasible. The assessment of statistical heterogeneity between 
GIHSN study sites has informed us about how to deal with clinical heterogeneity in analysis. 
Increased sample size within this network should allow stratified/subgroup IVE estimates. This 
network activity is partly funded by Sanofi Pasteur. 
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Pooled analysis from a worldwide network of hospitals - “Global Influenza 
Hospital Surveillance Network” (GIHSN) 
 
J Puig-Barberà1*, A Tormos1, 2, A Natividad Sancho1, A Buigues Vila1, S Martínez-Úbeda1 

 
1Centro Superior de Investigación en Salud Pública (CSISP), Valencia, Spain; 2Sanofi Pasteur, Lyon, 
France 
 
Background: The predominant circulating strains and the level of severity of the influenza epidemic 
vary between years and between countries. In order to control and have an overview of influenza 
epidemics, high-quality surveillance networks should be put in place. The GIHSN focuses on 
estimating the incidence of severe influenza diseases leading to hospitalization, documenting 
influenza strains that are circulating and the burden of disease attributable to each strain. If possible, 
it also provides the framework for estimating effectiveness of the seasonal influenza vaccines in 
prevention of severe cases in various age and risk groups. During the influenza season of 2012-2013, 
the network was composed of 5 hospitals in Spain, 5 in France, 4 in the Russian Federation and 7 in 
Turkey. With broad regional representation and a platform of international public-private partnerships, 
it will lead to a better understanding and knowledge of influenza epidemiology. The aim for pooling 
data from the 21 participating sites is to observe and identify patterns of circulating influenza viruses 
for different regions of the world (including likelihood of B-strain vaccine mismatch, co-circulation) and 
possibly informing the World Health Organization (WHO) of strain selection from the pooled 
epidemiological data. Materials and Methods: A core protocol, questionnaire, spreadsheet was 
created to compile the essential elements of the influenza epidemiological research project. All 
participating sites followed homogenously these core documents in terms of the purpose of the study, 
design, target population, data and variables needed, in order to have homogenous data for the 
pooled analysis. All sites’ spreadsheets were merged together into a pooled database. Summary 
tables, frequency tables and visual representations of representative values of the pooled database 
were used to detect irregular, absent and questionable values. All data management and analysis 
was performed with STATA version 12. Results: Descriptive qualitative characteristics of each site 
were gathered such to assess heterogeneity, and explore potential sources of heterogeneity like 
vaccination coverage, age groups, viral isolates, or core protocol deviations. Study participants were 
described by basic sociodemographic characteristics. Patient characteristics of positives and 
negatives for influenza were compared using chi-squared tests. A P value < .05 was considered as 
statistically significant. Confounding factors were assessed by comparing crude and adjusted odds 
ratio (OR) for each baseline characteristics in univariate analyses. A P value of <0.1 was considered 
as significant for inclusion in multivariate models. Tabulations and simple graphical methods were 
employed to visualize results of the incidence of influenza-associated hospitalizations across age 
groups, the incidence of the disease attributable to each strain of the influenza virus, and the 
distribution of different influenza strains among cases. Vaccine effectiveness for preventing influenza 
related admissions in the population targeted for vaccination will be estimated at site level. 
Heterogeneity of each site estimates will be evaluated and explained. According to the data available, 
and taking into account heterogeneity, pooled estimates will be provided. Conclusions:The study 
allowed for the collection of good quality data, however for complete assessment of all pooled data, 
further investigation and consistent results are needed. In order to better quantitatively asses the 
vaccine effectiveness, larger samples are needed. A multicentre, hospital-based study is feasible, and 
maintaining a homogenous practice across sites through strong coordination and support ensures 
quality of pooling of data. This network activity is partly funded by Sanofi Pasteur. 
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Impact of social and economical constraints on the performances of highly 
pathogenic avian influenza surveillance systems in Vietnam and Thailand  
 
A Delabouglise1,2*, N Antoine-Moussiaux1,3, DT Phan4, CD Dao4, TT Nguyen5, TTH Pham1, DB 
Truong6, NTX Nguyen6, DT Vu4, VK Nguyen5, TH Le6, S Kasemsuwan7, A Binot1, F Roger1, M Peyre1 

 

1International Centre of Agricultural Research for Development, CIRAD-AGIRs; 2Université Paris-
ouest Nanterre-La Défense; 3 Tropical Veterinary Institute, University of Liège, Belgique; 4Hanoi 
University of Agriculture, Vietnam; 5National Institute of Veterinary Research, Hanoi, Vietnam; 6Nong 
Lam University, Ho Chi Minh City, Vietnam, 7Kasetsart University, Bangkok, Thailand 
 
Background: Effectiveness of HPAI control strategies depends strongly on passive surveillance, also 
named reactive surveillance, especially in developing countries. This type of surveillance relies on 
spontaneous reports of disease suspicions by actors of the animal production sector to sanitary 
authorities. This system, if implemented properly, is considered as the most cost-effective way for 
early outbreak detection and to gather information on the disease situation for decision making on 
control strategies. However, in practice, sensitivity and timeliness of passive surveillance are often not 
optimal and under-reporting of suspicious cases is considered as a major source of failure to control 
HPAI epizootics. The objective of our work was to better understand the factors for under-reporting at 
the local level and to provide recommendations for improvement of the systems. We conducted case 
studies in Vietnam and Thailand to assess the socioeconomic constraints impacting the surveillance 
of avian diseases. Materials and Methods: Four case studies were conducted in rural communes from 
4 provinces: Hải Dương in north Vietnam, Tiền Giang and Đồng Nai in south Vietnam and Sukhothai 
in north Thailand. Samples of 80 to 120 participants representing all the actors involved in poultry 
health and poultry production were interviewed in each location. Semi-structured interviews were 
applied, along with participatory epidemiology tools (eg, proportional piling, disease impact matrix 
scoring). Social network analysis was used, based on data collected from these interviews, in order to 
describe and analyze the pathways of information sharing on poultry mortality events. Qualitative 
indicators of the socioeconomic constraints influencing the reporting of mortality events were 
identified using participatory approaches and economic tools of decision-making analysis. Results: 
Socioeconomic factors impacting the reporting of mortality events are closely related to the 
characteristics of the production systems. Many actors of poultry production relied on commercial 
stakeholders, such as local input suppliers or the agro-industry, or on recreational communities (eg, 
networks of cockfighting players) in their management of animal health issues. These private sector 
networks represent the main pathways for poultry health information sharing and the integration of 
producers in such networks tends to go with a lower inclination to deliver information to authorities. 
The possibility of mitigating the impact of diseases by selling unhealthy animals is a strong 
disincentive for reporting diseases to authorities, and this practice is directly linked with the level of 
tolerance of some consumers toward sanitary risks. Finally, the decentralization of the administrative 
responsibilities regarding the management of animal health also represents a critical impediment to 
effective outbreak reporting from the local to central level. Discussion: Official surveillance networks 
interfere with private sector information networks that specifically aim at protecting their own 
economic or cultural interests. The exchange of sanitary information between the different actors is 
linked to the different economic and social issues that are highly specific for each production systems. 
This leads to a difficult question: Could one size fit all? A potential method of improvement would 
consist in trying to adapt surveillance and control policies to each of these particular production 
sectors. Moreover, the improvement of passive surveillance needs to be linked to global improvement 
of sanitary controls and quality assurance of distributed poultry products. Finding ways to improve 
public-partnership collaboration at the local level would represent a critical challenge for the 
improvement of surveillance systems’ performances. 
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Cellular-linked (cloud-based) system for near-real time surveillance of 
influenza viruses A and B using the Sofia® fluorescence immunoassay 
platform 
 
S Barlow1, L Brammer2, D Booker3, A Fowlkes2, A Giorgi2, L Mimms3, E Reisdorf4, P Shult4, J 
Tamerius3*, JTemte1 
 
1University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin, United 
States; 2Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Quidel 
Corporation, San Diego, California, United States; 4Wisconsin State Laboratory of Hygiene, Madison, 
Wisconsin, United States 
 
Background: The Sofia Analyzer is an immunofluorescence, point-of-care instrument for use with 
assays developed for the rapid detection of viral and bacterial pathogens, including the Sofia 
Influenza A+B Fluorescence Immunoassay (FIA). The system was waived by the Clinical Laboratory 
Improvement Amendments (CLIA) and available for clinical use in October 2011. In November 2012, 
a cellular wireless capability was added to the Sofia Analyzer with the primary purpose of providing 
near real-time, patient de-identified influenza surveillance data to public health laboratories and other 
organizations. Materials and Methods: Outpatients presenting at 2 small clinics in southern Wisconsin 
with at least 2 respiratory symptoms (fever, cough, sore throat, rhinitis, and congestion) had paired 
nasal (NS) and nasopharyngeal (NP) swab specimens collected. The Sofia Analyzer and Sofia 
Influenza A+B FIA kits were provided by Quidel (San Diego, CA), and the wireless router was 
obtained from Digi International (Minnetonka, MN).  The NS was tested using Sofia, and the NP 
specimen was promptly transported to the Wisconsin State Laboratory of Hygiene for testing by PCR 
using the Centers for Disease Control and Prevention (CDC) human influenza virus real-time RT-PCR 
diagnostic panel. Sensitivity, specificity, and overall accuracy were calculated. The Sofia Analyzer and 
router enabled transmission of the doubly encrypted, patient de-identified Sofia test result within 1 
minute of testing to a cloud-based server. The data were received wirelessly at Quidel and uploaded 
to a secure FTP site supported by the CDC each night between midnight and 1:00 AM Pacific time. 
The Sofia Analyzer data (hard copy printout) were compared to the data received wirelessly by the 
CDC for data transmission accuracy, and assay results from Sofia were compared to those obtained 
from the PCR assay. Results: Of the 100 patients tested, all test results were shown to have been 
transmitted and received correctly. Software validation identified no anomalies in the transmission of 
patient results from the Sofia Analyzer to the authorized recipients. In addition to test results, patient 
age and patient status (ie, in- or outpatient) were optional fields for entry by the operator and, when 
entered, were transmitted with 100% accuracy for all patients. The test cassette lot number, 
instrument serial number (traceable to location), internal quality control results, and calibration results 
were transmitted automatically without operator action. Influenza A or B was detected by both Sofia 
and PCR from 25 specimens, including 31 by PCR and 30 by Sofia. Thus, compared to PCR, Sofia 
yielded a sensitivity of 81% (25/31), a specificity of 93% (64/69), and an overall accuracy of 89%. 
Conclusions: The Sophia Analyzer with cellular-wireless-based reporting capability was demonstrated 
to require minimal input by users in the point-of-care outpatient clinics and to reliably transmit data to 
public health authorities. The wireless capacity provided more immediate, extensive data to public 
health authorities and has the potential to report to additional organizations for whom rapid 
surveillance information is valued. 
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Unpredictability of circulating influenza strains: pandemic and seasonal 
influenza surveillance during and post-pandemic periods in India (2009-2012) 
 
M Chadha1*,V Potdar1, M Chawla-Sarkar2, D Biswas3, R Kaveri4, S Shrikhande5, P Koul6, A Jain7, B 
Anukumar8, RB Lal9, S Broor10 
 
1National Institute of Virology, Pune, India; 2National Institute of Cholera and Enteric Diseases, 
Kolkata, India; 3Regional Medical Research Centre, Dibrugarh, India; 4King Institute of Preventive 
Medicine & Research, Chennai, India; 5Indira Gandhi Government Medical College, Nagpur, 
India; 6Sheri-Kashmir Institute of Medical Sciences, Srinagar,India; 7King George’s Medical University, 
Lucknow, Uttar Pradesh, India; 8National Institute of Virology, Kerala Unit, Allapuzha, India; 9Influenza 
Division, Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, USA;  10All India 
Institute of Medical Sciences, New Delhi, India 
 
Background: Influenza surveillance in the community is an important tool for carrying out strain 
surveillance to identify emerging/reemerging strains and unusual epidemiological trends and to define 
seasonality. We describe the distinct patterns of circulating strains of the virus in different 
geographical areas in India, including the patterns of pandemic A/H1N1pdm09 from 2009 to 2012. 
Methods: Patients with influenza-like illness (ILI) presenting in outpatient departments of 
dispensaries/hospitals and those with severe acute respiratory infections (SARI) who were 
hospitalized were studied from January 2009 to December 2012. Nasopharyngeal swabs were tested 
for influenza viruses with real-time RT- PCR (since June 2009). Virus isolation was carried out in 
Madin-Darby canine kidney cells for representative specimens. Genotyping of influenza A/H3N2 (n = 
197), A/H1N1pdm09 (n = 13) and influenza type B (n = 247) isolates were carried out by HA1 gene 
sequencing. Results: Of the 28,701 ILI/SARI cases from 2009 to 2012; 3982 (13.8%) were positive for 
influenza virus. Among these, 1260 (31.42 %) were due to A/H1N1pdm09, 937 (23.5%) were H3N2 
and 1742 (43.7%) were due to influenza B. Peaks of influenza were observed during July-September 
in Delhi and Lucknow (north), Pune (west), Allaphuza (Kerala; southwest), Nagpur (central), Kolkata 
(east) and Dibrugarh (northeast), whereas Chennai (southeast) revealed peaks in October-November 
for each of the years, which coincided with the rainfall during the monsoon months. In contrast, the 
peak of influenza in Srinagar (northernmost state with temperate climate) occurred in December-
February, similar to what has been observed for northern hemisphere countries. The patterns of 
circulating strains varied over the years. Phylogenetic analysis of the H1N1pdm09 (n = 13) 2009 
isolates were genetically close to the 2009-2013 vaccine component A/California/07/2009, and 
all were sensitive for oseltamivir. Analysis of H3N2 isolates revealed similarities with A/Perth/16/2009 
(the vaccine component of 2010-2012) in 2009 (n = 114) and 2010 (n = 19), whereas isolates from 
2011 (n = 37) and 2012 (n = 8) were similar to A/Victoria/361/2011 (2012-2013 vaccine component). 
In addition, A/Brisbane/10/2007 (vaccine component for 2008-2010) also co-circulated throughout the 
study period. All H3N2 viruses were sensitive to oseltamivir and resistant to amantadine with S31N 
mutation. Likewise, among influenza B viruses we observed co-circulation of both Victoria and 
Yamagata lineages, with Victoria lineage (with similarity to vaccine strain B/Brisbane/60) being the 
most predominant strain (> 85%) in 2009 (12/14), 2010 (144/165), 2011 (34/34) and 2012 (29/34). 
Conclusions: Influenza A/(H1N1pdm09) and A/(H3N2) co-circulated in 2009, whereas in 
2010,  A/(H1N1pdm09) and type B were predominant. In 2011, predominance of A/(H3N2)  was 
observed along with type B viruses. In 2012, increased activity of pandemic H1N1 was observed. 
Genetic characterization of influenza A /H3N2), A (H1N1pdm09) and type B isolates showed that 
Indian isolates were genetically close to the recommended vaccine component. Continued 
surveillance will help define regional differences in influenza seasonality, as well as determine optimal 
periods to implement influenza vaccination programs among priority populations. This study was 
supported by the Indian Council of Medical Research and the Centers for Disease Control and 
Prevention, Atlanta, USA (cooperative agreement IU51/IP000333). 
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Molecular surveillance of Influenza viruses during pandemic (2009–2010) and 
post-pandemic (2010-2013) periods in western India 
 
V Potdar*, P Kulkarni, M Dakhave, K Patil, A Kadam, A Khirawale, A Bhise, N Jadhav,D Hinge, M 
Chadha  
 
National Institute of Virology, Pune, India 
 
Background: Pandemic influenza A (H1N1) 2009 virus first appeared in India in May 2009 and 
thereafter continued to circulate with considerable morbidity and mortality in the post-pandemic 
season in many parts of the country. This study aims to characterize influenza viruses circulating in 
India during the pandemic and post-pandemic periods and to determine the prevalence of antiviral-
resistant viruses. Materials and Methods: Respiratory specimens were collected from patients with 
influenza-like illness on their first visit at outpatient clinics and from hospitalized patients with severe 
acute respiratory infections both during and in the post-pandemic period (2009 to August 2010 and 
September 2010 to 2013).Cycling probe real-time PCR assays were performed to detect influenza A 
subtypes and type B. Allelic discrimination-based real-time assay to detect H274Y mutation was used 
to detect antiviral resistance. Representative specimens were processed for virus isolation in Madin-
Darby canine kidney cells. Sequencing and phylogenetic analysis of whole genomes, hemagglutinin 
(HA) and neuraminidase (NA) genes were done to characterize circulating strains. Results: In the 
pandemic and post-pandemic period, co-circulation of different types and subtypes of influenza 
viruses was observed. During the pandemic period, of the 36,010 samples analyzed, 8312 (23.08%) 
were A (H1N1) pdm09, 764 (2.12%) were A(H3N2), 193 (0.54%) were A(H1N1), 100 (0.28%) were 
type B and 1257 (3.5%) were influenza Type A viruses. All influenza A (H1N1) pdm 09, A (H3N2) and 
type B virus isolates were sensitive to oseltamivir. Out of 155 seasonal H1N1 specimens that were 
tested by allelic real-time RT-PCR, 87 specimens had H275Y substitution in the NA gene, leading to 
resistance to oseltamivir. In the post-pandemic period, of the 13,989 samples analyzed, 1724 
(12.32%) were A (H1N1) pdm09, 495 (3.54%) were A (H3N2), 488 (3.5%) were type B and 67 (0.48 
%) were type A viruses. Among A(H1N1)pdm09 isolates, a single isolate of 2013 showed reduced 
susceptibility  to  oseltamivir. All A (H3N2) viruses were amantadine resistant with S31N mutation. 
Phylogenetic analyses:  Pandemic influenza A H1N1: HA gene-based phylogenetic analysis of A 
(H1N1) pdm09 isolates (n = 159) showed that they were genetically close to the 2009-2013 vaccine 
component A/California/07/2009 (group 0). HA sequences showed cluster of 7 subgroups based on 
reference viruses. On the basis of mutation S185T; groups 6 to 8 were differentiated from groups 0 to 
5. The majority of 2013 HA sequences had double mutation D97N and K283E and clustered in 
subgroup of 6. The majority of 2012 viruses clustered with group 7, which had characteristic mutation 
A197T. Co-circulation of group 6 and 7 viruses was noted in 2010, 2011 and 2012; however, the 
majority of 2010 HA sequences clustered within group 6 possessing single mutation D97N. All the 
2009 viruses were clustered in groups 0-5. Whole-genome analysis of 45 A (H1N1) pdm09 isolates 
showed the predominance of Clade 7 along with a few viruses from Clade 6 and 5. A(H3N2) viruses: 
HA gene (n = 35) analysis showed; only single isolate of 2009 clustered with contemporary vaccine 
component A/Brisbane/60/2007; however, the majority (n = 9) viruses clustered with A/Perth/16/2009, 
which was a 2010-2012 vaccine component. Twenty-five viruses of 2011-2012 were clustered with 
A/Victoria/361/2011, which was a vaccine component of 2012-2013. Influenza B viruses: HA gene (n 
= 30) analysis showed that Victoria (HA)-Yamagata (NA) reassortant B/Brisbane/60/2008-like viruses 
(n = 16) were circulating in 2010-2012; however, circulation of Yamagata lineage (n = 14) viruses was 
also noted during 2011-2013. Conclusion: India continued to experience significant levels of A (H1N1) 
pdm09 activity, which necessitated control measures. Genetic variants with mutations at antigenic 
sites were identified in A(H1N1)pdm09, and type-B viruses in the 2009-2012 season, but these did 
not show a change in antigenicity when compared with respective vaccine strains. Co-circulation of 
different types of influenza virus necessitates intense virological surveillance activity.  
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Integrated disease surveillance and response system improves early detection 
of influenza season in Rwanda 
 
T Nyatanyi1, A Kabeja1, AM Muhimpundu1, J Kamwesiga1, D Udatinya1, J Rukelibuga2* 

 
1Rwanda Biomedical Center, Ministry of Health, Kigali, Rwanda; 2Centers for Disease Control and 
Prevention, Kigali, Rwanda 
 
Background: In 2008, the Ministry of Health in collaboration with the US Centers for Disease Control 
and Prevention established an Influenza Sentinel Surveillance system (ISS) to describe the 
epidemiology of influenza and promptly detect influenza outbreaks in the country. ISS monitors patients 
with influenza-like illness (ILI) and severe acute respiratory illness (SARI) at six selected health 
facilities. For each case, demographic, clinical and epidemiologic data, and naso- and oropharyngeal 
specimens, are collected and analyzed. In 2011, a modified reporting system called the Rwanda 
Integrated Diseases Surveillance and Response system (IDSR) was instituted and influenza was 
added to this surveillance system. As the IDSR system grows, influenza is now monitored through two 
complementary systems in the country. The IDSR system allows for national baseline data for ILI and 
severe pneumonia in children < 5 years. We studied data collected through the IDSR system to 
determine whether the IDSR allows the early detection of the influenza season. Materials and 
Methods: The IDSR technical guidelines and training modules were amended to include standard 
case definitions (SCDs) of ILI and severe pneumonia in children < 5 years. Both, ILI and severe 
pneumonia < 5 years are part of weekly reportable diseases. SCDs were distributed to health 
facilities, and health care workers from all 45 district hospitals and 475 health centers were trained to 
identify cases using SCDs. Facilities are expected to submit weekly epidemiologic reports using the 
"electronic" IDSR system. If this is not done, the electronic system sends automatic reminders to the 
concerned data managers. We established thresholds of weekly IDSR data using the C2 CUSUM 
method designated to detect sudden changes in the mean value of a given count. When the number 
of cases exceeded the plotted C2 threshold value, an investigation was conducted to confirm the 
presence of influenza. We considered influenza season to be signaled by an increase in influenza 
laboratory positivity as determined in the sentinel system. The influenza IDSR data reported on a 
weekly basis was compared with the influenza sentinel surveillance system laboratory data to 
determine whether the IDSR allowed early detection of increased influenza activity. Results: From 
October 1, 2012, to May 13, 2013, 707,779 cases of ILI and 26,748 cases of severe pneumonia in 
children < 5 years were reported through the IDSR system. Average completeness of epidemiologic 
weekly reports was 98% and average timeliness was 90%. During the 32 weeks of surveillance, the 
number of ILI cases exceeded the threshold twice, during week 51 of 2012 and during weeks 4 to 11 
of 2013. The number of cases of severe pneumonia < 5 exceeded the threshold during weeks 6 to 9 
of 2013. During week 4, respiratory samples collected at Zaza and Nyange health centers of Kibungo 
District Hospital presenting with excess cases of ILI tested positive to influenza virus A(H1N1) pdm09 
and A(H3N2) subtypes. From the sentinel surveillance sites, increased influenza positivity from 12.5% 
to 20% was seen from week 5 to week 19 of 2013 with a peak of influenza positivity rate of 37.5% 
during week 11. Subtyping data showed that influenza A(H1N1)pdm09 co-circulated with influenza 
A(H3N2) from week 9 to 19. Conclusions: Influenza is laboratory confirmed year round through the 
sentinel surveillance system, but the time outbreaks occur cannot be accurately predicted. Preliminary 
results of weekly reports of ILI and severe pneumonia < 5 into IDSR helped to detect seasonal 
influenza peaks 7 weeks before the peak of influenza positivity through the sentinel surveillance 
system. The peaks of influenza activity in both surveillance systems were characterized by co-
circulation of influenza virus A(H1N1)pdm09 and A(H3N2) subtypes. The integration of ILI and severe 
pneumonia < 5 years into IDSR complements the sentinel surveillance system, as it provides baseline 
data to determine thresholds for influenza season activity per time, place and person. 
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The global epidemiology of influenza B: disease burden and vaccine 
mismatches 
 
WJ Paget1*, S Caini1, QS Huang2, MA Ciblak3, BD Schoub4, S Plotkin5 on behalf of the Global 
Influenza Initiative 
 
1Netherlands Institute for Health Services Research, Utrecht, the Netherlands; 2WHO National 
Influenza Centre, Institute of Environmental Science and Research, Wellington, New 
Zealand; 3Istanbul University, National Influenza Reference Laboratory, Istanbul, Turkey;  
4National Institute for Communicable Diseases, Johannesburg, South Africa; 5University of 
Pennsylvania, Philadelphia, Pennsylvania, United States. 
 
Background: Seasonal influenza is an important cause of morbidity and mortality, with the majority of 
influenza infections caused by influenza type A. Influenza type B also plays an important role in 
seasonal influenza, but most scientific literature has focused on influenza type A. The objective of this 
study is to present an overview of the global epidemiology of influenza B, including the disease 
burden by age group and the occurrence of vaccine mismatches (the 2 B lineages Victoria and 
Yamagata), based on surveillance data from around the world. Materials and methods: The study is 
based on epidemiological and virological surveillance data. The full data analysis will make use of 2 
data sources: 1) detailed national surveillance databases and 2) the World Health Organization 
(WHO) FluNet database. It will include data from 25 countries covering all of the WHO regions. So far 
(June 2013), detailed national surveillance databases have been obtained from New Zealand (2000-
2011), Turkey (2006-2009 and 2010-2012), and South Africa (2010-2012). We calculated the percent 
of influenza detections due to influenza B for each country and season. When this figure exceeded 
50%, we defined the season as influenza B dominant, and when this figure was 20%-49%, we defined 
it as a season with influenza B co-circulation. When possible, we assessed influenza B detections for 
the following age groups (restricting the analysis to seasons where influenza B was ≥ 20% of total 
detections): 0-5 months, 6-35 months, 3-4 years, 5-17 years, 18-39 years, 40-64 years, and 65+ 
years. For each country and season (seasons where influenza B was ≥ 20% of total detections), we 
also determined whether there was a mismatch between the predominant influenza B lineage and the 
B lineage included in the vaccine. Results: Influenza B represented 20% or more of total detections 
during 6 of the 12 seasons in New Zealand, with 2 influenza B-dominant seasons (2008 and 2011). 
Lineage data from New Zealand indicated a B mismatch in 3 of the 6 seasons (2002, 2007, and 
2008). In Turkey, influenza B represented 20% or more of total detections in all 5 seasons (it was 
dominant in 2010-2011). Lineage data for Turkey indicated a B mismatch in 4 of the 5 seasons (2007-
2008, 2008-2009, 2010-2011, and 2011-2012). South Africa had fewer influenza B detections, with 
only 1 season where influenza B detections represented 20% or more of total detections (no season 
dominant). We did not have lineage data for South Africa. Detailed age-specific data were analyzed 
for the 12 seasons where influenza B represented ≥ 20% of total detections in the 3 countries. We 
found that more than 90% of influenza B infections were in persons aged 64 or younger (≤ 59 years 
for South Africa): 95% in New Zealand (n = 1742), 93% in Turkey (n = 458), and 96% in South Africa 
(n = 464). The full analysis, which will include an assessment of the characteristics of influenza B 
versus B epidemics (eg, timing and length of seasons) and data from 25 countries, is ongoing. 
Conclusions: We found that influenza B played a major role in the epidemiology of influenza in 3 
different geographically dispersed countries. Our data suggest that influenza B predominantly affects 
persons aged less than 65 years (< 60 years in South Africa). We also found that influenza B vaccine 
mismatches were common in the 2 countries (New Zealand and Turkey) that could provide these 
data. Global data on the epidemiology of influenza B will help determine the public health value of 
introducing influenza vaccines containing 2 B lineages. 
 
 
 
 
 
 
 

578Surveillance



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-661 
 
Electronic school absenteeism system for influenza-like-illness surveillance in 
Hong Kong 
 
D Ip*, H So, E Lau, L Ho, B Cowling, G Leung 
 

School of Public Health, The University of Hong Kong, Hong Kong Special Administrative Region, 
China 
 
Background: Seasonal influenza epidemics cause great burden of illnesses, hospitalizations and 
deaths worldwide. Surveillance systems utilizing early indicator of disease activity would be useful for 
monitoring community disease pattern and facilitating timely decision making on public health 
interventions in an evidence-based manner. School absenteeism has been previously considered as 
a possible syndromic approach for monitoring influenza activity. We explored the feasibility and 
practicability of establishing an electronic school absenteeism surveillance system in Hong Kong for 
monitoring influenza-like illness (ILI) using automatically captured data employing smart card 
technology. Materials and Methods: The school absenteeism surveillance system was developed via 
the eAttendance module of the eClass system, a digital school administration platform operated by a 
local commercial vendor. In replacing the traditional paper-based roll call, students of the participating 
schools would swipe their smart card over a designated sensor at the school entrance each day on 
entering the school to register their attendance. Electronic summary reports can then be generated 
automatically for each school in the eClass system and transferred to our back-end server for 
analysis. The submitted records were anonymised to show only the total number of students and 
number of absentees in each grade and were further stratified into specific causes of absence, 
including ILI/upper respiratory tract illness, gastroenteritis, hand-foot-and-mouth disease, other 
illnesses with specification, and non–sickness-related absence in a subset of participating schools. All 
collected absenteeism data were aggregated weekly, matched and compared with viral isolation data 
from hospital laboratory surveillance system and a current outpatient-based influenza sentinel 
surveillance system. Feedback reports on absenteeism patterns together with interpretation of the 
overall influenza disease activity in the community were generated on a regular basis during the 
epidemic season and distributed electronically to all participating schools. Results: Our pilot 
surveillance initially began with 18 schools covering 17,255 students in 2008 and expanded in phases 
to 103, including 64 primary and 39 secondary schools covering 72,493 students in the current 
academic year of 2012-2013. The schools were distributed evenly across Hong Kong Island, 
Kowloon, and New Territory to cover different districts and represented approximately 10% of the 
registered number of schools and students in the territory. With the introduction of a more user-
friendly dropdown list for entering the specific cause of absence in the user interface starting from this 
academic year, 35 (34%) of these schools were also submitting data for specific causes of absence in 
the system. When comparing the school absenteeism rates with the reference data from pre-existing 
surveillance systems during March 2008 to June 2011, covering a total of 7 influenza seasons, clear 
and sharp peaks were detected from both the overall and ILI-specific data during most of these 
seasons, which generally occurred 1-3 weeks ahead of the peak in the hospital laboratory 
surveillance data (range 1 to 5 and −1 to 4 weeks; median 3 and 0.5 weeks for overall and ILI-specific 
absenteeism data respectively). Generally the school absenteeism data also showed much sharper 
peaks than the outpatient sentinel data, possibly related to better coverage of influenza activities in 
the community, where sentinel data could only capture episodes that required visits to the doctor’s 
clinic. Conclusions: The result demonstrated the feasibility and potential benefit of employing 
electronic school absenteeism data as captured automatically by a smart card system as an 
alternative data stream for monitoring influenza activities. The increasing popularity of usage of smart 
card technology in various community settings might also represent potentially timely and cost-
effective opportunities for innovative surveillance systems. 
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P2-662 

Influenza as a cause for hospital visit in children under 15 years old at 2 
referral pediatric hospitals in Vietnam 

HT Nguyen1*, TTY Nguyen1, PT Nguyen1, DT Pham1,  BT Nguyen1, ND Tran1, TQM Lei1, N-H Tran2, 
TL Nguyen2, J Partridge3, JC Kile3, TT Do3, TT Nguyen1 

1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam, 2Pasteur Institute, Ho Chi Minh City, 
Vietnam, 3Influenza Program, US Centers for Disease Control and Prevention, Hanoi, Vietnam 

Background: Although sentinel surveillance for influenza-like illness (ILI) has been ongoing in Vietnam 
since 2006, the burden of influenza-associated ILI in the pediatric population is limited. The aim of this 
work is to describe epidemiological and laboratory characteristics of influenza in children with ILI at 2 
referral pediatric hospitals in Vietnam. Materials and Methods: We selected 2 referral pediatric 
hospitals, 1 in Hanoi and the other in Ho Chi Minh City, for ILI surveillance. Each day during the 
period of 1 January 2006 through 30 December 2012, the first 2 pediatric patients who met the ILI 
case definition of fever (> 38˚C) and cough or sore throat were enrolled for further investigation. From 
each of the enrolled subjects, oropharyngeal specimens were collected for influenza testing by 
reverse transcriptase polymerase chain reaction assay. In addition, clinical and epidemiological data 
were collected. Results: During the study period, a total of 5656 ILI patients under 15 years old were 
enrolled and investigated. The median age was 2 years (IQR 1-4). There were more male children 
3297/5656 (58.3%). Of the 5656 specimens tested, 1385 (24.5%) were positive for influenza. The 
highest prevalence of influenza was found in the age group of 10-15 years old 64/147 (43.5%), 
followed by the age group of 5-9 years old 364/892 (40.8%). Influenza positivity in the 1-4 years old 
and under 1 year old groups was 808/3579 (22.6%) and 149/1038 (14.4%), respectively. The 
influenza infection ratio was similar for both male and female children, with 804/3279 (24.4%) in 
males versus 581/2359 (24.6%) in females (P = .83). Among the influenza-positive cases, we 
identified 261 (18.8%) cases with seasonal influenza A/H1N1, 210 (15.2%) with pandemic A/H1N1 
2009, 498 (35.9%) with influenza A/H3N2 and 413 (29.8%) with influenza B. Since July 2009, the 
seasonal A/H1N1 has been replaced by the pandemic A/H1N1 2009. Conclusions: High proportions 
of influenza positivity were found in pediatric ILI patients at 2 referral pediatric hospitals. Children 
between 6 and 10 years old had the greatest proportion of influenza positivity. Although studies have 
shown that vaccination can reduce the morbidity associated with seasonal influenza in children, there 
was no influenza vaccination strategy applied for children in Vietnam during the time of our study. Our 
data suggest that it may be important to better understand the influenza-associated disease and 
economic burden of influenza illness among children in Vietnam to estimate the value of influenza 
vaccination among young children. In addition, further study is recommended to understand the 
proportions of respiratory illness in children associated with other pathogens.  

P2-663 

Influenza surveillance at ILI sentinel sites in Addis Ababa, Ethiopia: 
epidemiological and virological findings from 2012 

G Demissie1*, M Mengesha1, W Kassa1, F Tadelle2, S Wondafrash3, T Zewale3, TG Wold4, G Tirebo4, 
A Bekele1, B Amare5, D Jima1, W Ayele1 

1Ethiopian Health & Nutrition Research Institute, Addis Ababa, Ethiopia; 2Shiromeda Health Center, 
Addis Ababa, Ethiopia; 3Kolfe Health Center, Addis Ababa, Ethiopia; 4Akaki Health Center, Addis 
Ababa, Ethiopia; 5CDC Ethiopia, Addis Ababa, Ethiopia 

Background: Ethiopia launched influenza sentinel surveillance in 2008 during a period that “influenza” 
was virtually synonymous with “pandemic.” Until then, respiratory virus surveillance was nonexistent 
despite the known high burden of respiratory disease in a country with a population of over 80 million 
people. Because of the initial close association of influenza surveillance with pandemic preparedness, 
it was not until 2012 that influenza-like illness (ILI) surveillance assumed its proper role as a routinely 
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functioning surveillance system that could also lend support to public health emergency preparedness 
efforts. Materials and Methods: Patients presenting daily to 3 designated ILI sentinel surveillance sites 
in Addis Ababa, namely Shiromeda, Kolfe and Akaki health centers, were screened. Those patients 
that met the ILI case definition were identified and throat swabs were collected from the first 5 
randomly presenting cases each day, using commercial viral transport medium. Samples were 
maintained refrigerated (2°C-8°C) until transported to the national influenza laboratory, usually within 
a week of collection.  RNA from specimens was extracted manually using a commercial extraction kit 
(QIAamp Viral RNA Mini-Kit, QIAGEN) and subjected to the CDC real-time RT-PCR protocol for 
influenza viruses using primers and probes provided by the CDC, Atlanta, Georgia, United States. 
Results: In 2012, a total of 788 ILI visits took place at outpatient facilities in 3 health centers across 
Addis Ababa, Ethiopia. Complete age, sex, date of specimen collection and influenza lab result 
information was available for 771 (98%) of the cases. Kolfe, Shiromeda and Akaki health centers 
each contributed 377 (49%), 311 (40%) and 83 (11%) of ILI cases, respectively. Of the total cases 
with full information, 340 (44%) were males and 431 (56%) were females. The age range was 0.6-87 
years, with a median age of 18 years. A peak number of ILI cases (n = 222; 29%) was observed in the 
age category 14-25 years. The number of children less than 2 years accounted for 4% of the total ILI 
cases. Two hundred and eight specimens (27%) were positive for influenza virus across all age 
groups combined. By contrast, influenza positivity in children less than 2 years was 0.6%. Of 
influenza-positive cases, 170 (82%) and 38 (18%) were positive for influenza A and B viruses, 
respectively. Among influenza A positive ILI cases, 15 (9%) harbored seasonal H3 viruses while 155 
(91%) harbored influenza A(H1N1)pdm09 viruses. All influenza A(H1N1)pdm09 viruses forwarded to 
WHO collaborating centers for influenza sequencing and characterization were sensitive to 
oseltamivir. Influenza viruses continued to be isolated from ILI cases throughout the year, but ILI 
cases peaked during October/November, with influenza positivity reaching 37%. Conclusions: 
Influenza viruses were found in the surveyed community year-round with 27% positivity for the entire 
period. Influenza A (H1N1)pdm 2009 was the most frequently detected virus, accounting for nearly 
75% of the total influenza positive cases and 20% of all specimens collected during 2012. The bulk of 
ILI cases came from 2 health facilities (Kolfe and Shiromeda health centers). All ages were 
represented in the surveillance but the majority were young adults (14-25 years). Infants and young 
children were less likely to test influenza positive, suggesting other etiologies for ILI in this age group. 
Further investigations are warranted to identify other causes of mild respiratory illness and to achieve 
disease burden estimates due to influenza in specific age groups. 
 
 
P2-664 
 
Respiratory Multi Well System (MWS) r-gene approach to assess infectious 
agents involved in severe acute respiratory infections (SARI) in under-five 
years children in Côte d’Ivoire 
 
N Talla Nzussouo1*, HA Kadjo2, T Fanta2, B Kouakou2, EV Adjogoua2, D Coulibaly3, M Adagba2, B 
Kouakou2, T Williams1, M. Dosso2 

 
1Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States; 2Pasteur Institute, Abidjan, Côte d’Ivoire; 3Institut National d’Hygiène Publique, Abidjan, Cote 
d’Ivoire 
 
Background: Globally, one-third of all deaths in children under five years of age is due to SARI and 
pneumonia. This is especially true in sub-Saharan Africa, where 1.2 million children under the age of 
five years die each year from acute respiratory infection. In Côte d'Ivoire, SARI is the third leading 
cause of morbidity and mortality among children under five after malaria and diarrheal diseases. 
Among the SARI etiologies, viruses are recognized as the predominant causative agents within this 
age group. Over the past 10 years, nucleic acid amplification techniques have been developed for 
many respiratory viruses. Polymerase chain reaction (PCR) and reverse transcription-PCR (RT-PCR) 
assays provide faster results with equivalent or greater sensitivity than conventional methods. 
Furthermore, multiplex PCR assays have been used to detect the presence of two or more respiratory 
viruses in a single reaction tube. The MWS r-gene is one such platform utilizing real-time PCR 
technology for the simultaneous detection of infectious agents involved in respiratory diseases. In this 
study, we utilized the MWS platform to assess SARI etiologies in an influenza sentinel surveillance 

581Surveillance



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

study. Methods: This study was carried out in the context of sentinel surveillance for influenza viruses 
in Côte d'Ivoire from January 1, 2011, to December 31, 2013. Patients were recruited from sites 
performing pediatric surveillance for SARI located in the capital city (4 sites) and the interior of the 
country (5 sites). The WHO’s 2006 SARI case definition was used until June 2012; SARI among 
children younger than 5 years was defined as a child 2 months to 4 years of age with cough or 
shortness of breath or difficulty breathing and any sign of severe illness. The WHO’s 2011 SARI case 
definition was introduced in July 2012 and included all patients (> 31 days) presenting with current 
fever ≥ 38°C or history of fever and cough with onset in the past 7 days, and requires hospitalization. 
A nasopharyngeal sample was collected for each patient enrolled using a collection kit (Copan 
Universal Transport Medium kit for the preservation of virus, chlamydia, mycoplasma and 
ureaplasma). Epidemiologic and clinical information was collected through a standard survey form. 
RNA/DNA extractions were conducted using NucliSENS  miniMAG kits from BioMerieux. 
Amplifications were performed using respiratory MWS  r-gene reagent kits for the detection of 
influenza A and B viruses, human coronaviruses (229E, NL63, HKU1, OC43), respiratory syncytial 
virus (RSV), human metapneumovirus (HMPV), human parainfluenza virus (HPIV), rhinovirus, 
enterovirus, adenovirus, bocavirus, and Chlamydophila pneumoniae/Mycoplasma pneumoniae. The 
real-time PCR platform used was 7500 StepOne from AppliedBiosystems. Results: During the study 
period, 66 nasopharyngeal swabs were collected and tested, of which 16 (24.2%) were positive for at 
least one respiratory pathogen. Of the 16, four were positive for > 1 pathogen, two (12.5%) for 
influenza A(H1N1)pdm09, one (6.3%) for influenza A(H3N2), one (6.3%) for influenza A was 
unsubtypeable, one (6.3%) for influenza B, four (25%) for RSV, two (12.5%) for rhinovirus, two 
(12.5%) for coronavirus 229E, one (6.3%) for bocavirus, one (6.3%) for HPIV, one (6.3%) for HMPV, 
one (6.3%) for adenovirus and one (6.3%) for chlamydia. Coinfections were confirmed in four (25%) 
of the 16 positive cases, with two (12.5%) for influenza A(H1N1)pdm09 and RSV, one (6.3%) for 
influenza A(H3N2) and adenovirus, and one (6.3%) for rhinovirus and chlamydia. Of the 16 cases 
positive for at least one pathogen, 13 (81.3%) were in children aged 0-3 years. Influenza was 
detected in five (31.3%) of the 16 confirmed cases. Eight (50%) of the 16 SARI-positive cases were 
males while seven (43.7%) were females; information about gender was missing in one (6.3%) of the 
SARI-positive cases. Conclusion: Taken together, these data highlight the role that influenza plays in 
under-five SARI cases in Cote d’Ivoire, as well as the value of the MWS platform as a multiplex tool 
for detecting key respiratory pathogens involved in SARI pathogenesis. 
 
 
P2-665 
 
Performance of eHealth data sources in local influenza surveillance: a 5-year 
open cohort study using data from Google Flu Trends, telenursing call 
centres, health service provider web pages, and mass media coverage 
 
T Timpka1,2,3*, A Spreco2,3, Ö Dahlström4, O Eriksson3, EA Gursky5, J Ekberg1,2, E Blomqvist3, M 
Strömgren6, D Karlsson3, H Eriksson3, JM Nyce7, J Hinkula8, E Holm6 

 
1Department of Public Health, Östergötland County Council, Linköping, Sweden; 2Department of 
Medical and Health Sciences, Linköping University, Linköping, Sweden; 3Department of Computer 
and Information Science, Linköping University, Linköping, Sweden; 4Linnaeus Centre HEAD, 
Department of Behavioural Sciences, Linköping University, Linköping, Sweden; 5National Strategies 
Support Directorate, ANSER/Analytic Services Inc, Arlington, Virginia, United States; 6Department of 
Social and Economic Geography, Umeå University, Umeå, Sweden; 7Department of Anthropology, 
Ball State University, Muncie, Indiana, United States; 8Department of Clinical and Experimental 
Medicine, Linköping University, Linköping, Sweden 
 
Background: Globally there has been much interest in using data from population-wide health 
information systems—often referred to as eHealth resources—to improve the effectiveness of 
infectious disease monitoring. The purpose of this study is to investigate the performance of a set of 
eHealth resources available for local public health and infectious disease control organizations as 
sources of syndromic data in influenza surveillance. The specific aim is to examine the timeliness and 
correlation patterns for data from Google Flu Trends (GFT), computer-supported telenursing call 
centres, and local health service Web page usage in relation to influenza case rates during seasonal 
and pandemic influenza outbreaks in a Swedish county. Materials and Methods: An open cohort 
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design was used for a 5-year study performed in Östergötland county (population 427,000), Sweden. 
Syndromic eHealth data were collected from GFT, computer-supported telenursing call centres, and 
local health service Web site visits at page level between October 2007 and May 2012 and stored in 
an administrative public health database. Data on media coverage of influenza outbreaks were 
collected from the online database of the largest newspaper in the county. The public health database 
also collected clinical data from care episodes in primary care and at hospitals in the county, and data 
from investigations at clinical laboratories. GFT data for the study period were collected using a Gmail 
account to download data on Google searches from the Östergötland region on influenza. Influenza-
like-illness (ILI)-related telenursing call cases were identified by the chief complaint codes associated 
with influenza symptoms dyspnea, fever (child, adult), cough (child, adult), sore throat, lethargy, 
syncope, dizziness, and headache (child, adult)) from the fixed-field terminology register. Usage data 
from the County Council Web pages were collected beginning in May 2009. For technical reasons 
associated with a change of software provider, data could not be retrieved for the 2010-11 influenza 
season. Pearson’s correlation coefficients (r) were examined to compare ILI case rates with the 
eHealth data sources, ie, GFT data and all possible combinations of telenursing chief complaints and 
Web site page visits with a two-week time lag to ILI case rates. The three groupings of chief 
complaints and combinations of Web site page types, respectively, with the strongest correlation to 
the influenza case rate for each time lag were listed. The chief complaint grouping and Web site page 
combination with the largest correlation strength were chosen to be used in the final analyses. 
Separate analyses were performed of correlations between media reports, ILI case rates, and the 
eHealth data sources, respectively.  Results: Large strength correlations with influenza case rates 
were found for data from the three eHealth sources for the five influenza outbreaks covered by the 
study period, except for data from telenursing call centres for the first study year: GFT (r = 0.69; 95% 
confidence interval [CI] 0.22-0.90 to r = 0.96; 95% CI 0.88-0.99), telenursing call centres (r = 0.84; 
95% CI 0.62-0.94 to r = 0.97; 95% CI 0.91-0.99), and health service provider Web pages (r = 0.75; 
95% CI 0.45-0.90 to r = 0.94; 95% CI 0.84-0.98). eHealth data activity preceded case rates with two 
weeks during the first two seasonal outbreaks. This time lag was reduced to one week or none from 
the 2009 pandemic outbreak onward. Mass media coverage correlating with one week preceding time 
lag to influenza case rates was observed for the pandemic in 2009 (r = 0.74; 95% CI 0.42-0.90; P <  
.001) and the severe seasonal outbreak in 2011-12 (r = 0.79; 95% CI 0.42-0.93; P = .002). 
Conclusions: eHealth data showed strong correlations with influenza case rates in local surveillance, 
although the time lag varied between different influenza seasons. Mass media coverage reflecting a 
speculative warning viewpoint on potentially severe influenza outbreaks was associated with changes 
in the monitoring performance of the eHealth resources. Methods for analyses of eHealth data 
streams need to compensate for that media coverage and information-seeking behaviors in the 
population vary between influenza outbreaks.  
 
 
P2-666 
 
Respiratory viral pathogens among Singapore military servicemen: 
epidemiology and clinical characteristics 
 
XQ Tan1*, XH Zhao2, AR Cook2,3,4,5, VJ Lee1,2 
 
1Biodefence Centre, Ministry of Defence, Singapore; 2Saw Swee Hock School of Public Health, 
National University of Singapore, Singapore; 3Yale-NUS College, National University of Singapore, 
Singapore; 4Program in Health Services and Systems Research, Duke-NUS Graduate Medical School 
Singapore, Singapore; 5Department of Statistics and Applied Probability, National University of 
Singapore, Singapore 
 
Background: Seasonality and transmission of viral respiratory diseases in the tropics differ from 
temperate regions, but few studies have comprehensively described tropical respiratory disease 
surveillance. As influenza only accounts for 10%-53% of influenza-like illness (ILI), our study aims to 
determine the viral etiologies of ILI and compare the clinical characteristics of different viral etiologies, 
including influenza viruses, in a tropical setting. Materials and Methods: The study was conducted in 
the Singapore military where all males serve for two years after leaving high school. We tracked 
cases of febrile respiratory illness (FRI; temperature ≥ 37.5°C with cough or sore throat) in 5 sentinel 
primary care sites, from May 2009 through October 2012. Patients who met the criteria for FRI were 
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recruited. Health care workers obtained written informed consent, administered a questionnaire, 
obtained clinical specimens and performed a clinical examination on the participants. Repeat consults 
were excluded, and similar data and specimens were obtained from controls. Nasal washes were 
tested using a multiplex PCR strategy based on Resplex multiplex assays. The assays tested for the 
following viruses: adenovirus, bocavirus, coronavirus, coxsackie virus, enterovirus, human 
metapneumovirus, influenza A and B, parainfluenza, respiratory syncytial virus and rhinovirus. 
Additional in-house singleplex PCR assays were used to subtype influenza. Statistical significance 
was fixed at 0.05. The analysis was limited to viral monoinfections to allow the clinical presentations 
and symptom complexes associated with each pathogen to be discerned. Results: No distinct 
seasonality among the viral pathogens was observed. There was temporal association amongst 
influenza A(H1N1) (pH1N1), influenza B (FLU-B) and adenovirus E (ADV-E) with the fall in pH1N1 
followed by a rise in FLU-B, and a subsequent surge in ADV-E as the number of FLU-B declined. Of 
the 7733 FRI cases, 3794 (49.1%) tested positive for at least one virus and 376 (9.9%) of these had 
multiple infections. A total of 4099 (53.0%) of the FRI cases fulfilled the definition of ILI, of which 2131 
(52.0%) of these ILI cases were positive for at least one virus. The top etiologies for the 
monoinfections among FRI cases were pH1N1 (13.4%), FLU-B (12.9%) and coxsackie virus (9.4%). 
Influenza accounted for 40.1% of ILI monoinfections. The ILI case definition would have identified 
69.0% of influenza infections among the FRI cases and 65.0% of ADV cases. The sensitivity, 
specificity, PPV and NPV of ILI for influenza among FRI cases was 72.2%, 48.1%, 40.1% and 69.3%, 
respectively. On multivariate regression analysis, influenza and ADV were more likely to be febrile. 
p(H1N1) and FLU-A(H3N2) less commonly resulted in sore throat, rhinovirus and enterovirus caused 
more rhinorrhea, and ADV less rhinorrhea. FLU-B was more likely to cause dry cough whereas 
coronavirus OC43 and human metapneumovirus were more likely to cause productive cough. 
Conclusions: There are multiple viral etiologies for FRI and ILI, with influenza accounting for less than 
half of the cases. In a tropical setting, influenza and adenoviruses tend to present more frequently 
with fever, a marker of severity, and vaccination should be considered. ILI as a surveillance tool for 
influenza has high sensitivity and NPV, and low specificity and PPV, unlike in temperate 
climates―hence the utility of ILI for tropical surveillance of influenza needs to be reviewed. The 
differences in presentation of the various etiologies support development of a clinical diagnostic 
model in settings where access to rapid laboratory testing is an issue. 
 
 
P2-667 
 
Molecular genetic characterization of influenza A and B virus strains circulated 
in Russia in 2010-2013 
 
MP Grudinin, AA Kosheleva, AB Komissarov*, AV Fadeev, MM Pisareva, ZhV Buzitskaya, MA 
Stukova, OI Kiselev 
 
Research Institute of Influenza, Ministry of Health of Russia, St. Petersburg, Russia 
 
Background: Genetic diversity of influenza A and B viruses that circulated in Russia in 2010-2013 was 
analyzed. Materials and Methods: Clinical specimens (nasopharyngeal swabs, bronchoalveolar 
lavages) from St. Petersburg hospitals and 49 regional base laboratories of the Federal Influenza 
Center were tested for influenza virus RNA using rRT-PCR according to CDC protocols. HA and NA 
genes were directly sequenced from virus isolates using a BigDye Terminator v3.1 Cycle Sequencing 
Kit on ABI GA 3130. All sequences were submitted to the GISAID database. Phylogenetic analysis 
was performed using MEGA5 software. Results: In the period from 2010 to 2013, influenza A viruses 
of subtypes H1N1pdm09 and H3N2, and influenza B viruses of Victoria and Yamagata lineages, 
circulated in Russia. In the epidemic season 2010/2011, influenza A/H1N1pdm09 strains belonged to 
5 phylogenetic groups: А/St. Petersburg/27/2011-like (characterized by amino acid changes D97N, 
S185T in antigenic site Sb), A/St. Petersburg/100/2011-like (D97N, S143G in antigenic site Ca2 и 
S185T, A197T in antigenic site Sb), A/Christchurch/16/2010-like(N125D), A/Astrakhan/01/2011-like 
(D97N, R20K(Ca), I216V, V249L), и A/Toulon/1173/2011-like (A134T, S183P). In epidemic season 
2011/2012, no influenza A/H1N1pdm09 was isolated. All A/H1N1pdm09 strains in epidemic season 
2012/2013 belonged to clade 6 (А/St. Petersburg/27/2011-like). Influenza A/H3N2 virus isolates 
2010/2011 belonged to A/Perth/10/2010-like strains (clade A/Victoria/208/2009) containing amino acid 
changes in antigenic site C (D53N, Y94H, I230V, E280A) or A/Victoria/210/2009-like strains (clade 
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A/Perth/16/2009) defined by amino acid changes E62K and N144K in antigenic site A and A212T in 
antigenic site D. All analyzed strains had K158N and N189K in antigenic sites B1 and B2, 
respectively. All influenza A/H3N2 strains 2011/2012 fell into the A/Victoria/208/2009 clade. The vast 
majority of these strains belonged to the A/Stockholm/18/2011 genetic group (subgroups 3A, 3B and 
3C), defined by N145S in antigenic site A, V223I in site D, A198S in site B. A minor part fell into 
genetic group A/Perth/10/2010. Three strains constituted new outlying group characterized by amino 
acid changes I140K (site А); N158K, D188N, F193S, A196T (site В); V223I (site D). Influenza A/H3N2 
strains isolated in 2013 are A/Victoria/361/2011-like (subgroup 3C of A/Victoria /208/2009 clade) 
defined by amino acid changes S45N, T48I, S145N, A198S, V223I и N312S. The majority of strains 
bore substitution T128A in HA1 presumably leading to the loss of the glycosylation site in position 
126. Substitutions in antigenic site A (N121D, S124N, I140M) were common for these strains. All 
strains were predicted to be sensitive to neuraminidase inhibitors and adamantine antivirals. None of 
them carried H275Y substitution in NA, and all had S31N substitution in M2. Influenza B strains of the 
epidemic season 2010/2011 belonged to B/Victoria lineage (clade 1B, B/Brisbane/60/2008-like) and 
carried substitutions in loop 190 (T199I) and loop 120 (I117V) of HA1. In 2011-2013 there was co-
circulation of strains of B/Victoria and B/Yamagata lineages. B/Victoria strains isolated in 2012 fell into 
clades 1A and 1B and had N197K and T199A substitutions in the receptor-binding site. Intraclade 
reassortant HA-1A/NA-4 was identified. B/Yamagata lineage strains belonged to clade 3 bearing 
N116K and N202S amino acid changes in loop 120 and 190, respectively, and T181K in antigenic site 
D. In 2012/2013 all strains of B/Victoria lineage fell into clade 1A and had common substitution of 
K209T in HA1. B/Yamagata lineage strains of clade 2 (B/Brisbane/03/2007-like) bore amino acid 
changes R48K (in antigenic site BC), I150S (in BA), Y165N (in BB2), T181A (in BD). Only two strains 
belonged to clade 3 (B/Wisconsin /01/2010-like). No changes conferring resistance to oseltamivir or 
zanamivir were found in influenza B strains isolated in 2010-2013. Conclusion: Marked heterogeneity 
of the population of circulating viruses, as well as their fast and unpredictable antigenic variability, 
dictates the need for permanent molecular epidemiologic surveillance of circulating influenza viruses 
for annual revision of the composition of influenza vaccines and recommendations for antiviral 
therapy. 
 
 
P2-668 
 
The etiology of influenza-like illness in Jiangsu province, China, 2012 
 
K Xu1, Y Xu2, Li3, Q Yi4, Q Qi1, Y Qin1, C Bao1, A Ge1,R Zu1*, F Tang1* 
 
1Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, China; 2Nanjing Center for 
Disease Control and Prevention, Nanjing, China; 3Suzhou Center for Disease Control and Prevention, 
Suzhou, China; 4Taizhou Center for Disease Control and Prevention, Taizhou, China 
 
Background: The etiology of influenza-like illness (ILI) was not clear in China. Methods: Continuous 
surveillance of outpatients with ILI was conducted from January 2012 to December 2012 to detect 16 
respiratory viruses in three cities (Nanjing, Suzhou, Taizhou) in Jiangsu Province, China. Throat 
swabs were collected for ILI from outpatients during medical visits in the four largest general hospitals 
and two children’s hospitals. Respiratory etiology was detected using real-time PCR by four national 
networks of influenza laboratories. Results: Five hundred and twenty-three viruses were detected in 
samples from 600 (87.16%) patients with ILI. Among them, Streptococcus pneumoniae and 
Haemophilus influenzae type b accounted for 24.17% and 10.33%, respectively. The viruses detected 
most commonly were rhinoviruses (10.33%), influenza A (8.33%), herpes simplex virus (6.33%), 
adenovirus (4.67%), and HCoV-NL63 (4.16%). The rates of influenza A were much higher in April 
(25%; P < .001) and July (31.37%; P < .001) than the average of the whole year. Influenza B was also 
identified with a positive rate of 1.78% to 11.63% in January to May. Coinfections were detected in 29 
(46.77%) influenza-positive patients and were found most commonly with S pneumoniae (29.03%), 
especially in children below 5 years of age. Conclusions: This study confirmed that multiple 
respiratory viruses may circulate concurrently in the population and account for a large proportion of 
ILI. Influenza virus was due to the summer peak of ILI in Jiang Province. 
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P2-669 

Timely alert of influenza-like illness from schoolchildren—using a newly 
established web-accessed syndromic surveillance system in Taipei, Taiwan 

TC Weng1, TC Chan2, HT Lin3#, CK Chang4#, HY Cheng5#, WW Wang4, YR Chu3, AWH Chiu6,7, MY 
Yen6*, Chwan-Chuen King4*

1Department of Medicine, National Taiwan University, Taipei, Taiwan; 2Research Center for 
Humanities and Social Sciences, Academia Sinica, Taipei, Taiwan; 3Systems Administration Office, 
Department of Health, Taipei City Government, Taipei, Taiwan; 4Institute of Epidemiology and 
Preventive Medicine, College of Public Health, National Taiwan University, Taipei, 
Taiwan; 5Department of Pediatrics, National Taiwan University Hospital, Taipei, Taiwan; 6Division for 
Disease Control and Prevention, Department of Health, Taipei City Government, Taipei, 
Taiwan; 7Department of Medicine, National Yang-Ming University, Taipei, Taiwan; #Equal Contribution 

Background: Schoolchildren have longer duration and higher levels of viremia after the infection with 
influenza. They are one of the major sources in transmitting the virus, with cluster cases on campus 
and in families, particularly for a novel influenza virus with a low level of herd immunity. In response to 
the challenge of 2009 influenza A (H1N1) pandemic, Taipei City government officials developed a 
Web-accessed Infectious Disease Syndromic Surveillance for Schoolchildren (WIDSSS) to replace 
the conventional facsimile reporting system. Materials and Methods: School teachers and nurses from 
preschools, primary, and secondary schools to universities in all the 12 districts in Taipei City are 
required to submit daily the numbers of symptomatic cases of influenza-like illness (ILI) through the 
WIDSSS. We retrieved these data from January 2010 to August 2011 and compared the temporal 
trends with the ILI cases obtained from the Emergency Department–based Real-Time Outbreak and 
Disease Surveillance (ED-RODS). Results: The WIDSSS detected 3046 cases of ILI from all the 
registered schools in Taipei City during the study period. Children in primary schools had the highest 
incidence rate, followed by preschools and secondary schools. In school-reported ILI cases, 98.88% 
had consistent reporting with a doctor’s diagnosis and 96.62% requested sick leave. In addition, 
10.64% of the cases reported that their family members presented with similar ILI symptoms. In fact, 
the WIDSSS detected 3 ILI peaks in 2010, one in January and the others before and after the 
summer vacation, with similar patterns as ED-RODS, except summer and winter vacations. Another 
ILI peak in January 2011 was detected occurring 2 weeks earlier than in ED-RODS, with a high 
correlation between the 2 systems [Pearson correlation = 0.95]. Spatial analysis found that the 
transmission pattern of ILI cases rose its incidence rate from suburban areas to the central business 
district in Taipei. In the aspect of public health management, this newly established web-accessed 
system in Taipei City reduced the cost of data processing by 95.5% and saved 59.7% of the time 
spent on the conventional facsimile system. Conclusions: Our WIDSSS is capable of early 
identification of suspected cases of ILI from schools in metropolitan Taipei. It is cost-effective and has 
a user-friendly interface for public health administrators to monitor daily data of ILI for more effective 
risk communication and timely control. Our temporal analysis implies that we can pay more attention 
to surveillance and put in more public health effort from the end of December because incidence rates 
of ILI were higher in January 2010 and 2011. Our valuable experience showed that the WIDSSS can 
be adapted in cities of other countries with higher population densities of schoolchildren to achieve 
more timely and effective surveillance for minimizing the public health threat of influenza pandemic.  
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P2-670 

Virological surveillance of influenza B in Mexico in the period 2011-2013 

G Barrera1*, I López1, T Nuñez1, D Arellano1, J Florani1, M Cruz1, C sources1, O Ruiz1, A Ruiz1, V 
Arevalo1, E García1, B Contreras1, B Torres1, E. Ramírez1, E González1, J Ortiz, P Alcántara1, C 
Ruíz2, P Kuri3, JF Gonzalez4, Red Nacional de Laboratorios de Salud Pública (RNLSP)5

, JA Díaz1 

1Institute of Epidemiological Diagnosis and Reference, Federal District, Mexico; 2General 
Epidemiology Directorate, Federal District, Mexico; 3Subsecretariat for Health Prevention and Health 
Promotion, Mexico City, Mexico; 4Nacional Center of Preventive Programs and Disease 
Control, 5National Network of Public Health Laboratories, Mexico 

Background: Mexico is part of the International Network of Influenza surveillance. Influenza 
Surveillance Network System is conformed by a National Network of Public Health Labs (NNPHL) 
composed of 31 State Public Health laboratories, 6 laboratories of the National Institutes of Health 
System, and 716 Influenza Monitoring Units across Mexico. The system provides information on 
influenza A and B activity. Material and Methods: 10% of ILI and 100% of SARI of each point of care 
unit are processed according to their material resources and a decision making algorithm. From 
January 2011 to May 2013, 953 samples positive for influenza B were received at InDRE by 
Reference, were subject to RT-qPCR to identify Victoria and Yamagata lineages according to Norway 
NIC protocols. Briefly, confirmed positive samples were sent to virus isolation (inoculated into cell 
culture (MDCK) or embryonated hen eggs), isolates with HA ≥ 1:32 were characterized by HI with the 
WHO kit. 10% of selected samples were subject to partial DNA sequencing of matrix, haemagglutinin, 
and neuraminidase gene segments. Results: In 2011, 285 were positive for influenza B, 131 (46%), 
Victoria lineage 154 (54% unidentified). 102 samples were isolated, strains were identified by HAI 
(B/Brisbane/60/2008 and B/Victoria/02/87), the distribution was mainly in the central and southern 
states of the country. In 2012, 538 were positive for influenza B, 279 (51.85%) Victoria lineage, 181 
(33.65%) Yamagata, 78 (14.5% unidentified). 167 samples were isolated, strains were identified by 
HAI (B/Brisbane/60/2008 and B/Wisconsin/01/2010) the distribution was mainly in the central of 
Mexico. In 2013, 91 were positive for influenza B, 38 (41.7%) Victoria lineage, 50 (55%) Yamagata, 3 
(3.3% unidentified). 53 samples were isolated; strains were the same strains of 2012. Conclusions: 
Our results show that Yamagata lineage appeared late in the 2011-2012 season and it frequency was 
5 times high in the 2012-2013 period. This is important for monitoring influenza in Mexico and its 
relationship to the composition of the vaccine that is issued annually by the WHO. 

P2-671 

Virological surveillance for early detection of new antigenic variants of 
influenza virus in Mexico in the 2009-2013 period 

I López1*, G Barrera1, T Nuñez1, D Arellano1, J Florani1, M Cruz1, C Fuentes1, O Ruiz1, A Ruiz1, V 
Arevalo1, E García1, B Contreras1, G Barradas1, L Valenzuela1, E. Ramírez1, M Gonzalez1, E 
González1, J Ortiz1 , D Fragoso1, P Alcantara1, C Ruíz2, P Kuri3, JF Gonzalez4 RNLSP5, JA Díaz1

1Institute of Epidemiological Diagnosis and Reference, Federal District, Mexico; 2General 
Epidemiology Directorate, Federal District, Mexico; 3Subsecretariat for Health Prevention and Health 
Promotion, Mexico City; 4Nacional Center of Preventive Programs and Disease Control, 5National 
Network of Public Health Laboratories, Mexico 

Background: Comprehensive continuous Influenza Virus Surveillance is critical for the identification of 
circulating seasonal strains, as well as for the identification of uncommon influenza activity that may 
signal the appearance potentially pandemic influenza strains. A major reorganization of Mexico´s 
Influenza Surveillance System resulted from the lessons learned from the 2009 pandemic. Material 
and Methods: Currently, Mexico´s Influenza Surveillance Network System is formed by a National 
Network of Public Health laborites (NNPHL) composed of 31 State Public Health laboratories, 6 
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laboratories of the National Institutes of Health System, and 716 Influenza Monitoring Units across 
Mexico. All of them coordinated, regulated, and assisted by the National Influenza Center (NIC) at 
InDRE and the General Epidemiology Directorate. Virological surveillance of influenza viruses in 
nonpandemic years included 10% of ILI cases, 100% of SARI cases, and 100% of associated deaths. 
All samples are analyzed according to a decision making algorithm. Testing methodologies included 
reverse transcription quantitative PCR (RT-qPCR), IHA, microneutralization, antiviral resistance, DNA 
sequencing of M1, M2, HA, NA gene segments and differential diagnosis with the xTAG® respiratory 
viral panel analysis on the Bioplex system. In 2009, the pandemic year, all cases of ILI and SARI 
were analyzed. Samples from severe cases and deceased were analyzed for oseltamivir resistance. 
Results: An outbreak of severe pneumonia cases from specialized hospital in Central Mexico signaled 
an unusual ILI activity back on April 2009. For this year, a total of 153,202 samples were analyses: 
81,849 (53.4%) positive; 69,914 (85.6%) were positive for H1N1pdm09. The seasonal H1N1 
circulating previous to the pandemic strain disappeared. The pandemic strain was also prevalent in 
2009, 2011, and 2012. In 2010 and 2013, the prevalent strain was H3N2. A total of 11 oseltamivir-
resistant samples have been identified between 2009 and 2013. Conclusions: On collaboration with 
CDC, Atlanta Influenza Division and Canada PHL, a response to the ongoing ILI unusual activity was 
mounted. No doubt, Mexico has today a comprehensive influenza surveillance system resulting from 
the lessons learned in the 2009 pandemic.    

P2-672 

Usefulness of nose-blowing specimens for cluster influenza surveillance in 
Yokohama, Japan 

C Kawakami1*, H Ozawa1, T Momoki1, M Saikusa1, S.Usuku1, M.Morita1, Y Tobita1, K,Funayama1, 
T.Mizuno1, K Mitamura2, M Yamazaki3, M Ichikawa4 

1Yokohama City Institute of Health, Yokohama, Kanagawa, Japan; 2Eiju General Hospital, Tokyo, 
Japan; 3Zama Children's Clinic, Zama, Kanagawa, Japan; 4Ichikawa Children's Clinic, Isehara, 
Kanagawa, Japan 

Background: In Japan, influenza surveillance is conducted by virus surveillance, by hospitalization 
surveillance, and by cluster surveillance, which picks up common-cold outbreaks in the community. 
Cluster surveillance has been conducted for many years since 1973, and in Yokohama city, we had 
been collecting gargle fluid specimens and paired sera in new-onset influenza populations. However, 
because the virus isolation rate and gene detection rate from gargle fluid are low and paired sera 
cannot be obtained, we found ourselves in a quandary as to how to report the results. In 2007, nose-
blowing specimens were approved for use with rapid influenza diagnostic kits. We noted that they 
were more sensitive than throat swab fluid and that the collection method was less stressful for 
patients, and since the 2008/2009 season we assessed their usefulness by using a combination of 
gargle fluid and nose-blowing specimens. Materials and Methods: We collected gargle fluid and nose-
blowing specimens from up to 5 patients in an initial-onset population suspected of influenza within 
the jurisdiction of 18 public health center branch offices in the city of Yokohama. We had the gargle 
fluid collected with physiological saline solution and the nose-blowing specimens collected with 
specimen collection paper specially designed for use with the rapid influenza diagnostic kits, and we 
mixed each of them with virus transport medium. MDCK cells were used for virus isolation. The 
National Institute of Infectious Diseases’ primers and probes were used for hemagglutinin (HA) gene 
detection by TaqMan real-time PCR. Results: A total of 188 specimens were collected in 4 seasons at 
55 facilities. According to the subtype, the causative agent was AH1pdm at 5 institutions, AH3 at 45 
institutions, and B at 5 institutions, and there was an overlapping AH1pdm and AH3 population at 1 
institution. The mean interval in days between the onset of illness and sample collection was 2.6 
days, and 92.2% were being treated with an NA inhibitor. Comparison of the virus isolation rates and 
gene detection rates in 3 seasons as a whole showed that the rates for gargle fluid were 56.9% and 
43.6%, respectively, as opposed to 42.0% and 36.2%, respectively, for the nose-blowing specimens, 
and the rates for the nose-blowing specimens tended to be lower. However, combining the results for 
the 2 specimens yielded an isolation rate of 70.7% and detection rate of 59.6%, and thus both the 
isolation rate and detection rate increased considerably when the 2 were used in combination. In the 
comparison according to subtypes, the isolation rates when the results obtained from the 2 specimens 
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were combined were: B, 82.4%; AH1pdm, 81.3%; and AH3, 68.8%, and the detection rates were B, 
76.5%; AH1pdm, 43.8%; and AH3, 60.0%. Eight different products have been approved in Japan for 
testing nose-blowing specimens with rapid influenza diagnostic kits. Their sensitivity is generally 90%, 
and the results are better than the approximately 80% achieved with throat swab fluid. On the other 
hand, the isolation rate and detection rate from nose-blowing specimens for cluster surveillance were 
not as high as expected, and possible reasons for this may be the fact that the nasal mucus was 
diluted with the transport medium for the culture test, that it took time to conduct the tests after 
collecting the specimens, interference with isolation by components of the nasal mucus and the small 
volume of nasal fluid soon after the onset, or that collecting the specimens was difficult because of 
nasal obstruction. Conclusion: Both the isolation rate and detection rate from nose-blowing specimens 
tended to be lower than from gargle fluid, but using a combination of both specimens improved the 
test results. We think that nose-blowing specimens are useful specimens for prevalence surveys and 
for virological searches in sudden outbreaks.  

P2-673 

Contribution of influenza and other respiratory viruses to hospitalization in 
Valencia, Spain, during the 2012-2013 winter season: a prospective hospital-
based active-surveillance study  

J Puig-Barberà1,2*, X López-Labrador X1,3,4, J Díez-Domingo1, M Ruiz-García2, A Buigues-Vila1, J 
Barrenengoa-Sañudo5, R Larrea-González5, R Limon-Ramirez6, M Tortajada-Girbés7, C Carratalá-
Munuera8, H Schwarz-Chavarri9, L Martínez-Priego1, B Escribano-López1, V Gil-Guillén8

1Centro Superior de Investigación en Salud Pública (CSISP), Valencia, Spain; 2Centro de Salud 
Pública de Castellón, Castellón, Spain; 3Universitat de València, Valencia, Spain; 4CIBERESP, 
Instituto de Salud Carlos III, Madrid, Spain; 5Hospital General, Castellón, Spain; 6Hospital La Plana, 
Vila-real, Spain; 7Hospital Doctor Peset, Valencia, Spain; 8Universidad Miguel Hernández, San Juan 
de Alicante, Spain; 9Centro de Salud San Blas, Alicante, Spain 

Background: Few data are available on the age-specific hospitalization rates and circulation patterns 
of most respiratory viruses. As other than influenza respiratory viruses circulate during the winter 
season, taking into account the season and age impact on severe disease of those other respiratory 
viruses can improve the estimates on the burden of influenza obtained by conventional surveillance 
systems or statistical modeling. Using a prospective hospital-based active surveillance system, 
covering 1,266,899 inhabitants (27% of the population in Valencia, Spain), we estimated the overall 
and age-specific hospitalization rates for 14 respiratory viruses during the 2012-2013 winter season. 
Methods: Fieldwork began on epidemiologic week (EW) 46 (12 November 2012) and ended on EW 
16 (20 April 2013). Study staff screened, Monday to Saturday, all previous 24 to 48 hours emergency 
admissions. The medical conditions that qualified an emergency admission as eligible were 
nonspecific acute respiratory infection, cough, fever, pneumonia, chronic obstructive pulmonary 
disease exacerbation, dyspnea, acute cardiovascular disease (heart failure or coronary syndrome), 
sepsis, systemic inflammatory response syndrome, metabolic failure, confusion, convulsions or 
myalgia. Symptom onset within seven days of admission was required. Patients were excluded if they 
were institutionalized or had been hospitalized in the previous 30 days. We obtained nasopharyngeal 
and nasal (< 14 years old) or pharyngeal (≥ 14 years) swabs. Four multiplex rtRT-PCR qualitative 
amplifications were performed: multiplex #1 for influenza virus type A and influenza virus type B; 
multiplex #2 for coronavirus, metapneumovirus, and bocavirus; multiplex # 3 for respiratory syncytial 
virus (RSV), adenovirus and parainfluenza virus; and multiplex #4 for rhinovirus. We estimated age-
specific hospitalization rates per 100,000 for the age groups: 0 to 4; 5 to 17; 18 to 49; 50 to 64; 65 to 
74; and 75 years of age or more. For the 0 to 4 years of age group, we estimated rates by age group 
in months: 0 to < 6; 6 to < 12; 12 to < 23; 24 to < 36; 36 to 59. The denominator was obtained from 
Valencia’s Health Care Population Information System. Results: Overall, 510 patients had a positive 
rtRT-PCR result. Respiratory viruses were associated to 3 hospitalizations for each 1000 subjects 
less than 5 years of age, and one for each 1000 subjects 65 years old or older. The most frequent 
virus identified was influenza (n = 242 positives), followed by RSV  (n = 154 positives), coronavirus (n 
= 53), rhinovirus (n = 51), bocavirus (n = 17) and adenovirus (n = 16); mixed infections, rhinovirus, 
metapneumovirus and parainfluenza were identified in less than 10 occasions. RSV was the most 
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frequent virus identified in those less than five years of age (n = 106 RSV of 204 positives in this age 
group), while influenza (n = 145 of 220 positives in this age group) was the most frequent in those 65 
years of age or older. For admissions with a positive PCR result, 70%, in those less than 5 years old, 
and 87%, in those 65 and over, were associated with those two viruses. Coronavirus was the third 
most frequently identified virus in both age groups (≈ 10%). During the 2012-2013 season, and for 
infants less than 6 months of age, one in 100 was hospitalized with a confirmed RSV infection, one in 
800 was hospitalized with a confirmed coronavirus infection, and one in 1000 with a confirmed 
influenza infection. Conclusions: In both extremes of life, the majority of respiratory virus burden of 
disease was associated with influenza and RSV. RSV followed by influenza predominated in the 
young, and influenza followed by RSV in those 65 years of age or older. Burden of disease due to 
respiratory viruses was higher in those less than 4 years of age, followed by those over 65 years of 
age. Hospitalization rates were extremely high in those less than 6 months of age. The study was 
funded by a grant from Sanofi Pasteur. 

P2-674 

Influenza among people of 50 years and above: national influenza surveillance 
in Bangladesh, 2008-2012 

A Al Mamun1*, SP Luby1,2, ASM Alamgir3, M Rahman1, S Haider3, MZ Rahman1, MA Islam1, T Azim1, 
J Heffelfinger1,3, M Rahman2, K Sturm-Ramirez1,2 

1International Centre for Diarrhoeal Diseases Research, Dhaka, Bangladesh; 2Centers for Disease 
Control and Prevention, Atlanta, Georgia, United States; 3Institute of Epidemiology, Disease Control 
and Research, Dhaka, Bangladesh  

Background: In 2007, the Institute of Epidemiology, Disease Control and Research, Bangladesh, and 
the International Centre for Diarrhoeal Diseases Research, Bangladesh, with the technical help of the 
US Centers for Disease Control and Prevention, established national hospital-based influenza 
surveillance in Bangladesh. The objectives of the surveillance are to characterize the epidemiology 
and diversity of circulating influenza strains and to identify people with severe influenza infection. Age-
specific epidemiologic data permit evidence-based targeted public health programs to prevent 
influenza. Here we report the demographic and clinical characteristics of persons aged 50 years and 
above who sought care for mild and severe respiratory disease during January 2008-December 2012. 
Materials and Methods: Surveillance physicians in each of the 12 participating hospitals identified 
outpatients with influenza-like illness (ILI; with history of fever and cough or sore throat) and 
hospitalized persons with severe acute respiratory illness (SARI; aged ≥ 5 years with history of fever 
within 21 days and cough or sore throat). Staff collected demographics, clinical illness information and 
outcome during discharge. In addition, surveillance physicians obtained nasopharyngeal and throat 
swabs for rRT-PCR to detect influenza A and B RNA, and if found positive for influenza A, then further 
subtyping for influenza A (seasonal H1, H3, H5 and H1N1pdm09). We describe the laboratory results 
of swabs collected from persons ≥ 50 years of age along with their clinical characteristics. Results: 
During 2008-2012, a total of 2276 case-patients ≥ 50 years of age were enrolled in the surveillance; 
1797 were inpatients and 479 were outpatients. Of the inpatients, 1308 (73%) were male whereas 
among the outpatients, 256 (53%) were male. The median age of influenza positive inpatients was 60 
years (interquartile range, IQR: 55-70) and for outpatients it was 55 years (IQR: 50-60) (P < .001). A 
total of 300 (13.2%) samples tested positive for influenza, of which 245 (82%) were from inpatients. 
Irrespective of influenza status, the median duration of hospitalization of all case-patients was 4 days 
(IQR: 2-6). Of all influenza-positive case-patients, 207 (69%) had influenza A, 92 (31%) influenza B 
and 1 (0.3%) had both influenza A and B. Among the influenza A positive case-patients, 119 (57%) 
had influenza A(H3), 84 (41%) had influenza A(H1N1)pdm09 and 5 (2%) had seasonal influenza 
A(H1). Of 175 influenza-positive inpatients, the dominant influenza A subtype was A(H3) in 106 (61%) 
and of 33 influenza-positive outpatients it was (H1N1)pdm09 in 15 (45%) followed by A(H3) in 13 
(39%) case-patients. In all the years except 2008 and 2011, among people ≥ 50 years, we exclusively 
detected influenza A(H3). Since 2009, influenza A(H1N1)pdm09 also was the predominant influenza 
subtype among this age group except in 2011, during which we only detected influenza A(H3). Among 
the inpatients, almost all (99%) had cough, 80% had difficulty breathing, 50% headache, 44% runny 
nose, and 34% had sore throat. A total of 532 (30%) of all inpatients and 67 (14%) of all outpatients 
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had comorbidities (P < .001). Sixty-seven (22%) of all influenza-positive case-patients and 532 (27%) 
of all 1976 influenza-negative case-patients had either history of heart disease or lung disease. 
Among 1797 inpatients we identified 48 deaths (2.7%) during hospitalization. Of 245 inpatients tested 
positive for influenza, six patients died during hospitalization (case fatality proportion 2.4%); of these, 
three (50%) had either heart disease or lung disease. The median age for influenza-positive case-
patients who died was 63.5 years (IQR: 60-70). Conclusions: Although both influenza A and B viruses 
are circulating among persons ≥ 50 years in Bangladesh, this age group is particularly affected by 
influenza A(H3). In low-income countries like Bangladesh, targeting people ≥ 50 years with 
comorbidities for influenza vaccination may help prevent the spread of influenza viruses, influenza-
associated complications and fatal outcome. 
 
 
P2-675 
 
Severe acute respiratory infections in the 2012/2013 season studied by the 
Portuguese Laboratory Network for Influenza Diagnosis 
 
R Guiomar1*, P Pechirra1, P Conde1, P Cristovão1, MJ Silvestre2, MA Santos2, JS Simões3, MR 
Costa3, S Amaral3, JT Guimarães3, G Ribeiro4, L Correia4, A Fernandes5, L Milho5, PL Fernandes6, G 
Andrade6, L Mota Vieira7, R Cabral7, R Moniz7, T Pereirinha7, JB Armas8, ARP Couto8, M Soares8, JM 
Cristino9, D Carvalho9, C Ribeiro9, R Barreto9, R Corte-Real10, P Branquinho10, MH Ramos11, AP 
Castro11, F Caldeira12, M Maurílio12, M Cunha13, C Ornelas13, S Almeida14 

 
1Instituto Nacional de Saúde Doutor Ricardo Jorge, IP, Laboratório Nacional de Referência para o 
Vírus da Gripe, Lisbon, Portugal; 2Centro Hospitalar de Lisboa Central, EPE, Hospital de Curry 
Cabral, Lisbon, Portugal; 3Hospital de São João, EPE, Porto, Portugal; 4Centro Hospitalar da 
Universidade de Coimbra, EPE, Coimbra, Portugal; 5Administração Regional de Saúde do Algarve, 
IP, Laboratório Regional de Saúde Pública Laura Ayres, Sao Pedro, Portugal; 6Hospital Central do 
Funchal, EPE, Madeira, Portugal; 7Hospital do Divino Espírito Santo de Ponta Delgada, EPE, Ponta 
Delgada, Portugal; 8Hospital do Santo Espírito de Angra do Heroísmo, EPE, Azores, 
Portugal; 9Centro Hospitalar de Lisboa Norte, EPE, Lisbon, Portugal; 10Centro Hospitalar de Lisboa 
Central, EPE, Lisbon, Portugal; 11Centro Hospitalar do Porto, EPE, Porto, Portugal; 12Hospital do 
Espírito Santo, EPE, Évora, Portugal; 13Instituto Português de Oncologia de Lisboa, Francisco Gentil, 
EPE, Lisbon, Portugal; 14Centro Hospitalar da Cova da Beira, EPE, Cova da Beira, Portugal 
 
Background: During the 2009/10 influenza pandemic, a network of 14 laboratories located in the main 
reference hospitals in Portugal mainland, Madeira and Azores was established for the diagnosis of 
the new influenza A(H1N1)2009 pandemic strain. Since then, the network performs laboratory 
diagnosis of influenza as well as other respiratory pathogens, thus contributing to the laboratory 
diagnosis of respiratory disease in Portugal. This network is a valuable complement of the National 
Influenza Surveillance Programme (mainly based on primary health care units), enabling a more 
accurate knowledge of the aetiology of severe respiratory infections, especially in hospitalized cases. 
The present study describes the severe acute respiratory infections, in the 2012/2013 season, 
diagnosed by the laboratory network. Materials and Methods: Of the 14 laboratories, 11 reported 
cases of respiratory disease during the 2012/2013 season. The laboratory network performs 
diagnosis of influenza A and B viruses and other respiratory agents by PCR-based methods, also 
enabling the detection of mixed infections. All 14 laboratories perform the detection of influenza 
A(H1)pdm09, 4 perform the influenza A(H1) seasonal and A(H3) subtyping, and 10 participants also 
detect influenza B. Eight laboratories implemented methodologies for the detection of other infectious 
agents associated with respiratory disease. The antigenic characterization of 8 isolated viruses [3 
A(H1)pdm09 and 5 B/Yamagata] was performed at the National Influenza Reference Laboratory. The 
genetic analysis of the HA1 subunit of the haemagglutinin gene was performed in 17 viruses [7 
A(H1)pdm09, 1 A(H3) and 9 B/Yamagata]. Twenty-nine A(H1)pdm09 and 5 B/Yamagata were tested 
for antiviral susceptibility [PCR(NA)-H275Y and/or MUNANA phenotypic assays for oseltamivir and 
zanamivir]. Results: The 11 laboratories reported a total of 1470 respiratory disease cases, from week 
39/2012 to 21/2013 (peak of 205 [13.9%] cases during week 10/2013). Influenza was identified in 504 
cases. Influenza A was detected in 352 (70.0%) cases: 297 (59.0%) cases were A(H1)pdm09, 48 
(10.0%) cases were not subtyped, and 7 (1.0%) cases were A(H3). Influenza B was identified in 152 
(30%) of the influenza cases. During the 2012/2013 season, 311 (21.2%) reported cases were 
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hospitalized in intensive care units (ICUs), the majority of them were aged 50-54 years (34; 10.9%), 
followed by the age groups 45-49 and 55-59 years (28; 9.0% each). The causal agent was identified 
in 160 (51.4%) ICU cases. Influenza was identified in 120 (38.5%) patients, other respiratory agents 
were detected in 40 (12.8%), within these, multiple infections were present in 18 (5.7%). Bacteria 
were identified in 31 (10.0%) cases mainly associated with RSV and hRV. Among ICU influenza 
cases, the most detected virus was A(H1)pdm09 (82; 62.0%). However, cases of A(H3) (3; 2.0%), A 
unsubtyped (8; 7.0%) and B (27; 23.0%) were also detected. As expected, the highest number of ICU 
influenza-positive cases was detected in week 10/2013 (18; 15.0%), coincident with the highest 
number of influenza cases during the entire season. ICU flu cases were detected predominantly in 
individuals aged 50-54 years (18; 15.0%). From the ICU-reported cases, 6 (1.9%) died. The influenza 
A(H1)pdm09 virus was detected in 2 men 50-59 years old from these 6 fatal outcomes. The isolated 
influenza A viruses were similar to the 2012/2013 vaccine strains. The influenza B/Yamagata viruses 
showed a greater antigenic and genetic variability. Conclusions: The Portuguese Laboratory Network 
for Influenza Diagnosis plays a major role in the diagnosis of acute respiratory infections in Portugal, 
providing a more accurate knowledge of the respiratory agents involved. During the 2012/2013 
season, the influenza A(H1)pdm09 virus predominated in co-circulation with influenza B virus. The 
A(H1)pdm09 virus was responsible for the majority of the flu cases admitted to the ICU and may have 
been the cause of death in two cases. Bacterial and other viral agents have been identified in some of 
the severe cases reported. The majority of the characterized influenza viruses were similar to the 
vaccine strains, and none of the viruses showed reduced susceptibility to oseltamivir or zanamivir.  

P2-676 

Respiratory viruses and influenza in three winter seasons, in Portugal 

P Cristovão1, P Pechirra1, A Machado2, B Nunes2, P Conde1, R Guiomar1*

1National Influenza Reference Laboratory, Infectious Diseases Department, National Institute of 
Health, Portugal; 2Department of Epidemiology, National Institute of Health, Portugal 

Background: Respiratory viral disease is a serious public health problem globally, with considerable 
social and economic impact. Respiratory viruses cause respiratory disease that ranges from mild to 
severe pneumonia, contributing to morbidity and mortality throughout the world. The etiologic 
diagnosis based on clinical presentation is very difficult, due to the similarity of clinical presentation of 
respiratory viral infections. To have a more complete knowledge of the viral etiology of influenza-like 
illness (ILI) in Portugal, a search for viral agents (including influenza) was done in the framework of 
the National Influenza Surveillance System, from seasons 2010/2011 to 2012/2013.  Materials and 
Methods: During the 3 winter seasons, cases of ILI (according to the EU case definition) were notified 
by the sentinel and nonsentinel networks. For each studied case, a nasopharyngeal swab collected in 
the first seven days after symptoms onset was received in the National Influenza Reference 
Laboratory. Multiplex real-time PCR for influenza detection was performed on all the samples. All the 
influenza A were subtyped using the Prodesse Proflu+  (GeneProbe, Inc), and influenza B lineage 
was determined using the WHO recommended protocol. The other respiratory viruses―human 
rhinovirus, respiratory syncytial virus A and B, parainfluenza virus 1, 2 and 3, adenovirus and 
metapneumovirus―were detected by multiplex real-time PCR, allowing detection of multiple 
infections. From the first winter, 2010/2011, a random selection of 378 ILI cases (taking into account 
the time and age distribution of cases representing 37.2% of the reported cases) was analyzed. In the 
following seasons 2011/2012 and 2012/2013, all samples were tested for influenza and other 
respiratory viruses, corresponding to 678 cases and 1256 cases, respectively. For the 2012-13 
season, the odds ratio (OR) of being positive for a specific respiratory virus for each sign/symptom 
was calculated. Results: A total of 2312 samples were analyzed for the 3 seasons. In each season 
the causal agent was identified in 68%, 52% and 62% of the samples. The flu virus was the most 
frequently detected agent, accounting for 53.4%, 37.5% and 43.0% of the cases analyzed. In co-
circulation with influenza, hRV and RSV were detected in the highest percentage of cases. The PIV, 
hMPV and AdV viruses were detected sporadically. There were cases of mixed infections of 2 or 
more viruses (representing 1%-2%), mostly associated with the influenza virus. In the three seasons, 
the highest percentage of positive cases was detected in children aged 0-4 years. hRV was detected 
throughout the winter, while RSV circulated simultaneously with the influenza virus. In the 2012-13 
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season and considering signs and symptoms more associated with influenza virus, significant 
association was found with fever (OR = 3.13; 95% CI: 1.89–5.19) and cough (OR = 3.94; 95% CI: 
2.52–6.16). These results were similar if we consider the influenza subtypes A(H1)pdm09 (fever: OR 
= 2.82; 95% CI: 1.4–5.66; cough: OR = 5.43; 95% CI: 2.36–12.48) and B Yamagata lineage (fever: 
OR = 2.24; 95% CI: 1.23-4.07; cough: OR = 1.74; 95% CI: 1.05–2.88). For hRV only, fever (OR = 
0.45; 95% CI: 0.26-0.79) and sore throat (OR = 2.85; 95% CI: 1.51–5.39) were significantly 
associated, while for RSV only sore throat was associated (OR = 2.23; 95% CI: 1.05-4.72). For the 
remaining respiratory viruses (PIV, hMPV and AdV viruses), chills were the only symptom associated 
(OR = 4.04; 95% CI: 1.22–13.35). Conclusions: The detection of other respiratory viruses enabled the 
laboratory diagnosis of more than 50% of ILI cases. The other respiratory viruses accounted for 10%-
15% of the ILI positives, with greater prevalence for hRV and RSV. Influenza and RSV co-circulated 
in the 3 winters as described previously for other countries. For the majority of the investigated 
respiratory viruses, the presence of one or two signs or symptoms was associated with being positive 
for that virus. These included fever/ cough (influenza), sore throat (RSV) and chills (PIV, hMPV and 
AdV viruses). The absence of fever was associated with the detection of hRv.  

P2-677 

Influenza virus detection capacity in the African region―efforts from WHO and 
its partners 

D Naidoo*, T Besselaar, M Lievre, C Fuster, W Zhang 

World Health Organization, Geneva, Switzerland 

Background: The recent emergence of avian influenza A(H7N9) in China has again highlighted the 
importance of global virologic surveillance to detect emerging influenza viruses. The Global Influenza 
Surveillance and Response System (GISRS) was established in 1952 to serve as a global alert 
mechanism for influenza viruses of pandemic potential as well as monitoring the evolution of seasonal 
influenza viruses. Since the reemergence of highly pathogenic influenza A(H5N1) in 2003, many 
partners have supported WHO to develop and strengthen laboratory-based influenza surveillance 
globally. In recent years, additional support has been directed to the African region, where HIV/AIDS, 
malaria and TB, the leading causes of morbidity and mortality, have made the implementation of 
influenza surveillance challenging. Methods: In a collaborative project with USAID, the CDC, and the 
WHO AFRO regional office, countries in which capacity development efforts would be targeted were 
defined using two criteria: 1) establish or strengthen PCR capacity, and 2) strengthen sentinel site 
surveillance activities. Through this approach, countries with limited funds to implement routine 
influenza surveillance would be given the basic capacity to detect influenza viruses and, secondly, 
countries with weak sentinel surveillance systems would be strengthened to provide specimens on an 
ongoing basis for virologic surveillance. Results: Based on an assessment of current regional 
capacities including FluNet reporting, participation in the WHO External Quality Assessment 
Programme (EQAP), and virus sharing, 29 countries were identified with PCR testing capacity with 
capabilities ranging from partially functional to fully functional. Laboratories in two countries met the 
criteria for designation as a WHO National Influenza Center (NIC), ie, Zambia and Tanzania. Five 
countries were identified for PCR strengthening activities: Burundi, Malawi, Mozambique, Republic of 
Congo, and Zimbabwe, and two countries were identified for sentinel site strengthening activities: 
Burkina Faso and Sierra Leone. For countries that met the criteria for NIC designation, additional 
virus isolation training would be provided to strengthen their current capacity. 
Conclusions: Since the implementation of the project, four onsite visits have been performed, focusing 
mainly on training for RT-PCR to detect influenza viruses. Through ongoing coordination with these 
countries, three have participated in WHO EQAP for the first time and one country has shared viruses 
with WHO GISRS. In the next phase of the project, sentinel surveillance activities will be implemented 
to complement the existing PCR capacity. Through the continued support provided by our partners, it 
is hoped that this strategic approach will assist WHO GISRS in broadening its capacities for influenza 
surveillance and detection in resource scarce countries. 
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P2-679 

Influenza virological surveillance in Italy during the 2012-2013 winter season 

S Puzelli, A Di Martino, A Palmieri, M Facchini, C Fabiani, L Calzoletti, M Meola, D Spagnolo, T 
Grisetti, I Donatelli* 

National Influenza Centre, Department of Infectious Diseases, Istituto Superiore di Sanita’, Rome, 
Italy 

Background: This study presents the virologic data collected in Italy by the National Influenza Centre 
(NIC), during the 2012-2013 season, in the context of influenza surveillance activities along with the 
WHO Global Influenza Surveillance Network. Virologic surveillance is routinely carried out by the NIC, 
from week 46 to week 17 of the following year, in collaboration with a network of 14 peripheral 
laboratories (Influnet network), scattered throughout the country. The main objectives of this study 
were to evaluate the match of the circulating viruses with the vaccine strains and to investigate their 
evolutionary relationships, with particular regard to the hemagglutinin (HA) and neuraminidase (NA) 
genes. In addition, antiviral susceptibility analyses were performed on a selected number of virus 
isolates. Materials and Methods: Throat swabs were collected from patients with influenza-like illness 
by a network of sentinel physicians, according to a specific case definition, and sent to the peripheral 
laboratories. A selection of the isolated strains were sent to the NIC for further antigenic and 
molecular characterization. Virus isolation and antigenic analyses were performed according to 
standardized procedures (WHO manual for the laboratory diagnosis and virological surveillance of 
influenza, 2011). PCR amplicons were sequenced using an AB 3500 Genetic Analyzer (Applied 
Biosystems). HA and NA sequences were assembled and aligned using the Lasergene package 
(DNASTAR 4.0) and BioEdit 7.0.3. The MEGA5 software package was used to estimate phylogenies. 
The fluorescence-based enzyme inhibition assay (MUNANA) was used to define viral resistance to 
the NA inhibitor (NAI) drugs (Lackenby A, et al. Euro Surveill. 2008;13:8026). Results: During the 
2012-2013 season, a total of 5535 clinical samples were tested, of which 2125 (39%) resulted positive 
for influenza virus. Of those, 899(42%) were type A and 1226 (58%) type B. Within type A viruses with 
subtype information, H1pdm09 subtype (80%) predominated over H3 viruses (13%). B viruses 
predominated, with the great majority belonging to the Yamagata lineage. Among this lineage, many 
viruses showed a slightly reduced HI reactivity with antiserum raised against B/Wisconsin/1/2010, 
whereas a better reactivity was observed with the B/Massachusetts /02/2012 strain included in the 
influenza vaccine composition for the 2013-2014 season. Phylogenetic analyses of the HA1 domain 
of these viruses showed that they fell into genetic clades 2 and 3, in similar proportions. With regard 
to the B/Victoria-lineage viruses, they were closely related to the B/Brisbane /60/2008 vaccine strain. 
The Italian A(H1N1)pdm09 viruses showed good antigenic reactivity with the vaccine virus, 
A/California/7/2009, and the HA1 sequence analyses indicated that they mainly fell into genetic group 
6 and 7. Phylogenetic analyses of the A(H3N2) viruses showed that they mainly fell into genetic group 
3C. Over 30% of the influenza strains received by NIC during this winter season were also tested for 
susceptibility to NAIs, using both phenotypic and sequence-based assays. All viruses tested were 
sensitive to both NAIs. Differences in the mean IC50 values for oseltamivir and zanamivir, according to 
subtype and NAI, were noted. B viruses were considerably more sensitive to zanamivir (mean IC50: 
3.3 nM) than to oseltamivir (mean IC50: 42 nM); A(H1N1)pdm09 viruses showed higher levels of 
sensitivity to zanamivir than to oseltamivir (mean IC50: 0.36 nM and 1.05 nM, respectively), whereas 
A(H3N2) isolates showed similar IC50 values for both drugs (mean IC50: 0.35 nM for oseltamivir vs 
0.27 nM for zanamivir). Conclusions: Influenza type A and B viruses co-circulated throughout the 
2012-2013 season. The majority (58%) of the characterized influenza strains were type B, mostly 
belonging to the Yamagata lineage. Among type A, H1pdm09 and H3N2 viruses always co-circulated, 
but a gradual increase in H1pdm09 detections was observed during the season. Antigenic and 
molecular analyses of type A viruses showed a good match with the 2012-2013 seasonal vaccine; B 
viruses showed a slight reduced reactivity with B/Wisconsin/1/2010. None of the NA sequences 
analyzed presented mutations typically associated with oseltamivir and zanamivir resistance. 
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P2-680 

Enhancement of the influenza sentinel surveillance network in Senegal 

FD Sarr1*, M Niang2, N Dia2, D Thiam1, D Goudiab2, ML Senghor1, D Kiori2, T Faye1, IO Ba3, V 
Richard1

1Epidemiology Unit, Pasteur Institute, Dakar, Senegal; 2Virological Unit, Pasteur Institute, Dakar, 
Senegal; 3Ministry of Health, Dakar, Senegal 

Background: Implementation of surveillance tools and quality of data collected are necessary to 
improve public health decision-making. Influenza sentinel surveillance has been conducted in Dakar 
(the capital city of Senegal) since 1996. But, it was limited until 2012 to virologic surveillance and was 
not coupled with epidemiologic surveillance. We describe the challenges and steps involved in 
improving the sentinel surveillance system in Senegal and the well-timed information it provides. 
Methods: The network encompasses primary health care centres (sentinel sites) situated across the 
country and is managed by a steering committee that includes epidemiologists and virologists from 
IPD and public health managers from the MoH. The network has been expanded from 3 ILI sentinel 
sites in 2011 located in Dakar to 12 sentinel sites in 2013 to improve the geographic coverage and 
representativeness. Since March 2012, a daily report by cell phone has been introduced. Indeed, 
SGP report some data (number of patients with fever, number of ILI cases, et.) at least every day 
through an encrypted short message service. The sentinel surveillance system makes use of 
syndromic indicators to monitor the occurrence of selected diseases of importance for the country. 
The main criterion for inclusion of case-patients into the system is fever. Among patients with fever, 
other screening criteria (based on syndromic case definitions) are used to identify specific syndromes, 
namely, malaria, ILI and dengue-like syndromes. Standard WHO case definitions are used for 
comparability purposes. Virologic surveillance has been enhanced with the introduction of real-time 
multiplex RT-PCR targeting 16 respiratory viruses. Results: From week 11 in 2012 to week 23 in 
2013, 89,512 visits were declared by the SGP. If we consider the different age groups, the distribution 
was 19,171 (21.4%) for the less than 1-year-old group, 25,839 (28.9%) for the 1-4 years group, 
17,725 (19.8%) for the 5-14 years group, 7465 (8.3%) for the 15-24 years group and 19,310 (21.6) for 
the age group older than 24 years. In total, 18,222 febrile patients were declared (20.4% of all visits) 
and 3331 ILIs (18,3%). The distribution of ILI by age groups was 580 (17.4%) for the less than 1-year-
old group, 1363 (40.9%) for the 1-4 years group, 690 (20.7%) for the 5-14 years group, 168 (5.0%) for 
the 15-24 years group and 497 (14.9%) for the age group older than 24 years. A total of 1416 viruses 
were detected among 1329 samples: 297 adenoviruses (21.0%), 228 rhinoviruses (16.1%), 201 
enteroviruses (14.2%), 197 respiratory syncytial viruses (13.9%) (177 type A and 20 type B), 145 
influenza B viruses  (10.2%), 132 influenza A(H3N2) viruses (9.3%), 82 bocaviruses (5.8%), 55 
human metapneumoviruses (3.9%), 41 coronaviruses (2.9%) and 38 human parainfluenza viruses 
(2.7%). During the period, adenoviruses, rhinoviruses, enteroviruses and bocaviruses were regularly 
detected. RSV were also present during numerous weeks. Influenza B viruses have been detected 
during the first months of 2013. The influenza A virus circulation was detected in October 2012; this 
result was different in comparison with prior years where the high level of circulation was between 
July and August. Conclusions: Our syndromic sentinel surveillance network represents the first 
nationwide real-time–like surveillance system ever established in Senegal. It is clear that the greatest 
advantage of this system is its low cost and ease of implementation. It proved to be a cost-effective 
system that can be easily established in medium- or low-resource countries. 

595Surveillance



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-681 

First year follow-up of respiratory viral infection through the cohort study in 
Dielmo and Ndiop (Senegal) 

M Niang1*, N Dia1, FD Sarr2, D Kiori1, A Badiane2, D Goudiab1, ML Senghor2, IO Ba3, C Sokhna4, D 
Thiam2, V Richard2  

1Virological Unit, Pasteur Institute, Dakar, Senegal; 2Epidemiolgy Unit, Pasteur Institute, Dakar, 
Senegal; 3Ministry of Health, Dakar, Senegal; 4Research Institute for Development, Dakar, Senegal 

Background: Acute respiratory infection (ARI) is one of the leading causes of child morbidity 
worldwide. In Senegal, with the decrease of malaria incidence, ARIs tend to become the main cause 
of morbidity in children under five years old. Since March 2012, a respiratory virus surveillance has 
been implemented in the two research platforms of Dielmo and Ndiop, initiated in 1990 to document 
the natural history of malaria. The aim of this work is to study the viral circulation among febrile 
patients. Methods: Historical clinical surveillance from Dielmo and Ndiop village has been enhanced 
by a systematic virologic surveillance targeting all the fever syndrome cases. A standardized clinical 
form was used for each patient of the two rural community cohorts and was entered into a database 
since 1990. Each compound was visited daily to rapidly detect new cases of fever. The dispensary at 
the two research sites remained open day and night and the care was free of charge. Since 2012, 
both nasopharyngeal swabs and blood samples were collected from each febrile patient (temperature 
≥ 38°C). Influenza-like illness (ILI) was defined as a febrile patient with cough or sore throat; opposite, 
other febrile patients were included in non-ILI group. Furthermore, annual systematic blood sampling 
was carried out in all the inhabitants of the two villages for serologic studies among the healthy 
population. The swab samples were tested for the detection of 16 respiratory viruses by real-time RT-
PCR. Results: From 1st March 2012 to 31st March 2013, a total of 2440 visits were identified and 567 
fever syndromes (23.2%) were declared:  302 (53.3%) in Dielmo, 265 (46.7%) in Ndiop. Fever 
syndromes represented 33.7% in Dielmo and 17.2% in Ndiop of the global care activity. A total of 486 
swab samples (85.7%) were collected among all the febrile patients. Of these samples, 310 (63.8%) 
were positive: 178 mono-infections, 88 dual infections and 44 infections with more than two viruses. In 
total, 499 viruses were identified: 114 adenoviruses (22.8%), 91 enteroviruses (18.2%), 90 
rhinoviruses (18.0%), 56 influenza A(H3N2) viruses (11.2%), 49 influenza B viruses (9.8%), 32 
respiratory syncytial viruses (6.4%) (28 type A and 4 type B), 20 metapneumoviruses (4.0%), 20 
coronaviruses (4.0%) (14 OC43, 3 NL63, 3 229E), 18 bocaviruses (3.6%), 9 human-influenza viruses 
(1.8%) (2 HPIV-1 and 7 HPIV-4). Among fever syndromes, 329 were ILI (58.0%): 183 in Dielmo 
(60.6%) and 146 in Ndiop (55.1%). Among these patients, 284 (86.3%) were sampled and 209 
(73.6%) were positive for at least one respiratory virus. Among the 238 non-ILI patients, 202 (84.9%) 
were sampled and 101 (50%) were positive for at least one respiratory virus. The positive rate was 
statistically different between ILI and non-ILI patients (OR = 2.7; 95% CI: 1.8-4.2; P < .001). However, 
32.5% of the positive samples were from febrile non-ILI patients. Among all the positive influenza A 
and B samples, the non-ILI positive samples represented 17.8% and 22.5%, respectively. The 
proportion of detected viruses was statistically different between ILI and non-ILI patients for influenza 
A (respectively, 16.2% and 4.9%; OR = 3.7; 95% CI: 1.8-8.5; P < .001) and influenza B (respectively, 
13.4% and 5.4%; OR = 2.7; 95% CI: 1.3-5.9; P < .01) but not for others viruses. Conclusions: The 
circulation of respiratory viruses is well documented. However, the burden measure needs to extend 
the identification among healthy inhabitants (serologic study). In this regard, the cohort is an 
interesting tool to document the epidemiology of respiratory viral infections. Furthermore, a well-
documented cohort will be interesting for future vaccine clinical trial implementation. 
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P2-682 

Rapid Determining HA Subtypes of Influenza A Viruses Using Restriction 
Fragment Length Polymorphism 

Y-F Xu*, X-F Wan 

Department of Basic Sciences, College of Veterinary Medicine, Mississippi State University, 
Mississippi State, Mississippi, United States 

Background: Influenza A virus presents a threat to both animal and public health. To date, 17 different 
hemagglutinin (HA) subtypes (H1-H17) have been reported. Conventional methods for HA subtypes 
are based on either serological assay or genomic sequencing, and these HA subtyping methods are 
relatively time consuming. Materials and Methods: Here, we developed a novel restriction fragment 
length polymorphism (RFLP) based HA subtype identification method. The hypothesis of this method 
is that the influenza viruses in the same HA subtype have similar RFLP patterns, while those from 
different HA subtypes have different RFLP patterns. In this method, a Bayesian method is developed 
to learn the RFLP patterns conserved in the same HA subtypes but different in different HA subtypes. 
The enzymes will be ranked based on the performance in HA subtyping. This method can integrate 
multiple enzymes to improve performance by combining the posterior probabilities of each enzyme by 
product rule. Results: This method is applied in influenza A virus dataset containing 14,011 full length 
of HA sequences, which cover 17 HA subtypes. From 615 restriction enzymes, our method reached a 
top recognition rate of 80.49% with 1 enzyme (MunI). Recognition rate increased to 99.14% when 
RFLP patterns of 5 enzymes (MunI, XhoII, PsuI, BbvI, and BstMWI) were combined. Further analyses 
showed that, with these enzymes, RFLP patterns of test sequences were consistent with most 
sequences from their true subtype, while greatly different from other subtypes. Conclusions: The 
results demonstrated that the method could efficiently determining the viral HA subtype with RFLP 
patterns of a few restriction enzymes, and thus can be used to facilitate influenza A virus HA subtype 
identification. 

P2-683 

Influenza- and respiratory syncytial virus–associated hospitalizations among 
patients attending private hospitals in South Africa, 2006-2012 

R Kyeyagalire1*, S Tempia2,3,4, AL Cohen2,3, JM McAnerney4, C Cohen4,5 

1Department of Public Health, University of Oxford, Oxford, United Kingdom; 2Influenza Division, 
Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 3Influenza Program, 
Centers for Disease Control and Prevention, Pretoria, South Africa; 4Center for Respiratory Diseases 
and Meningitis, National Institute for Communicable Diseases of the National Health Laboratory 
Service, Johannesburg, South Africa; 5Faculty of Health Sciences, University of Witwatersrand, 
School of Public Health, Johannesburg, South Africa 

Background: Influenza and respiratory syncytial virus (RSV) infections are common causes of 
pneumonia and are responsible for substantial global morbidity and mortality every year. The burden 
of influenza- and RSV-associated hospitalizations has been well characterized in developed 
countries, but such information remains scanty in low- and middle-income countries. Age-specific 
hospitalizations can inform policy-makers in sub-Saharan Africa how to design specific control 
measures targeting those most affected. We estimated the number of influenza- and RSV-associated 
hospitalizations among individuals of any age presenting to a national private hospital group in South 
Africa from 2006 through 2012. Methods: We estimated the number of influenza- and RSV-associated 
hospitalizations in 7 age categories (< 1, 1-4, 5-24, 25-44, 45-64, 65-74, and ≥ 75 years of age) using 
hospitalization data coded according to the International Classification of Diseases, 10th Edition, from 
a national private hospital group and influenza and RSV surveillance data from the National Health 
Laboratory Service Corporate Data Warehouse, a database that includes all patients tested for 
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influenza and RSV by the national laboratory network. The private hospital group is the third largest in 
South Africa, representing 28% of private health care service providers. We modeled excess 
hospitalizations attributable to influenza and RSV infection by applying Poisson regression models to 
weekly all-respiratory (ICD-10: J00-J99), all-circulatory (ICD-10: I00-I99) and pneumonia and 
influenza (P&I) (ICD-10: J10-J18) hospitalizations. The full model included covariates for time trends 
and seasonal variations, as well as influenza and RSV detection rates. Results: Annually, seasonal 
RSV circulation peaked between March and April, followed by influenza that peaked between May 
and August. Increases in weekly hospitalization numbers coincided with peaks in RSV and influenza 
viral circulation. Over the study period, a mean of 530,345 hospitalizations was reported annually from 
the private hospital group, of which 61,947 (11.7%) were attributable to respiratory illnesses, 44,085 
(8.3%) to circulatory illnesses and 20,014 (3.8%) to P&I as the primary cause of hospitalization. Our 
model estimated that the mean annual number of influenza-associated hospitalizations was 2680, 198 
and 1625 among all-respiratory, all-circulatory and P&I cause of hospitalization, respectively. This on 
average accounted for 4.3%, 0.5% and 8.1% of the total hospitalizations in the same categories. RSV 
was associated with a mean of 3779 and 1395 hospitalizations accounting for 6.1% and 7.0% among 
all-respiratory and P&I causes of hospitalization, respectively. No RSV-associated hospitalizations 
were found among all-circulatory causes of hospitalization. There were variations in the percentages 
of influenza- and RSV-associated hospitalizations among the different age groups. Of the 1625 
patients hospitalized with a diagnosis of P&I, influenza-associated cases accounted for 1.5% 
(66/4476) of P&I hospitalizations among patients aged < 1 year, 5.2% (138/2638) among those 1-4 
years, 16.0% (380/2377) among those 5-24 years, 9.0% (335/3731) among those 25-44 years, 10.9% 
(380/3494) among those 45-64 years, 9.1% (132/1453) among those 65-74 years and 10.5% 
(194/1845) among those aged > 75 years. All the 1395 P&I hospitalizations associated with RSV were 
observed in patients below 25 years of age, accounting for 16.5% (739/4476) among those aged < 1 
year, 17.6% (464/2638) among those 1-4 years, and 7.8% (185/2377) among those 5-24 years. 
Conclusions: Our model estimated that influenza and RSV substantially contributed to private-sector 
hospitalizations in South Africa in the period we studied. Influenza-associated hospitalizations were 
identified across all age-groups and accounted for a larger proportion of hospitalizations in the < 5 
and ≥ 65 year age groups. The burden of RSV-associated hospitalizations was greatest in individuals 
< 5 years of age, whereas no RSV-associated hospitalizations were detected in individuals ≥ 25 years 
of age. 

P2-684 

Evolutionary and genetic characterization of Romanian H5N1 highly-
pathogenic avian influenza A virus 

S Watson1*, W Howard2, G Baillie1, M Alkhamis4, S Franz1, J Onita3, R Cioranu3, M Turcitu3, R Focosi-
Synman2, B Choudhury2, J Banks2, P Kellam1, I Brown2 

1Wellcome Trust Sanger Institute, Cambridge, United Kingdom; 2Animal Health and Veterinary 
Laboratories Agency, Addlestone, United Kingdom; 3Institute for Diagnosis and Animal Health, 
National Reference Laboratory for Animal Health, Bucharest, Romania; 4Center for Animal Disease 
Modeling and Surveillance, University of California, Davis, California, United States 

Background: H5N1 highly-pathogenic avian influenza (HPAI) was first detected in farmed geese in the 
Guangdong province of southern China in 1996. Since then, H5N1 HPAI has undergone significant 
evolution, diversifying into 20 distinct clades, numbered 1-20, each with multiple sublineages. During 
an outbreak in an animal market in Hong Kong in 1997, the virus was detected in humans. Since 
then, the virus has geographically spread into Southeast Asia, India, Russia, Africa, the Middle East, 
and Europe, sporadically infecting humans with up to a 60% mortality rate. While sustained human-to-
human transmission has not been detected, H5N1 HPAI remains a cause for concern, and a risk of 
becoming a human pandemic. Materials and Methods: In response to the H5N1 HPAI incursion into 
Europe in 2005, European member states set up an avian influenza surveillance network. Under this 
surveillance network, 90 H5N1 samples from outbreaks in Romania between 2005 and 2010 were 
collected. In this study, we have generated 78 complete H5N1 genomes from these samples through 
next-generation sequencing (NGS). Here, we investigate the number and timings of introductions into 
Romania, as well as assessing the incidence and frequency of mutations associated with virulence 
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and host-adaptation. Results: By combining these data with other H5N1 sequences in GenBank, we 
show that the spread of H5N1 across Asia and Europe follows the flyways of migratory birds. We 
further show that there have been at least 3 introductions of clade 2.2 H5N1 HPAI into Romania 
between 2005 and 2007, and that the 2010 outbreak was a separate introduction of a 2.3.2 clade. 
With these data, we see that the Romanian outbreak directly seeded subsequent European and 
African outbreaks. We also analyze our sequences and phylogenies in the context of mammalian 
adaptation and aerosol-transmission mutations. Conclusions: These results give an important insight 
into the evolutionary processes of avian H5N1; by understanding the patterns of transmission and the 
molecular evolution of the virus, we are better able to assess and respond to the threat of H5N1 HPAI 
to human public health. 

P2-685 

Influenza virus surveillance conducted by the Institute Adolfo Lutz, São Paulo, 
SP, Brazil: 2013 influenza season 

T Paiva1*, M Benega1, D Silva1, K Santos1,J Pereira1, N Sasaki1, A Avelino1, R Paulino1,T Ikeda2, P 
Silva1,T Barbosa1, A Cruz2, S Curti1, C Santos1 ,T Carvalhanas3

1Núcleo de Doenças Respiratórias, Instituto Adolfo Lutz, São Paulo, SP, Brazil; 2Núcleo de Cultura de 
Células, Instituto Adolfo Lutz, São Paulo, SP, Brasil; 3Divisão de Doenças de Transmissão 
Respiratória/CVE 

Background: Taking into account the shift in the period of influenza virus circulation regarding the 
influenza virus season 2013 in the state of São Paulo, Brazil, when compared with previous years, a 
surveillance task has been carried out as a means to cooperate with timely influenza virus variants 
detection and influenza virus strains selection for vaccine production. In contrast to many other 
vaccines, influenza vaccines are frequently updated so as to be most effective against newly evolving 
human influenza viruses that are likely to circulate in the following influenza season. Nowadays, in 
addition to the preventable measure represented by the influenza virus vaccine campaign, antiviral 
drugs reinforce the control and treatment of influenza. Facing the benefits provided by both strategies, 
monitoring influenza strains is the key for their successful utilization. Materials and Methods: 
Surveillance was conducted in 17 sites distributed among the Southeast, Midwest, North, and 
Northeast regions of Brazil. Patients with influenza-like illness enrolled in the study, provided 
nasopharyngeal swabs, and basic clinical data were collected on a standard form provided by the 
Ministry of Health of Brazil. From January to mid-June 2013, during the influenza season, a total of 
7713 combined swabs specimens (nasopharyngeal and throats) were sent to the Institute Adolfo Lutz, 
was cooperates with the National and Global Influenza Surveillance Network. From these, 7111 came 
from São Paulo state; and 386, 96, and 120 respiratory specimens came from the Midwest, Northeast 
and North regions, respectively. The specimens were first tested by real time–reverse transcription 
polymerase chain reaction (rRT-PCR) by using the standard CDC protocol for (rRT-PCR). All 
specimens from sentinel sites positive by rRT-PCR were selected for virus isolation in MDCK cells 
and antigenic and molecular characterization have also been performed. Results: Virological 
surveillance reported the following results: 1214 (20%); 58 (1%), and 242 (4%) were identified as 
influenza A (H1N1) pdm09, A (H3) and influenza B, respectively. A total of 75% of the specimens 
collected from patients presenting with influenza-like syndrome yielded negative results for influenza 
virus infection. Conclusion: Influenza virus surveillance shows the mismatch between the World 
Health Organization (WHO) influenza B vaccine composition, recommended for the South 
Hemisphere, and the circulating influenza B viruses identified during the influenza season 2013. 
Antigenic characterization of influenza B viruses isolated revealed the circulation of influenza 
B/Victoria lineage; on the other hand, the B vaccine component selected for the South Hemisphere 
corresponds to B/Yamagata lineage. Influenza virus surveillance data will certainly assist the national 
public health authorities in order to make decisions on a quadrivalent vaccine composition. Antigenic 
characterization and molecular analysis have demonstrated that the influenza A/California/7/2009 
(H1N1) pdm09-like virus are classified into 6 and 7 genetic groups which were antigenically 
indistinguishable. Influenza A/Victoria/361/2011(H3N2)–like virus has been identified, during influenza 
virus season 2013. Both H1 and H3 virus strains identified, in this surveillance task, match the WHO 

599Surveillance



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

vaccine composition recommended for the South Hemisphere. These data show how important the 
follow-up of influenza virus surveillance is to keep the influenza vaccine composition updated.  

P2-686 

Disproportionate impact of influenza B viruses in influenza-associated 
pediatric deaths 

L Brammer*, L Blanton, L Finelli 

Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: In the United States, influenza-associated deaths in children < 18 years of age became 
a nationally notifiable condition in 2004. During the nonpandemic influenza seasons from 2004-05 to 
2011-12, the annual number of deaths reported has ranged from 34 to 123.  Although influenza A 
viruses are perceived to result in more severe illness, a large number of pediatric deaths were 
associated with influenza B virus infection. To better understand the role of influenza B viruses in 
severe illness in children, we compared children who died with influenza A virus infection to those with 
influenza B infection for both preschool and school-age children and compared the relative 
proportions of influenza A and B viruses reported in fatal cases to those reported through virologic 
surveillance. Materials and Methods: Virologic surveillance data were obtained from the US WHO 
collaborating laboratories system for persons aged 0-4 years and 5-24 years. Data from the Influenza-
Associated Pediatric Mortality Reporting System were examined for influenza virus type, underlying 
medical conditions, bacterial coinfections, location of death, and number of days hospitalized prior to 
death for children 0-4 (preschool) and 5-17 (school-age) years of age. Data from the 2009 pandemic 
period were excluded from both data sources. Results: For all seasons combined, 25% of viruses 
among children 0-4 years and 32% of viruses among persons 5-24 years reported to the CDC by US 
WHO collaborating laboratories were influenza B viruses. Among pediatric deaths, 27% among 
preschool-age and 43% among school-age children were associated with influenza B infection. For 
preschoolers, the percentage of deaths due to influenza B viruses was slightly higher than that 
reported through surveillance during 4 of the 6 influenza seasons examined, but the differences were 
not statistically significant for any season or for all seasons combined. Among school-age children, 
the proportion of influenza B virus infections among children who died was higher than that seen in 
surveillance in all 6 seasons, and was statistically significant  for the 2007-08 season (P =.003) and 
for all seasons combined (P ≤ .001). Preschool children who died with influenza B virus infection were 
more likely to have an underlying medical condition (60% vs 41%; P = .02), have asthma (25% vs 6%; 
P = .0004), and to have asthma as their only underlying condition (17% vs 3%; P = .004) compared 
with those infected with influenza A viruses. In contrast, school-age children who died with an 
influenza B infection were less likely to have asthma (10%) than children with influenza A infection 
(23%; P = .01) and equally likely to have any underlying condition or asthma as their only underlying 
condition than children with influenza A infection. No statistically significant differences by virus type 
were seen for the presence of bacterial coinfections, location of death, or the number of days 
hospitalized prior to death for either age group. Conclusions: The proportion of children age 0-4 years 
who died of influenza B infection was similar to that seen in virologic surveillance data. However, for 
school-age children, the proportion with influenza B was higher among children who died compared 
with surveillance data, and they were less likely to have asthma. From this, it appears that influenza A 
infections are more severe than influenza B for younger children, but for older children, influenza B 
infections are the more severe and more likely to lead to death in previously healthy children than are 
influenza A infections. 
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P2-687 

Epidemiological and clinical description of human metapneumovirus 
infectious diseases in Mbagathi District Hospital, Kenya, in 2008 

R Nzunza1,2* E Wurapa2, N Kariuki3, J Chek4, J Ongus1, W Bulimo2 

1Institute of Tropical Medicine and Hygiene, Jomo Kenyatta University of Agriculture and Technology, 
Juja, Kenya; 2US Army Medical Research Unit-Kenya, Nairobi, Kenya; 3GDD/IEIP-Kenya, Nairobi, 
Kenya; 4University of Nairobi, Department of Biochemistry, Nairobi, Kenya 

Background: Human metapneumovirus (hMPV), a recently identified respiratory virus, is a leading 
cause of acute respiratory tract infection in children, the elderly, and immune-compromised persons. 
Studies have been done in a hospitalized pediatric population in coastal Kenya. However, there is 
limited information about the prevalence, epidemiology, and clinical presentation of hMPV infections 
in the general population. The aim of this study was to outline the epidemiologic and clinical 
description of human metapneumovirus infectious disease in patients attending the outpatient 
department of Mbagathi District Hospital, Kenya, in 2008. Methods: A retrospective study was 
conducted from 2008 in patients ≥ 2 months of age presenting at the outpatient department of 
Mbagathi District Hospital for acute respiratory infection. Nasopharyngeal swabs were systematically 
tested for several respiratory viruses. Epidemiologic and clinical characteristics of hMPV-infected 
children were compared  with those of patients with respiratory syncytial virus (RSV) and other viral 
infections. Results: A total of 498 patients were enrolled in this study. Viral investigations detected a 
total of 271 viruses. Of these, 77 (15.5%) were hMPV infections, 78 (15.7%) seasonal flu A, 60 (12%) 
seasonal flu B, 13 (2.6%) panenterovirus, 36 (7.2%) parainfluenza viruses, and 6 (1.2%) RSV 
infections. Human metapneumovirus infections were higher in males (43, 55%) than in females (34, 
45%), and predominantly in children ≤ 5 years (97%), only 2 (3%) were aged between 6 and 9 years. 
The hMPV infection had peaked in January-February, and was uncommon after March. Most of the 
patients infected with hMPV were < 1 year of age, and cough (100%) and difficulty in breathing (75%) 
were the predominant diagnosis in these patients with clinical symptoms of a lower respiratory tract 
infection. The severity of the disease was similar to those of RSV patients. Conclusions: These results 
highlight that hMPV plays an important role in seasonal acute respiratory tract infections, especially in 
children, with a severity similar to RSV infections. This work is ongoing to cover the wider Kenyan 
population. 
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P2-688 

Evaluation of two influenza surveillance systems in South Africa 

E Budgell1,2*, AL Cohen3, J McAnerney2, S Walaza2, SA Madhi2,4, E Variava5,6, H Dawood7, K Kahn8, 
S Tempia3,9, M Venter2,10, C Cohen2,11 

1Department of Public Health, University of Oxford, Oxford, United Kingdom; 2Centre for Respiratory 
Diseases and Meningitis, National Institute for Communicable Diseases of the National Health 
Laboratory Services, Johannesburg, South Africa; 3Influenza Division, Centers for Disease Control 
and Prevention, Pretoria, South Africa and Atlanta, Georgia, United States; 4Department of Science 
and Technology/National Research Foundation: Vaccine-Preventable Diseases, University of the 
Witwatersrand, Johannesburg, South Africa; 5Klerksdorp Tshepong Hospital, Klerksdorp, South 
Africa; 6School of Medicine, University of the Witwatersrand, Johannesburg, South 
Africa; 7Pietermaritzburg Metropolitan Hospital Complex, Pietermaritzburg, South Africa; 8MRC/Wits 
Rural Public Health and Health Transitions Research Unit (Agincourt), School of Public Health, 
Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa; 9CTS 
Global, Inc, Los Angeles, United States; 10Zoonoses Research Unit, Department of Medical Virology, 
University of Pretoria, Pretoria, South Africa; 11Schools of Public Health and Pathology, University of 
the Witwatersrand, Johannesburg, South Africa 

Background: Influenza surveillance programmes should provide timely, good quality virologic and 
epidemiologic data on mild and severe respiratory disease to facilitate epidemic and pandemic 
detection and guide clinical and public health interventions. Surveillance for outpatient influenza-like 
illness (ILI) and inpatient severe acute respiratory illness (SARI) can contribute to an understanding of 
the spectrum of influenza illness in resource-limited settings. This study evaluated two influenza 
surveillance systems in South Africa: surveillance for outpatient ILI through the Viral Watch (VW), and 
surveillance for hospitalized pneumonia through the SARI system. Methods: ILI surveillance is 
performed voluntarily at 205 sentinel sites in private and public clinics in all 9 provinces; it was 
established in 1984 to collect virologic influenza surveillance data. SARI surveillance is performed at 6 
sentinel sites in public hospitals in 4 provinces by teams of dedicated personnel; it was established in 
February 2009 to collect detailed epidemiologic and virologic influenza surveillance data. Both 
systems were compared for weekly laboratory-confirmed influenza detection rates, peak detection 
rates, and season start and end dates (defined as influenza detection rates > 10% and < 10% for two 
consecutive weeks, respectively) from 2009 to 2012. Using criteria established by the US Centers for 
Disease Control and Prevention, nine surveillance system attributes were also assessed; this 
included quantitative analyses of data quality, timeliness, sensitivity, and positive predictive value, and 
qualitative descriptive analyses of representativeness, simplicity, flexibility, acceptability, and stability. 
Results: Influenza seasonality was analysed using surveillance data collected between 01 January 
2009 and 31 December 2012 from 18,296 SARI patients and 11,102 ILI patients (VW). The nine 
surveillance system attributes were analysed using surveillance data collected between 01 January 
2009 and 30 June 2012 from 15,271 SARI patients and 8654 ILI patients. Compared with the SARI 
system, VW registered the influenza season mean start date 2.3 weeks earlier, the mean peak 1.0 
week earlier, and the mean season end date 1.0 week later. VW had consistently higher rates of 
influenza detection (mean = 40.5% positive; range = 38.3-43.0; n = 9104) than SARI (mean = 7.9% 
positive; range = 5.2-10.7; n = 18,293) in all four years analysed. The proportion of circulating 
influenza strains was similar between VW and SARI systems, except in 2011 when VW identified 
more A(H1N1)pdm09 than SARI (74.6% vs 39.5%). The current World Health Organization 
recommended ILI case definition was introduced into VW in March 2012; using enrolled ILI patients 
who did not meet the case definition as a comparator, this slightly improved sensitivity (89.8%; 95% 
CI: 88.4-91.1) and specificity (30.9%; 95% CI: 29.2-32.7) of identifying laboratory-proven influenza 
compared with the ILI case definition previously used (sensitivity 87.0% [95% CI: 85.4-88.4], 
specificity 26.4% [95% CI: 24.7-28.1]). Relative strengths of VW included simplicity, minimal cost, 
representativeness, long-term stability, and timeliness (97.9% of ILI cases had respiratory specimens 
collected within 7 days of symptom onset; n = 5659). Relative weaknesses of VW included poor data 
quality measures such as form completion (61.7% overall; n = 8556) and poor adherence to ILI case 
definitions (77.5% overall; n = 5237). VW also collects minimal epidemiologic patient data. By 
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comparison, SARI surveillance collects detailed epidemiologic patient data and has excellent data 
quality (40/43 key data elements on patient interview forms had completeness measures above 90; n 
= 15,189 forms) and timeliness (90.5% had respiratory specimens collected within 7 days of symptom 
onset; median = 4 days). Limitations of the SARI programme included representativeness and 
simplicity, as the programme demands substantial investment, with operating costs totalling 
approximately US $1 million per year.  Conclusions: The VW programme meets a number of virologic 
influenza surveillance objectives and is more representative, financially sustainable, and expandable 
than the SARI surveillance system. However, it is of limited use in characterising the epidemiology, 
risk factors, or burden of influenza. The SARI system meets many virologic and epidemiologic 
influenza surveillance objectives, and is better designed to improve our understanding of the 
epidemiology of influenza. Surveillance for influenza through the SARI system may be better suited to 
address questions of public health priority in South Africa. 

P2-689 

Noninfluenza viral etiology associated with acute respiratory infection in 
children under five years in Cote d’Ivoire 

A Ouattara1*, HA Kadjo1, M Adagba1, BK Kouakou1, EV Adjogoua1, D Coulibaly2, M Dosso1 

1Pasteur Institute, Abidjan, Cote d’Ivoire; 2Institut National d’Hygiene Publique, Abidjan, Cote d’Ivoire 

Background: Acute respiratory infections (ARIs) are one of the major causes of morbidity and 
mortality in young children throughout the world, especially in developing countries, where up to 1.9 
million children die each year due to ARIs, 70% of them in Africa and Southeast Asia. The majority of 
acute lower respiratory tract infections (ALRTIs) in developed countries have been reported to be 
often due to viral pathogens. However, information on these viruses in developing countries is limited, 
probably because of the paucity of modern diagnostic molecular techniques. These infections are 
therefore treated unsuccessfully with antibiotics based on suspicion of bacterial causes. In Cote 
d’Ivoire, ARIs are the third cause of death, after malaria and diarrhoeal diseases, in children under 5 
years of age. Previous studies have described the circulation of influenza viruses in this country, but 
only limited data have been reported for children on the epidemiology of the other respiratory viruses 
involved in ARIs. To further understand the epidemiology of ARIs in children, we analysed data 
collected throughout the influenza sentinel surveillance network to assess the contribution of the other 
respiratory viruses to childhood ALRTIs in Cote d’Ivoire. Materials and Methods: This was a 
surveillance-based study of children under five years of age recruited between January and May 2013 
in the nine sentinel sites that compose the influenza surveillance network in Cote d’Ivoire. Patients 
enrolled in the study were selected according to the case definition proposed by WHO for ILI and 
SARI monitoring. A nasopharyngeal sample was collected for each patient, using a collection kit 
(Copan Universal Transport Medium for virus preservation) in conjunction with epidemiologic 
information including age, gender, hospitalization status and symptoms. RNA extractions were 
conducted using QIAamp viral mini-kit from QIAGEN. Amplification were performed using the 
QIAGEN OneStep RT-PCR kit for the detection of respiratory syncytial virus (A, B), metapneumovirus, 
parainfluenza virus (1, 2, 3, 4), human coronaviruses (229E, OC43), rhinovirus and enterovirus. All 
products were subjected to electrophoresis on a 2% agarose gel. Results: Other viral agents were 
detected in 128 specimens (30.2%) of the 424 negative samples for influenza processed. Human 
coronavirus 229E was the dominant virus detected (50.8%). Detection rates of 32.8%, 8.6%, 3.1%, 
0.8%, and 0.8% were observed for parainfluenza viruses 1-4, rhinovirus, RSV, metapneumovirus, and 
human coronavirus OC43, respectively. The co-infection rate for at least two viruses was 3.1% 
(4/128), with one (0.8%) positive for metapneumovirus/parainfluenza virus 3, one (0.8%) for 
metapneumovirus/parainfluenza virus 4, one (0.8%) for human coronavirus 229E/parainfluenza virus 
3 and one (0.8%) for RSV/parainfluenza virus 3. The positive cases were significantly younger than 
the nonpositive cases (mean age 15.7 months vs 20.4 months; P < .01). There was no significant 
difference in positive detection rate for hospitalized children versus nonhospitalized children (32.1% 
vs 30.1%; P = .054). Conclusions: This study has demonstrated the important burden of other 
respiratory viruses as major causes of childhood ARIs in Cote d’Ivoire. These data address a need for 
more studies on viral-associated respiratory tract infection to improve patient management and 
implementation of infection control precautions. 

603Surveillance

GATES
FellowshipFELLOWSHIP



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

P2-690 

Etiology of community-acquired pneumonia among hospitalized children in 
the United States: preliminary data from the CDC Etiology of Pneumonia in the 
Community (EPIC) study 

S Jain1*, K Ampofo2, S Arnold3,4, D Williams5, E Anderson6, A Bramley1, C Reed1, W Hymas7,  R 
Kaufman4,8, W Self5, D Erdman1, J Winchell1, M Carvalho1, S Lindstrom1, V Veguilla1, S Jefferson1, J 
Katz1, J Chappell5, A Patel3,4, D Hillyard2, C Grijalva5, Y Zhu5, C Stockmann2, M Moore1, E 
Schneider1, L Hicks1, R Wunderink6, K Edwards5, J McCullers3,4,8, A Pavia2, L Finelli,1, and the 
Centers for Disease Control and Prevention Etiology of Pneumonia in the Community (EPIC) Study 
Team 

1Centers for Disease Control and Prevention, Atlanta, Georgia, United States; 2University of Utah 
Health Sciences Center, Salt Lake City, Utah, United States; 3Le Bonheur Children’s Hospital, 
Memphis, Tennessee, United States; 4University of Tennessee Health Science Center, Memphis, 
Tennessee, United States; 5Vanderbilt University School of Medicine, Nashville, Tennessee, United 
States; 6Northwestern University Feinberg School of Medicine, Chicago, Illinois, United 
States; 7Associated Regional and University Pathologists, Salt Lake City, Utah, United States; 8St. 
Jude Children’s Research Hospital, Memphis, Tennessee, United States  

Background: Pneumonia is a common cause of hospitalization. Over the last 2 decades, molecular 
methods have improved diagnostic capability, and community-acquired pneumonia (CAP) etiology 
has likely changed due to antimicrobial use and expanded vaccine use. Using traditional and 
innovative methods, the Centers for Disease Control and Prevention (CDC) EPIC study aims to 
determine CAP etiology among hospitalized children. Materials and Methods: Children < 18 years old 
were enrolled in 3 hospitals in Memphis and Nashville, Tennessee, and Salt Lake City, Utah, United 
States. CAP was defined as an acute respiratory infection and new radiographic pneumonia in a child 
from and hospitalized in the catchment area without recent hospitalization or severe 
immunosuppression. Blood for culture and streptococcal polymerase chain-reaction (PCR) targeting 
lyt-A and spy genes and naso/oropharyngeal swabs (NP/OP) for PCR of respiratory viruses and 
atypical bacteria were collected as soon as possible after admission. If therapeutic thoracentesis was 
required, pleural fluid samples were tested by culture and PCR methods. Results: From January 1, 
2010, to June 30, 2012, we enrolled 2628 (69%) of 3808 eligible children with CAP aged 0-23 months 
(46%), 2-4 years (26%), and 5-17 years (28%). The majority were white (39%), black (34%), or 
Hispanic (19%). Twenty percent of children were admitted to intensive care, 7% required invasive 
mechanical ventilation, and < 1% died. Antibiotics were prescribed to 25% of the children before 
hospitalization. Among children with blood sample timing available, 77% of 2348 first cultures and 
38% of 2313 PCR samples were collected prior to inpatient antibiotic administration. Among 2431 
children with blood (culture or PCR) or pleural fluid (culture or PCR) and NP/OP results, a virus (73%) 
or bacteria (13%) was detected. Co-infections were detected in 21% of children (378 cases with 
multiple viral, 139 cases with bacterial-viral). No pathogen was detected in 19% of children. The 
following pathogens were more commonly detected: rhinovirus (29%), respiratory syncytial virus 
(27%), human metapneumovirus (11%), adenovirus (11%), Mycoplasma pneumoniae (8%), 
parainfluenza viruses 1, 2, 3 (5%), coronaviruses (5%), influenza (5%), and Streptococcus 
pneumoniae (3%). Conclusions: Preliminary results from this multisite prospective study conducted in 
the United States indicate that viruses were commonly detected in children with CAP requiring 
hospitalization. Bacteria may have been underdetected due to limited sensitivity of available tests and 
prior antibiotic use. Additional etiologic testing, including serology in cases and NP/OP PCR in healthy 
controls, is underway to help further elucidate etiology and clinical relevance. Clinicians should test for 
viruses and bacteria in patients with suspected pneumonia to optimize antimicrobial use. The CDC 
EPIC study is ongoing and will continue to provide insights into pediatric CAP etiology and incidence.   
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P2-691 

The role of Influenza infection and other respiratory pathogens: a contribution 
for improving surveillance of maternal mortality 

MLA Oliveira1*, SM Carney1, CH Azeredo1, DF Salles1, GR Sá1, T Andrade1, V Valente2, V Saraceni2, 
T Gregianini3, M Bercini4, R Rohloff5, G Paranhos-Baccala6, MM Siqueira1

1Laboratory of Respiratory Viruses, National Influenza Centre/WHO, Oswaldo Cruz Foundation, 
Fiocruz, RJ, Brazil; 2Epidemiological Surveillance team, Health Secretariat from Rio de Janeiro, RJ, 
Brazil; 3Laboratory of Public Health, Rio Grande do Sul, RS, Brazil; 4Epidemiological Surveillance 
team, Health Secretariat from Rio Grande do Sul, RS, Brazil; 5Municipal Hospital Fernando 
Magalhães, RJ, Brazil; 6Emergent Pathogens Laboratory, Merieux Foundation, Lyon, France 

Background: Acute respiratory infections (ARI) are caused by different respiratory pathogens, which 
circulate within the population at the same time. Since these infections are clinically indistinguishable, 
the etiological identification depends on laboratory testing. Due to the social and public health impact, 
investigation of maternal deaths is necessary. However, to date, our surveillance system has relied on 
clinical/epidemiological investigation in such a way that the etiology of deaths by respiratory causes 
frequently remains unclear. The aim of this study was to investigate the role of different respiratory 
pathogens on maternal death. Materials and Methods: The study population was composed of 470 
women of reproductive age (15-44 years) from Rio de Janeiro (southeast) and Rio Grande do Sul 
(south of Brazil) recruited in the scope of the Influenza Surveillance Program between April 2009 and 
February 2013. Therefore, all subjects consisted of ILI or SARI cases, according to WHO case 
definition. Clinical specimens (oro-nasal swabs) and demographic/clinical/epidemiological information 
was collected by the Epidemiological Surveillance teams using a nationally standardized 
questionnaire. After nucleic acid extraction (QIAmp MinElute Virus Spin kit, QIAGEN), detection of 
respiratory pathogens was performed by a multiplex real-time RT-PCR (FTD Respiratory Pathogens 
21plus, Fast-Track Diagnostics), allowing detection of influenza A(H1N1)pdm09 (H1N1p), influenza A, 
influenza B; parainfluenza 1-4, respiratory syncytial virus (RSV A/B), rhinovirus, coronaviruses OC43, 
NL63, 229E, HKU, muman metapneumovirus (HMPV), human bocavirus (HBoV), adenovirus (AV), 
Enterovirus (EV), parechovirus (PV), Mycoplasma pneumoniae (Mpneu), Chlamydia pneumonia 
(Cpneu), Haemophilus influenzae (HiB), Staphylococcus aureus (Saur) and Streptococcus 
pneumoniae (Spneu). Descriptive, bivariate analyses (chi-square/Fisher’s exact test and t test for 
means) and multiple logistic regressions (considering variables of epidemiological 
relevance/plausibility) were carried out and considered significant when P < .05. Results: Among the 
470 studied women, 253 were pregnant (G1) and 217 were non-pregnant (G2), including 69 fatal 
cases (46 vs. 23, in G1 and G2, respectively). Within the fatal cases, no pathogen was detected in 10 
(14.6%), whereas 1 pathogen was detected in 18 women (26.1%). Figures were not significantly 
different between G1 and G2. However, the same was not true for multiple detection, whose presence 
was significantly associated with a fatal outcome among pregnant women (67.4% vs. 43.5%, OR = 
2.7, 95% CI 1.3-5.9; P = .008). Among fatal cases, mono- and multiple detections were found in 8 and 
41 cases, respectively, where H1N1p played a major role. In about 80.0% (n = 33) of multiple-
detection cases, ≥ 1 virus and bacterium were found, followed by multiviral detection (n = 5). In 
addition to Influenza, other pathogens were also detected, as follows: Spneu (n = 17). HiB (n = 16), 
HBoV (n = 6), AV (n = 2), Rhinovirus (n = 2), Mpneu, OC43, NL63, RSV, EV (n = 1, each). Within the 
subsample of 253 pregnant women (49 deceases and 207 resolved infection), fatal outcome was 
significantly associated with multiple detection (any pathogen) (77.5% vs. 58.0%, P = .016), bacterial 
infection (71.7% vs. 56.0%; P = .035), H1N1p (79.1% vs. 48.0%), H1N1p+bacteria (42.5% vs. 24.4%, 
P = .020), HBoV (13.0 vs. 4.8%, P = .049) and Spneu (37.0% vs. 17.4%, P = .004). After multiple 
logistic regressions (final model χ2 = 22.7; P < .001), infections by H1N1p (AOR = 4.3; 95% CI 1.6-
11.4; P = .003). HBoV (AOR = 3.2; 95% CI 1.0-10.3; P = .050) and Spneu (AOR = 3.7; 95% CI 1.6-
8.5; P = .002) were independently associated with progression to death. Conclusions: Besides 
influenza, other pathogens seem to play an important role in maternal mortality and should be 
considered during prenatal follow-up/care. Under a complementary perspective, these findings also 
highlight the relevance of immunoprevention during pregnancy. The detection of other pathogens in 
the scope of surveillance agenda (morbidity and mortality) is pivotal to elucidate the etiology of deaths 
by respiratory causes and to tailor/design preventive policies, especially those driven toward pregnant 
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women. Financial support: Carlos Chagas Filho Foundation for Research endowment for Rio de 
Janeiro (FAPERJ), process n. 111.802/2012; Science and Technology Department (DECIT), Ministry 
of Health and National Counsel of Technological and Scientific Development (CNPq), Brazil.  

P2-692 

Setting up of a surveillance platform for acute respiratory infections in rural 
North India 

A Krishnan1, R Amarchand2*, D Purkayastha1, S Rai1, CS Pandav1, P Misra1, S Saha3, KE Lafond3, 
M-A Widdowson3, RB Lal3, S Broor2 

1Centre for Community Medicine, All India Institute of Medical Sciences, New Delhi, India; 2INCLEN 
Trust International, New Delhi, India; 3Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States 

Background: Acute respiratory infections (ARIs) are a major cause of morbidity and mortality among 
children globally, with the greatest number of deaths occurring in developing countries. While 
estimates of total episodes of ARI and incidence of hospitalization due to pneumonia for India exist, 
no community-based systematic study has been carried out to date. We report the experience of 
setting up a surveillance platform to study the epidemiology and etiology of ARIs among children less 
than 10 years of age in rural north India. Methods: The surveillance platform initiated in August 2012 
includes four villages in the Ballabgarh block of Haryana state in north India comprising 2754 children 
below 10 years. All children are screened weekly for the presence of any respiratory symptoms 
(cough, sore throat, earache/discharge, nasal discharge/congestion, shortness of breath, respiratory 
difficulty) or hospital admissions. Those screened positive are assessed clinically by trained nurses. 
Records of those hospitalized are scrutinized by medical officers. WHO’s definition of ARI 
(AURI/ALRI) and pneumonia is used. Throat and/or nasopharyngeal swabs for bacterial and viral 
pathogens are collected from those meeting the case definition of ARI or pneumonia. Urine samples 
are also collected from pneumonia cases for pneumococcal antigen testing. Age- and village-matched 
asymptomatic controls of pneumonia patients also have their nasopharyngeal swabs taken to test for 
background carriage rates. Results: After initial pilot runs, the platform became fully functional from 
14th August 2012. As of 28th March 2013 (90,031 child-weeks of surveillance), 10,561 ARI cases have 
been reported, for an incidence rate of 6.1 per child-year. Four hundred thirty-four cases of ALRI were 
diagnosed, giving an ALRI incidence rate of 0.25 per child-year. A total of 13 cases were hospitalized 
due to ARI, for a hospitalization rate of 7.5 per 1000 child-years. Of the 1000 cases tested for 
influenza, 99 (8%) were positive (25 for H1N1pdm09, 67 for influenza B and 4 for H3). Influenza 
positivity was higher among patients with upper respiratory infection (72/550; 13%) than in those with 
acute lower respiratory symptoms (24/450; 5.33%), whereas none of the 180 control specimens were 
positive for influenza. Influenza B accounted for 79% of influenza cases with AURI, whereas 
A/H1N1pdm09 was present in 50% of influenza cases with ALRI. Of the 295 samples tested for 
bacteriology, 20 were positive for Streptococcus pneumoniae, 15 for Staphylococcus aureus and 3 for 
Haemophilus influenzae. Of the 201 control specimens, only one tested positive for S pneumoniae. 
Tests for other viruses and urinary antigens are still to be carried out. Conclusions: A fully functional 
population-based surveillance platform has been set up that is documenting the burden due to 
pneumonia in this setting. This platform can serve as a potential vaccine trial site in the future.These 
studies were supported in part by cooperative agreements U01 IP000492 from the Centers for 
Disease Control and Prevention, Atlanta, Georgia, United States. 
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P2-693 

Epidemiologic, laboratory, and clinical characteristics of humans cases of 
influenza A/H5N1 in Vietnam, 2003-2013 

NTT Yen1, N Tuan1, NP Thanh1, PD Tho1, NB Thuy1, TN Duong1, LTQ Mai1, TN Huu2, NT Long2, VQ 
Mai3, TX Mai3, PT Duoc4, VT Huong4, NT Hien1* 

1National Institute of Hygiene and Epidemiology, Hanoi, Vietnam; 2Pasteur Institute, Ho Chi Minh City, 
Vietnam; 3Pasteur Institute, Nha Trang, Vietnam; 4Institute of Hygiene and Epidemiology of Tay 
Nguyen, Buon Ma Thuot, Dak Lak Province, Vietnam 

Background: Vietnam has the third highest number of human cases of influenza A/H5N1 in the world, 
and continues to have H5N1 outbreaks in poultry (WHO 2012, OIE 2012). The H5N1 virus continues 
to pose a serious threat to public health. We sought to identify the epidemiologic, laboratory, and 
clinical characteristics of influenza H5N1 human cases in Vietnam from 2003 to 2013. Materials and 
Methods: A retrospective review was conducted on available case documents from regional official 
reports, provincial preventive medicine centers, and hospital medical records of all 125 H5N1 human 
cases reported in Vietnam from 2003 to 2013. All cases were confirmed by reverse transcription 
polymerase chain reaction using H5-specific primers and probes at the National Influenza Center in 
Hanoi, Vietnam. The case review was done by using a standardized questionnaire. Statistical 
analyses were performed in Stata/IC 10.1, with univariate analyses for possible associations, 
Wilcoxon rank-sum tests to compare the median of continuous variables, and chi-square and Fischer 
exact tests used otherwise. Results: The study indicated that 41 (65%) of 63 provinces/cities reported 
H5N1 cases, with more than 64% of the cases from northern provinces. Of cases, 25- to 64-year-olds 
were more affected (48.4%). By genetic analyses we found that H5N1 virus circulation in both animals 
and humans was clade 2.3.4 during the study period. Severe viral pneumonia was identified in 38 
(63%) cases among 60 (48%) cases of respiratory infection, and other diseases as 13 (10.5%) cases. 
Median time from the last hospital admission to specimen collection = 1 day (IQR 0-1), and median 
time from the last admission to H5N1 laboratory confirmation = 3 days (IQR 2-5). The case fatality 
proportion was 62/125 (49.6%), and cases ≤ 18 years old were more likely to die than cases > 18 
years (OR = 2.1; 95% CI = 1.0-4.6; P = .036). Antiretroviral treatment > 48 hours after the date of 
onset was significantly associated with increased mortality (OR = 9.1; 95% CI = 1.1-80.1; P = .02). A 
delay in hospital admission > 48 hours after illness onset significantly increased mortality (OR = 2.9; 
95% CI = 1.1-7.6; P = .03). Conclusions: Case exposure histories and demographics provided no 
significant information regarding exposure and transmission risk factors, suggesting that more 
thorough questionnaires with more specific information be developed and reviewed with cases and 
their families. The cumulative H5N1 case fatality proportion was 50% in confirmed human cases in 
Vietnam from 2003-2013. A delay in hospital admission was significantly associated with higher 
mortality. Starting antiretroviral treatment within two days after illness onset was significantly 
associated with survival compared with that after this time period. We recommend that public health 
and health care professionals continue to practice and educate regarding the benefits of early hospital 
admission and early antiviral treatment of influenza A/H5N1 human cases. 
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O-912 

Host gene discovery and drug repurposing for treatment of emerging and re-
emerging influenza virus 

S Tompkins1*, O Perwitasari1, A Torrecilhas2, S Johnson1, X Yan1, C White1, R Tripp1

1Department of Infectious Diseases, University of Georgia, Athens, Georgia, United 
States; 2Department of Biological Sciences, Campus Diadema, Federal University of São Paulo, 
UNIFESP, São Paulo SP, Brazil 

Background: Classic anti-influenza drugs target viral proteins, providing specificity but enabling the 
development of drug resistance. The two classes of approved anti-influenza drugs target the virus 
neuraminidase and the M2 proton channel, typified by oseltamivir and amantadine, respectively. 
While most circulating human influenza viruses are susceptible to neuraminidase inhibitors, there are 
sporadic appearances of resistant viruses, and the emergence of resistant strains is an ongoing 
concern. An alternative approach for anti-viral drug development is to identify non-essential host 
factors required for virus replication and to block their expression or activity through drug repositioning 
or repurposing. Materials and Methods: An RNAi genome screen in human A549 respiratory epithelial 
cells was completed for influenza virus. Several genes were validated that, when silenced, reduced 
influenza virus replication without reducing cell viability. Pathway analysis of these genes revealed 
small-molecule inhibitors and existing licensed drugs that specifically target the genes or pathway. 
These drugs were analyzed and confirmed to silence the expression of the genes in both A549 cells 
and a mouse model and were then tested for prophylactic or therapeutic efficacy against influenza 
virus in vitro and in vivo. Results: Of the host genes validated as essential for influenza virus 
replication, several were tested, including organic anion transporter-3 gene (OAT3) and cell division 
cycle 25 B (CDC25B). Probenicid, an FDA-approved drug and inhibitor of organic ion transporters, 
including OAT3, was shown to reduce influenza virus replication in vitro and in a murine model of 
influenza virus infection. Similarly, NSC95397—a CDC25B inhibitor—was shown to interfere with 
influenza virus replication in vitro and in a mouse model of infection. Mechanisms of action for both 
drugs were identified. Antiviral drugs targeting host factors were shown to have broad efficacy against 
a range of seasonal zoonotic and potentially pandemic influenza viruses. Conclusions: Identifying 
existing drugs that block non-essential host genes critical for virus replication is a rapid and powerful 
approach to identifying anti-viral drugs that can be rapidly repositioned and implemented in our limited 
anti-viral arsenal. 

O-913 

TCN-032 (anti-M2e mAb) treatment leads to reductions in clinical symptoms 
and viral shedding in a human influenza challenge study 

E Ramos1*, J Mitcham1, T Koller1, A Bonavia1, D Usner2, G Balaratnam3, P Fredlund1

1Theraclone Sciences, Seattle, Washington, United States; 2Statistics and Data Corporation, Tempe, 
Arizona, United States; 3Retroscreen Virology, London, United Kingdom 

Background: TCN-032 is a fully human mAb that targets a highly conserved conformational epitope 
on M2e, the sequence of which is present in > 99% of unique M2 sequences from human, swine, and 
avian influenza viruses, including H7N9. The mechanism of action of TCN-032 involves antibody-
mediated effector functions, including ADCC and/or CDC, resulting in the lysis of infected cells and 
virus. TCN-032 protected mice from lethal challenge with H5N1 and H1N1 strains with reduction of 
viral spread to other organ systems; combination with oseltamivir provided additional efficacy benefit. 
Because of the broad binding ability and in vivo preclinical efficacy, TCN-032 may have potential as a 
universal therapeutic against influenza A infection. Materials and Methods: A randomized, double-
blind, placebo-controlled study was conducted in serosusceptible healthy subjects (HAI titer ≤ 10) 
challenged with A/Wisconsin/67/2005 (H3N2) virus. Twenty-four hours following viral inoculation (Day 
1), subjects were randomized (1:1) to receive study drug (TCN-032 40 mg/kg or placebo), 
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administered intravenously. Subjects were monitored for clinical symptoms and viral shedding up to 
10 days post-inoculation and for adverse events up to 28 days post-inoculation. Diary cards were 
collected 5x/day, which assessed 10 symptoms using a 4-point scale (0-3). Nasal swab specimens 
were collected 3x/day for viral quantitation by TCID50 assay culture and qPCR. The study objectives 
included evaluation of TCN-032’s effect on clinical symptoms, viral shedding, seroconversion, viral 
resistance, PK, immunogenicity, and safety. Clinical symptoms included the proportion of subjects 
with ≥ grade 2 symptoms, or pyrexia, from Days 1 to 7 (primary objective); total symptom scores; time 
to peak, time to resolution, and duration of symptoms; and nasal mucus weight. Viral shedding 
parameters included viral load by culture Days 1-7 and qPCR on Days 2-7 and time to peak, time to 
resolution, and duration of viral shedding. The efficacy analyses were conducted in subjects with 
laboratory-confirmed infection, defined as those with seroconversion (4-fold increase from baseline) or 
viral shedding by viral culture or qPCR (viral culture titer > 1.5 log10 TCID50/mL on Days 1-7 or ≥ 2 
positive detections of virus by qPCR [TCID50/mL equivalent] on Days 2-7). One-sided P values are 
presented. Results: A total of 61 subjects were enrolled (TCN-032 n = 30 and placebo n = 31). All 
subjects received study drug with the exception of one subject in the TCN-032 arm, for a total of 60 
subjects treated (TCN-032 n = 29 and placebo n = 31). A total of 48 subjects met the definition of 
laboratory-confirmed infection (TCN-032 n = 24 and placebo n = 24). A numerical reduction in the 
primary efficacy parameter of the proportion of subjects who developed any grade 2 or greater 
symptom or pyrexia was observed, but it was not statistically significant (P > .10). TCN-032–treated 
subjects had significant reductions in both total clinical symptoms and viral shedding via qPCR. 
Median clinical symptom AUC (Days 1-7) was reduced by 35% (P = .047, Wilcoxon rank-sum test) in 
TCN-032–treated subjects compared with placebo. Time to resolution, duration of symptoms, and 
nasal mucus weights were reduced in TCN-032–treated subjects compared with placebo. Median viral 
AUC (by qPCR, Days 2-7) was reduced by 2.2 log10 TCID50/mL*Day (P = .095, Wilcoxon rank-sum 
test) in TCN-032–treated subjects compared with placebo. TCN-032 was safe and well tolerated, with 
no increase in adverse events compared with placebo, including lower respiratory tract symptoms. 
The TCN-032 pharmacokinetic profile was consistent with the Phase 1 study (half-life ~ 16 days), with 
no evidence of the development of anti-drug antibodies. Viral resistance analysis showed no change 
in the epitope recognized by TCN-032. Conclusions: The results of this study represent the first 
demonstration that a non-neutralizing antibody given parenterally may provide immediate immunity 
and therapeutic benefit in influenza A infection, with no apparent emergence of resistant virus. Clinical 
studies in natural infection are planned, including the target population of patients hospitalized with 
serious influenza A infection.  

O-914 

Carrageenan, a broad anti-viral active polymer, in combination with a specific 
influenza inhibitor—a novel concept for therapeutic interventions 

S Nakowitsch1*, M Kurz1, M König-Schuster1, CA Mueller2, T Fazekas3, A Bodenteich1, D 
Skorokhodov1, E Prieschl-Grassauer1, A Grassauer1 

1Marinomed Biotechnologie, Vienna, Austria; 2Medical University of Vienna, Department of 
Otolaryngology, Vienna, Austria; 3St. Anna Children’s Hospital, Vienna, Austria 

Background: The periodic appearance of new influenza variants, such as the recent H7N9 outbreak, 
poses a worldwide threat of a pandemic situation. Clinical data for the broadly active anti-viral polymer 
carrageenan support the concept of creating a protective physical barrier in the nasal cavity against 
respiratory infections such as influenza. Furthermore, we evaluated an intranasal treatment consisting 
of a combination of carrageenan and zanamivir for its potential synergistic anti-viral activity in the 
treatment of influenza. We present in vivo results for this combination against an infection with a low 
pathogenic H7N7 influenza virus [a virus carrying a closely related HA compared with the avian 
influenza A(H7N9) virus]. Materials and Methods: Clinical benefit and antiviral effectiveness are 
demonstrated in a pooled analysis of two randomized clinical trials in 254 subjects with early 
symptoms of the common cold treated with carrageenan. We also evaluated the anti-viral activity of 
the combination—carrageenan and zanamivir—in mice after a lethal infection with an H7N7 
A/Turkey/Germany/R11/01 virus. Results: Intranasal administration of carrageenan in adults and 
children with early symptoms of common cold significantly (P = .002) reduced the duration of disease 
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by 2 days and promotes the significantly (P =.02) stronger elimination of viruses from the nasal cavity. 
Clinical and antiviral effectiveness was also confirmed in patients with influenza A virus infection. In 
comparison with patients treated with placebo, patients treated with carrageenan had a 3.3-d benefit 
in disease duration. A combination of carrageenan and the neuraminidase inhibitor zanamivir was 
tested for its potential to prevent death in a lethal H7N7 virus mouse model. Therapy with the 
combination resulted in a significant increase in survival in comparison with both monotherapies and 
placebo. A significant survival benefit was maintained even when the treatment started up to 48 hours 
post-infection (P = .001). Conclusions: The nasal spray containing carrageenan has shown antiviral 
effectiveness against a broad variety of respiratory viruses, including influenza, in several clinical trials 
and is already marketed in several countries under different brand names. The combination of 
carrageenan with zanamivir in an intranasal spray would provide a novel concept for therapeutic 
intervention against influenza. Patients would benefit from the fast and efficient treatment of influenza 
in the upper respiratory tract and reduced duration of illness. Moreover, the combination of both 
components in the nasal cavity would reduce the probability of emerging escape mutants. 
Additionally, due to the broad anti-viral effectiveness of carrageenan, concomitant viral infections in 
the upper respiratory tract that could lead to disease complications could be prevented. Finally, in the 
case of a new influenza virus outbreak, carrageenan in combination with zanamivir would provide an 
immediately available first-line intervention option while vaccines are being developed and 
manufactured.  

O-915 

Resistance to the novel antiviral drug T-705 through increased fidelity of 
influenza A virus polymerase 

T Baranovich*, J Armstrong, KA Prevost, RG Webster, EA Govorkova 

St. Jude Children's Research Hospital, Memphis, Tennessee, United States 

Background: With the potential problem of the emergence of influenza viruses that are resistant to 
existing antivirals, there is an intense need for new anti-influenza drugs that can be used as 
monotherapy and in combinations. T-705 is a novel broad-spectrum antiviral compound in a late 
stage of clinical development. It has demonstrated inhibitory activity against several RNA viruses, 
including seasonal influenza A and B viruses. We previously showed that T-705 can induce a high 
rate of viral genomic mutations that generate a nonviable influenza virus and that lethal mutagenesis 
is a key antiviral mechanism of T-705 in vitro. Importantly, we showed an absence of phenotypically 
resistant viruses after multiple rounds of replication in MDCK cells with T-705. Because this cell 
system may not be optimal, we investigated the development of T-705–resistant influenza viruses in a 
mammalian model under drug selection pressure. Materials and Methods: We performed 12 
sequential lung-to-lung passages of A/Denmark/528/2009 (H1N1 pdm) influenza virus in DBA/2 mice 
treated with either T-705 (50 mg/kg/day) or vehicle (placebo). Virus-infected, untreated DBA/2 mice 
served as a control for the screening of host-selected mutations. The susceptibility of passaged 
variants to T-705 was assessed in a plaque reduction assay in MDCK cells. Whole genomes of wild-
type and passaged variants were sequenced. Polymerase activity was determined in a mini-genome 
assay with a luciferase reporter plasmid and a mix of PB2, PB1, PA, and NP plasmids of 
A/Denmark/528/2009 virus. The mutation frequencies and mutation profiles of variants passaged in 
the presence of either T-705 or zanamivir (used as non-mutagenic antiviral agent) were measured by 
sequencing a subcloned 1523-kb region of the NP gene. Results: A dose of 50 mg/kg/day resulted in 
a reduction of ~ 2-log TCID50/ml in virus titers in lungs compared with those of infected, non-treated 
mice, and this dose was selected for further studies. Virus isolated after 10 passages from T-705–
treated mice was more pathogenic than that from placebo-treated animals, as confirmed by the higher 
virus titers in the lungs. Sequence analysis of T-705–treated variants revealed A36V (in 1 of 3 mice) 
and T97I (in 3 of 3 mice) substitutions in the PA gene after passage 10, whereas mixed population at 
those positions were identified after passage 5. A phenotypic assay of passaged variants in MDCK 
cells confirmed the difference in effective concentration (EC50) for T-705–treated and placebo-treated 
viruses isolated after 10 passages. The mutation frequency of T-705–treated viruses did not change 
when increasing concentrations of T-705 were applied compared with a 10-fold increase in mutation 
frequency in placebo-treated viruses; this suggests an increased  fidelity of RNA synthesis in the 
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presence of T-705. We then examined whether T-705– and placebo-treated viruses from passage 10 
would bias the mutation profile toward specific nucleotide mutations. T-705 selection pressure did not 
change the mutation profile when increasing drug concentrations were applied to T-705–treated 
variants. Nonetheless, in placebo-treated variants, treatment with T-705 resulted in accumulation of 
G-to-T and C-to-T transition mutations, which increased linearly with the T-705 concentration, 
suggesting a dose-dependent effect. Treatment with zanamivir did not significantly increase the 
number of nucleotide changes and did not bias the natural mutation profile or shift in mutation profile 
in either T-705– or placebo-treated variants. Conclusions: We have identified an unusual mechanism 
of viral drug resistance in which drug-selected mutations increase resistance to a mutagen by 
enhancing polymerase fidelity. This mechanism has not been reported previously in influenza viruses.  

O-916 

A novel antiviral drug Ingavirin® restores the cellular antiviral response in 
influenza A virus–infected cells and enhances viral clearance in ferrets 

A Egorov1*, T Aschacher1, F Enzmann1, I Kuznetsova1, B Ferko1, D Reykhart2, V Nebolsin3, M 
Bergmann1  

1Medical University of Vienna, Vienna, Austria; 2Sechenov 1st Moscow State Medical University, 
Moscow, Russia; 3Pharmenterprises Ltd., Moscow, Russia 

Background: In order to fight viral infection, mammalian cells are equipped with a rapid antiviral 
response reaction induced by extra- and intracellular danger signals. This includes activation of PKR, 
translocation of IRF3 and IRF7 into the nucleus, induction of type I interferon (IFN), and the induction 
of MxA. As viral RNA effectively induces those factors, most viruses express proteins, which suppress 
this cellular antiviral response. In this line, influenza A virus codes for non-structural protein NS1. 
Correspondingly, an influenza virus mutant lacking NS1 is replication defective. Ingavirin® (Imidazolyl 
Ethanamide Pentandioic Acid) is licensed in Russia for treatment of respiratory infections, because it 
was shown to target various types of viruses. We hypothesized that the mechanism of action of 
Ingavirin® is associated with the re-activation of antiviral cellular response pattern, which is usually 
suppressed by pathogenicity factors such as the influenza A virus NS1 protein. Materials and 
Methods: In vitro, A549 cells were infected with influenza A/PR/8/34 virus (wt) at an MOI of 3 in the 
presence or absence of 1 µg/ml Ingavirin®. We then determined mRNA levels by qPCR and/or protein 
levels by Western blot or immunocytochemistry, respectively, of the following factors of cellular 
antiviral response in a time-dependent manner: interferon (IFN) alpha receptor (IFNAR)1, IFNAR2, 
STAT-1, IRF3,  IRF7, MxA, and phosphorylated PKR (pPKR). Expression of type I IFN, interleukin-6, 
and tumor necrosis factor was determined by ELISA. The replication defective influenza A/PR/8/34 
delNS1 virus was used as a positive control. In vivo, 3 groups of ferrets (8 animals in a group) were 
intranasally infected with replicating wild-type influenza virus A/Vienna/1H/2009 (H1N1). Thirty-six 
hours after the infection, ferrets were orally administered Ingavirin® at a dose of 13 mg/kg or with 
oseltamivir (Tamiflu) at a dose of 5 mg/kg. Animals in group 3 received the vehicle buffer PBS 
(controls). Treatment of all animals was repeated in the same manner daily from day 3 (36 hr post-
infection) until day 9. Nasal wash samples were collected 2, 4, 6, and 8 days post-infection and 
evaluated for virus replication by the rapid culture assay (RCA). Results: We found that Ingavirin® 
does not trigger production of IFNs or other pro-inflammatory cytokines in infected cells. However, 
treatment of wild-type virus–infected A549 cells with Ingavirin® restored and/or enhanced mRNA and 
protein levels of IFNAR1 and IFNAR2, which were otherwise downregulated by the viral infection. This 
upregulation of IFN receptors was associated with activation of interferon-dependent molecules such 
as Stat-1, pPKR, IRF3, and IRF7 and MxA protein, mimicking the molecular pattern of an infection 
with an NS1 deletion virus. Correspondingly, Ingavirin® significantly accelerated viral clearance from 
nasal washes of ferrets as compared with the control group on day 4. On day 6, ferrets receiving 
Ingavirin® had also cleared virus more significantly than the group receiving oseltamivir. No toxic side 
effects were observed by the addition of Ingavirin®. Conclusions: Our results indicate that Ingavirin® 
should be considered a potent antiviral compound. It appears to effectively restore the naturally 
evolved innate immune response selectively in virus infected cells. Moreover, this mechanism of 
action might be a valuable explanation for the proven clinical effectiveness of Ingavirin®. 
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O-917 

Influenza viruses and host cell signaling—identification and preclinical 
evaluation of novel targets for antiviral therapy 

O Planz1*, S Pleschka2, S Ludwig3 

1Department of Immunology, Eberhard Karls University, Tuebingen, Germany; 2Institute of Medical 
Virology, Justus-Liebig-University Giessen, Germany; 3Institute of Molecular Virology, Center of 
Molecular Biology of Inflammation, University of Muenster, Germany 

Background: Influenza virus exploits a number of cellular signaling pathways during the course of its 
replication, rendering them potential targets for new therapeutic interventions. Several preclinical 
approaches are now focusing on cellular factors or pathways as a means of treating influenza. By 
targeting host factors, rather than viral mechanisms, these novel therapies may be effective against 
multiple virus strains and subtypes, and are less likely to elicit viral drug resistance. The most 
promising candidates are inhibitors of intracellular signaling cascades, which are essential for virus 
replication. This presentation reviews novel approaches and compounds that target the Raf/MEK/ERK 
signaling pathway and the NF-kappa B signaling cascade. In our previous work we were able to 
demonstrate that influenza virus replication is dependent on Raf/MEK/ERK signaling pathway activity 
and that inhibition of this pathway leads to a reduction in viral titers. Materials and Methods: Here, we 
questioned whether combination of MEK inhibitors with the neuraminidase inhibitor oseltamivir would 
have a synergistic effect against influenza virus in vitro and in vivo. Results: We found that MEK 
inhibitors Cl-1040, PD0325901, RO5126766, PLX4032, and GSK-1120212 showed IC50 levels 
against influenza virus in the nanomolar range and that combination increased the antiviral capacity of 
oseltamivir in cell culture. No tendency of resistance was found for MEK-inhibitor treatment. Moreover, 
combination therapy was also successful in a mouse animal model. Concerning the use of NF-κB 
inhibitors to treat influenza, we were previously able to demonstrate in vitro and in mice that 
acetylsalicylate (ASA) and DL-lysine acetylsalicylate (LASAG) function as an antiviral against influenza 
virus. Both are efficient and quite selective inhibitors of the NF-κB–activating kinase IKK, acting 
directly on the IKK complex and consequently inhibiting phosphorylation and degradation of IκB. They 
efficiently blocked the replication of various influenza viruses, including H5N1 strains, in MDCK or 
A549 cells by several orders of magnitude in a concentration range that was not toxic for host cells. In 
animal studies it was demonstrated that aerosol, but not oral, administration of ASA reduced virus 
titers in the lung and significantly promoted the survival of lethally infected mice. Treatment was well 
tolerated and did not exhibit harmful side effects. Strikingly, the study also showed that ASA and 
LASAG, in contrast with the neuraminidase inhibitor oseltamivir or the M2 ion-channel blocker 
amantadine, did not lead to the generation of resistant virus variants in multipassaging experiments in 
cell culture. Conclusions: Although these new antiviral strategies are still in an early phase of 
preclinical development, results to date suggest that they offer a new approach to the treatment of 
influenza, supplementing direct-acting antiviral drugs. 
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P2-695 

Generation and characterization of recombinant scFv antibodies against 
haemagglutinin antigen of pandemic influenza 2009 (H1N1) virus 

M Khanna1*, R Rajput1, G Sharma3, S Mahajan3, L Sharma1, B Kumar1, A Tyagi1, B Pattnaik3, HK 
Pradhan2, R Prasad4

1Department of Respiratory Virology, Vallabhbhai Patel Chest Institute, University of Delhi, Delhi, 
India; 2National Consultant (Avian Influenza), WHO-India office, Delhi, India; 3PDFMD, Mukteswar, 
Nainital, India; 4Department of Pulmonary Medicine, Vallabhbhai Patel Chest Institute, University of 
Delhi, Delhi, India 

Background: Phage display is a highly valuable technology for production of recombinant antibodies 
having high affinity towards the antigen. The coding sequences of the antibody variable (V) regions 
are fused to pIII, the minor coat protein of M13 phage using a phagemid vector. Materials and 
Methods: In this study, we generated recombinant single chain variable fragment (scFv) antibodies 
from spleen cells of mouse hyper-immunized with formalin-inactivated pandemic influenza 2009 
(H1N1) virus. The variable light and variable heavy chain genes were amplified from mRNA isolated 
from mouse spleen cells and after cloning in phagemid vector, the recombinant antibody phage library 
underwent selection against HA antigen and inactivated virus. After 5 rounds of bio-panning, clones 
expressing HA specific recombinant scFv antibodies were selected and analyzed by ELISA for 
specific reactivity. Approximately 30% of clones showed binding activity to the inactivated virus and 
7% to HA antigen of influenza A virus. Results: Our results confirmed that using phage display 
libraries is advantageous for the rapid development of molecules to detect target antigens. This 
suggests that it might be advisable to use a synthetic scFv phage display library by strategically 
considering the characteristics of target antigens and the potential situations. Conclusions: The 
analysis of the humoral immune response following influenza A virus infection using recombinant 
antibodies developed by us, may help in better understanding of the pathogenesis of the influenza 
virus infection. Further, the recombinant scFv antibodies can also be used for epitope mapping of HA 
antigen, which will be very useful for vaccine development. 

P2-696 

Sequence-specific cleavage of influenza A virus M2 gene transcript by circular 
DNAzymes: prolonged inhibition of viral RNA translation and replication 

B Kumar1*, P Kumar1, R Rajput1, L Saxena1, DR Pati1, MK Daga2, M Khanna1

1Department of Respiratory Virology, Vallabhbhai Patel Chest Institute, University of Delhi, Delhi, 
India; 2Department of Medicine, Maulana Azad Medical College, New Delhi, India 

Background: The influenza A virus M2 ion-channel protein is highly conserved among different viral 
strains and is essentially required during the trafficking, assembly, and budding processes of virus 
and is thus an attractive target for designing antiviral drugs. Although single-stranded DNAzymes 
(Dzs) may represent the most effective nucleic acid drug to date, they are nevertheless sensitive to 
nuclease degradation and require modification for in vivo application. The previously used PTO 
modifications have been shown to reduce the catalytic efficiency and are toxic when applied in vivo. 
Materials and Methods: We designed several 10-23 Dzs targeting different regions of the matrix gene 
(M2) of influenza A viruses and analyzed their ability to specifically cleave the target RNA in both cell-
free systems as well as in cell culture using transient transfections. We further aimed to circularize the 
Dz to provide extended stability keeping the catalytic efficiency intact. Results: RT-PCR and real-time 
RT-PCR assays showed significant 75% inhibition of M2 gene of influenza A viruses upon specific Dz 
treatment. The transfection of MDCK cells with Dzs showed a reduced cytopathic effect caused by 
influenza A virus (A/PR/8/34-H1N1) and considerably reduced the M2 protein expression for a 
comparatively longer duration of time. The catalytic efficiency of both linear and circular Dzs was 
found to be comparable. As expected, the mutant Dz did not hinder in virus replication, showing a 
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high level of specificity of designed Dz toward the target RNA. Conclusions: Our results demonstrate 
a substantial reduction in whole virus replication, thereby paving new dimensions in antiviral therapy. 
Our study, for the first time, has documented the antiviral potential of circular Dz against M2 transcript 
of influenza A virus. Thus, we propose that the 10-23 Dzs can be used as selective and effective 
inhibitors of viral RNA replication and that they be explored further for development of a potent 
therapeutic agent against influenza infection. 

P2-697 

Characterization of an H5N1 monoclonal antibody with therapeutic potential 

T-M Mak1*, Q Chen2,3, BJ Hanson4, Y-J Tan5 

1NUS Graduate School for Integrative Sciences and Engineering, National University of Singapore, 
Singapore; 2Defence Medical and Environmental Research Institute, DSO National Laboratories, 
Singapore; 3Infrastructure, Technology and Translational Division, Institute of Molecular and Cell 
Biology, ASTAR, Singapore; 4Infectious Disease Interdisciplinary Research Group, Singapore-MIT 
Alliance for Research and Technology (SMART), Singapore; 5Department of Microbiology, Yong Loo 
Lin School of Medicine, National University of Singapore, Singapore 

Background: Influenza H5N1 causes alarming mortality rates in immunologically naive populations 
and has the potential to cause the next influenza pandemic. The antigenic diversity of the virus 
hampers vaccination strategies, and emerging drug resistance among H5N1 isolates renders us 
defenceless against a potentially catastrophic H5N1 pandemic. Passive immunity has been 
suggested as a viable alternative solution, and, encouragingly, combination passive immunotherapy 
using non-competing neutralizing monoclonal antibodies (mAbs) can reduce the degree of escape 
mutations and decrease the total dosage of antibodies required. As such, the pre-pandemic 
generation, characterization and humanization of a library of neutralizing mAbs targeting H5N1 
haemagglutinin (HA) could facilitate rapid accessibility to and selection of the appropriate combination 
of mAbs for passive immunotherapy in the event of a pandemic. Working toward this aim, we adopted 
a strategy that enables the generation and preliminary characterization of neutralizing mAbs within the 
confines of a BSL2 facility. This method resulted in the selection of mAb 9F4, which was found to bind 
to a novel and well-conserved epitope within HA that was distal to previously characterized antigenic 
sites on the H5 globular head, suggesting that it may be complementary to previously characterized 
anti-H5 mAbs. However, as murine antibodies will elicit a non-self immune response in humans, at 
least the chimerization of 9F4 is necessary for use in acute immunotherapy. Here we describe the 
generation and characterization of chimeric 9F4 IgG1 in preparation for its potential use in 
combination passive immunotherapy of influenza H5N1. Materials and Methods: 
Mouse (o-) 9F4 was generated against recombinant baculovirus expressed HA protein of 
A/chicken/Hatay/2004 H5N1 virus by immunization of BALB/c mice and was selected based on its 
ability to neutralize pseudotyped lentiviral particles (HApp) carrying a firefly luciferase gene and 
harboring the H5N1 HA glycoprotein on the HApp envelope. The genes encoding for 9F4 variable 
regions of the heavy and light chains were obtained by reverse transcription PCR and ligated into an 
expression vector encoding for human kappa light and IgG1 heavy constant chains. This vector was 
transiently transfected into 293FT cells to generate chimeric (xi-) 9F4. The ability of xi-9F4 to bind to 
H5 HA was tested by ELISA, HApp neutralization assay and fusion assay. The in vivo effects of both 
o-9F4 and xi-9F4 were also compared in a humanized mouse model created by adoptive transfer of 
human stem cells into NOD-scid Il2rg-/- (NSG) mice. Results: Both o- and xi-9F4 comparably bind to 
H5 HA and neutralize H5 HApp in a dose-dependent manner. xi-9F4 also retained its ability to reduce 
H5-mediated membrane fusion at a low pH compared with o-9F4. o-9F4, but not xi-9F4, led to an 
increase in IFNϒ, IL-8 and IL-6 expression in the humanized mouse model. Conclusions: 
Chimerization of 9F4 does not affect its binding or neutralizing ability and does not affect its ability to 
prevent H5 HA-mediated membrane fusion at low pH, suggesting that either the antibody variable 
regions were sufficient for 9F4 activity or that both mouse and human IgG Fc portions are equivalent 
in their contribution to binding to H5 HA. xi-9F4 induces a different cytokine profile compared with o-
9F4 in humanized mouse model, suggesting that different effector functions are induced in vivo. 
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P2-699 

Neuraminidase-inhibiting monoclonal antibodies: effective agents against 
seasonal and pandemic influenza viruses 

H Wan1, L Couzens1, K Xu2, H Chen2, J Wrammert3, J Easterbrook4, J Taubenberger4, P Wilson5, R 
Ahmed3, D Perez2, M Eichelberger1* 

1Food and Drug Administration, Bethesda, Maryland, United States; 2University of Maryland, College 
Park, Maryland, United States; 3Emory University, Atlanta, Georgia, United States; 4National Institutes 
of Health, Bethesda, Maryland, United States; 5University of Chicago, Chicago, Illinois, United States 

Background: The 2009 swine-origin H1N1 pandemic was not as severe as initially expected. 
Seroepidemiology and animal studies suggest that cross-reactive NA-specific antibodies elicited by 
seasonal H1N1 vaccination or infection contributed to protection against the pandemic virus. Since 
the molecular basis for this heterologous immunity was not known, we identified antigenic domains of 
the N1 subtype of NA that were conserved among influenza viruses using a panel of mouse 
monoclonal antibodies (mAbs). mAbs with the broadest reactivity bound the NA of seasonal H1N1 
virus A/Brisbane/59/2007 (BR/07), 2009 pandemic virus A/California/7/2009 (CA/09), and 1918 
pandemic H1N1 virus A/Brevig Mission/1918; in addition, they reacted with the NA of the H5N1 virus 
A/Vietnam/1203/2004 (VN/04). Our goal was to determine whether these N1-specific mouse mAbs as 
well as broadly reactive N1-specific human mAbs would protect mice against challenge with 
heterologous H1N1 and H5N1 viruses. Materials and Methods: mAbs were administered 
intraperitoneally at 10 or 15 mg/kg body weight to groups of 7-wk-old female DBA/2 mice. Twelve 
hours later the mice were anesthetized with isoflurane and challenged with 10 LD50 of BR/07 
(seasonal H1N1), CA/09 (2009 H1N1pdm), or attenuated VN/04 (H5N1). Four mice from each group 
were euthanized on day 3 post-challenge, and the lung TCID50 titers were determined in MDCK cells. 
Body weights and mortality of the remaining mice were monitored for up to 14 d. The prophylactic 
efficacy against challenge with wild-type, highly pathogenic A/Vietnam/1203/2004 (H5N1) was 
determined in immunocompetent BALB/c mice using the same dose, administration route, and 
procedures as in the experiments conducted in DBA/2 mice, with the exception that they were 
conducted in enhanced biosafety level 3 (BSL3+/ABSL3+) facilities. All mouse experiments were 
performed using protocols approved by institutional Animal Care and Use Committees following 
federal guidelines. Results: Both strain-specific and broadly reactive NA-inhibiting antibodies 
protected DBA/2 mice against lethal homologous virus challenge. mAbs that inhibited neuraminidase 
activity of heterologous H1N1 or H5N1 viruses also protected DBA/2 mice against challenge with 
these heterologous viruses. A broadly reactive non-inhibiting NA-specific human mAb did not protect 
DBA/2 mice against influenza challenge, suggesting that NA-specific antibody-mediated protection in 
this mouse model relies on blocking substrate cleavage. DBA/2 mice are deficient in complement; 
complement is likely to provide an additional mechanism of antibody-mediated protection since this 
latter antibody, which does not inhibit enzyme activity, was nevertheless effective at protecting 
immunocompetent BALB/c mice against challenge with 10 LD50 attenuated VN/04 (H5N1). 
Conclusions: We tested the therapeutic potential of broadly reactive mouse and human NA-specific 
mAbs in mice. Our results support the use of NA-specific mAbs for prophylaxis and therapy against 
influenza. NA-specific mAbs, particularly those that have broad reactivity, may be vital additions to the 
currently limited arsenal for prevention or treatment of severe H1N1 and H5N1 infections. 
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P2-700 

Influenza viral hemagglutinin-targeted macrocycles as an antiviral agent 

M Saito1, M Ozawa2,3, F Yasui1, T Sasaki4, T Munakata1, Y Tobita1, R Ito5, K Munekata1, K 
Tsukiyama-Kohara2,3, A Sakurai6, F Shibasaki6, Y Sakoda7, H Kida7, PC Reid4, K Kubota4, H Suga5*, 
M Kohara1* 

1Department of Microbiology and Cell Biology, Tokyo Metropolitan Institute of Medical Science, 
Tokyo, Japan; 2Transboundary Animal Diseases Center, Joint Faculty of Veterinary Medicine, 
Kagoshima University, Kagoshima, Japan; 3Laboratory of Animal Hygiene, Joint Faculty of Veterinary 
Medicine, Kagoshima University, Kagoshima, Japan; 4Research and Development, PeptiDream Inc., 
KOL Building, The University of Tokyo, Tokyo, Japan; 5Department of Chemistry, Graduate School of 
Science, The University of Tokyo, Tokyo, Japan; 6Department of Molecular Medicine, Tokyo 
Metropolitan Institute of Medical Science, Tokyo, Japan; 7Laboratory of Microbiology, Graduate 
School of Veterinary Medicine, Hokkaido University, Sapporo, Japan 

Background: The constant threat imposed by influenza A viruses is one of the greatest public health 
issues. Although neuraminidase inhibitors are globally approved for influenza treatment, resistant 
mutants have already appeared; thus, alternative anti-influenza drugs are in high demand. 
Hemagglutinin (HA), one of the two glycoproteins that forms trimers on the surface of influenza 
virions, plays a critical role in the virus replication cycle; HA mediates cell attachment by binding to 
receptor molecules and low pH–dependent membrane fusion in endosomes. Although HA is classified 
into 16 subtypes based on its antigenicity, all HA molecules share the same fundamental biological 
function. Furthermore, HA is expressed on the virion surface; thus, penetrability through the cell or 
virion membrane is not required for HA-targeted antiviral agents. HA is considered to be alternative 
and ideal antiviral target. Since HA is the most immunogenic among influenza viral proteins, and HA-
targeted antibodies have the potential to neutralize HA-mediated virion-cell binding, several HA-
specific monoclonal antibodies have been established and demonstrated to be useful as anti-
influenza drugs. The molecular size of antibodies, however, is comparable with that of the HA trimer; 
thus, the accessibility to HA functional domains should be limited. Materials and Methods: To devise 
smaller molecules capable of binding to the influenza viral HA and have the potential as an antiviral 
agent, we used an emerging technology, RaPID (Random non-standard Peptide Integrated 
Discovery) system, which enables the identification of high-affinity ligands against a protein of interest 
from easily prepared libraries consisting of more than a trillion macrocyclic peptides. A library of 
mRNA-linked nonstandard macrocyclic peptides was generated by this system using a reassigned 
initiator codon, and potent macrocyclic binders were selected against a recombinant HA derived from 
a highly pathogenic avian influenza virus—A/Vietnam/1203/04 (H5N1). The candidates for inhibitor 
HA (iHA) were screened for inhibition of plaque formation by various strains of influenza virus. Binding 
of the iHA candidates to influenza viruses was verified by virus pull-down assays. iHA-24, which 
exhibited the most potent inhibitory activity on viral replication among the screened iHAs, was 
selected for further characterization. To determine the mechanism of action underlying the viral 
replication inhibition of iHA-24, its effect on HA-mediated membrane fusion activity was tested by 
using red blood cell fusion assays and polykaryon formation assays. The potential binding site of iHA-
24 to HA was mapped by isolating escape mutants from iHA-24 and by identifying the amino acid 
mutation responsible for the reduced sensitivity to iHA-24. The in vivo efficacy of iHA-24 against 
influenza virus infection was evaluated in a murine lethal infection model. Results: After five rounds of 
the RaPID system selection, we found an appreciable increase in the cDNA recovery rate. 
Sequencing of 69 molecular clones from the selected cDNAs revealed a total of 24 iHA candidates. Of 
the 24 candidates, seven iHA macrocycles inhibited plaque formation of A/duck/Hokkaido/Vac-3/07 
(H5N1). The virus pull-down assays revealed that these iHA candidates indeed bound to influenza 
viruses. In particular, iHA-24 inhibited plaque formation of different clade H5N1 viruses, pandemic 
(H1N1) 2009 viruses, and a laboratory virus strain A/Puerto Rico/8/34 (H1N1). iHA24 impaired 
influenza virus–mediated red blood cell membrane fusions and polykaryon formations in a dose-
dependent manner. The isolated escape mutants from iHA-24 possessed two mutations in their HAs; 
one of the mutations was located within the fusion peptide region of the HA2 subunit and was 
demonstrated to be responsible for the reduced sensitivity to iHA-24 by reverse genetics techniques. 
None of the mice treated with iHA-24 exhibited severe weight loss for 9 days post-infection, while all 
mock-treated mice experienced severe weight loss and died by 6 days. Virus titers in lungs from the 
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iHA-24–treated mice were significantly lower than those of the mock-treated counterpart. Conclusions: 
These results indicate that this newly developed drug discovery technique allows for the identification 
of the HA fusion activity–targeted broad-spectrum antiviral candidates for influenza treatment. 

P2-701 

Testing the cross-reactivity of a neutralizing monoclonal antibody generated 
using baculovirus-insect cell expressed HA protein of H5N1 

Y-J Tan1-3*, T Mak3

1Department of Microbiology, Yong Loo Lin School of Medicine, National University Health System, 
National University of Singapore, Singapore; 2Institute of Molecular and Cell Biology, A*STAR, 
Singapore; 3National University of Singapore Graduate School for Integrative Sciences and 
Engineering, National University of Singapore, Singapore 

Background: Since 2003, there have been reports of bird-to-human as well as human-to-human 
transmissions of the H5N1 avian influenza A virus, and this has raised the fear that the virus may be 
mutating to a form that can cause a flu pandemic with the magnitude of the Spanish flu pandemic of 
1918. Recent studies have suggested that monoclonal antibody (mAb)–based passive 
immunotherapy is a promising new approach to combat the influenza A virus. In this study, we 
characterized murine mAbs generated using baculovirus-insect cell expressed HA protein of H5N1. 
Materials and Methods: In this study, several anti-H5 mAbs were generated from mice immunized 
with baculovirus-insect cell expressed HA protein of H5N1. Due to the lack of BSL3 facility, the 
abilities of these mAbs to inhibit viral entry were analyzed using a pseudotyped virus assay. This 
assay uses replication-incompetent retroviral particles comprising the firefly luciferase reporter gene 
and expressing HA proteins of H5N1 on the surface.  Upon viral entry into permissive cell lines, 
luciferase expression provides a sensitive and quantitative measure of infection. In addition, enzyme-
linked immunosorbent assay (ELISA) was used to determine whether these mAbs could cross-react 
with HA of other avian influenza viruses, namely H7N7, H7N9, and H9N2. Results: Our results 
showed that one of the mAbs generated, termed 4F3, prevented viral entry of the homologous virus, 
which is a clade 1 virus isolated in Vietnam in 2004, at concentrations of ~ 10 µg/ml. An ideal 
therapeutic mAb would be one that is able to tolerate the antigenic variability of circulating H5N1 
variants and maintain its ability to neutralize the virus. Importantly, mAb 4F3 also prevented viral entry 
of both clade 2.1 and clade 2.2 viruses. Besides H5N1, other avian viruses—such as H9N2, H7N7, 
and H7N9—have also crossed the animal-human species barrier and caused diseases. Interestingly, 
ELISA showed that mAb 4F3 could also bind HA of the H7N7 and H7N9 subtypes but not the H9N2 
subtype. Conclusions: A newly generated mAb 4F3, which was producing using the HA of H5N1, 
appears to cross-react with H7N7 and H7N9 but not with H9N2. This suggests that this mAb is 
binding to an epitope that is present in both H5 and H7 subtypes but is absent in H9. The current 
study focused on the evaluation of mAb 4F3’s ability to prevent viral entry of H7N7 and H7N9. 

P2-702 

Antiviral activity of usnic acid derivatives against influenza virus in vivo 

AA Shtro1*, OA Luzina2, MP Polovinka2, DN Sokolov2, NI Komarova2, NF Salakhutdinov2, OI Kiselev1, 
VV Zarubaev1

1Influenza Research Institute, Saint Petersburg, Russia; 2Novosibirsk Institute of Organic Chemistry, 
Novosibirsk, Russia 

Background: Despite success in chemotherapy and vaccine prophylaxis, influenza remains a poorly 
controlled infection that causes annual epidemics and pandemics. Usnic acid (UA), a dibenzofuran 
originally isolated from lichens, has been shown previously to act as a growth regulator in higher 
plants. In humans, it can possess anti-inflammatory, antimitotic, antineoplastic, antibacterial, and 
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antimycotic activities. The aim of this study was to evaluate the anti-influenza properties of some 
derivatives of usnic acid. Materials and Methods: We had tested four compounds—(+) and (-) isomers 
of usnic acid and (+) and (-) isomers of its derivative (labeled as 575 and 612, respectively)—on a 
model of lethal influenza pneumonia in mice [influenza virus A/Aichi/2/68 (H3N2)]. Compounds 575 
and 612 were chosen after previous testing of the antiviral activity of 30 usnic acid derivatives in vitro. 
All the substances were synthesized at the Novosibirsk Institute of Organic Chemistry. The drugs 
were administered at two doses: 0.5 and 0.25 LD50 (50% lethal doses). The virus A/Aichi/2/68 
(H3N2) was administered intranasally at 1 and 10 LD50 under slight ether anesthesia. The following 
treatment scheme was used: 0.2 mL of a drug-water solution was administered 1 day before infection, 
1-2 hours after infection, and daily afterward for 4 days. The animals were observed for 14 days, and 
deaths in the control and experimental groups were reported every day. Based on these data, the 
degree of animal protection was calculated. Results: Both forms of usnic acid have shown no 
protection. Compound 612 had 11.1% protection at both doses, but the best one was compound 575. 
The maximum level of protection of 33.3% was achieved when the animals were receiving 10 mg/kg 
of the substance daily. Conclusions: Compounds 612 and 575 can be considered as prospective for 
the prevention and/or treatment of influenza.  

P2-704 

Broad-spectrum and influenza-specific antiviral compounds identified via 
high-throughput screening 

KM White1, P De Jesus2, P Abreu1, Q Nguyen2, A Inoue2, S Stertz1, R Koenig2, A García-Sastre1, P 
Palese1, SK Chanda2, ML Shaw1* 

1Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, United 
States; 2Infectious and Inflammatory Disease Center, Sanford-Burnham Medical Research Institute, 
La Jolla, California, United States 

Background: Resistance to both classes of antiviral drugs licensed for influenza has emphasized the 
need for the discovery and development of new anti-influenza compounds. Materials and Methods: 
Using a cell-based assay in 1536-well format and a novel influenza A virus that has been engineered 
to express Renilla luciferase, we screened a library of > 900,000 small molecules and identified those 
that inhibit influenza virus replication. The assay captured all stages of the virus life cycle, and the 
screen yielded a hit rate of 0.5%. Results: Following dose-response confirmation of antiviral activity 
and clustering of compounds based on structural similarity, 250 hits were subjected to validation 
studies. Here we report on five hits that all show potent anti-influenza virus activity with IC50 values in 
the low micromolar to nanomolar range in a human lung cell line. Two of these compounds have 
broad-spectrum antiviral activity and can efficiently inhibit the growth of both RNA and DNA viruses. 
We determined that one acts on the de novo pyrimidine synthesis pathway, while the other compound 
acts through a distinct mechanism. The other three compounds are specific for influenza A virus, and 
all show inhibition of both H1N1 and H5N1 subtypes; however, only one is active against the H3N2 
subtype. Two compounds select for resistant viruses with mutations in the influenza virus NP protein, 
but in different areas of the protein, suggesting that they likely act through disparate mechanisms. The 
third compound profiles as an entry inhibitor and selects for resistance mutations in the stalk region of 
HA. This correlates with mechanism of action studies that show that the compound blocks HA fusion 
activity. Conclusions: In summary, this high-throughput screen has yielded anti-influenza compounds 
with targets distinct from existing influenza drugs as well as two broad-spectrum antiviral candidates 
that likely act on cellular targets. 
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P2-705 

Angiopoietin-1 and keratinocyte growth factor restore the impaired alveolar 
fluid clearance induced by influenza H5N1 virus infection 

DIT Kuok1*, RWY Chan1, JW Lee2,3, X Fang2, MA Matthay2,4, JS Malik Peiris1, MCW Chan1 

1Centre of Influenza Research and School of Public Health, LKS Faculty of Medicine, The University 
of Hong Kong, Pokfulam, Hong Kong SAR; 2Cardiovascular Research Institute, 3Department of 
Anesthesiology, and 4Department of Medicine, University of California, San Francisco, California, 
United States 

Background: Acute respiratory distress syndrome (ARDS) caused by high pathogenic avian influenza 
(HPAI) H5N1 virus infection has resulted in severe illness and high mortality rates among patients. 
Patients with ARDS are often characterized by impaired alveolar fluid clearance and alveolar edema. 
An understanding of the mechanism responsible for human alveolar edema will lead to the 
development of novel therapeutic treatments for ARDS patients. We hypothesized that the paracrine 
soluble factors angiopoietin-1 (Ang-1) and keratinocyte growth factor (KGF) can resolve alveolar fluid 
clearance by up-regulating the expression of major sodium and chloride transporters impaired by 
HPAI H5N1 virus infection. Materials and Methods: Human alveolar epithelial cells grown on transwell 
inserts were infected with HPAI H5N1 (A/HK/483/97) and low pathogenic avian influenza (LPAI) H1N1 
(A/HK/54/98) viruses at MOI 0.1 or incubated with conditioned culture medium containing Ang-1 
and/or KGF. At 24 and 48 h post-infection, the rate of alveolar fluid transport and protein permeability 
across the alveolar epithelium was measured. Protein expression of sodium and chloride transporters 
(Na-K-ATPase, CFTR, and epithelial sodium channel alpha subunit) was measured by qPCR, ELISA, 
and Western blot. Results: HPAI H5N1 (A/HK/483/97) virus infection significantly reduced net alveolar 
fluid transport and protein permeability when compared with H1N1 (A/HK/54/98) virus infection at 24 h 
post-infection and further reduced it at 48 h post-infection. This reduction in alveolar fluid clearance 
was associated with a substantial reduction in protein expression of Na-K-ATPase, CFTR, and 
epithelial sodium channel alpha subunit. The influenza virus–infected cells treated with Ang-1 and 
KGF restored the impaired alveolar edema fluid clearance and protein permeability after HPAI H5N1 
virus infection. Furthermore, the paracrine soluble factors Ang-1 and KGF up-regulated the protein 
expression of the major sodium and chloride transporters resulting from the HPAI influenza virus 
infection. Conclusions: The paracrine soluble factors Ang-1 and KGF play an important role in 
maintaining human alveolar fluid clearance by up-regulating the sodium and chloride transporting 
systems in human alveolar epithelium. This study enriches the understanding of the development of 
ARDS in human H5N1 disease and may aid in the development of possible therapeutic applications. 

P2-706 

Immunomodulatory and anti-viral effects of statins in influenza H5N1 virus 
infection of human alveolar epithelial cells and peripheral blood–derived 
macrophages 

KPY Hui, RWY Chan, LLY Chan, JS Malik Peiris, MCW Chan* 

Centre of Influenza Research and School of Public Health, LKS Faculty of Medicine, The University of 
Hong Kong, Pokfulam, Hong Kong SAR, China 

Background: Highly pathogenic avian influenza (HPAI) H5N1 virus panzootic in poultry continues to 
spread. It causes zoonotic human disease with a high (> 60%) fatality rate and continues to pose a 
pandemic threat. Based on clinical, animal, and in vitro cell studies, we and others have suggested 
that differences in viral replication competence, tissue tropism, and cytokine dysregulation between 
H5N1 and low pathogenic viruses may contribute to disease pathogenesis. Statins as HMG-CoA 
inhibitors act to reduce cholesterol and have been demonstrated to have anti-inflammatory and 
immune-modulatory activities. However, there is controversy about the benefits of statin use on 
influenza infection in mice and humans. In this study, we aimed to evaluate the effects of statin 
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treatment in influenza infection using physiologically relevant in vitro models—human alveolar 
epithelial cells (AECs) and peripheral blood–derived macrophages (PBDMs). Materials and Methods: 
Primary human AECs and PBDMs were infected with HPAI H5N1 (A/HK/483/97) and seasonal H1N1 
(A/HK/54/98) viruses in the presence or absence of statin (simvastatin and sevastatin) treatment. 
Virus replication was monitored by measuring infectious viral particles in cell culture supernatants 
using TCID50. Immuno-modulatory effects of statins were examined by measuring the mRNA and 
protein expression of cytokines and chemokines using qPCR and ELISA. In order to understand the 
intervention of statins and influenza infection, the gene expression profile of selected members of the 
sterol-biosynthesis pathway in influenza virus–infected AECs and PBDMs were also monitored. The 
responses of a variety of cytokine treatments on the genes of the sterol-biosynthesis pathway were 
investigated in AECs. Furthermore, the intracellular free cholesterol level was also examined by 
enzymatic assay in AECs infected with influenza virus. Results: We demonstrated that both 
simvastatin and mevastatin exhibited a dose-dependent inhibition of influenza virus replication for 
both HPAI H5N1 and seasonal H1N1 viruses in human AECs and PBDMs. The observed inhibitory 
effect of simvastatin and mevastatin occurred below the non-specific toxic effects to cells, which were 
measured by MTT assay. Treatment of simvastatin and mevastatin significantly suppressed H5N1 
virus–induced pro-inflammatory cytokines such as TNF-α in PBDMs and chemokines, including IP-10 
and MCP-1 secretion in both AECs and PBDMs at 24 hours post-infection. We further showed that 
human AECs and PBDMs infected with both HPAI H5N1 and seasonal H1N1 viruses had significant 
down-regulation of sterol pathway gene expression at 24 hours post-infection. AECs and PBDMs 
treated with IFN-γ or IFN-β but not IL-1β, TNF, or IL-6, showed down-regulation of sterol pathway 
gene expression. In addition, we found that the free cholesterol level was significantly reduced at 24 
and 48 h post-H5N1 virus infection in AECs and in IFN-β–treated AECs. These results further support 
a specific modulation of the sterol metabolic pathway upon influenza virus infection. Conclusions: 
Taken together, the controversy about the beneficial effects of statin use in influenza infection and our 
data suggest that statins possess both the antiviral and immune-regulatory effects in H5N1-infected in 
vitro cell models. We also demonstrated a highly specific response of AECs and PBDMs through a 
coordinated negative regulation of multiple sterol pathway members upon influenza virus infection or 
treatment of interferon. Identification of a reduction in sterol pathway gene expression and cholesterol 
levels with IFN treatment in human AECs offers new insights on the host-mediated antiviral responses 
through the sterol metabolism pathway and opens new therapeutic options for human influenza 
disease. 

P2-707 

Immune modulation by a novel narrow spectrum kinase inhibitor RV1088 as a 
therapeutic strategy for influenza virus infections  

J Ashcroft1*, D Brookes2, R Cocking1, K Ito2, W Barclay1 

1Section of Virology, Imperial College, London, United Kingdom; 2RespiVert Ltd., London, United 
Kingdom 

Severe outcome following influenza infection has been linked to the over induction of the host innate 
immune response resulting a “cytokine storm.” In certain patient populations, a therapeutic approach 
to help control over induction of the innate immune response may be of benefit. However, concerns 
have been expressed that suppression of aspects of the host immune response might also lead to an 
increase in virus replication and directly enhance viral induced pathology. Using airway-liquid 
interface cultures of primary well-differentiated human airway epithelium (HAEs), we have 
demonstrated that a narrow spectrum kinase inhibitor, RV1088 (RespiVert Ltd.) can inhibit the 
induction of an array of human cytokines including IL6, IL8, IP10, and RANTES while at the same 
time not adversely increasing viral replication. In contrast, treatment of infected airway cells with 
fluticasone propionate, a steroid, did not inhibit any of the cytokine/chemokine responses measured. 
RV1088 also inhibited the viral induction of transcription from the interferon promoter acting at or 
below the level of MAVS. Used alone, RV1088 inhibited cytokine production by virus strains 
representative of all currently circulating subtypes and lineages of influenza A and B virus. Used in 
combination with Zanamivir, the virus titre released from HAE cells was suppressed even further than 
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for either drug alone. This molecule may represent a new generation of compounds suitable for the 
treatment of respiratory virus infections. 

P2-708 

Oral administration with KIOM-C attenuates lethal influenza A virus infection 

EH Kim1, PN Pascua1, MS Song1,2, YH Baek1, Hl Kwon1, SJ Park1, GJ Lim1, SM Kim1, A Decano1, KJ 
Lee3, WK Cho3, JY Ma2, YK Choi1,2* 

1College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju, 
Republic of Korea; 2ID.bio Co., Cheongju, Republic of Korea; 3Korean Medicine Based Herbal Drug 
Research Group, Korea Institute of Oriental Medicine, Deajeon, Republic of Korea 

Background: At present, there are two major classes of anti-influenza drugs currently available: 
amantadine and rimantadine are adamantane derivatives that belong to the matrix protein 2 ion-
channel class of inhibitors, whereas oseltamivir and zanamivir are two of the currently prescribed 
neuraminidase inhibitors. However, resistant viruses against these classes of prophylactic agents 
have arisen in recent years, requiring the need for additional anti-influenza therapy options. In recent 
years, the use of herbal extracts and compounds with anti-influenza virus activities and adjuvant-like 
or immunomodulatory effects have started to gain interest. Herbal extracts and compounds, naturally 
produced from oriental medicines, are believed to demonstrate multiple bioactivities and are thought 
to be safe for both oral and nasal applications. If proven effective, they would provide more affordable 
and broad-spectrum alternative means for mitigating influenza A virus infections. Therefore, this study 
investigated the antiviral effect of KIOM-C (herbal compound mixture) for the treatment of influenza A 
virus infection. Materials and Methods: More than 100 herbal medicine formulas are being tested by 
the Center for Herbal Medicine Improvement Research at the Korea Institute of Oriental Medicine, 
since 2010, to screen for novel antiviral compounds. These recent efforts have led to the discovery of 
KIOM-C—an herbal compound mixture. We evaluated the efficacy of KIOM-C against infection with a 
mouse-adapted A(H1N1)pdm09 A/Korea/CJ01/2009 (A/Korea/maCJ01/2009) virus. Following 
A/Korea/maCJ01/2009 infection, groups of BALB/c mice were orally administered KIOM-C, after 
which survival rates and immune responses in bronchoalveolar lavage fluid (BALF) were determined. 
Furthermore, we tested the potential anti-viral effects of KIOM-C in a ferret model by measuring the 
viral replication rate in their infected lungs. Results: Our results show that oral administration of KIOM-
C conferred a survival benefit to mice infected with the 2009 pandemic H1N1 [A(H1N1)pdm09] virus 
and resulted in a 10- to 100-fold attenuation of viral replication in ferrets in a dose-dependent manner. 
Additionally, oral administration of KIOM-C increased the production of antiviral cytokines, including 
IFN-γ and TNF-α, and decreased levels of pro-inflammatory cytokines (IL-6) and chemokines (KC, 
MCP-1) in the BALF of A(H1N1)pdm-infected mice. These results indicate that KIOM-C can promote 
clearance of influenza virus in the respiratory tracts of mice and ferrets by modulating cytokine 
production in hosts. Conclusions: These findings suggest the therapeutic utility of the herbal 
compound mixture KIOM-C when used as an oral anti-influenza virus treatment. Data obtained since 
the herbal remedy was administered, on a daily basis for 4 to 5 days, 24 h after experimental 
inoculation, suggest the efficacy of KIOM-C in the early phase of virus exposure/infection. To 
elucidate whether the timing of treatment is significant for immune modulation along with the precise 
mechanism by which KIOM-C stimulates the host’s antiviral functions, further studies will be needed. 
Regardless, our study shows that KIOM-C could be a novel, orally active antiviral agent with the 
potential to be an effective herbal remedy for prophylaxis and treatment of influenza virus infections. 
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P2-709 

Antagonists of histamine receptors inhibit influenza virus replication through 
an off-target effect 

X Chen*, Q Liao, L An, R Liu, Z Qian 

State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Academic of Sciences, 
Wuhan, Hubei, PR China 

Background: Influenza virus is a highly contagious pathogen that causes annual epidemics and 
pandemics in the human population, resulting enormous suffering and economic losses. Drug 
repurposing can be an important part of new drug discovery program and has led to several 
blockbuster drugs. US Drug Collection from MicroSource Discovery Systems, Inc. consists of 1280 
compounds that have reached clinical trial stages in the United States. All of the compounds in the 
library have known and well-characterized bioactivity, safety, and bioavailability—properties that could 
dramatically accelerate drug development and optimization. Using a cell-based assay, we identified a 
group of histamine antagonists that can inhibit influenza virus replication. Materials and Methods: 
Viruses and cells: The A/PuertoRico/8/34 ([PR/8] strain H1N1), Madin-Darby Canine Kidney Cells 
(MDCK) cells and a human pulmonary epithelial cell line (A549 cells) were used in the cell-based viral 
inhibition assay. Compounds: Cytotoxicity Assay: Cells were grown in 96-well plates for 16 hours. The 
medium was replaced with fresh medium containing serially diluted compounds, and the cells were 
further incubated for 48 hours. The cell viability is measured using MTT methods or commercial kit. 
Viral inhibition assay: Cells were infected with 100 TCID50:0.1 ml of the virus in the presence of 
different concentrations of the studied compounds at 37°C for 1 hour. After virus attachment, the cells 
were washed 3 times with D-Hank’s solution and incubated with media containing the same 
concentration of compound at 37°C for 48 hours. The fluorescence intensity that resulted from the 
substrate cleavage by the viral neuraminidase activity was measured at 355 nm (excitation) and 485 
nm (emission) using a multilabel plate reader. The effective concentrations that induced 50% 
inhibition of the viruses (EC50s) were calculated through a nonlinear regression analysis (sigmoidal 
dose-response variable slope) using the GraphPad Prism 5.0 software. Results: In order to find out if 
the infection of influenza virus lead to the release of histamine by the infected cells, the histamine in 
the supernatants of the virus-infected cells was detected by ELISA and HPLC and no change in the 
concentrations of histamine was observed. To understand whether histamine receptors are involved 
in the replication life cycle of influenza virus, the knock-down of histamine receptors by siRNAs and 
antibody blocking of histamine receptors were performed to analyze whether histamine receptors are 
required for viral replication. Our results suggested that the anti-viral activities were related with 
neither histamine nor histamine receptor. To identify the antiviral targets of these compounds, the 
time-of-addition assay results revealed that these compounds take effects at the very early steps of 
influenza virus life cycle. Based on the timing of inhibition and the properties of the compounds, we 
speculate that the histamine antagonists may lower the pH in endosome. And we found that these 
compounds increase the intralysosomal pH in mouse peritoneal macrophages. Further experiments in 
mice showed that some compounds increase the survival rate of mice infected by influenza virus. 
Conclusions: Cytokine storm during influenza virus infection is thought to be a prospective predictor of 
morbidity and mortality. Histamine antagonists have been used as immunomodulatory agents for 
many years, clinically used for the treatment of flu. Chlorphenamine is a component of Tynol. Here 
histamine antagonists were found to inhibit influenza virus replication. There is an expectation that 
combining immunomodulatory strategy with antiviral therapy is a rational approach to improve clinical 
outcome in influenza-infected patients. Once the key structures or scaffolds of each function 
identified, more potent antiviral agents with two functions can be developed. Our findings provide a 
new option to discover new agents against influenza virus infection. 
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P2-710 

Exploring host targets for broad-spectrum antivirals against respiratory 
viruses 

G Beyleveld1,2*, DJ Chin3, C Cillóniz4, J Carter5, G Chen3, J Ayllon1, P Palese1, A García-Sastre1, ML 
Shaw1

1Department of Microbiology and 2Graduate School of Biomedical Sciences, Icahn School of Medicine 
at Mount Sinai, New York, New York, United States; 3Translational Technology and Bioinformatics, 
Hoffman La-Roche, Nutley, New Jersey, United States; 4Virology Discovery Group, Hoffman La-
Roche, Nutley, New Jersey, United States; 5Translational Research Sciences, Genetics and 
Genomics, Hoffman La-Roche, Nutley, New Jersey, United States 

Background: To identify host targets for a new generation of influenza antiviral therapy, several RNA 
interference (RNAi) screens have been performed to uncover required host factors. In total, these 
screens have implicated more than 1000 human proteins,  but there is minimal overlap between the 
screens and greater evidence of the vital role of a particular host factor is required to support its 
selection as a drug target. Materials and Methods: To this end, we used an integrated “OMIC” 
approach to prioritize host factors with the most support for a role during influenza virus infection. 
Moreover, we have incorporated data on respiratory syncytial virus (RSV). Although these two viruses 
have distinct genetic structures, they encounter a similar host factor repertoire in the human 
respiratory tract; therefore, they likely share dependency on many cellular functions. We have 
conducted RNA-sequence experiments in parallel with influenza A virus and RSV to compare the 
profile of regulated host genes and then integrated these data with publicly available data sets for 
virus-host (and host-host) protein interactions, influenza virus, and RSV microarray data and from the 
influenza RNAi studies. Results: Using two complementary bioinformatic strategies, the data were 
filtered to reveal a subset of 53 host factors that are predicted to participate in the virus-host networks 
for both influenza virus and RSV. Inclusion of published data on quantitative protein expression in 
influenza virus– or RSV-infected cells reduces this further to 14 factors. Conclusions: We believe that 
this strategy greatly facilitates the identification of host factors to explore as targets for broad-
spectrum antiviral drugs. 

P2-711 

RNA binding proteins regulate innate immune responses to avian influenza 

JC Rupp1, MS Aspelund1, S Gray1, M Cox1, RD Robl1, E Davis1, MJ Kim1, N Ray1, D Wooten1, C Jan2, 
R Hai3, A Garcia-Sastre3, E Bortz1* 

1Dept. of Biological Sciences, University of Alaska, Anchorage, Alaska, United States; 2Dept. of 
Cellular & Molecular Pharmacology, University of California, San Francisco, California, United States; 
3Dept. of Microbiology, Mount Sinai School of Medicine, New York, New York, United States 

Background: Emerging avian influenza A viruses can cross the species barrier from birds into 
humans, exemplified by H5N1 (1997-present) and H7N9 (2013) outbreaks, causing severe pulmonary 
disease characterized by pneumonia, high levels of inflammatory cytokines and chemokines, and 
immunopathology. Avian viruses must typically acquire molecular adaptations in their heterotrimeric 
RNA-dependent RNA polymerase (PB1, PB2, and PA) and nucleoprotein (NP) to efficiently 
synthesize RNA in human cells. Materials and Methods: Using functional genomics (RNA 
interference), biological network analysis, and phylogenetics, we have explored interactions of H1N1, 
H5N1, and H7N9 viral polymerases with a network of human RNA binding proteins. Results: RNA 
binding proteins, including heteronuclear ribonucleoporoteins (hnRNP) and DExD/H-box RNA 
helicases, regulate virus RNA syntheses in human cells, suggesting a role for RNA binding proteins in 
the adaptation of avian strains to mammalian hosts. Intriguingly, RNA binding proteins, such as PKR, 
hnRNPA1, and NF90, that regulate avian polymerase function also affect induction of type I interferon 
and cellular RNA stress responses in influenza infection, possibly by binding immunostimulatory viral 
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RNA motifs. Conclusions: Targeting these virus-host interactions may offer a new line of therapeutic 
intervention against severe avian influenza in humans.  

P2-712 

The natural product aureonitol isolated from the fungus Chaetomium 
coarctatum impairs influenza A replication by inhibiting its hemagglutination 

CQ Sacramento1, CR Kaiser2, KF Rodrigues3, GL Costa3, CM Alves1, A Marttorelli1, O Santos-Filho4, 
JP Barbosa3,TM Souza1 

1Laboratório de Vírus Respiratórios e do Sarampo, Instituto Oswaldo Cruz, Fundação Oswaldo Cruz, 
Rio de Janeiro, Brazil; 2Instituto de Química, Universidade Federal do Rio de Janeiro Brazil; 
3Laboratório de Taxonomia, Bioquímica e Bioprospecção de Fungos, Instituto Oswaldo Cruz, 
Fundação Oswaldo Cruz, Rio de Janeiro, Brazil; 4Instituto de Tecnologia de Farmacos 
(Farmanguinhos), Fundação Oswaldo Cruz, Rio de Janeiro, Brazil  

Background: Antiviral drugs targeting influenza A and B viruses are a crucial component of pandemic 
preparedness. Recent data on oseltamivir (OST) use in patients with laboratory-diagnosed A (H1N1) 
pdm09 infection suggest that better clinical outcomes are achieved when treatment starts just after 
identification of symptoms. Two classes of anti-influenza drugs are licensed for clinical use: the M2 
proton-channel blockers (adamantanes) and neuraminidase inhibitors (NAIs). The former class of 
compounds is no longer used due to massive circulation of resistant strains. Regarding NAIs, OST 
and zanamivir have been used more intensely since the 2009 pandemics. Consequently, an OST-
resistant strain of A (H1N1) pdm09 has been found in various countries. This OST-resistant strain 
seems to occur at frequencies close to 2.0% and clusters of sustained transmission have been 
identified. Therefore, the search for novel anti-influenza drugs is pivotal. We have been studying 
secondary metabolites of endophytic and cosmopolitan fungi, Chaetomium coarctatum, found in 
Brazil, which constitute a fruitful source of bioactive compounds with a broad range of uses. This 
organism produces large amounts of a terpenoid known as aureonitol. Although there are some 
reports on the anti-bacterial activity of aureonitol, to the best of our knowledge, the antiviral activity of 
this compound is unknown. Materials and Methods: Chaetomium sp Kuntze (1817) was isolated and 
identified. A voucher specimen (CCFF/IOC 4613) was deposited at the Filamentous Fungal Culture 
Collection of Oswaldo Cruz Institute/FIOCRUZ. Aureonitol’s chemical structure has been identified, 
and more than 99% purity was confirmed by RMN. Antiviral assays have been performed with 
laboratory-adapted influenza A and B viruses in MDCKs. Inhibition of hemagglutination and 
neuraminidase (NA) activity has been evaluated using standard procedures. Sequential passages of 
influenza virus in the presence of increasing concentrations of aureonitol have been carried out to 
monitor resistance mutations to aureonitol. In addition, in silico docking studies were performed with 
influenza hemagglutinin (HA). Results: The antiviral activity of aureonitol against influenza A (H3N2) 
virus resulted in the potent dose-dependent inhibition of virus replication, resulting in an EC50 equal to 
100 ± 16 nM. For comparison, the reference NAI oseltavimir carboxylate (OST-c) EC50 value was 30 
± 2.3 nM, which was within the same sub-nanomolar range of aureonitol. Our compound presented 
low cytotoxicity, with a CC50 of 1426 ± 0.13 µM. This CC50 value is comparable with that found for 
OST-c (CC50 > 2000 µM). Based on the ratio between CC50 and EC50, the selective indexes for 
aureonitol and OST-c were 14,260 and 66,666, respectively. NA inhibition assays, even those 
conducted at concentrations that exceed 10 times aureonitol’s EC50, showed no inhibitory effect. As a 
control, OST-c inhibited NA (IC50 of 0.1 ± 0.012 nM). Most importantly, aureonitol inhibited HA activity 
at 100 nM, comparable with the dilution of 1:1024 of WHO reference anti-sera. In silico docking 
studies with aureonitol and HA resulted in binding at the HA head. Hydrogen bridges between 
aureonitol with Glu190 and His183 were observed. Conclusions: Aureonitol presented more potent 
antiviral activity than other fungi natural compounds tested against influenza A (Nishihara, 2000; Jing, 
2011). Our results suggest that the chemical structure of aureonitol is a promising one for the 
development of novel anti-influenza drugs.  
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P2-713 

Is it possible to fight influenza by targeting intracellular redox state? 

AT Palamara1,2*, R Sgarbanti3, D Amatore1, I Celestino1, L Nencioni1, A Fraternale4, M Magnani4, E 
Garaci3

1Department of Public Health and Infectious Diseases, Institute Pasteur, Cenci-Bolognetti Foundation, 
‘‘Sapienza’’ University of Rome, Rome, Italy; 2San Raffaele Pisana Scientific Institute, Rome, Italy; 
3Università Telematica San Raffaele, Rome, Italy; 4Department of Biomolecular Sciences, University 
of Urbino “Carlo Bo”, Urbino, Italy

Background: Influenza viruses induce a redox imbalance in the host cells, characterized by depletion 
of the main intracellular antioxidant glutathione (GSH) and an increase in reactive oxygen species 
(ROS). This oxidative stress may play a role in activating intracellular redox-sensitive pathways that 
are exploited by the virus for its own replication. The activation of the redox-regulated machinery may 
also play a role in the dysregulated proinflammatory responses and severe lung injury caused by 
highly pathogenic influenza viruses. We have recently demonstrated that it is possible to inhibit 
influenza virus replication by treating infected cells or mice with a derivative of GSH, GSH-C4. In 
particular, GSH-C4 is able to impair hemagglutinin (HA) maturation in the endoplasmic reticulum and, 
as a consequence, to block the progression of the virus replicative cycle. This effect is related to the 
correction of virus-induced GSH depletion that, in turn, affects the redox state of PDI, a cellular 
oxidoreductase involved in disulfide bond formation of glycoproteins. It has also been demonstrated 
that pro-GSH molecules, including GSH-C4, are able to increase the intramacrophage thiol content in 
vitro and in vivo as well as to shift the immune response toward Th1, which plays a pivotal role in 
antiviral immunity. On the basis of this background, our study was aimed at evaluating i) the ability of 
human and avian viral strains to induce an intracellular prooxidant state; and ii) the ability of redox 
modulating compounds other than GSH-derivative to inhibit influenza virus replication in lung 
epithelial cells and/or to prevent the excessive cytokine production induced in mice by lethal infection. 
Materials and Methods: For the study, human mucoepidermoid pulmonary carcinoma cells were 
infected with human and avian influenza A viruses (A/Puerto Rico/8/34 H1N1; A/ULSTER/H7N1) and 
treated after viral adsorption with redox modulating compounds such as GSH-C4, N-acetyl cysteine 
(NAC) and Trolox. After different hours of infection (3-6-8-24 hours), viral proteins, the intracellular 
redox state (ROS production) and mRNA of cytokines were evaluated through Western blot, FACS 
analysis and real-time PCR. Viral titer was measured through hemagglutination and plaque assays. 
Results: We found that human influenza virus induced a continuous and progressive increase of 
intracellular ROS levels from three to five hours after infection. Avian virus induced multiple waves of 
ROS hyperproduction, and the ROS levels were significantly higher than that observed in cells 
infected with human virus. Among different redox modulating compounds tested, differently from 
GSH-C4, NAC (a GSH precursor) and Trolox (a derivative of vitamin E with ROS-scavenging activity) 
exhibited short-term anti-influenza activity in infected lung epithelial cells, without interfering with viral 
protein expression or HA folding. In addition, the different compounds produced different effects on 
NF-ĸB activation and on the inflammatory cytokine production, suggesting that different redox-
regulated pathways (GSH mediated or ROS mediated) may be specifically involved in the regulation 
of virus life cycle and/or inflammatory responses. Conclusions: Overall, these results indicate that 
GSH-C4 is effective in both inhibiting influenza virus replication and blocking the cytokine storm 
responsible for the lethality of some viral strains. Our data also demonstrate that not all the so-called 
“antioxidant drugs” are able to control viral infection and inflammatory responses. Thus, the efficacy of 
a specific compound depends on its real ability to affect redox-regulated pathways in different cellular 
contexts. 
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P2-714 

Therapeutic or prophylactic treatment with an HA-stem antibody (VIS410) 
limits respiratory droplet transmission of influenza virus in the ferret model 

S Lakdawala1, M Baz1, E Lamirande1, S Sloan2, K Szretter2, K Viswanathan2, D Ambrosino2, K 
Subbarao1* 

1National Institutes of Health, Bethesda, Maryland, United States; 2Visterra Inc., Cambridge, 
Massachusetts, United States 

Background: Influenza virus infection is responsible for thousands of deaths each year, and novel 
treatment modalities are needed. Prophylaxis and therapy with monoclonal antibodies (mAbs) have 
been shown to limit the severity of disease in animal models of influenza. mAbs that target a 
conserved epitope in the hemagglutinin (HA) are likely to provide broad protection against viruses of 
different subtypes. Through protein structural analysis, we have identified a site on the influenza HA 
that is conserved across all influenza A virus subtypes and appears to be resistant to escape 
mutation. A human IgG 1 kappa mAb (VIS410) was engineered that targets this conserved region and 
demonstrates dose-dependent viral inhibition against influenza viruses with both Group 1 and Group 
2 HAs. Mechanistic studies indicate that VIS410 inhibits HA fusion with the cell membrane. VIS410 
has been previously shown to protect mice infected with a lethal dose of H1N1, H3N2, and H5N1 
influenza viruses, both prophylactically and therapeutically. However, the effectiveness of this 
treatment option to limit the spread of disease remains unknown. In this study we addressed whether 
treatment of VIS410 therapeutically or prophylactically affects respiratory droplet transmission of the 
2009 pandemic H1N1 (pH1N1) virus in ferrets. Materials and Methods: We evaluated therapy and 
prophylaxis with VIS410. The therapeutic arm included 6 donor ferrets inoculated intranasally with 106 
TCID50 of CA/07/09 pH1N1 virus. Eight hours post-infection (HPI), donor ferrets received 10 mg/kg 
intraperitoneal (IP) injections of either VIS410 (3 ferrets) or an irrelevant human IgG 1 kappa control 
antibody (3 ferrets). Untreated recipient ferrets were placed into the adjacent transmission cage 24 
HPI and exposed to the donor animals for 13 days, after which all of the ferrets were euthanized and 
serum was collected. Nasal wash samples were collected from the donor animals on 1, 3, and 7 days 
post-infection (DPI) to assess viral titers. In the prophylactic arm, donor ferrets were inoculated as 
above; 8 hours later the uninfected recipient ferrets received 30 mg/kg IP injections of either VIS410 
(3 ferrets) or control antibody (3 ferrets), and they were exposed to the infected ferrets for 48 hours 
starting 24 hours after the donor ferrets were infected. Three DPI the recipient ferrets were removed 
from the transmission cages and placed into individual housing units. Transmission efficiency of 
pH1N1 was determined in all groups by serology 14 or 22 DPI. In both studies, sera were collected on 
1, 3, 7, 14, and 22 DPI from the animals receiving the antibody to determine the pharmacokinetics of 
VIS410 in ferrets. Results: Therapy with VIS410 resulted in a reduced pH1N1 transmission efficiency 
of 33% (1/3 recipient animals seroconverted) compared with a transmission efficiency of 100% (3/3 
recipient animals seroconverted) in the control treatment group, although virus titers in the nasal 
washes from both groups of donor animals were equivalent. Prophylaxis with VIS410 also resulted in 
decreased pH1N1 transmission; only 1/3 recipient animals had a low antibody titer on 22 DPI 
compared with 2/3 recipient animals with high antibody titers in the control group. VIS410 and the 
control human mAb had similar kinetics in ferrets. Finally, we observed that VIS410 was cleared faster 
in ferrets as compared with mice. Conclusions: This is the first demonstration that treatment with a 
human mAb can reduce the spread of influenza via respiratory droplets in the ferret model. The 
decrease in respiratory droplet transmission was independent of the titer of virus present in nasal 
washes. Prophylaxis with VIS410 also reduced infection in spite of the rapid clearance of VIS410 in 
ferrets. Serum concentrations of VIS410 associated with reduced transmission are easily achievable 
in humans. These observations, in the context of data generated previously in the mouse model, 
suggest that therapeutic administration of VIS410 during an influenza outbreak can limit both the 
spread of the disease and the severity of illness in treated individuals. 
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LBA-O-001 

Progress in building equitable influenza vaccine production capacity under the 
Global Action Plan for Influenza Vaccines (GAP) framework 

J Hendriks*, M Friede, G Torelli, E Sparrow, J Tam, MP Kieny 

World Health Organization, Geneva, Switzerland 

The world recognized in 2005 that there was insufficient vaccine production capacity to meet the 
world’s needs in the event of an influenza pandemic, and that most of the available capacity was in 
high-income countries. This would make developing countries very dependent on the supply of 
pandemic vaccine from these countries, and vaccine supplies would be delayed and fall far short of 
the needs, as experienced during the 2009 H1N1 pandemic. The WHO Global Action Plan for 
Influenza Vaccines (GAP) aims to ensure rapid and equitable access to vaccines in an influenza 
pandemic, and one of its three objectives is the increase of global pandemic vaccine production 
capacity. Since 2006, WHO and partners have provided grants and technology transfer opportunities 
to manufacturers in Brazil, China, Egypt, India, Indonesia, Iran, Kazakhstan, Mexico, Romania, 
Serbia, South Africa, South Korea, Thailand and Vietnam. This has leveraged the increase in 
pandemic vaccine production capacity from these manufacturers to 330 million doses per annum, with 
six manufacturers having already achieved licensure of their locally produced influenza vaccines. A 
particular highlight has been the sublicensing by WHO of one of the two existing live attenuated 
influenza virus technologies to three emerging country vaccine manufacturers, one of which 
succeeded in obtaining WHO prequalification for its live attenuated H1N1(2009) pandemic vaccine. 
Building on these achievements, WHO is planning, with technical and financial support from the US 
government, to facilitate a further increase of the total production capacity of these developing-country 
manufacturers to exceed 500 million doses of pandemic vaccine per year, by 2016. The programme 
will strive to facilitate the registration of at least five new quality-assured influenza vaccines by 2016, 
and to support at least nine manufacturers to reach advanced development stage for their candidate 
vaccines by the same date. Challenges to be addressed include the optimisation of antigen-sparing 
technologies, obtaining national regulatory approvals and WHO prequalification, as well as building 
sustainable business models for the new producers. By the tenth anniversary of the GAP, this 
technology transfer programme will have increased the number of countries and regions able to 
respond to an influenza pandemic, and decreased the dependence of these countries on the vaccine 
produced in high-income countries. 

LBA-O-002 

Effectiveness of seasonal influenza vaccination of children in Senegal: year 
two of a cluster-randomized trial 

A Diallo1, M Niang2, J Ortiz3, D Diop1, J Sugimoto4, K Lewis3, B Diarra1, K Lafond5, S Zangeneh4, M 
Halloran4, K Neuzil3, M-A Widdowson5, J Victor3*

1Institut de Recherche pour le Développement, Dakar, Senegal; 2Institut Pasteur de Dakar, 
Senegal; 3PATH, Seattle, Washington, United States; 4Fred Hutchinson Cancer Research Center, 
Seattle, Washington, United States; 5Centers for Disease Control and Prevention, Atlanta, Georgia, 
United States 

Background: Data are limited on the benefit of influenza vaccine to children in tropical countries. 
Additionally, because the pattern of influenza circulation and the role of children in transmission may 
differ markedly from those in temperate settings, population-level effects of wide-spread influenza 
vaccination of children, including total, indirect, and overall effectiveness of vaccination, are unknown. 
Therefore, we conducted 3 annual trials in rural Senegal to evaluate these effects after vaccination of 
children with trivalent inactivated influenza vaccine (TIV). This abstract reports results from the 
second annual evaluation. Materials and Methods: Twenty villages of the Niakhar Demographic 
Surveillance System were randomized 1:1 for vaccination of children 6 months through 10 years of 
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age with TIV formulated for the 2010 Southern Hemisphere influenza season (Vaxigrip, Sanofi-
Pasteur) or inactivated poliovirus vaccine (IPV) (Sanofi-Pasteur). Commercial presentations of 
vaccines were masked and coded before delivery to the site. From May-June 2010, children received 
dosing per the manufacturer’s instructions (for vaccine-naive TIV recipients: two 0.25 mL doses for 
those 6-35 months, two 0.5 mL doses for those 3-8 years, and one 0.5 mL dose for those 9-10 years; 
children who received TIV in study year 1 received only 1 dose; and for IPV recipients: equivalent 
numbers of doses of the 0.5 mL presentation). After immunizations were completed, monitoring for 
laboratory-confirmed seasonal influenza among all persons in the community with protocol-defined 
febrile acute respiratory illness was conducted through active, community-based surveillance (weekly 
visits to households), and enhanced passive health post-based surveillance. Individuals reporting 
symptoms were assessed clinically, and nasal swab and throat swab specimens were collected for 
influenza testing using the US Center for Disease Control and Prevention (CDC) real-time reverse 
transcription polymerase chain reaction protocol. The primary study objective was an intention-to-treat 
analysis of total effectiveness of vaccination (VETotal) (direct and indirect protection among vaccinees), 
with the cumulative incidence of laboratory-confirmed symptomatic influenza among consenting 
children in TIV villages compared with that in IPV villages and adjusted for village-randomization. 
Indirect effectiveness was estimated among age-ineligible unvaccinated children and adults, and 
overall effectiveness was measured among the entire community. Results: Of 12,115 children eligible 
for study vaccinations, 6076 were from TIV villages and 6039 were from IPV villages. Starting June 3, 
2010, we enrolled 4703 children in TIV villages and 4646 children in IPV villages. Median village 
participation rates were 77% in both arms. During the second annual evaluation surveillance, 
beginning mid-July 2010 and ending April 2011, 575 laboratory-confirmed influenza cases were 
identified (134 A/H3, 98 A/H1pdm [2009], and 343 B). Nearly all A/H3 and B cases occurred during the 
rainy season from August through November 2010, and nearly all A/H1pdm occurred from January 
through March 2011. Overall, baseline attack rates were lower among consenting age-eligible 
children in the IPV group in this second year of the study as compared with the first year, ranging from 
0.7% for A/H1pdm to 2.9% for influenza B. VETotal against A/H1pdm was 57% (95% CI, 7% to 80%), 
56% (95% CI, 18% to 76%) against A/H3, and 50% (95% CI, 31% to 64%) against influenza B. 
Indirect benefits to those not eligible for vaccination were variable: −11% (95% CI, −104% to 40%) for 
A/H1pdm, 51% (95% CI, 37% to 63%) for A/H3, and 11% (95% CI, −34% to 40%) for influenza B. 
Finally, vaccination of children was overall 28% (95% CI, −37% to 62%) effective against for A/H1pdm, 
overall 51% (95% CI, 14% to 72%) effective against A/H3, and overall 33% (95% CI, 8% to 51%) 
effective against influenza B in the entire population. Conclusions: This annual evaluation is a second 
in the largest influenza vaccine study conducted in sub-Saharan Africa. Our cluster randomized 
design allowed for the measurement of total, indirect, and overall vaccine effectiveness, and 
significant direct benefit (as VETotal) to vaccinated children was measured. These data provide 
evidence that current inactivated influenza vaccines can provide benefit to developing country 
populations and may confer protection to unvaccinated contacts. 

LBA-O-003 

Do changes in spirometry correlate with the severity and duration of infection 
in volunteers experimentally inoculated with influenza, RSV and HRV in the 
human viral challenge model 

J Forni*, A Gilbert, A Mann, G Balaratnam, R Lambkin-Williams 

Retroscreen Virology, London, United Kingdom 

Background: The human viral challenge model of infection provides a unique experimental 
opportunity in which healthy human volunteers are inoculated at a defined time point with a wild-type, 
attenuated virus under controlled conditions. This model has enhanced our understanding of how 
respiratory viruses like influenza behaves under such conditions. It has also increased our knowledge 
of the interplay between human immunity and infection with respiratory viruses. In addition, the model 
allows us to examine a number of other parameters related to experimental infection and disease 
severity using subjective (self-reported symptom diary card scores[SDC]) and objective (spirometry, 
vital signs) measures and their temporal relationship to viral shedding. Spirometry is routinely used in 
clinical practice for screening, diagnosis, and disease progression in chronic obstructive pulmonary 
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disease and has now superseded peak expiratory flow rate (PEFR) in monitoring disease progression 
in asthmatics. However there is little information on the use of spirometry in healthy volunteers in 
response to respiratory tract viral infection and its correlation with viral shedding and disease severity. 
Materials and Methods: Here we present data on healthy volunteers inoculated with wild-type strains 
of influenza (A/Wisconsin/67/2005, H3N2), respiratory syncytial virus (RSV-A, Memphis 37 strain), or 
human rhinovirus (HRV16) in a controlled quarantined facility. Healthy male and female volunteers 
aged between 18-45 years who met the protocol specific inclusion and exclusion criteria were 
considered. Only those volunteers who were inoculated and received placebo in each study were 
included in the analysis as a surrogate comparator to environmental infection. We examined the 
correlation among FEV1, FEV1/FVC ratio, and FEF25%-75%, viral shedding, disease severity (SDC 
score, mucus weight, temperature), and symptom duration in these volunteers and determined the 
use of serial spirometry to predict disease severity and duration .We also compared the changes seen 
in pulmonary function tests among the 3 viruses and assessed which is most likely to have a clinically 
significant impact on respiratory function. Results: Initial analysis suggested that inoculation with 
influenza and RSV caused a reduction in a number of clinically important spirometry parameters. 
These included a reduction in FEV1 and FEV1/FVC ratio, which correlates to the chronology of 
incubation and infection. In addition, there appeared to be a significant reduction in the value of 
FEF25%-75%. These reductions were temporary and returned to baseline values by safety day 
follow-up. There was no appreciable reduction in these values with HRV16. Further analysis of a 
larger data set is currently underway. Conclusions: It appears that healthy volunteers with no medical 
history of underlying airways disease challenged with attenuated wild-type virus shoed an appreciable 
reduction in a number of clinically important lung function values, including FEF25%-75%, during 
infection. This provides another useful objective measure to evaluate the efficacy of antiviral 
compounds in the human viral challenge model and may also be useful in clinical practice to predict 
patients who are more likely to be symptomatic during infection. 

LBA-O-004 

The association of age and clinical disease in ferrets infected with influenza A 
viruses 

I Moore, E Lamirande, H Kenney, M Paskel, D Donahue, B Klaunberg, K Subbarao* 

National Institutes of Health, Bethesda, Maryland, United States 

Background: Ferrets (Mustela putorius furo) are considered ideal animal models for influenza 
research because they can be infected with a range of influenza viruses and exhibit clinical signs of 
influenza disease similar to those in humans. However, the model is not standardized and some 
aspects of the ferret model of influenza infection remain poorly understood. Materials and Methods: 
We sought to explore the effect of age (8-10 weeks vs 6-9 months) and inoculum volume (0.2, 0.5, or 
1.0 mL) on clinical and pathological disease outcomes following intranasal administration of 106 
TCID50 of the influenza A/California/7/2009 (pH1N1) and A/Minnesota/11/2010 (H3N2 variant; 
H3N2v) viruses. Weight, temperature, and clinical scores were assessed for 6 days. Animals were 
sacrificed on days 1, 3, and 6 following virus administration, and the kinetics of virus replication and 
histopathology in the upper (URT) and lower (LRT) respiratory tracts were evaluated. We used a 
tissue dye to evaluate the distribution of the different volumes of inoculum throughout the URT and 
LRT. We also used a novel method of microcomputed tomography to investigate the anatomic 
features of the respiratory tract of the two age groups of ferrets. Results: Given similar doses and 
volume of inoculum, 8- to 10-week-old ferrets, infected with either pH1N1 or H3N2v, showed no 
significant clinical disease, whereas 6- to 9-month-old ferrets showed significant clinical disease when 
infected with either virus. Remarkably, high viral titers and severe lung pathology were present in both 
age groups, even in the younger animals that did not exhibit clinical disease. In the URT, we observed 
severe inflammation, necrosis, and abundant viral antigen deposition in columnar ciliated cells in both 
age groups. In contrast, the olfactory epithelium even directly adjacent to the inflamed respiratory 
epithelium was devoid of inflammation and viral antigen. Larger inoculum volumes (0.5 and 1 mL) 
resulted in delivery of inoculum to and more consistent replication in the LRT. Administration of 1 mL 
of dye into the respiratory tract of ferrets resulted in broad coverage of the URT and consistent 
delivery of inoculum to the LRT. Micro-CT analysis showed that the right main stem bronchus was 
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consistently larger than the left and that the distal branches of the left bronchus were both longer and 
straighter than the branches supplying the right lung lobes. Conclusions: Replication of the pH1N1 
and H3N2v influenza viruses was associated with clinical illness in older but not young ferrets despite 
similar anatomy, viral replication, and lung pathology. The optimal combination for experimental 
influenza virus infection and demonstration of clinical disease appears to be administration of 1 mL of 
virus to older ferrets. 

LBA-O-005 

Patterns of genetic reassortment between endemic swine influenza viruses 
and pandemic A(H1N1)2009 viruses in the Vietnamese pig population 

N Takemae1,2, LT Ngo3, T Nguyen4, VP Pham3, HT Do4, VT Le3, DH Nguyen4, HV Vo3, AQT Le3, TMT 
Mai3, Y Uchida1,2, T Saito1,2* 

1Thailand-Japan Zoonotic Diseases Collaboration Center, Thailand; 2Influenza and Prion Diseases 
Research Center, National Institute of Animal Health, Japan; 3Center for Veterinary Diagnostics, 
Regional Animal Health Office No. 6, Vietnam; 4National Centre for Veterinary Diagnostics, Vietnam. 

Background: Since its emergence in April 2009, human to pig transmissions of the pandemic 2009 
(H1N1) (A[H1N1]pdm09) virus have been reported worldwide. Cocirculation of the A(H1N1)pdm09 
viruses with endemic SIVs has resulted in reassortments among them in many countries/regions. 
Because reassortant SIVs with the internal genes from A(H1N1)pdm09 might have an ability to 
replicate better in humans than an epidemic SIV, it raises a concern that such reassortants could 
cause pig-to-human transmission as they have distinct antigenicity to human seasonal influenza 
viruses. We have conducted virological surveillance in Vietnam, the second largest pig producer in 
Asia, since 2010 to demonstrate incursions of the A(H1N1)pdm09 viruses into the pig populations as 
early as March 2010. Also, we isolated H3N2 and H1N2 SIVs possessing HA and NA genes 
originated from human seasonal viruses around 2005 and internal genes from North American SIVs, 
so-called “triple reassortant SIVs,” in Southern Vietnam at that time. To date, however, impact of the 
incursions of A(H1N1)pdm09 viruses to the pig population has not been evaluated in respect to 
genetic diversity of the Vietnamese SIVs. In this study, we report the results of the virological 
surveillance in pig farms and slaughterhouses in the Vietnamese pig population, and the isolates were 
subjected to genetic analyses to understand the impact of human to pig transmissions of 
A(H1N1)pdm09 viruses on the SIVs that have circulated in Vietnam. Materials and Methods: We 
conducted a total of 6 virological surveillances in 3 provinces in northern and 7 provinces in southern 
parts of Vietnam from August 2010 to December 2012. A total of 4675 nasal swabs were collected 
from clinically healthy pigs, consisting of suckling pigs, weaning pigs, fattening pigs, finishing pigs, 
sows, and boars, in 261 pig farms and 10 slaughterhouses. Nasal swab pools (2-5 nasal swabs per 
pool) were screened with a real-time PCR specific to the M genes of type A influenza virus. The nasal 
swabs that were positive by PCR were individually inoculated into MDCK cells and/or primary cultures 
of porcine alveolar epithelial cells for virus isolation. All of the 8 gene segments of the viruses isolated 
were sequenced. Phylogenetic analysis of each gene was carried out to determine the patterns of 
genetic reassortment of the isolates. Results: A total of 133 viruses consisting of 28 H1N1, 43 H1N2, 
and 62 H3N2 subtypes were isolated from weaning and fattening pigs aged less than 12 weeks in 14 
farms. The virus isolation rate in pig farms was 3.1%, whereas no viruses were isolated from 375 
finishing pigs in slaughterhouses. Sequences of HA genes of the H1N2 SIVs clustered in three 
distinct lineages, the triple reassortant H1 SIVs, human seasonal H1 viruses, and A(H1N1)pdm09 
viruses. Five strains of the H1N2 SIVs were reassortants among triple reassortant SIVs, human 
seasonal viruses, and A(H1N1)pdm09 viruses. Twenty-nine H1N2 SIVs were reassortants between 
triple reassortant SIVs and A(H1N1)pdm09 viruses. The other 9 H1N2 SIVs were reassortants 
between triple reassortant SIVs and human seasonal H1 viruses. Sequences of HA genes of H3N2 
SIVs clustered in two distinct lineages, human-like H3 and the triple reassortant H3N2 SIVs. Thirty 
H3N2 SIVs were reassortants among triple reassortant SIVs, human seasonal viruses, and 
A(H1N1)pdm09 viruses. The other 32 H3N2 SIVs were reassortants between triple reassortant SIVs 
and A(H1N1)pdm09 viruses. The entire genome of the H1N1 SIVs was derived from A(H1N1)pdm09 
viruses. Conclusions: The SIVs isolated in this study were classified into 9 genotypes based on the 
pattern of their genome constellations. Although 4 genotypes out of them retained two or more genes 
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originated from the triple reassortant SIVs that were endemic in 2010 in the Vietnamese pig 
population, 7 genotypes arose from several introductions of A(H1N1)pdm09 viruses from human to 
pig. Thus, these findings highlighted the importance of active surveillance for early detection of novel 
SIVs with undetermined risk for the swine industry as well as public health. 

LBA-O-006 

A mouse model to assess the utility of antiviral treatments for prevention of 
contact-dependent transmission of influenza A virus 

K Edenborough*, B Gilbertson, B Chua, A Tan, D Jackson, L Brown 

Department of Microbiology & Immunology, The University of Melbourne, Royal Parade, Parkville, 
Australia 

Background: Transmission of influenza A virus from an infected individual (index) to a naive 
susceptible individual (contact) occurs either via inhalation of viral particles shed from the respiratory 
tract as large droplets and fine aerosols or via direct contact with infectious fluids. Ferrets are routinely 
used to study transmission, as they develop respiratory signs of influenza illness similar to those 
observed in humans. However, a mouse transmission model would have greater capacity, scope of 
reagents, and genetically defined mouse strains at one’s disposal than ferret models for which the 
immunologic reagents are limited, and ferrets can be expensive and difficult to house on a large 
scale. The use of a mouse model that can only examine contact-dependent transmission, would be of 
significant value in understanding transmission in close-contact exposure scenarios, for instance, 
those that might occur in households, schools, and workplaces. With this in mind, we have set out to 
investigate various factors that contribute to contact-dependent transmission between mice. In 
addition, we have utilised this model to evaluate the efficacy of a licensed antiviral (oseltamivir) as 
well as an experimental Toll-like receptor-2 (TLR2)-agonist (Pam2Cys) that stimulates innate 
immunity, in preventing contact dependent transmission. Materials and Methods: Index mice were 
infected intranasally with 104.5 plaque-forming units. After infection, index mice were housed 
separately for 6 hours to prevent contamination of the contacts with the initial viral inoculum. 
Thereafter, index and contact mice were cohoused; two index mice were introduced into a clean 
mouse box containing three naive contact mice. Transmission to contacts was determined by 
measuring the infectious viral titers in the nasal turbinates, trachea, and lung or the development of an 
antibody response to the viral hemagglutinin (HA) by testing their sera in hemagglutination inhibition 
(HI) assays. To test efficacy of antiviral therapies index mice were pretreated orally with oseltamivir or 
intranasally with Pam2Cys prior to cohousing, and viral loads in contact animals were determined four 
days later. Results: Strains within the H3N2 but not H1N1 subtype of influenza virus were found to be 
transmissible, and reverse-engineered viruses representing hybrids of these subtypes showed that 
the viral hemagglutinin was a determinant of the transmissible phenotype. Transmission to contact 
mice occurred within the first 6 to 54 hours after cohousing with directly infected index mice and was 
associated with a threshold level of virus present in the saliva of the index mice. In contrast, there was 
no correlation between greater transmission to contact animals and higher viral loads in the nose or 
lung of index animals. Treatment of index mice with oseltamivir or Pam2Cys completely prevented 
transmission to contacts, as no cohoused animals contained virus in any tissue of the respiratory 
tract. Conclusions: Our findings show that high viral loads in the saliva of index mice correlate with 
contact-dependent transmission of influenza A virus.  Numerous strains within the H3N2 subtype were 
identified as transmissible, and these virus strains can be utilized in this transmission model for pilot 
studies to evaluate the efficacy of antiviral treatments and to optimize treatment regimes for novel 
interventions that can reduce contact-dependent transmission of H3N2 influenza A virus. 
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LBA-P2-007 

Improved immunity from a poly-ICLC adjuvanted Ad5-vectored avian influenza 
hemagglutinin vaccine against virus challenge in mice 

B Tarbet1*, B Hurst1, D Barnard1, D Tang2, A Salazar3, J Zhang2 

1Institute for Antiviral Research, Utah State University, Logan, Utah, United States; 2Vaxin Inc., 
Gaithersburg, Maryland, United States; 3Oncovir, Inc., Washington, DC, United States  

Background: The H5N1 avian influenza virus has been a continuing problem in the poultry industry for 
many years, and it is currently a threat to public health due to its high mortality rate when the virus 
crosses the species barrier into people. These studies evaluated the use of a synthetic dsRNA poly-
ICLC as adjuvant to increase the immunogenicity of an Ad5-vectored influenza virus hemagglutinin 
(HA) vaccine against challenge infection with highly pathogenic A/Vietnam/1203/04 (H5N1) avian 
influenza virus in mice. Methods: Groups of six-week-old female BALB/c mice were vaccinated on 
study day 0 by the intranasal route. Placebo groups received physiological sterile saline by the same 
route. All mice received intranasal challenge with 1x LD90 of influenza A/Vietnam/1203/2004 (H5N1) 
on study day 28. Following challenge, all mice were observed for morbidity and weight loss through 
day 21. Kaplan-Meier survival curves were generated and compared by the log-rank test followed by 
pairwise analysis using the Gehan-Breslow-Wilcoxon test in Prism 5.0b (GraphPad Software Inc.). 
Mean body weights were analyzed by one-way analysis of variance (ANOVA) followed by the Tukey 
multiple comparison test. Evaluation of the immune response following vaccination included 
measurement of serum antibody levels by hemagglutination inhibition assay (HI) and IgA levels in 
lung lavage. Cellular immunity was evaluated by quantitation of cells, in lung lavage, releasing IFN-γ 
and IL-4 by ELISpot assay. The results from serologic assays and ELISpot assays were analyzed by 
ANOVA followed by the Tukey multiple comparison tests. Results: In a comparison of AdVN.H5 
vaccines administered 30 minutes or 24 hours prior to administration of different doses of poly-ICLC, 
all treatment groups receiving the 108 dose of Ad-VN.H5 provided 100% protection from challenge 
infection, regardless of the concentration of poly-ICLC. In addition, four doses of AdVN.H5 (1.2 x 106, 
1.2 x 107, 1.2 x 108, or 3.5 x 108 ifu/50 µL) vaccine administered 30 minutes prior to administration of 
15-µg poly-ICLC provided 100% protection from challenge infection. Although, the 106 dose of 
AdVN.H5 combined with the 15-µg dose of poly-ICLC provided the greatest protection from weight 
loss of all vaccine doses evaluated. By day 28 post vaccination, all treatment groups receiving the 108 
dose of AdVN.H5 showed significant HAI titers. In addition, all groups receiving the 108 doses of 
AdVN.H5 induced significant levels of IgA in lung lavage samples on day 14 and day 28 post 
vaccination. In addition, on day 14 post vaccination, only groups receiving the 108 dose of AdVN.H5 
combined with the 15-µg dose of poly-ICLC induced a significant increase in the number of IFN-γ 
producing cells isolated and cultured from lung lavage. However, by day 28 all groups receiving the 
108 dose of AdVN.H5 showed significant levels of IFN-γ producing cells. On day 14, only the group 
receiving the 108 dose of AdVN.H5 combined with 15 µg of poly-ICLC showed a significant increase in 
the number of IL-4 producing cells. However, by day 28 post vaccination, all treatment groups showed 
an increase in the number of IL-4 producing cells. Conclusions: The survival and weight loss data 
indicate that the 108 dose of AdVN.H5 is protective regardless of the concentration of poly-ICLC. 
However, even lower doses of vaccine can be protective if combined with adjuvant. In addition, 
groups of mice receiving 108 or 108.5 dose of AdVN.H5 combined with the 15-µg dose of poly-ICLC 
showed significant increases in HAI titers in serum, and IgA titers in lung lavage on both days 14 and 
28 following vaccination. Only the group receiving 108 AdVN.H5 combined with poly-ICLC showed a 
significant increase in IFN-γ producing cells on day 14. Although, all groups receiving 108 or 108.5 
AdVN.H5 showed significant increases in IFN-γ producing cells on day 28 following vaccination. 
Supported by Contract HHSN272201000039I from the Respiratory Diseases Branch, NIAID, NIH. 
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LBA-P2-008 

Anti-H5N1 specific polyclonal immunoglobulins harbor a high neutralization 
activity on heterologous strains of H5N1 virus 

P Buchy1*, S Rith1, J-F Saluzzo2, V Deubel1, CH Herbreteau2 

1Institut Pasteur in Cambodia, Virology Unit, Phnom Penh, Cambodia; 2Fab’entech, Lyon, France 

Background: Since 2003, highly pathogenic avian influenza virus (H5N1) has been a major global 
health concern. The regular emergence of new outbreaks is observed in Southeast Asia and in 
particular Cambodia. Over 630 human cases (with almost 60% of deaths) were recorded since the 
emergence of the virus. Fab’entech has developed anti-H5N1 specific polyclonal immunoglobulins 
that have been tested in an H5N1-infected mouse model where a proof-of-concept of efficacy has 
been established. Polyclonal immunoglobulins are known for their ability to present cross-reactivity 
capacities. The objective of this study was to confirm the neutralization activity of the anti-H5N1 
specific polyclonal immunoglobulins on heterologous H5N1 viral strains representative of various 
clades/subclades that emerged and circulated worldwide since 2004. Materials and Methods: 
Microneutralization in vitro assay was used to investigate the neutralization activity of anti-H5N1 
immunoglobulin fragments derived from horse plasma immunized with inactivated H5N1 
A/Vietnam/1194/04 strain. One hundred TCID50 of 21 H5N1 strains belonging to various clades were 
incubated with a range of dilutions of immunoglobulins and then transferred onto MDCK cells for 
neutralization analysis. Results obtained were confirmed by using a hemagglutination inhibition assay 
(HIA). Results: Incubation of specific anti-H5N1 immunoglobulins developed against 
A/Vietnam/1194/04 strain with various H5N1 strains isolated between 2004 and 2013 that belonged to 
6 different clades or subclades provided in vitro neutralization with titers comprised between 1:1000 to 
1:8000. Results were confirmed by HIA. Conclusions: These data demonstrate the excellent cross-
reactivity of these specific polyclonal immunoglobulins on 21 strains, isolated in different part of the 
world, and representative of six different clades/subclades that emerged worldwide after 10 years of 
avian H5N1 virus natural evolution. Fabenflu, which has been tested for safety in a phase 1 clinical 
trial (Tambyah PA, et al), is available in Singapore under buffer stock procedure. Compassionate use 
protocol is in development in countries from epidemic or endemic regions to ensure the availability of 
this agent for patients acutely infected or suspected to be infected with H5N1 influenza. 

LBA-P2-009 

Influenza B circulation during twelve influenza seasons (2001-2013) in a 
tertiary hospital in Sao Paulo, Brazil 

A Perosa*, N Bellei 

Clinical Virology Laboratory, Sao Paulo Federal University, Sao Paulo, Brazil 

Background: Two antigenically distinct lineages of influenza B viruses, comprising the Victoria-like 
and Yamagata-like strains, currently circulate among humans. Information about the circulation of 
these lineages is important to support the need for a quadrivalent influenza vaccine. Surveillance from 
the USA and Europe over the past 10 years showed that the chance of correct matching between 
vaccine and circulating lineage had been 50%. Materials and Methods: This retrospective study 
evaluated 2944 respiratory samples collected in a tertiary hospital in Sao Paulo from 2001 to May 
2013. Influenza B was investigated by direct fluorescence assay, culture, RT-PCR and/or real-time 
PCR, and lineages were identified by real-time PCR. Results: Overall, influenza B was detected in 
3.6% (105/2944) of samples; influenza B positivity rate was 4.1% of adult and 2.7% of children's 
samples; teenagers (13-18 years) had the highest rate. The mean age of patients with influenza B 
was 23.9 years; 8.6% (9/105) were hospitalized, 19% (20/105) were immunocompromised and 10% 
(11/105) were vaccinated. Ninety-eight influenza B positive samples were analyzed by real-time PCR 
assay for virus lineage differentiation. Ninety-six samples could be characterized, 40 were Yamagata-
like and 56 were Victoria-like strains. One lineage predominated during ten seasons but co-circulation 
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was found during 2002 and 2008. Mismatching between vaccine and circulating lineage was 
observed in 3 seasons (2002, 2008 and 2013). Conclusions: On the basis of data collected during a 
period of 12 years in a tertiary hospital of the largest city in the Southern Hemisphere, we found that 
influenza B was more frequent in teenagers and accounted for a variable proportion of influenza-
positive samples. Co-circulation of both lineages was not common but occurred recently, and 
mismatch with vaccine strain should be evaluated to make correct decisions about vaccine 
composition. 

LBA-P2-010 

Influenza sentinel surveillance in Ukraine and characteristics of isolates during 
the season 2012-2013 

A Mironenko*, O Onyshchenko, O Holubka, L Leibenko, L Radchenko, A Fesenko, S Babii 

LV Gromashevsky Institute of Epidemiology & Infectious Diseases NAMS of Ukraine, Kyiv, Ukraine 

Background: Since 2008 the influenza sentinel surveillance system has existed in Ukraine. Clinical 
and epidemiologic information were collected from 18 adult and pediatric clinics in four cities located 
in different geographic regions of the country (Kyiv, Dnepropetrovsk, Odessa and Khmelnitsky). 
Epidemiologic and virologic information was collected during the entire year. Materials and Methods: 
Both epidemiologic and virologic data were collected on a weekly basis. The specimens (throat 
swabs) were tested for influenza by real-time polymerase chain reaction (RT-PCR), and viruses were 
isolated in MDCK and MDCK-SIAT cell culture from PCR-positive samples. Results: A total of 1419 
samples from patients with influenza-like illness (ILI) and severe acute respiratory infection (SARI) 
were collected during the 2012-2013 influenza season. The numbers of positive samples in PCR were 
245 (17.3%). But the proportion of laboratory-confirmed influenza among SARI and ILI cases reached 
50% during the peak of the 2012-2013 season. The first influenza laboratory-confirmed cases (SARI) 
appeared in week 48 (November 2012). It was a long influenza season this year caused by all three 
viruses: A(H1N1)pdm, A(H3N2) and B/Yamagata linage. The last influenza laboratory-confirmed 
cases (SARI) were detected in week 22 (May 2013). Type A virus was responsible for 71% of the 
confirmed cases. The last high activity season caused by the B/Yamagata lineage was in 2006 in 
Ukraine. The National Influenza Center (NIC) and the sentinel laboratories in the 4 regions isolated 
239 influenza viruses on cell culture; 116 of these isolates were identified by the NIC laboratory as 
A(H1N1)pdm subtype influenza virus, 54 as A(H3N2) virus and 69 as type B influenza virus. All 
A(H1N1)pdm isolates were related to A/California/07/2009-like strain, all A(H3N2) isolates were 
related to A/Victoria/361/2011-like strain, and all B isolates were related to B/Wisconsin/01/2010-like 
strain. For the most part, current A(H3N2) viruses did not agglutinate chicken red blood cells (RBCs). 
We used guinea pig RBCs. The high match between SARI hospitalizations and percent of influenza-
positive samples demonstrates the adequacy of sentinel SARI surveillance in the country. 
Conclusions: The influenza sentinel surveillance in Ukraine reflected the influenza situation across the 
country. In the past influenza season, there was total or partial coincidence of influenza strains, which 
caused the influenza epidemic in Ukraine and in the countries of the North Hemisphere. 
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LBA-P2-011 

Etiological structure and treatment of acute respiratory viral infections in 
among epidemic period 

II Iosyk1*, ZYu1, Tkachuk2, MA Andreychyn1 

1Department of Infectious Diseases and Epidemiology and Dermatovenerology I.Ya. Horbachevsky 
Ternopil State Medical University, Ternopil, Ukraine; 2Institute of Molecular Biology and Genetics, 
National Academy of Sciences of Ukraine, Kyiv, Ukraine 

Background: Influenza and other acute respiratory viral infections (ARVI) are the most common 
among human diseases, they account for almost 70% of infectious diseases. Treatment of patients 
with influenza and other ARVI is the great challenge. It is known, that drugs based on yeast RNA 
have antiviral activity of broad-spectrum antibiotics, anti-inflammatory and immunomodulating activity. 
Nuklex was recently registered in Ukraine and contains highly purified RNA, consisting mainly of 20-
25 nucleotides. This remedy has already proven itself in many infectious diseases as antiviral agent. 
Materials and methods: 118 young and middle-aged patients who had influenza and other acute 
respiratory viral infection, were surveyed. Patients were divided into 2 groups: I (main) – included 59 
patients who received nuklex, and II (control) – 59 patients who received standard treatment. Nuklex 
was administered as 500 mg 4 times a day, after meals, for 5-7 days. Efficiency of treatment was 
assessed by clinical data and PCR. Results: There were 12.7% patients with ARVIs who had 
complications of pneumonia, 13.6% of them were in group I, 11.9% in group II. In group I, 47.4% of 
patients had severe diseases, 52.6% had moderate disease; in the control group, it was 35.1% and 
64.9%, respectively. The majority оf patients were under 30 years of age; 53.5%, and 14.2%, 
respectively, were older than 60 years. Using a PCR method (during hospitalization and on the first 3 
days of illness), a positive outcome was obtained in 83.9% of patients, including 3.0% (3 patients) 
who had different combinations with 2 exciters simultaneously. The spectrum of pathogens was as 
follows: in group I, influenza A virus was found in 28.8%, RS virus in 25.4%, parainfluenza virus in 
15.2%, adenovirus in 8.4%, and a combination of viruses was diagnosed in 5.1% of patients 
(influenza A virus + parainfluenza [2 patients] and influenza A virus + RS virus [1 patient]); the virus 
was not determined in 27.1%; in group II, influenza A virus was found in 23.8%, RS virus in 23.8%, 
parainfluenza virus in 11.9%, adenovirus in 11.9%, a combination of viruses in 2.1% of patients 
(adenovirus + RS virus), and etiology were not determined in 30.5%. A probable contraction of 
temperature reaction was noted in 87.8% ± 3.9% of patients in group I whose fever lasted 1-2 days; in 
the II group, this occurred in only 42.6% ± 6.2%, P < .001. Fever that lasted 3 days or more was found 
less frequently in the study group than in the control group: 10.2% ± 5.1% to 16.8% ± 6.9%, P > .05. 
In 46.4% ± 11.3% patients in group I, cough ended in 2-3 days; in the control group, this occurred in 
only 11.4% ± 6.5% patients, P < .01. Cough lasting 6 days or more occurred less frequently in group I 
than in group II: 16.5% ± 7.2% versus 59.4% ± 9.4%, P < .001. Of 46 people in group I who had 
viruses detected during hospitalization according to the PCR, only 17.3% had pathogens detected 
again in early convalescence; of 41 similar patients in the control group, 48.8% had the virus found 
again in early convalescence, P < .001. Furthermore, the results were as follows: in group I, influenza 
A virus remained in 5.9% (1 patient); in group II, the virus remained in 21.4% (3 patients), P < .01. 
Eradication of RS virus occurred in 86.7% (13 of 15), adenovirus in 40.0% (2 of 5), parainfluenza in 
66.7% (6 of 9) patients in the main group; in the control group, eradication of RS virus occurred in 
57.1% (8 out of 14), adenovirus in 28.5% (2 of 7), and parainfluenza in 42.8% (3 of 7) patients. Thus, 
treatment with nuklex contributed a lot to eradication of the virus from the nasal mucosa and 
oropharynx, because the recovery of the patients’ organisms in the main group occurred more often 
(P < .01), than in the control group. Conclusions: Complex treatment of patients with influenza A, 
parainfluenza, RS virus, adenovirus infection and other ARVI (unidentified), including the antiviral 
drug nuklex, can significantly improve clinical results, including mitigation of fever and cough. Clinical 
application of nuklex will promote eradication of influenza viruses A, parainfluenza, RS virus, and 
adenoviruses among patients with ARVI. 
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LBA-P2-012 

Oseltamivir resistance among influenza viruses: surveillance in northern Viet 
Nam, 2009-2012 

HVM Phuong1, NC Thach1, NLK Hang1, NK Phuong2, NH Giang1, LQ Mai1* 

1National Influenza Center, National Institute of Hygiene and Epidemiology, Hanoi, 
Vietnam; 2Military Hospital 108, Hanoi, Vietnam 

Background: Antiviral resistance has been reported in seasonal influenza A viruses and avian 
influenza A(H5N1) viruses in Viet Nam, raising concerns about the efficacy of treatment. Methods: 
We analysed specimens from two sources during the period 2009-2012: influenza-positive 
samples from influenza-like illness patients at sentinel clinics in northern Viet Nam and isolates from 
patients with confirmed A(H5N1) infections. Pyrosequencing was used to detect mutations: H275Y 
[for A(H1N1)  and  A(H5N1)], E119V [for A(H3N2)] and I117V [for A(H5N1)]. A neuraminidase 
inhibition assay was used to determine the inhibitory concentration 50 (IC) values for all influenza A 
and B isolates. Results: There were 341 influenza A positive samples identified; influenza 
A(H1N1)pdm09 was identified most frequently (n = 215). In 2009, oseltamivir resistance was 
observed in 100% (19 of 19) of seasonal A(H1N1) isolates and 1.4% (3/215) of A(H1N1)pdm09 
isolates. This H275Y  mutation was not found in  influenza subtypes A(H5N1) or A(H3N2) isolates. 
Conclusions: In Viet Nam, seasonal and A(H5N1) influenza vaccines are not currently available; thus, 
effective treatment is required. The presence of oseltamivir-resistant viruses is therefore a concern. 
Active surveillance for oseltamivir resistance among influenza viruses circulating in Viet Nam should 
be continued. 

LBA-P2-013 

Molecular characterisation of the Haemagglutinin gene of Confirmed cases of 
Pandemic  A H1N1(2009)  in Mauritius 

M Pattoo1,2, Y Jauferally–Fakim1, H Mathur2, C Sujeewon2, S Lallmahmood2, S Rughooputh 

1Faculty of Agriculture, University of Mauritius, Reduit Mauritius; 2National Influenza Centre, 
Department of Molecular Biology and Virology, Candos, Mauritius

The first case of pandemic A H1N1 (2009) was diagnosed in Mauritius in June 2009, with 
approximately 150 laboratory-confirmed cases. Of these, 63 samples were selected and a temporal-
spatial study was carried out to determine whether the virus has evolved. Molecular analysis of 
the hemagglutinin (HA) gene, crucial for the monitoring of modification in viral genome related to 
pathogenesis and transmissibility was carried out by PCR using newly designed primers to span the 
whole HA gene. The amplicons were then purified and sequenced. Sequences data obtained were 
analysed for homology and variations with the reference vaccine strain A/California 07/09 using 
BioEdit and MEGA 5.0 Bioinformatics software. A phylogenetic analysis was then carried out. The 
effect of positional amino acid substitutions on the mean hydrophobicity compared with the reference 
sequence was investigated using the Einsenberg mean hydrophobicity scale. Characterisation of the 
HA gene revealed conserved sequences at the antigenic sites and variations due to amino acid 
substitutions, potentially resulting in an N-linked glycosylation site. Novel mutations previously 
unreported were found, some of these variations were seen to affect the mean hydrophobicity at the 
concerned sites drastically. Continuous monitoring of the evolution of influenza is thus important and 
advocated. 
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LBA-P2-014 

Molecular evolution of the hemagglutinin (HA) gene of laboratory-confirmed 
cases of pandemic influenza A H1N1(2009)  in Mauritius 

M Pattoo1,2, Y Jaufeerally-Fakim2, C Sujeewon1, H Mathur1, S Lallmohamood1, S Rughooputh1,2*

1National Influenza Centre, Candos, Mauritius; 2University of Mauritius, Reduit, Mauritius 

Background: Molecular analysis of the hemagglutinin (HA) gene of the AH1N1 influenza is crucial for 
the monitoring of modification in viral genome related to pathogenesis and transmissibility. The first 
case of pandemic A H1N1 (2009) was diagnosed in Mauritius in June 2009, with approximately 150 
laboratory-confirmed cases. A temporal-spatial study was carried out to determine whether the virus 
has evolved Materials and Methods: Of the samples, 63 were selected and molecular characterization 
was carried out by conventional PCR using 6 sets of newly designed primers to span the 
whole HA gene. The amplicons obtained were then purified and sequenced. The sequences data 
obtained were analysed for homology and variations with the reference vaccine strain A/California 
07/09 using BioEdit and MEGA 5.0 Bioinformatics software. A phylogenetic analysis was then carried 
out. The effect of positional amino acid substitutions on the mean hydrophobicity compared with the 
reference sequence was investigated using the Einsenberg mean hydrophobicity scale. Results: 
Characterisation of the HA gene revealed conserved sequences at the antigenic sites and variations 
due to amino acid substitutions, potentially resulting in the N-linked glycosylation site. Novel mutations 
previously unreported were found, some of these variations were seen to affect the mean 
hydrophobicity at the concerned sites drastically. Conclusions: The present study has confirmed 
conserved sequences and discovered various variations due to amino acid substitutions at the 
receptor-binding site and, hence, the antigenic sites including the potential N-linked glycosylation site 
of HA. It has been suggested that the presence or absence of N-linked glycosylation may cause 
increase or loss of function because it can initiate and maintain folding, stability, solubility, 
transportation, antigenicity and immunogenicity. Continuous monitoring of the evolution of influenza is 
thus important and advocated. 

LBA-P2-015 

What more may multiple influenza surveillances tell you than one? 

M Shigematsu* 

National Institute of Infectious Diseases, Tokyo, Japan 

Background: As the design of the surveillance determines what may be learned from that particular 
surveillance, influenza surveillance is a good example to discuss data collection, usage, ongoing 
analysis methods and information dissemination. Influenza surveillance in Japan is mainly focused on 
capturing the trend of the disease in the season. Influenza affects all age groups, genders, ethnicities, 
and geographic areas in different scales, throughout the year with or without seasonality. Not only 
global collaboration, but also regional collaboration and data incorporation from other existing 
surveillances will enhance the value of information obtained from the surveillances. Materials and 
Methods: The national surveillances and other open-access surveillances were summarized and 
compared to provide an overview and introduction to multiple surveillances in Japan. The usefulness 
of the each surveillance was qualitatively evaluated (ie, how it has been and could be used in the 
country). Results: The history of influenza-like illness (ILI) surveillance goes back a hundred years in 
Japan. Sound bases of domestic notification system exist for sentinel ILI case number reporting and 
viral strain surveillance. Recently, interest in influenza-related deaths such as severe pneumonia and 
encephalitis cases rose, as over 30% of the Japanese population is aged > 65 years. An additional 
surveillance was introduced to respond to these needs. Moreover, multiple case surveillances and 
syndromic surveillances by different definition were introduced during the decade for influenza 
pandemic preparation after the global epidemic of severe acute respiratory syndrome. The pathogen 
surveillance to observe changing trends of dominating or newly staged influenza virus strains has 

641Late Breakers



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

been carried out steadily alongside the national notification system by the public health laboratory 
network. This surveillance focused on antiviral resistance in isolated influenza strains was initiated in 
2009 by the National Institute of Infectious Diseases and Japan Association of Prefectural and 
Municipal Health Institutes. It started with oseltamivir and zanamivir resistance and then included 
peramivir and laninamivir from late 2010. However, the key information from clinical sites such as 
choice of flu medicine, dose, duration of treatment and how it was given (oral, nasal or injection) is still 
only available from hospital-based surveillances in Japan. The biggest challenge with all surveillance 
data is not being able to interlink. The surveillance populations and their characteristics are not the 
same. However, overlaying analysis data may shed some light on possible linked interpretation of 
existing multiple surveillances. Conclusions: Lack of disease surveillance is a large public health issue. 
However, running multiple surveillances can also be confusing in some cases. Surveillance evaluation 
is necessary and important to improve each surveillance and effectively use limited resources. 

LBA-P2-016 

Detection of influenza H7N9: all molecular tests are not equal 

TF Hatchette1,2*, SJ Drews3,4, N Bastien5, Y Li5, G German6, N Antonishyn7, H Charest8,9, T 
Mazzulli10,11, K Fonseca3,4, M Krajden12,13, M Petric12,13, K Dust14, JJ LeBlanc1,2 

1Division of Microbiology, Department of Pathology and Laboratory Medicine, Capital District Health 
Authority, Halifax, Nova Scotia, Canada; 2Department of Pathology, Dalhousie University, Halifax, 
Nova Scotia, Canada; 3Provincial Laboratory for Public Health, Calgary, Alberta, Canada; 4University 
of Calgary, Calgary, Alberta, Canada; 5National Microbiology Laboratory, Winnipeg, Manitoba, 
Canada; 6Queen Elizabeth Hospital, Charlottetown, Prince Edward Island, Canada; 7Saskatchewan 
Disease Control Lab, Ministry of Health, Regina, Saskatchewan, Canada; 8Laboratoire de Santé 
Publique du Québec/Institut National de Santé Publique du Québec,  Montréal, Québec, 
Canada; 9Université de Montréal, Montréal, Québec, Canada; 10Department of Microbiology, Mount 
Sinai Hospital and University Health Network, Toronto, Ontario, Canada; 11Department of Laboratory 
Medicine and Pathobiology, University of Toronto, Toronto, Ontario, Canada; 12British Columbia 
Centre for Disease Control, Vancouver, British Columbia, Canada; 13University of British Columbia, 
Vancouver, British Columbia, Canada; 14Cadham Provincial Laboratory Winnipeg, MB, Canada 

Background: An avian influenza A virus (H7N9) was recently identified in China, and to date, there 
have been 132 human cases and 32 deaths. Since rapid and accurate detection of novel influenza 
viruses is the cornerstone of pandemic preparedness, many countries worldwide have been validating 
methods to rapidly identify this pathogen. Nucleic acid amplification tests (NAATs) such as RT-PCR 
have become the gold standard for the detection of influenza viruses and a number of commercial 
NAATs are currently available; however, the ability of these NAATs to detect novel influenza viruses 
must be experimentally evaluated. Materials and Methods: This study compared the performance of 
several commercially available NAATs to "in-house" real-time RT-PCR assays from public health or 
reference laboratories across Canada that use primer pairs designed by the Centers for Disease 
Control and Prevention (CDC) targeting the M, H7, or N9 genes of influenza A. The lower limit of 
detection (LoD) of each method was determined by testing 10-fold serial dilutions of RNA extracted 
from influenza A/Anhui/01/2013 (H7N9), which were tested on five independent runs. To reduce 
interlaboratory variability, specimen preparation, nucleic acid extraction and dilutions were carried out 
at the National Microbiology Laboratory in Winnipeg (Manitoba, Canada). All commercial assays were 
carried out as recommended by the manufacturer. The LoD was defined by Probit analysis using a 
probability of 95% and values were expressed as TCID50/mL or the number of target copies/mL. 
Results: The CDC-based in-house real-time RT-PCR assays targeting the M, H7, or N9 genes were 
consistently more sensitive then all commercial assays, despite some variability in protocols, reagents, 
and equipment. Unlike the LoD of the in-house methods, the analytic sensitivity of the different 
commercial assays was highly variable and some were unable to detect H7N9 at any RNA 
concentration. Conclusions: Given the poor sensitivity of some commercial assays, front-line 
laboratories, clinicians, other stakeholders like public health need to understand the limitations of 
these assays, and that a negative result cannot reliably rule out infection in circumstances in which 
there is a high index of suspicion for H7N9 infection. In these cases, further testing at a local public 
health or other reference laboratories that use the CDC-based M, H7, or N9 assays will be essential. 
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LBA-P2-017 

Strengthening of the surveillance system for influenza, ARI and SARI in the 
Republic of Moldova 

R Cojocaru*, C Spinu, V Eder, S Gheorghita, P Scoferta, I Spinu, I Gostev 

National Centre of Public Health (National Influenza Centre), Ministry of Health, Chisinau, Republic of 
Moldova 

Background: Currently the Republic of Moldova has a surveillance system for influenza-like illness 
(ILI), acute viral respiratory infection (ARI) and severe acute respiratory infection (SARI) adjusted to 
the international requirements, which is connected to the European (EuroFlu) and Global (FluNet) 
WHO networks. This system includes the National Influenza Center, which has been recognized on 
March 18, 2013, by the WHO and is certified as a member of the Global Influenza Surveillance and 
Response System. Materials and Methods: During the 2012-2013 season, 664 samples of 
nasopharyngeal exudates from patients were investigated by real-time RT-PCR, including 177 
samples from patients with ILI, 384 with ARI and 103 with SARI. Results: In 301 (45.3%) samples, 
influenza and other respiratory pathogens were detected. Influenza viruses were detected in 86 
(22.4%) of 384 samples from patients with ARI. Also, influenza viruses were detected in 117 (66.1%) 
of 177 patients with ILI, and in those with SARI in 34 (34.7%) cases. This flu season has been 
etiologically caused by 3 influenza viruses: A(H1N1)pdm, A(H3N2) and type B with dominance of the 
A(H1N1)pdm virus. The share of A(H1N1)pdm virus in the etiologic structure of influenza was 48.0%, 
of the influenza virus B – 40.8%, A(H3N2) – 9.3%, and of the viruses A(H1N1)pdm + B – 1.7%. 
MDCK cell cultures were isolated and 8 strains of influenza viruses were identified. Two strains were 
identified as influenza virus A/California/7/2009 (H1N1)-like, 3 strains - as virus A/Victoria/361/2011 
(H3N2)-like, and 3 strains as influenza virus B: a strain - B/Wisconsin/1/2010 – B/Yamagata/16/88 
lineage, the second – B/Brisbane/60/2008 – B/Victoria/2/87 lineage, and the third – B/Florida/4/2006 – 
B/Yamagata/16/88 lineage. Isolated strains of influenza viruses were sensitive to oseltamivir and 
zanamivir. The epidemic process of influenza morbidity in the 2012-2013 season was manifested by 
widespread,  medium intensity – 70.10/0000, the trend of upward and downward, 2.80/0000 and 2.20/0000, 
respectively, with moderate impact on the health system. Influenza morbidity from week 04/2013 was 
increased, peaking in week 08/2013 (12.80/0000) and from week 09/2013 decreased successively, 
reducing in week 17/2013 to 0.10/0000 cases. Of note, influenza cases were not registered in 11 
administrative territories of the Republic of Moldova. Influenza in this season affected mainly persons 
aged 15-64 years (62.6%); children (0-14 years) accounted for only 32.9%, and those aged ≥ 65 
years – 4.5%. The share of pregnant women and some groups of patients with immunocompromised 
status (cardiovascular diseases, diabetes, kidney and liver failure) with laboratory-confirmed influenza 
was 22.1% and 22.5%, respectively. ARI morbidity from week 40/2012 increased, peaking in week 
08/2013 (468.60/0000); after that a successive reduction was registered to 68.40/0000 cases in week 
20/2013. ARI morbidity exceeded epidemic threshold (189.170/0000) in the weeks 5-14/2013; the other 
weeks of the season (weeks 40/2012 – 20/2013) were below the epidemic threshold. The incidence of 
SARI from week 40/2012 increased, peaking in week 08/2013 (76.60/0000), then morbidity was 
subsequently decreased, reducing in week 20/2913 up to 24.90/0000 cases. Conclusions: 
Strengthening of the influenza, ARI and SARI surveillance system connected to the WHO and CDC 
has allowed us to monitor the epidemiologic situation in these infections, the epidemic process trend 
and spread forecast, and to develop control and response measures according to the situation and 
international requirements. SARI morbidity served as an argument for extending the range of 
population on increased risk quotas for influenza immunization for the 2012-2013 season with the 
vaccine recommended by the WHO. Acknowledgement: CDC Cooperative Agreement Number: 
1U51IP000329, Funding Opportunity Nr: CDC-RFA-IP09-902. 
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LBA-P2-021 

Fabenflu, a novel anti-H5N1 specific polyclonal immunoglobulin (F(ab’)2 
fragments) is safe and can potentially be used in postexposure treatment of 
H5N1 avian influenza infection in humans 

PA Tambyah1*, C Bal2, M Zaid1, W Kristanto1, V Han1, L Lum1, C Durand2 

1National University Hospital, Department of Medicine, Singapore; 2Fab’entech, Lyon, France 

Background: Highly pathogenic H5N1 influenza A viruses have spread relentlessly across the globe 
since 1997, infecting both birds and humans. In the past ten years, more than 600 human infections 
have been reported to the WHO with a high mortality rate (60%), mainly in the Asia-Pacific region. 
Antiviral therapy has had a very limited effect, leading to the search for novel therapeutic approaches. 
Fabenflu (FBF001) is composed of anti-H5N1 F(ab’)2 fragments of equine immunoglobulin 
manufactured by the same process that is used for a product that has been effective in postexposure 
treatment of rabies. The efficacy of Fabenflu was demonstrated in vitro and in vivo on a mortality 
model in mice. A phase 1 clinical trial was designed to evaluate the safety and determine the 
pharmacokinetic profile of Fabenflu in humans. Methods: Sixteen healthy males aged 21 to 40 years 
were enrolled into a randomized, double-blind, placebo-controlled study at the Investigational 
Medicine Unit, National University Hospital, Singapore. Subjects were enrolled either in part A (single 
administration [FBF001 0.85 IU/kg or placebo]) or in part B (multiple administrations over 5 days 
(FBF001 0.85 IU/kg or placebo]) of the study. Subjects in both groups were followed for safety and 
pharmacokinetic parameters using a specific ELISA method through days 22-33. Results: All subjects 
completed the study through day 22 (part A) or day 33 (part B). No serious adverse events were 
reported during this study. Three adverse events were reported during the study, all were reported in 
the active group and were of mild intensity: one subject reported blepharospasm, one pyrexia and one 
sinusitis. These may not have been related to study drug administration. No other clinically relevant 
findings were observed in clinical examination, biochemical parameters, or ECG parameters .The 
pharmacokinetic parameters from Part A and Part B on day 1 were similar.  After five consecutive 
administrations, both AUCt and AUCinf values were greater than those following single administration, 
evidence for a slight accumulation following repeated administrations at this dose regimen. 
Conclusions: This trial demonstrated the safety of Fabenflu (FBF001) in humans. Pharmacokinetic 
analysis also demonstrated the availability of Fabenflu in plasma compartment during the infusion and 
persisting after the last injection. This has the potential to markedly reduce the morbidity and mortality 
associated with serious infections due to H5N1 avian influenza in humans. A compassionate use 
protocol will be implemented to ensure the availability of this agent for patients acutely infected or 
suspected to be infected with H5N1 influenza. 

LBA-P2-022 

Development of a device that surveys the acquisition of human-type receptor 
binding specificity of avian H5N1 influenza viruses 

Y Suzuki1*, Y Watabane2, T Ito3, MS Ibrahim4, HF Ellakany5, N Sriwilaijaroen1,6, H Hiramatsu1, M 
Ganaha3, T Hayashi3, T Takahashi7, T Suzuki7, K Ikuta2 

1Chubu University, Kasugai, Aichi, Japan; 2Research Institute of Microbial Diseases (BIKEN), Osaka 
University, Osaka, Japan; 3KAINOS Laboratories, Inc., R&D Department, Tokyo, Japan; 4Department 
of Microbiology and Immunology, Faculty of Veterinary Medicine, Damanhour University, Damanhour, 
Egypt; 5Department of Poultry Diseases and Hygiene, Faculty of Veterinary Medicine, Damanhour 
University, Damanhour, Egypt; 6Faculty of Medicine, Thammasat University, Pathumthani, 
Thailand; 7University of Shizuoka, Shizuoka, Japan 

Background: Human and avian influenza A viruses preferentially recognize the human-type receptor, 
Neu5Acα2-6Galandavian-type receptor, Neu5Acα2-3Gal, respectively. Materials and Methods: A 
novel sialoglycan immunochromatography device that can rapidly assess virus receptor specificity 
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and the potential emergence of human-type receptor-adapted H5N1 viruses has been developed. 
Results: The device enables detection within 15 minutes of sialoglycan binding of avian H5N1 
mutants that have acquired the ability to bind to human-type receptors, in agreement with the ELISA 
method. Conclusion: This technology allows the first surveillance of mutated avian influenza viruses 
that have acquired adaptation to human-type receptors. 

LBA-P2-023 

Genetic evolution of H5N1 viruses in Egypt 

R El-Shesheny1*, A Kandeil1, G Kayali2, RJ Webby2, MA Ali1 

1Center of Scientific Excellence for Influenza Viruses, National Research Centre, Egypt; 2Department 
of Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Highly pathogenic avian influenza H5N1 viruses in Egypt have been rapidly evolving genetically and 
antigenically. The first outbreak in early 2006 was caused by clade 2.2 viruses. By 2008, viruses were 
reclassified as clade 2.2.1 and in 2010 clade 2.2.1.1 viruses emerged. In this study, different isolates 
of H5N1 from 2006-2013 were sequenced to explore their genetic diversity. Three clusters were 
defined based on hemagglutinin sequences, the majority of viruses isolated in 2010-2012 fell into 2 of 
these clusters. A potential glycosylation site was introduced at position 72-74 due to a P74S 
substitution. Viruses lost a potential glycosylation site at position 154-6 due to T156A substitution. 
Some important mutations were observed at critical positions of antigenic sites (K140G, S141P, and 
K140R). Other substitutions were observed at the receptor binding pocket of HA-1. Human-like host 
specific markers were also observed. Amino acid changes associated with sensitivities to various 
antiviral drugs were found in Egyptian H5N1 isolates. Given the continuous evolution of H5 viruses in 
Egypt, surveillance, and whole genome sequencing should be routinely performed.  

LBA-P2-024 

The emergence of H9N2 virus in Egypt 

A Kandeil1*, R El-Shesheny1, G Kayali2, RJ Webby2, MA Ali1 

1Center of Scientific Excellence for Influenza Viruses, National Research Centre; 2Department of 
Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Avian influenza virus (AIV) subtype H9N2 has been widespread in the Middle East since the 1990s. 
For ambiguous reasons, H9N2 was not detected in Egypt until the summer of 2011. Circulation of 
H9N2 viruses in Egyptian poultry in the presence of the endemic highly pathogenic AI H5N1 subtype 
adds a huge risk factor to the Egyptian poultry industry. This work describes the prevalence of H9N2 
viruses in poultry through active surveillance in various Egyptian governorates during the last 2 years. 
The genomic signatures and protein sequences of several H9N2 isolates were analyzed. 
Phylogenetic data showed that Egyptian isolated H9N2 viruses were closely related to viruses of the 
G1-like lineage isolated from neighboring countries. These viruses showed impressive replication rate 
in embryonated chicken eggs and mammalian cells. To investigate the causative segment for 
increasing replication rate of H9N2 viruses, we constructed a recombinant influenza virus strain of 
A/PR8/34 (PR8) expressing individual genes from an avian H9N2 influenza strain 
A/chicken/Egypt/S4456B/2011(H9N2). Using several in vitro models of virus replication, we observed 
an increasing in replication rate for a reassortant virus expressing the neuraminidase (NA) gene of 
A/chicken/Egypt/S4456B/2011(H9N2) relative to that of either parental virus or reassortant PR8 
expressing other genes. This finding suggests that replication and antigen content of PR8-derived 
H5N1 influenza vaccine viruses can be improved by incorporation of NA segment of H9N2 to improve 
in ovo growth of vaccine strains and offers a promising strategy to differentiate infected from 
vaccinated animals (DIVA). 

645Late Breakers



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

LBA-P2-025 

IgM as protective factor against uncontrolled inflammatory response and early 
mortality in critical post-pandemic influenza 

R Ortiz de Lejarazu1*,R Almansa1,2, L Socias3, M Justel1,2, C Lopez-Mestanza1, MC Gallegos4, V 
Fernandez4, I Martin-Loeches5, P Ramírez6, M Gordon6, D Andaluz7, S Rojo1, I Sanz1, A Estella8, A 
Loza9, C León9, J Blanco10, JA Berezo10, S Rosich11, JF Bermejo-Martin1,2 

1Valladolid National Influenza Centre, Microbiology and Immunology Service, Hospital Clínico 
Universitario SACYL, Spain; 2Unidad de Investigación Biomédica del Clínico (ibC), Hospital Clínico 
Universitario. SACYL-IECSCYL, Valladolid, Spain; 3Critical Care Department, Hospital Son Llatzer 
SEMICYUC, Palma de Mallorca, Spain; 4Microbiology Service, Hospital Son Llatzer SEMICYUC, 
Palma de Mallorca, Spain; 5Critical Care Department Parc Tauli, Hospital Universitari de Sabadell-
CIBERES/SEMICYUC, Tarragona, Spain; 6Critical Care Department, Hospital Universitario La Fe- 
SEMICYUC, Valencia, Spain; 7Critical Care Medicine Service, Hospital Clínico Universitario. SACYL, 
SEMICYUC, Valladolid, Spain; 8Intensive Care Department, Hospital del SAS de Jerez—SEMICYUC, 
Cádiz, Spain; 9Critical Care Department, Hospital N Sra de Valme—SEMICYUC, Sevilla, 
Spain; 10Critical Care Medicine Service, Hospital Universitario Rio Hortega—SACYL/SEMICYUC, 
Valladolid, SPAIN; 11Critical Care Department, Hospital Universitari Joan XXIII—SEMICYUC, 
Tarragona, Spain 

Background: Lower levels of the IgG2 subclass associated with cytokine dysregulation have been 
associated with severe pandemic influenza. Nonetheless, there is no information on the role of 
immunoglobulin isotypes other than IgG in the critical illness caused by influenza infection. This work 
aimed to describe host immunoglobulin subclasses and isotype profiles in critical influenza infections 
during the 2010-2011 postpandemic season. Materials and Methods: Forty patients with severe 
respiratory failure and community-acquired pneumonia with confirmed laboratory influenza infection 
(polymerase chain reaction and/or cell culture) were recruited. Levels of IgG1, IgG2, IgG3, IgG4, IgM, 
IgA, and 17 cytokines were measured by using multiplex assays on plasma samples collected in the 
first 24 hours following admission to the ICU. Association studies among immunoglobulin/cytokine 
levels, disease severity, and outcome were performed by using the Spearman test, Cox regression 
analysis and Kaplan-Meier curves. Multivariate analysis was adjusted by age, sex, APACHE score, 
immunosuppression, and bacterial infection. Results: Fifteen patients died. Concomitant 
immunosuppression was more frequent in nonsurvivors than in survivors (N = 9 and 3, respectively). 
Patients showing immunosuppression had lower levels of IgG2 and IgM and higher levels of IL-6, IL-8, 
and G-CSF than nonimmunosuppressed patients. Correlation studies revealed that the IgG2 and IgM 
levels were inversely associated with the APACHE score. IgM correlated inversely with 7 
proinflammatory/immunomodulatory cytokines. On the contrary, cytokines levels were directly 
associated with severity. Results of Cox regression analysis for mortality censored at day 28 following 
ICU admission showed that IgM had a protective effect against mortality at 28 days, whereas IL-8, G-
CSF, MCP-1, MIP-1β behaved as risk factors. Conclusions: This study showed that IgM in critically ill 
patients is a protective factor in postpandemic influenza, preventing uncontrolled hypercytokinemia, 
severe disease, and fatal outcome. Acknowledgments: The authors acknowledge the support of 
“Instituto de Salud Carlos III—Fondo de Investigaciones Sanitarias and Health Council, Junta de 
Castilla y León (JCYL-IECSCYL-SACYL): Programa de Investigación Comisionada en Gripe, 
GR09/0021, GR09/0022. 
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LBA-P2-026 

Intranasal H5N1 vaccines, adjuvanted with chitosan derivatives, protect ferrets 
against highly pathogenic avian influenza intranasal and intratracheal 
challenge 

A Mann1,*, N Noulin1, A Catchpole1, K Stittelaar2, L de Waal2, E Kroeze2, M Hinchcliffe3, A Smith3, E 
Montomoli4, S Piccirella5, A Osterhaus2,6, A Knight7, J Oxford1, R Cox8, R Lambkin-Williams1 

1Retroscreen Virology, London, United Kingdom; 2Viroclinics Biosciences BV, Rotterdam, The 
Netherlands; 3Archimedes Development Limited, Nottingham, United Kingdom (MH current affiliation: 
Paracelsis Ltd, Nottingham, United Kingdom); 4University of Siena, Siena, Italy; 5VisMederi 
LifeSciences srl, Siena, Italy; 6Department of Viroscience, Erasmus MC, Rotterdam, The Netherlands;
7Evicom, Teddington, United Kingdom; 8Influenza Centre, Department of Clinical Science, University 
of Bergen, Haukeland University Hospital, Bergen, Norway 

Background: The sporadic transmission of H5N1 viruses from birds to humans with more than 60% 
fatalities has raised concern as to whether H5N1 viruses will be the next influenza pandemic. An 
important part of H5N1 pandemic preparedness is the development of effective vaccines against 
these viruses. Pandemic influenza vaccines should not only be immunogenic for the antigen 
contained within the vaccine but also for drifted variants that may arise. As such, adjuvants have been 
included in H5N1 vaccines to increase the magnitude and breadth of the immune response. In this 
study, two intranasal H5N1 subunit vaccines using a novel chitosan-based adjuvant delivery system 
were investigated in the H5N1 ferret challenge model. Materials and Methods: Six groups of 6 ferrets 
were intranasally vaccinated twice, 21 days apart, with placebo, antigen alone, CSN adjuvanted 
antigen, or TM-CSN adjuvanted antigen. Homologous and intrasubtypic antibody cross-reacting 
responses were assessed. Ferrets were inoculated intratracheally (all treatments) or intranasally 
(CSN-adjuvanted and placebo treatments only) with highly pathogenic avian Influenza (HPAI) 
A/Vietnam/1194/2004 (H5N1) virus 28 days after the second vaccination and subsequently monitored 
for morbidity and mortality outcomes. Clinical signs were assessed, and nasal as well as throat swabs 
were taken daily for virology. Samples of lung tissue, nasal turbinates, brain, and the olfactory bulb 
were analysed for the presence of virus and examined for histopathologic findings. Results: In 
contrast to animals vaccinated with antigen alone, the CSN and TM-CSN adjuvanted vaccines 
induced high levels of antibodies, protected ferrets from death, reduced viral replication, and 
abrogated disease after intratracheal challenge and in the case of CSN after intranasal challenge. In 
particular, the TM-CSN adjuvanted vaccine was highly effective at eliciting protective immunity from 
intratracheal challenge; serologically, protective titres were demonstrable after one vaccination. The 
2-dose schedule with TM-CSN vaccine also induced cross-reactive antibodies to clade 2.1 and 2.2 
viruses. Furthermore, ferrets immunised with TM-CSN had no detectable virus in both respiratory tract 
and brain, whereas there were signs of virus in the throat and lungs, albeit at significantly reduced 
levels, in CSN vaccinated animals. Conclusions: This study has demonstrated that CSN and in 
particular TM-CSN adjuvanted intranasal vaccines have the potential to protect against significant 
mortality and morbidity arising from infection with HPAI H5N1 virus. 

LBA-P2-027 

Use of a RT-PCR for seasonally characterization of Victoria and Yamagata 
influenza B lineages 

I Sanz-Muñoz1,2, R Almansa2,3, S Rojo1,2, M Justel2,3, JF Bermejo2,3, R Ortiz de Lejarazu1,2*

1Valladolid National Influenza Center, Valladolid, Spain; 2Microbiology and Immunology Service, 
Clinical University Hospital of Valladolid, Valladolid, Spain; 3Biomedic Research Unit, Clinical 
University Hospital of Valladolid, Valladolid, Spain 

Background: The Victoria and Yamagata lineages of influenza B cause seasonal epidemics without a 
homogeneous temporal epidemic pattern, but they can also cause sporadic cases during influenza A 

647Late Breakers



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

epidemics, and some of these cases are severe. These lineages have remained distinct since the 
1970s, and because of their antigenic differences, infection with one of them does not protect against 
infection with the other. For this reason, characterization of the influenza B virus lineages is important 
for adequate virological surveillance during the flu season (in the Northern hemisphere, from week 40 
[early October] to week 20 mid-May]), which will improve seasonal vaccine design. The objective of 
this study was to develop a multiplex RT-PCR technique that allows simultaneous identification of 
both influenza B lineages in respiratory samples and present data from 3 flu seasons and 1 
nonsurveillance period. Materials and Methods: Samples were collected from patients attending 
Clinical University Hospital of Valladolid (Spain), Influenza Surveillance Sentinel Network (ISSN), and 
various hospitals in Castilla y Leon (Spain). Samples were analyzed by cellular culture, using 
monoclonal antibodies and immunofluorescence assays, and by RT-PCR molecular detection. 
Cellular culture was done using MDCK-Siat1 cells for viral growth and monoclonal antibodies against 
influenza A and B (Oxoid) for fluorescence stain and microscope examination. Molecular detection 
was done by multiplex RT-PCR using the Luminex 200 device and RVP Respiratory Viral Panel 
(Luminex). Genetic material from the samples was extracted using the automatic extractor device 
EasyMag (Biomerieux). After detection of influenza B, specific primers and probes to subtype the 2 
Influenza B lineages were purchased (Tibmolbiol) to develop an RT-PCR using Abi 7500-Fast 
platform (Applied Biosystems) (Biere B, Bauer B, Schweiger B. Differentiation of influenza B virus 
lineages Yamagata and Victoria by real-time PCR. J Clin Microbiol. 2010;48:1425-1427). Samples 
positive for influenza B (cell culture or molecular diagnostic) were stored at -80ºC at the Valladolid 
National Influenza Center (Valladolid NIC) until their final characterization. Results: 147 respiratory 
samples having B virus were diagnosed from the 2010-2011, 2011-2012 and 2012-2012 influenza 
surveillance seasons and the 2012 nonsurveillance period. Most of the influenza viruses analyzed 
during the last 3 epidemic seasons were able to be characterized as 1 of 2 lineages. Among those, 12 
Victoria lineages and 3 nonsubtypable samples were detected in the 2010-2011 epidemic season. 
Similarly, 7 Yamagata lineages and 4 Victoria lineages were detected in the 2011-2012 season. 
Finally, during the 2012 nonsurveillance period, a cluster of influenza B cases were detected that 
could be the prelude to the Spain 2012-2013 epidemic season. Seven Victoria lineages were detected 
from patients during the nonsurveillance period (from June to September 2012), and 75 B Yamagata 
lineage viruses, 35 Victoria and 5 nonsubtypable samples were detected during the 2012-2013 
epidemic season. Conclusions: Characterization of B lineages by the method described is reliable and 
leads to a high percentage of B characterization. Although modest representation of influenza B 
during the 2010-2011 and 2011-2012 epidemic seasons was observed, the predominant activity in the 
last epidemic season was due to influenza B, mostly the Yamagata lineage and secondly the Victoria 
lineage. This sudden influenza B epidemic ascendancy, especially with a lineage with low occurrence 
in seasonal influenza vaccines in the last years, shows the importance of B-specific characterization 
for vaccination efficacy control. These findings support the use of a tetravalent vaccine against 
influenza viruses. 

LBA-P2-028 

Pathological and immunological comparison of H5N1 and H7N9 viruses in 
mice 

E Karlsson*, V Meliopoulos*, T Cline, S Duan, L Kercher, R Webby, P Thomas, S Schultz-Cherry 

St. Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Background: Beginning in March 2013, a novel, avian-origin influenza A/H7N9 virus caused 133 
infections with a mortality rate of approximately 28%, primarily in older adults. Due to its high mortality 
rate, disease severity, and avian origin, this H7 virus has been touted “H5N1 like” and is considered to 
be extremely virulent. To determine if the H7N9 induced an H5-like infection, a panel of highly 
pathogenic avian H5N1 and H7N9 viruses isolated from human infections were tested in mice for the 
“hallmarks” of H5 infection, including morbidity and mortality, systemic spread, immune response, 
cytokine storm, and in vitro replication in macrophages and normal human bronchial epithelial cells 
(NHBE). Because the majority of the reported H7N9 cases occurred in high-risk groups, comparative 
infections were also performed in aged mice and NHBE isolated from smokers, individuals with 
asthma, and persons with underlying lung disease (COPD). Materials and Methods: The MLD50 for 
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A/Vietnam/1203/04 (VN1203; H5N1), A/Hong Kong/213/03 (HK213; H5N1), A/Anhui/1/2013 (Anhui; 
H7N9), A/Shanghai/1/2013 (SH1; H7N9), and A/Shanghai/2/2013 (SH2; H7N9) was determined in 
C57BL/6 mice. Following MLD50 determination, young (6-8 weeks of age) or aged (> 1 year) mice 
were infected with 1 MLD50 of each virus, respectively, and tissues were collected at 3, 6, and 9 days 
postinfection (dpi) to determine viral load, pathology, immune response, and cytokine levels. Viruses 
were also used to infect MDCK, RAW, and NHBE (isolated from normal and high-risk populations) 
cells for viral replication. Results: Of the H5N1 viruses, VN1203 virus had the lowest MLD50, with 
HK213 being significantly higher. The H7N9 Anhui and SH1 viruses had MLD50 more similar to that of 
VN1203, whereas SH2 virus was more similar to HK213 and had slower replication kinetics in both 
normal and high-risk NHBE. Indeed, even with genetic similarities, SH2 infection was significantly 
different in all respects vs the Anhui and SH1 strains. In spite of the differences in MLD50, no 
significant differences were observed in nasal or lung virus titers; however, VN1203 was the only 
strain detected in the brain and kidneys in 100% of mice at 6 dpi. Furthermore, there were no 
significant differences in BALF or splenic immune cell populations at any time postinfection. In vitro, 
only the VN1203 virus replicated in macrophages and had significantly faster replication kinetics in all 
cell types tested. Intriguingly, the H7N9 viruses induced higher viral titers and were shed longer from 
the NHBE cells isolated from high-risk individuals as compared with the H5 viruses. Studies are 
underway to define any cytokine or pathological differences in young and aged mice. Conclusions: 
Although the H7N9 viruses do cause significant morbidity and mortality in mice, a higher dose is 
required to generate an “H5N1-like” infection. In addition, H7N9 infections lack the hallmark systemic 
spread and the ability to replicate in macrophages associated with highly pathogenic H5N1 viruses. 
Based on the epidemiologic and experimental data, H7N9 infection in high-risk groups appears to 
cause significant clinical disease, whereas H5N1 infection causes significant mortality even in normal 
individuals. Taken together, these data indicate that the H7N9 viruses are not necessarily similar to 
H5N1 viruses; however, further studies are required to understand the differences in pathogenicity 
among H7N9 strains. In addition, further surveillance is necessary, especially in high-risk groups, to 
prevent another outbreak from occurring in the upcoming winter months.  

LBA-P2-029 

The use of statins to combat viral and bacterial pneumonia in obese mice 

E Karlsson*, S Schultz-Cherry, J Rosch 

St Jude Children’s Research Hospital, Memphis, Tennessee, United States 

Background: Aside from their lipid-lowering properties, the pleiotropic anti-inflammatory and 
immunomodulatory effects of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors have been 
hypothesized to have beneficial effects against community-acquired pneumonia. Although several 
clinical trials have shown some benefits of statin use against pneumonia severity, overall benefits 
appear to be minimal except in severe cases. One potential reason for the minimal effect is 
confounding factors not generally analyzed in clinical trials, including differences in the immune 
response required to combat viral or bacterial infection alone or as a synergistic infection as well as 
altered response in high-risk states, such as obesity. Therefore, we attempted to tease apart the 
differential effects of pathogen type and obesity on the pleiotropic effects of statins during 
experimental models of pneumonia in mice. Materials and Methods: Wild-type (WT) and genetically 
obese (ob/ob) C57BL/6 mice were fed either a control diet or a diet containing simvastatin for 4 weeks. 
Following dietary treatment, mice were inoculated with 1 MLD50 of either influenza virus or 
Streptococcus penumoniae or administered a nonlethal dose of influenza followed by a nonlethal 
dose of Streptococcus penumoniae at day 7 post-influenza infection and monitored for morbidity and 
mortality. Influenza and bacterial titers were monitored following both primary and secondary 
infections. Results: As expected, obese mice fed a control diet had decreased susceptibility to 
bacterial challenge and increased susceptibility to influenza virus challenge compared with WT 
controls. Following consumption of the statin diet, no significant differences were observed in mortality 
from either virus or bacteria in WT mice. However, statin treatment significantly altered response in 
the obese mice by increasing mortality from bacterial challenge to almost 100% and decreasing 
influenza-associated mortality from 0 to approximately 50%. Increased mortality from bacterial 
infection and increased survival from influenza was associated with significantly increased titers in the 
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blood and decreased titers in the lungs of obese mice, respectively. Following secondary bacterial 
challenge, control fed ob/ob mice began to succumb to infection 4 days faster than WT controls; 
however, no beneficial effect of statins were observed in either the WT or obese groups, and no 
differences were observed in titer. Conclusions: Based on our results, it is clear that several factors 
need to be considered when using statins as a possible therapeutic agent for decreasing pneumonia 
morbidity and mortality. Diagnosis for the cause of pneumonia as well as BMI should be carefully 
considered when designing future studies for pleiotropic use. Future studies are focused on 
understanding the statin-induced changes in susceptibility to viral and bacterial challenge in the obese 
host and if these results are similar for all types of HMG Co-A reductase inhibitors or purely 
associated with simvastatin use. 

LBA-P2-030 

VIS410, a human antibody, provides additive efficacy when dosed with 
oseltamivir in a severe influenza model 

D Ambrosino1*, S Sloan1, G Babcock1, K Viswanathan1,D Barnard2, Z Shriver1 

1Visterra Inc, Cambridge, Massachusetts, United States; 2Utah State University, Logan, Utah, United 
States 

Background: VIS410 is a human monoclonal antibody directed against the stem of influenza 
hemagglutinin that has demonstrated the ability to neutralize group I (H1 and H5) and group II (H3) 
viruses in vitro and treat infected mice in vivo. One potential use for VIS410 is to treat hospitalized 
individuals suffering from severe influenza. In this setting, neuraminidase inhibitors, such as 
oseltamivir, are administered, although there is debate regarding effectiveness if administered after 
48 hours of onset of symptoms. We therefore examined in a lethal mouse model of influenza infection 
the efficacy of VIS410 alone and in combination with oseltamivir on symptoms, weight loss, physical 
signs of illness, and death. Materials and Methods: At time zero, five groups of 10 BALB/c mice were 
administered mouse-adapted A/Victoria/3/75 (H3N2) intranasally. Animal cohorts were treated with 
either VIS410 (intraperitoneally), oseltamivir (orally), or both. VIS410 antibody was administered once 
48 hours after exposure at 20, 10, 5, or 2.5 mg/kg, whereas oseltamivir was given at 60, 30, or 10 
mg/kg twice daily for 7 days beginning 4 hours before exposure. Additional groups of ten mice 
received various combinations of VIS410 (2.5-20 mg/kg) and oseltamivir (10-60 mg/kg/d). Fifteen 
mice were treated with PBS as controls. Mice were weighed from virus exposure until day 15, and 
mice losing more than 30% body weight were euthanized. Symptoms such as ruffling of fur, lethargy, 
paralysis, incontinence, repetitive circular motion, and aggression were noted. Normality of the animal 
weight data was confirmed (D’Agostino & Pearson omnibus normality test), and statistical inferences 
were made by two-way analysis of variance followed by pairwise comparisons to compare each 
treatment group with the placebo group, considering the survival of both (Tukey multiple comparisons 
tests). Survival analysis was conducted using the Kaplan-Meier graphing method, and pairwise 
comparisons of survivor curves (placebo vs any treatment) were analyzed by the Mantel-Cox log-rank 
test. Results: When VIS410 was used as a single treatment, all concentrations of the drug protected 
mice against death (80%-100% survival; P<0.05-0.0001 compared with placebo-treated animals). 
Dose response and combination effects were readily distinguishable when weight loss was evaluated, 
which reflects the physiological effects of viral infection on animal behavior. Depending on dose, when 
mice were treated with VIS410 alone or in combination with oseltamivir, weight loss was much less 
severe than for mice receiving placebo. At the highest doses of VIS410 (20 mg/kg) and oseltamivir 
(60 mg/kg/d), minimal weight loss was observed, and the mice returned to their starting weight sooner 
compared with both placebo and either treatment alone. Significant reduction in weight loss was also 
observed for additional combinations of VIS410 and oseltamivir. For example, the combination of 
VIS410 at 10 mg/kg plus oseltamivir at 30 mg/kg/d mitigated weight loss compared with either 
treatment alone on days 5-8 post-virus exposure, the critical time frame in which weight loss is a good 
predictor of later mortality due to virus infection; the combination of VIS410 at 5 mg/kg plus oseltamivir 
at 30 mg/kg/d also significantly lessened weight loss from days 6-8 post-virus exposure. Conclusions: 
All doses of VIS410 protected mice against death (80%-100% survival) in a severe H3N2 influenza 
model. In addition, when amelioration of weight loss was evaluated, a significant additive effect was 
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observed for oseltamivir combined with VIS410. These data suggest that VIS410 may be an effective 
treatment alone or when added to oseltamivir for patients suffering from severe influenza. 

LBA-P2-031 

A project to translate and exchange knowledge toward more effective, 
efficient, and equitable public health and primary care strategies for influenza 
and influenza-like illness (ILI) in Canada 

JD Kettner1,2,3*, E Cheuk1 

1National Collaborating Centre for Infectious Diseases, Winnipeg, Manitoba, Canada; 2International 
Centre for Infectious Diseases, Winnipeg, Manitoba, Canada; 3Department of Community Health 
Sciences, Faculty of Medicine, University of Manitoba, Winnipeg, Manitoba, Canada 

Background: Influenza and influenza-like illnesses (ILI) continue to be a challenging public health 
issue, including annual “seasonal” influenza and other respiratory pathogens or pandemics and 
regional outbreaks (eg, pandemic H1N1 and avian H7N9, respectively). In most public health 
jurisdictions, there are significant allocations of attention and resources to prevent and control 
influenza and ILI. These activities are based on many assumptions and/or observations regarding 
burden of illness, accuracy of diagnosis, and the effectiveness, efficiency, and equity of our strategies 
for prevention (eg, annual immunization) and treatment (including antiviral drugs). Despite the 
longstanding awareness and recurring events of influenza and other ILI, there remain many 
unanswered questions and unsolved problems with respect to the effectiveness, cost effectiveness, 
and equity of public health and primary care programs and services in Canada. To analyze data for 
synthesis and translation of knowledge for public health policy makers and practitioners, the National 
Collaborating Centre for Infectious Diseases (NCCID) is leading a collaborative project with the other 
five Canadian Public Health National Collaborating Centres. To obtain input on the scope of this 
project and the knowledge translation products that would be useful to Canadian public health 
practitioners, NCCID hosted a national consultation with public health practitioners and administrators, 
clinicians, epidemiologists, researchers, and others. This presentation will outline topic areas that the 
consultation participants prioritized for action and describe proposed activities to address these 
issues. Materials and Methods: Thirty-five individuals from diverse professional backgrounds were 
brought together for a one-day national consultation. Together, working from a list of issues related to 
the prevention and control of ILI from a workshop hosted by the Institute of Population and Public 
Health (IPPH) of the Canadian Institutes of Health Research (CIHR) (2011), consultation participants 
deliberated and narrowed the list down to five top priority issue groups. Over the course of the 
consultation, participants brainstormed activities and knowledge products that could help address 
these priority issues. Results: The five top priority issue groups identified by the consultation 
participants were: (1) vaccine efficacy, effectiveness, efficiency, and equity (subpoint example for 
consideration: knowledge basis for considering making vaccination mandatory for health care 
workers), (2) primary prevention of influenza and ILI other than vaccine (subpoint example: 
environmental barriers to disease transmission), (3) rapid diagnostics (subpoint example: more 
accurate diagnosis and surveillance; ability to evaluate vaccine and antiviral effectiveness), (4) 
surveillance and better estimates of burden of influenza and ILI (subpoint example: severity of illness, 
medical and nonmedical determinants of outcome inequalities), and (5) communication and 
messaging (subpoint example: how to increase public knowledge and understanding of burden, 
causes, risk factors, and prevention and treatment of ILI). Diverse activities and knowledge products 
were suggested for addressing the priority issues. These included synthesis of evidence from 
published literature, inventory of researchers and their research in the relevant areas, better recent 
and real-time estimates of burden of influenza and ILI, better (electronic) information-sharing 
mechanisms between primary health and public health, and evaluation of existing prevention and 
control strategies. Conclusions: The consultation reaffirmed that there are many important 
unanswered questions about influenza and other ILI with respect to the burden of illness, diagnosis, 
prevention, treatment, and professional and public engagement. The variety of participants focusing 
for one day on the consideration of practical knowledge needs resulted in a balanced and 
comprehensive set of priority topics to guide the two-year collaborative knowledge translation project. 
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Our goal is to share these products widely, including at the next international influenza conference 
three years from now! 

LBA-P2-032 

Antigenic characterization of influenza viruses circulated in Burkina Faso in 
2012 and their sensitivity assessment to two antiviral drugs, oseltamivir and 
zanamivir 

Z Tarnagda1,2*, I Yougbare3, K Ilboudo1, T Kagoné4, AM Sanou1, A Cissé1, H Zampan4, DS Kaboré1, I 
Médah5, D Yelbéogo5, R Garten6, T Wallis6, L Gubareva6, X Xu6, N Cox6 

1Institut de Recherche en Sciences de la Santé, Centre National de Référence pour la Grippe, Bobo-
Dioulasso, Burkina Faso; 2University of Ouagadougou, WA Master FELTP, Burkina Faso; 3St 
Michael's Hospital LKSKI—Keenan Research Centre, Toronto, Canada; 4Centre Muraz, Bobo-
Dioulasso, Burkina Faso; 5Direction de la lutte contre la maladie, Ministère de la santé, Ouagadougou, 
Burkina Faso; 6WHO Collaborating Center for Surveillance, Epidemiology and Control of Influenza, 
Influenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, United States 

Background: Although Influenza is an important respiratory disease in Africa, virological surveillance 
for influenza in Burkina Faso is lacking. During the 2012-2013 influenza season, the virology 
laboratory at the Institut de Recherche en Sciences de la Santé collected and submitted influenza 
specimens to the WHO collaborating center for influenza at the US Centers for Diseases Control and 
Prevention (CDC) for further characterization. In this study, we report characteristics of influenza 
viruses circulating in Burkina Faso during the season and their susceptibility to two antiviral drugs, 
oseltamivir and zanamivir. Materials and Methods: We performed rRT-PCR assay using US CDC 
reagents, primers, and probes to detect influenza viruses circulating in Burkina Faso sentinel sites in 
2012. Eight positive specimens for influenza viruses (four influenza B viruses, three influenza 
A[H1N1]pdm09 viruses and one A[H3N2] virus) were sent to the US CDC for characterization. 
Hemagglutination inhibition tests with a panel of postinfection ferret antisera for detailed antigenic 
characterization, a functional neuraminidase inhibition assay and/or genetic analysis to assess 
susceptibility of these viruses to the neuraminidase inhibitors oseltamivir and zanamivir, and 
sequence analysis (HA, NA, and M genes for type A viruses and HA, NA, and NS genes for type B 
viruses) were performed. Results: From the four influenza B viruses, two viruses belonged to the 
B/Victoria/2/87 lineage and were antigenically similar to the reference strain B/Brisbane/60/2008 virus, 
whereas the two other influenza B viruses were B/Yamagata lineage viruses and were antigenically 
similar to B/Wisconsin/01/2010, vaccine strain for the 2012-2013 season. The three influenza 
A(H1N1)pdm09 virus isolates were antigenically characterized as A/California/07/2009 like, and their 
HA sequences fell into genetic group 8 and were very similar to other H1N1pdm09 viruses isolated in 
2011 from the African region. The A(H3N2)virus was antigenically similar to the A/Victoria/361/2011 
virus, which was the H3 component of the 2012-2013 influenza vaccine for the northern hemisphere 
and 2013 influenza season for the southern hemisphere. All eight viruses were sensitive to oseltamivir 
and zanamivir. Conclusion: This is the first report describing characteristics of circulating influenza 
A(H1N1)pdm09 and A(H3N2) and influenza B viruses in Burkina Faso after the 2009 H1N1 pandemic, 
and it underscores the importance of enhancing influenza surveillance in the country. 
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LBA-P2-033 

Efficacy of inactivated trivalent influenza vaccine among children in rural India 
during 2009-2010 

W Sullender1,*, K Fowler2, V Gupta3, A Krishnan4, K Lafond5, S Saha5, F Palomeque5, P Gargiullo5, R 
Lal5, M-A Widdowson5, S Broor3,4 

1University of Colorado Denver, Denver, Colorado, United States; 2University of Alabama at 
Birmingham, Birmingham, Alabama, United States; 3International Clinical Epidemiology Network, 
Delhi, India; 4All India Institute of Medical Sciences, Delhi, India; 5Centers for Disease Control and 
Prevention, Atlanta, Georgia, United States 

Background: Neither the burden of influenza disease nor influenza vaccine efficacy has been well 
characterized in children in resource-constrained developing countries. In November 2009, a 3-year 
household-randomized, controlled, observer-blinded study was initiated in 3 rural villages in northern 
India to measure vaccine efficacy (VE) of seasonal trivalent inactivated influenza vaccine (IIV). We 
report here the assessment of total (direct + indirect) protection due to influenza vaccination among 
children in these communities during November 2009-October 2010. Methods: From November 2009 
through January 2010, 3372 children aged 6 months to 10 years were administered intramuscularly 
either one (9-10 years) or two (6 months-8 years) age-appropriate doses (0.25 mL for 6-35 months 
and 0.5 mL for ≥ 36 months) of IIV (2009-2010 northern hemisphere formulation: A/Brisbane/59/2007 
[H1N1], A/Brisbane/10/2007 (H3N2), and B/Brisbane/60/2008) or a control vaccine, inactivated 
poliovirus vaccine (IPV). In November 2009-October 2010, active surveillance of vaccine recipients 
was conducted via weekly home visits to identify all cases of febrile acute respiratory illness (FARI, 
defined as reported fever and any respiratory complaint [such as cough, sore throat, nasal congestion, 
runny nose, earache, or difficulty breathing] within the past 7 days). Nasal and/or throat swabs were 
collected from each FARI episode for influenza detection by real-time reverse transcription 
polymerase chain reaction (RT-PCR) assay. A proportional hazards model was constructed to 
calculate the VE of full vaccination of children with IIV, as compared with IPV, with a per-protocol 
analysis. We calculated VE separately by age group (6-35 months, 3-8 years, and 9-10 years). 
Results: Of the 3334 children included in the analysis, 1614 received IIV and 1720 received IPV. The 
IIV group included 1443 fully vaccinated (1 or 2 doses based on age) and 171 partially vaccinated 
(received 1 of 2 planned doses), whereas the IPV group included 1540 fully and 180 partially 
vaccinated. The groups were similar in regard to sex (55% and 56% male) and age (mean 5.8 vs 5.7 
years) for IIV and IPV, respectively. Overall, we identified 508 influenza-positive FARI cases, of which 
261 were A(H1N1)pdm09, 241 were influenza B, and 6 were A(H3N2). Two peaks of A(H1N1)pdm09 
were identified: in November-December 2009 and July-October 2010. Influenza B was detected 
throughout the study period, and 98% of those characterized were identified as Victoria lineage, as 
contained in the vaccine formulation. Among those fully vaccinated, the IPV group experienced 132 
influenza B FARI episodes compared with 80 in the IIV group (all ages VE 37.6%, CI 16.2, 53.6, 
p=0.002). Vaccine efficacy was 34.5% (CI −13.3, 62.1) in those 6-35 months, 39.5% (CI 9.2, 59.7) in 
those 3-8 years, and 37.0% (CI -30.8, 69.7) in ages 9-10 years. VE was 39.8% (CI −23.5, 70.7) in the 
period November 2009 to April 2010 and 37.3% (CI 13.7, 54.5, p=0.004) from May 2010 to October 
2010. No statistically significant VE was seen against influenza A(H1N1)pdm09 in fully vaccinated 
children (VE 17.4%, CI −16.7, 41.6). Conclusions: In the first year of a multiyear VE study, 
A(H1N1)pdm09 emerged, and the only vaccine-matched influenza virus that circulated in the study 
community was influenza B. We found that full vaccination with IIV among children aged 6 months to 
10 years resulted in a vaccine efficacy of 38% against antigenically matched influenza B strains when 
analysis included all age groups. Vaccine efficacy was similar in age groups analyzed separately, but 
only statistically significant among children aged 3-8 years. Further work in needed to understand the 
efficacy of influenza vaccines in this population. 
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LBA-P2-034 

Evaluation of the influenza sentinel surveillance system, Kinshasa, DR Congo, 
2009- 2011 

S.Karhemere1*, I Ngay1, E Nkwembe1, B Kebela2, L Lubula2, J Kabamba3, W Diswasani4, P 
Babakazo4, JJ Muyembe1, E. Okitolonda4

1Institut National de Recherche Biomédicale; 2DRCongo Control Diseases Directorate; 3Centers for 
Diseases Control, CDC/DRC; 4Kinshasa School of Public Health 

Background: Influenza is an important cause of severe acute respiratory infection in DR Congo. It is 
notified through the sentinel surveillance system in five sites among in- and outpatients. This study 
was conducted to evaluate the impact of the surveillance system in reducing the burden of the 
disease. Methods: A cross-sectional descriptive study was done, using data collected from sentinel 
sites and the national reference laboratory. At each of the 5 participating sites, 8 surveillance staff 
were interviewed via a questionnaire. Simplicity was determined based on the staff’s mastery of the 
case definition. Acceptability was measured according to their participation rate; and the 
completeness according to proportion of files completed. Promptness was based on the proportion of 
reports received within 48 hours, and data quality refers to whether or not the data were verified. The 
sensitivity and positive predictive value were calculated based on the proportion of real patients 
detected and laboratory cases confirmed. Results: All 8 (100%) staff knew the influenza case 
definition; 75% participated in surveillance activities. Completeness of reporting was 99% in 2009, 
98.5% in 2010 and 99.2% in 2011. 100% of the reports were verified. Influenza cases were reported 
within 48 hours. The sensitivity of the system is 74.1%, and the positive predictive value is 11.47%. 
The utility is demonstrated by the detection of H1N1 pandemic and seasonal viruses. Conclusion: The 
influenza sentinel surveillance system in Kinshasa city DR Congo is simple, acceptable, stable, useful, 
and contributes to the global effort for disease control. 

LBA-P2-035 

Avian influenza surveillance in Northern Eurasia in the last decade: 
importance for the Global Influenza Surveillance Network 

K Sharshov, M Sivay, A Shestopalov* 

Novosibirsk State University, Novosibirsk, Russia; State Research Center of Virology and 
Biotechnology “Vector,” Koltsovo, Russia; and Research Center of Clinical and Experimental 
Medicine, Siberian Branch of the Russian Academy of Medical Sciences, Novosibirsk, Russia 

Background: The territory of Russia covering a large part of northern Eurasia is of special interest for 
influenza virus ecology and evolution. The importance of this region has been confirmed by the 
previous outbreaks of highly pathogenic avian influenza (HPAI) H5N1 among wild birds since 2005. 
The territory of Russia is situated in the center of the Eurasian continent. This area is crossed by three 
major migration routes—central Asia flyway, east Africa west Asia flyway, and Black 
Sea/Mediterranean flyway, combining bird populations from Asia, Africa, and Europe. Avian influenza 
virus (AIV) surveillance is an important task to complete before the fundamental study and 
introduction of these data into practice. The study was aimed at the collection of specific data on 
different AIV distribution and biodiversity, compared with the data from other parts of the world and 
filling the gap in the Global Influenza Surveillance Network in Russia. Materials and Methods: The 
specimens were tested for AIV by standard methods. AIVs were isolated and studied by standard 
virological and molecular biologic methods according to WHO and OIE manuals. Results: The report 
focuses on some epidemiological, ecological, and evolutionary aspects of AIVs including H5N1 
isolated in Northern Eurasia in the last decade. During surveillance for AIV in northern Eurasia 
(Russia, Mongolia, Kazakhstan), more than 10,000 samples from wild birds were collected. More than 
300 AIVs were isolated, and 25 different subtypes were detected. All of the isolated viruses belong to 
low pathogenic viruses except the H5N1 virus. Moreover, we isolated some rare subtypes including 
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H1N2, H8N8, H13N8, H10N7, H15N4, H16N3, and LPAI H5N1. Some of them have not been 
detected in Russia earlier or elsewhere (according to databases). The biologic properties of these 
viruses were studied. Phylogenetic analysis of different genes showed a close relationship of Russian 
viruses with strains from different European, African, and Asian countries and from Australia. 
Phylogenetic analysis of the M gene of isolated viruses revealed different lineages of influenza 
viruses isolated. Evolutionary trends will be discussed. We hypothesized that some Russian lake 
systems may play a significant role in the circulation of avian influenza in Eurasia. We suggested 
enhancing surveillance programs in these areas (Sharshov et al, 2010). Our hypothesis was 
confirmed by isolation of HPAI H5N1 and interesting LPAI viruses. In that “hot spot,” we isolated 
unique viruses, including an H13N8 subtype influenza virus from a herring gull. This virus was found 
to be a reassortant containing the HA, NA, MP, NP, PB1, and PB2 genes from gull-specific viruses 
and PA and NS genes from European classic Avian-like viruses of different subtypes. This was the 
first isolation of H13N8 AIV in Mongolia. Also, influenza (H15N4) virus isolation was the first case of 
H15 subtype isolation in the northern hemisphere. Overall, phylogenetic analysis results revealed that 
the H15N4 virus is a reassortant with novel HA and NA genes and endemically circulating Eurasian 
internal genes. The report contains more detailed comparative virological, molecular, and pathogenic 
characteristics of viruses. Some molecular epidemiological aspects will be discussed. Conclusions: 
Recent outbreaks of an influenza A (H7N9) virus of avian origin raise concern about the emergence of 
novel reassortant viruses in Eurasia and the potential threat to the human population. We showed 
circulation of different AIVs, including HPAI H5N1 among wild birds in the natural ecosystems of 
Northern Eurasia. Our study confirmed the significant role of AIV surveillance in Russia for the Global 
Influenza Surveillance Network. The results demonstrate the need for ongoing surveillance to detect 
new variants of influenza viruses and facilitate prevention of outbreaks. We suggest increasing efforts 
of AIV surveillance in “hot spots” in northern Eurasia. Acknowledgments: This study was supported by 
RFBR project 13-04-91179-GFEN-а, USDA grant 58-0210-2-040F. 

LBA-P2-038 

Full-length genome sequencing of influenza A on Ion Torrent PGM sequencer 

A Ferlinz1,*, A Burrell2, S Glavas3, M Mild3, G Vaccari4 

1Life Technologies, Darmstadt, Germany; 2Life Technologies, South San Francisco, California, United 
States; 3Swedish Institute of Communicable Disease Control, Solna, Sweden; 4Istituto Superiore di 
Sanitá, Rome, Italy 

Background: The evolution of influenza A viruses represents a major challenge for both human and 
animal health. Influenza A viruses may cross species barriers and transmit to humans, with the 
potential to cause pandemics. Materials and Methods: We describe a rapid sequencing method and 
standard operating procedure using the Ion Torrent PGM sequencing platform for rapid and cost-
effective influenza A virus typing. This method was technically validated within a network of 
researchers from public health institutes around the globe, and it includes the analysis, reporting, and 
sharing of data. Results: We amplified the 8 genome segments of influenza A in a single-tube RT-
PCR (PathAmp Flu A reagents) and performed a standard sequencing reaction on the Ion Torrent 
PGM sequencer. Base calling, alignment, and coverage analysis were carried out with the Torrent 
suite software. Our results show the accuracy of NGS to define the full-length sequence of the 
influenza A genome. For example, comparison of NGS with Sanger sequencing on a single H1N1pdm 
isolate showed 100% nucleotide concordance. The high throughput obtained so far indicates that we 
can multiplex more than 10 samples for a single sequencing run on the Ion PGM 316 chip. 
Conclusions: The PathAmp FluA reagents provide a rapid, accurate, and sensitive solution for 
influenza A viral sequencing on the Ion PGM sequencer—and the resulting data can be used for 
outbreak monitoring as well as routine surveillance. The method described can generate the whole-
genome assemblies for IAVs in a very short period of time and represents an indispensable tool both 
in human and animal surveillance activities. 
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LBA-P2-039 

Subtle changes in the multibasic cleavage site of the H5 hemagglutinin 
glycoprotein can affect viral pathogenicity in ferrets 

K Edenborough1*, S Lowther2, M Yamada2, F Long2, J Bingham2, J Payne2, J Rookes2, J Haining2, R 
Robinson2, B Gilbertson1, D Middleton2, L Brown1

1Department of Microbiology & Immunology, The University of Melbourne, Royal Parade, Parkville, 
Australia; 2CSIRO Livestock Industries, Australian Animal Health Laboratory, East Geelong, Australia 

Background: Predicting the pathogenicity of whether emerging avian H5N1 isolates upon human 
infection can be largely determined by the presence of more than four basic amino acids in the 
cleavage site (CS) of the hemagglutinin (HA) glycoprotein. The number and type of basic amino acids 
within the CS vary across the numerous H5N1 clades; however, the relationship between CS 
sequence variation and viral pathogenesis for humans is unclear. It is not viable to address this 
relationship based on clinical data derived from human infections because mutations commonly occur 
in the polymerase genes of avian isolates during interspecies transmission, which are known to also 
affect virulence. We therefore investigated how subtle changes in the CS sequence of H5N1, 
independent of other mutations, affected its virulence in ferrets, an animal routinely used to model 
human influenza infection. In doing so, we sought to characterize factors associated with severe 
disease outcomes in ferrets that were infected with H5N1 viruses containing mutations in their CS 
sequence. Materials and Methods: A/Vietnam/1203/2004 contains a clade 1 HA320-329 with a CS 
amino acid sequence of PQRERRRKKR. This sequence was altered via site directed mutagenesis to 
contain a deletion and a substitution to produce a clade 2.3.4-like CS sequence (PLRERRRK-R). 
Furthermore, we also produced a virus with a CS sequence containing only a single basic amino acid 
(PQRET----R). Five ferrets were anesthetised and challenged intranasally with 106 EID50 of each virus. 
Following infection, ferrets were monitored for signs of disease and euthanised if they progressed to a 
predetermined humane endpoint. Ferrets that did not progress to the humane endpoint were 
euthanised on day 7. Numerous systemic organs and tissues of the respiratory tract were collected 
and examined for infectious viral titres, viral associated lesions and the presence of viral antigen. 
Results: Ferrets infected with A/Vietnam/1203/2004 that contained a single basic amino acid in the 
cleavage site (PQRET----R) did not develop severe disease, and all animals recovered from infection 
and cleared virus by day 7.  In contrast, A/Vietnam/1203/2004 that contained a wild-type CS 
sequence (PQRERRRKKR) caused severe disease in four of five infected ferrets. The disease was 
characterised by peak rectal temperatures at day 1 post infection of 41°C, greater than 10% loss in 
body weight and abdominal or neurological disease signs. These ferrets were also lymphopenic at 
days 1 and 3, and at the time of euthanasia pulmonary lesions were detected and virus was isolated 
from systemic organs beyond the respiratory tract. Interestingly, ferrets infected with 
A/Vietnam/1203/2004 containing a clade 2.3.4 CS sequence (PLRERRRK-R) displayed a peak in 
rectal temperature only on day 3, exhibited minimal evidence of pulmonary damage and virus was 
isolated at fewer sites outside the respiratory tract. The milder pathogenic profile of the 
A/Vietnam/1203/2004 (PLRERRRK-R) virus was not attributed to its inability to spread outside the 
respiratory tract because viral RNA was readily detected in plasma post infection and was also able to 
infect ferret venous endothelial cells in ex vivo cultures. Conclusions: In this study we have clearly 
shown that the presence of a multibasic CS in the HA of H5N1 is inextricably linked to its ability to 
disseminate beyond the respiratory tract. In examining the infectivity of A/Vietnam/1203/2004 without 
the influence of mutations in polymerase genes, subtle deletions and substitutions in the CS can 
reduce the severity of infection and therefore are additional factors affecting clade-specific 
pathogenesis.  
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LBA-P2-040 

A broadly protective monoclonal antibody targeting a universally conserved 
epitope in all influenza A neuraminidase subtypes 

TM Doyle1,2, AM Hashem1,2,3, B Jaentschke1, C Li4, G Van Domselaar5, L Larocque1, NE Forbes2, J 
Wang4, D Smith1, T Cyr1, A Farnsworth1, R He5, AC Hurt6, RG Brown2,7*, X Li1,2,7* 

1Centre for Vaccine Evaluation, Biologics and Genetic Therapies Directorate, HPFB, Health Canada, 
Ottawa, Ontario, Canada; 2Department of Biochemistry, Microbiology and Immunology, University of 
Ottawa, Ottawa, Ontario, Canada; 3Department of Medical Microbiology and Parasitology, Faculty of 
Medicine, King Abdulaziz University, Jeddah, Saudi Arabia; 4National Institutes for Food and Drug 
Control, Beijing, China; 5National Microbiology Laboratory, Public Health Agency of Canada, 
Winnipeg, Manitoba, Canada; 6WHO Collaborating Centre for Reference and Research on Influenza, 
North Melbourne, Victoria, Australia; 7Emerging Pathogens Research Centre, University of Ottawa, 
Ottawa, Ontario, Canada 

Background: Hemagglutinin (HA) and neuraminidase (NA) are the two major surface glycoproteins of 
influenza A virus and the main targets of protective immune response. Current seasonal influenza 
vaccines can induce strain-specific neutralizing anti-HA antibodies (Abs). In contrast to HA, anti-NA 
Abs can reduce viral yield and spread by inhibiting NA enzymatic activity. While several broadly 
neutralizing Abs targeting conserved epitopes in diverse HA subtypes have been isolated, NA-specific 
antibodies could only cross-protect partially against homologous and heterologous strains from the 
same subtype. Thus, we tried here to identify highly conserved sequences in all influenza NA 
subtypes and determine their functional roles in viral replication and their potential as antiviral targets. 
Materials and Methods: Comprehensive bioinformatics analyses of all publicly available full-length NA 
sequences using multiple alignments and Shannon entropy analyses were conducted to identify 
conserved sequences in all NA subtypes. Reverse genetics (RG) recombinant viruses were 
generated containing the 7 genes of influenza A/Puerto Rico/08/34(H1N1) and either the wild-type 
(wt) NA gene or NA plasmids with single alanine substitutions within the identified conserved regions. 
Growth kinetics of wt virus and each RG variant was then analyzed in MDCK cells. Thermostability 
and enzymatic activity were determined using the 2-(4-methylumberlliferyl)-α-D- N-acetylneuraminic 
acid (MUNANA) assay. A rabbit monoclonal Ab, denoted as HCA-2 mAb, raised against one of the 
characterized sequences was then examined for its inhibitory effects against replication and 
enzymatic activity of wt viruses from all 9 NA subtypes as well as the RG variants using in vitro 
microneutralization and enzyme-linked lectin assay, respectively. Finally, in vivo prophylactic efficacy 
of HCA-2 mAb was tested in a murine model against lethal doses (5 x LD50) of influenza 
A/FM/1/47/MA (H1N1) and influenza A/HK/1/68-MA20 (H3N2) viruses. Results: Multiple sequence 
alignments and Shannon entropy analyses of all NA sequences in the GenBank uncovered a 
universally conserved 9-mer peptide amongst all influenza A viral NA subtypes located between 
amino acids 222 and 230 (N2 numbering) and comprised of “ILRTQESEC.” Substitutions within this 
universal epitope significantly affected viral fitness by decreasing the catalytic activity, substrate 
binding and thermostability of the NA enzyme. Consistently, protein modeling suggested that these 
residues could either directly bind to the substrate or contribute to the formation of the active site in 
the enzyme. Importantly, the HCA-2 mAb, which targets this universal peptide, significantly decreased 
NA enzymatic activity and showed broad in vitro inhibitory effect against antigenically diverse 
influenza A strains from all NA subtypes (N1-N9). It also provided heterosubtypic protection in mice 
challenged with lethal doses of mouse-adapted H1N1 and H3N2 strains (representing group 1 and 2 
viruses, respectively). Finally, we found that amino acid residues I222 and E227, located in close 
proximity to the active site of the enzyme, are indispensable for inhibition by this mAb. Conclusions: 
Collectively, these findings not only reveal the essential role of this unique highly conserved linear 
sequence in NA function and viral replication, but also provide the basis for evaluating the potential of 
this sequence in the development of targeted vaccines or in the design of novel antivirals. Moreover, 
the HCA-2 mAb described here could be developed/humanized for use as a broad-range agent for 
prophylactic and therapeutic interventions against diverse strains of influenza A viruses. 
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LBA-P2-041 

Optimal design of serological surveys for emerging respiratory pathogens 

KM Wu1*, Steven Riley2

1School of Public Health, LKS Faculty of Medicine, The University of Hong Kong, Hong Kong 
SAR; 2MRC Centre for Outbreak Analysis and Modelling, Department of Infectious Disease 
Epidemiology, School of Public Health, Imperial College London, London, United Kingdom 

Background: Influenza infection does not always cause illnesses, and uncertainty regarding the 
number of unobserved infections dominates many other epidemiologic uncertainties, especially during 
the early stages of a pandemic. One way to determine the true size of an influenza outbreak is to 
perform serologic surveillance. However, there are a number of alternative study designs, and it is not 
clear how to choose between them to design the best study for measuring the cumulative infection 
attack rate (CAR). Materials and Methods: We simulated the CAR with a known influenza epidemic up 
to different points in time with a mathematical model, and we estimated the distribution of baseline 
titres and postinfection boosting of titres from the literature. We calculated the true CAR and expected 
study-estimated CAR for cross-sectional and longitudinal study designs. We assumed that baseline 
sera were taken prior to the start of the epidemic, and we compared the accuracy of estimates of the 
CAR between day 10 and day 100 after the start of local transmission every 10 days. Results: Based 
on simulation studies, cross-sectional study design and longitudinal study design give comparable 
estimated CAR. When background level of immune response is moderate, however, cross-sectional 
study design generally provides more accurate estimates. Under these scenarios, neither study 
design provides reliable estimates: 1) when the background level is high relative to the postinfection 
boosting level of the circulating pathogen, or 2) when both the background and postinfection boosting 
level are low. These observations hold true regardless of the true CAR value. The differences can be 
explained by the different definitions being used to compute the seroconversion rate in the two survey 
designs, which was adopted from Wu JT, et al (Clin Infect Dis. 2010;51:1184-1191). Conclusion: 
Levels of boosting and background level of immune responses significantly affect the accuracy of IAR 
estimations, and depending on these levels of responses, different survey designs should be used to 
estimate IAR. 

LBA-P2-042 

A morbillivirus vaccine vector expressing influenza A virus HA and NP 
proteins induces robust humoral and cellular immune responses 

R Rouxel1, XX Wong1, V von Messling1,2* 

1INRS-Institut Armand-Frappier, Laval, Quebec, Canada; 2Paul Ehrlich Institute, Langen, Germany 

Background: Influenza A viruses continue to cause annual epidemics that are associated with 
considerable morbidity and economic losses, as well as occasional pandemics with worldwide impact. 
Even though the available vaccines protect against antigenetically matched strains, the high genetic 
plasticity of these viruses makes it challenging to accurately predict emerging viruses, leaving the 
population unprotected. We have previously observed that a natural infection with influenza confers 
protection from reinfection with the same and in some cases heterologous strains. Here we 
investigated if this protection can be reproduced by presentation of influenza proteins in the context of 
a viral vaccine vector that also targets the respiratory tract. Materials and Methods: Toward this end, 
we produced a replication-competent canine distemper virus vaccine strain carrying the nucleo (NP)- 
and hemagglutinin (HA) proteins of a seasonal H1N1 influenza strain and assessed its ability to 
confer protection against homologous or heterologous H1N1 and H3N2 strains in ferrets. Results: 
After intranasal infection, the ferrets immunized with the influenza protein-carrying virus mounted CDV 
and influenza-specific humoral and cellular immune responses. However, the CDV-specific responses 
were weaker than those seen in animals immunized with the parental CDV strain. When challenged 
with the homologous and to a lesser extent heterologous influenza strains, the animals experienced a 
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shortened period of virus replication and fever. Conclusion:This morbidity reduction may be sufficient 
to alleviate the disease severity of a highly pathogenic influenza strain and thus provide a first line of 
defense against a future pandemic.  

LBA-P2-043 

Nasal washes and nasopharyngeal swabs to detect and quantify viral 
replication using the influenza Human Viral Challenge Model: how does the 
sampling methodology affect the result? 

R Lambkin-Williams*, A Mann, A Gilbert 

Retroscreen Virology, Queen Mary Business Enterprises, London, United Kingdom 

Background: The Human Viral Challenge Model of infection provides a unique experimental 
opportunity whereby healthy human volunteers are inoculated at a defined time point with a wild-type, 
attenuated virus under controlled conditions. This has enhanced our understanding of how respiratory 
viruses like influenza behave under such conditions. The model allows us to examine a number of 
other parameters related to experimental infection and disease severity using subjective (self-reported 
symptom diary card scores), and objective (spirometry, vital signs) measures and their temporal 
relationship to viral shedding. Materials and Methods: As part of a program to develop the Human 
Viral Challenge Model, we explored the sampling methodology used to evaluate the level of virus 
replication in the volunteers. The Human Viral Challenge Model is unique in that the exact time of 
exposure to virus is known and sampling can be timed as required, allowing a detailed analysis of 
viral replication and its relationship to the signs and symptoms of illness. We wished to increase the 
frequency with which we could take nasal samples, but were limited to twice-daily sampling via nasal 
wash due to the possible effect of the procedure on viral replication and the tolerability for the 
volunteers; we therefore investigated the use of flocculated nasopharyngeal swabs three times daily. 
Here we present data on healthy volunteers inoculated with a wild-type strain of influenza 
(A/Wiscconsin/67/2005, H3N2) that was manufactured under GMP conditions and had previously 
been assessed extensively by ourselves for safety, pathogenicity and virulence. Results: We showed 
that flocculated nasopharyngeal swabs were more sensitive than nasal washes at detecting virus and 
provided a smoother viral shedding curve, which could improve statistical sensitivity when used in the 
model to evaluate the efficacy of novel antiviral compounds. We also observed that the sampling 
technique chosen and the frequency of the sampling could have an effect on subsequently observed 
results, in particular that the nasal wash appeared to have a substantial effect on subsequent samples 
for several hours following the procedure. Conclusions: Nasopharyngeal swabs are more sensitive 
and more consistent when sampling influenza virus replication in the Human Viral Challenge Model. 
Nasal washes have an effect on viral replication in nasal mucosa that affects subsequent sampling for 
several hours following the procedure. The use of nasopharyngeal swabs rather than washes is likely 
to improve the sensitivity of the Human Viral Challenge Model in evaluating new antiviral compounds. 

LBA-P2-044 

Virus shedding from the nasal mucosa is closely correlated with illness 
severity in the Human Viral Challenge Model 

R Lambkin-Williams*, A Mann, A Catchpole, A Gilbert 

Retroscreen Virology, Queen Mary Business Enterprises, London, United Kingdom 

Background: The Human Viral Challenge Model of infection provides a unique experimental 
opportunity whereby healthy human volunteers are inoculated at a defined time point with a wild-type, 
attenuated virus under controlled conditions. This has enhanced our understanding of how respiratory 
viruses like influenza behave under such conditions. The model allows us to examine a number of 
other parameters related to experimental infection and disease severity using subjective (self-reported 
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symptom diary card scores), and objective (spirometry, vital signs) measures and their temporal 
relationship to viral shedding. Materials and Methods: As part of a program to develop the Human 
Viral Challenge Model, we analysed the placebo data from several previously conducted clinical trials 
that occurred over multiple quarantines in a purpose-built facility designed for the conduct of such 
trials. Importantly, the volunteers were isolated from each other in individual en-suite negative 
pressure rooms, rather than on open wards common to phase I units. Strict infection control 
procedures were followed during the trials to prevent cross-infection with the challenge virus between 
volunteers and the accidental introduction of another virus into the unit from a staff member or 
volunteer. The Human Viral Challenge Model is unique in that the exact time of exposure to virus is 
known and sampling can be timed as required along with recording of volunteer self-reported 
symptoms and physician-directed physical examination, thus allowing a detailed analysis of viral 
replication and its relationship to the signs and symptoms of illness over time. Here we present data 
from healthy volunteers inoculated with a wild-type strain of influenza (A/Wiscconsin/67/2005, H3N2) 
that was manufactured under GMP conditions and had previously been assessed extensively by 
ourselves for safety, pathogenicity and virulence. Results: We found that there was a strong 
correlation between virus replication in the nasal mucosa and the severity of symptoms when plotted 
over time. Primarily we observed upper respiratory tract symptoms as expected with this model. 
Physician-directed examination were not particularly revealing. Importantly, we observed very similar 
results over multiple studies, multiple quarantines and for different influenza viruses. Conclusions: The 
severity of infection as determined by virus shedding is directly related to the severity of illness as 
determined by the self-reported symptoms of volunteers in the Human Viral Challenge Model. Upper 
respiratory tract symptoms are primarily observed in the Human Viral Challenge Model; however, mild 
lower respiratory tract symptoms are also observed. Consistent results are observed between multiple 
studies, multiple quarantine sessions and different influenza viruses.  

LBA-P2-045 

Using the Human Viral Challenge Model to design subsequent field-based 
studies 

R Lambkin-Williams*, A Mann, A Catchpole, A Gilbert 

Retroscreen Virology, Queen Mary Business Enterprises, London, United Kingdom 

Background: The Human Viral Challenge Model of infection provides a unique experimental 
opportunity whereby healthy human volunteers are inoculated at a defined time point with a wild-type, 
attenuated virus under controlled conditions. This has enhanced our understanding of how respiratory 
viruses like influenza behave under such conditions. The model allows us to examine a number of 
other parameters related to experimental infection and disease severity using subjective (self-reported 
symptom diary card scores), and objective (spirometry, vital signs) measures and their temporal 
relationship to viral shedding. Materials and Methods: As part of a program to develop the Human 
Viral Challenge Model, we have conducted a retrospective analysis of data from our own and other 
groups’ studies to understand how results from such studies can be used to better design subsequent 
field-based studies. The Human Viral Challenge Model is unique in that the exact time of exposure to 
virus is known and sampling can be timed as required along with recording of volunteer self-reported 
symptoms and physician-directed physical examination. This allows for a detailed analysis of viral 
replication and its relationship to the signs and symptoms of illness over time and thus gives the 
opportunity to evaluate the efficacy of novel antivirals and vaccines. The FDA has described the 
model as useful to assist the design of subsequent field studies and specifically possible doses of the 
vaccine or antiviral and the dosing regimen. As a group we have inoculated more than 1200 
volunteers with several different influenza viruses, respiratory syncytial virus and human rhinovirus; 
previously other groups have conducted similar research. Results: We found that the Human Viral 
Challenge Model has demonstrated utility in guiding the design of subsequent field trials conducted by 
other groups. In addition, the model has been useful in better understanding of the immune response 
to influenza at a humoral and cellular level, correlates of protection and the possible mechanisms of 
action of novel antiviral compounds or vaccines. Conclusions: The Human Viral Challenge Model can 
provide useful guidance for the subsequent design of larger field-based studies. By its nature, the 
model allows for the detailed examination of the mode of action of novel antivirals or vaccines with the 
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ability to take multiple samples from volunteers under controlled conditions. The Human Viral 
Challenge Model has been shown to be predictive of the results of subsequent field-based studies in 
several case studies. 

LBA-P2-046 

Development of a universal influenza vaccine based on a conserved epitope in 
HA2 

DJ Kim1*, EJ Kim1, YJ Song2, DG Jeong2, DS Song1, M Hong1, SJ Park1, SH Kim1 

1Viral Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology 
(KRIBB), Daejeon, Republic of Korea; 2Biomedical Proteomics Research Center, Korea Research 
Institute of Bioscience and Biotechnology (KRIBB), Daejeon, Republic of Korea 

Background: Influenza is one of the most common and serious diseases caused by influenza viruses 
in the respiratory track. Although inactivated influenza viruses have been widely used as preventive 
influenza vaccines, they provide only limited protection to mostly homologous virus strains. Recently, 
it has been demonstrated that monoclonal antibodies to HA2 region exhibited neutralizing activity and 
conferred cross-protection. Materials and Methods: We investigated the efficacy of novel influenza 
vaccine based on a conserved epitope in HA2 region. In order to stabilize the epitope peptide and 
generate spatial multimeric structure, HA2 epitope was fused with host-originated surfactant protein A 
(SPA). After verifying the multimerization of SPA-HA2 epitope by native PAGE, the recombinant SPA-
HA2 epitope fusion protein was injected into mice intramuscularly. Two weeks after the second 
immunization, lethal doses of influenza viruses (A/Puerto Rico/8/1934 and A/California/04/2009) were 
challenged. Results: While HA2 epitope alone induced little antibody response, the mice immunized 
with SPA-HA2 epitope fusion protein exhibited a substantial epitope-specific IgG response. More 
importantly, injection of recombinant SPA-HA2 conferred protective efficacy against the lethal dose 
(10LD50) of A/Puerto Rico/8/1934 and A/California/04/2009 virus challenge. Conclusions: These data 
demonstrate that the conserved epitope in HA2 is a promising vaccine target for the induction of 
cross-reactive immune responses and SPA-fused multimeric HA2 epitope could be an effective 
influenza vaccine candidate.  

LBA-P2-047 

Prevalence of avian influenza and associated risk factors in live birds retail 
stalls of Lahore District, Pakistan 

M Chaudhry1*, M Bronsvoort2, HB Rashid3, I Capua4, G Cattoli4, S Welburn5 

1Dept. of Epidemiology and Public Health, University of Veterinary and Animal Sciences, Lahore, 
Pakistan; 2University of Edinburgh, Roslin Institute at the R(D)SVS, Easter Bush Roslin, Midlothian, 
United Kingdom; 3Dept. of Clinical Medicine and Surgery, University of Veterinary and Animal 
Sciences, Lahore, Pakistan; 4National and International OIE and FAO Reference Laboratory for 
Newcastle Disease and Avian Influenza, OIE Collaborating Centre for Diseases at the Human Animal 
Interface Istituto Zooprofilattico Sperimentale delle Venezie - Viale dell'Università 10, Legnaro (PD) 
Italy; 5The University of Edinburgh, Edinburgh, United Kingdom 

Background: Live-bird markets (LBMs) are an important component of traditional poultry-marketing 
systems in many developing countries. During the last decade, these markets, also-called ‘wet’ 
markets, have been recognized as important for the maintenance of and genetic exchange among 
avian influenza viruses (AIVs). The risks associated with these markets are exacerbated in places 
where large numbers of poultry are maintained with poor biosecurity (which is the case in many Asian 
countries) and provide good places where viral reassortment and interspecies transfer can take place 
because they bring humans and poultry of different types together, such as chicken, quails, pigeon, 
pheasant, guinea fowl, chukar, and partridge. These markets are therefore hypothesized to be a 
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missing link in the epidemiology of avian influenza viruses. In Pakistan, live bird retail shops (LBRSs) 
are the preferred source of fresh poultry meat and are scattered throughout cities and rural areas, but 
their characteristics have not been studied. Usually the birds are slaughtered on-site. The markets sell 
mainly broiler and indigenous “desi” birds, but in some markets, quails, sparrows, and ducks are also 
sold. The risk of avian influenza is higher in these markets because of poor biosecurity, improper 
cleaning, and mixing of birds from multiple suppliers in the same shop. This study was planned to 
determine the prevalence of avian influenza subtypes H9N2, H5N1, and H7N3 in these shops and 
associated risk factors to that prevalence. Materials and Methods: A cross-sectional survey of LBRSs 
in Lahore district was conducted during December 2009-February 2010 using 2-stage cluster 
sampling with probability proportional to size sampling (PPS). Of 9 towns of Lahore, 8 clusters were 
selected randomly (8 clusters from 7 towns); that is, 1 town was selected twice as a primary sampling 
unit. From each cluster, 35 LBRSs were selected as enumerating units. For the systematic selection 
of each enumerating units, the first LBRS was selected from a starting point in each selected town ie, 
commercial area and then every fifth LBRS along the way on a random side until the desired number 
of the sample was obtained. At each LBRS, 5 tracheal swabs were obtained from birds of broiler or 
desi type, selected at random, and pooled. A total of 280 samples were collected and were diagnosed 
either positive for AIV (H9N2, H5N1, H7N7) or negative by real-time RT-PCR testing. A structured 
questionnaire was used to collect data about the prevalence and potential risk factors associated with 
that prevalence from owner/supervisors of selected LBRS. Data on 36 potential risk factors were 
obtained. Point estimates of virus prevalence in the LBRS with associated 95% CI, and prevalence 
odd ratios with 95% CI for each explanatory variable were calculated using survey and Zelig package 
in R software respectively. Results: There were no positive samples for H5 and H7 subtype while 28 
samples were positive for H9. The overall prevalence of subtype H9N2 was 10.0% (95% CI: 6.4%-
13.6%). The final weighted logistic regression model identified 3 variables as potential risk factors 
associated with AIV H9N2 in these LBRS. These included adding new birds to cages already having 
old birds (OR = 9.2, CI 95%: 2.4-35.1), mode of purchase of birds for stall, that is, either from 
wholesale dealer or mix sources of purchase (OR = 3.4, CI 95%: 1.3-8.8), and birds being housed 
both indoors and outdoors (partly inside the cages for some time and are allowed to come outside the 
cages during the day) (OR = 1.7, CI 95%: 1.0-3.0). Conclusions: This study confirmed the prevalence 
of AIV H9N2 in LBRs in Lahore and supported the hypothesis that H9N2 is circulating and possibly 
perpetuating in these LBRSs. These findings support the requirement for biosecurity and continuous 
monitoring of these LBRSs to control not only H5 and H7 HPAI infections but also H9N2 virus. The 
study results can be used to develop a risk-based approach for AIV risk reduction in LBRSs.  

LBA-P2-048 

Differential cytokine responses in intranasally and intramuscularly VLP-
vaccinated mice 

F Rezaei1*, T Mokhtari-Azad1, V Salimi1, M Marashi1, N Ghavami1

1Tehran University of Medical Sciences, Faculty of Public Health, Virology Department, Tehran, Iran 

Background: Despite available conventional vaccines, outbreaks of influenza virus are a major public 
health burden worldwide. More recently, influenza virus-like particles (VLPs) have been suggested to 
be a promising vaccine approach. In this study, we investigated antibody responses and the levels of 
cytokines produced locally and systemically after influenza vaccination of mice intranasally and 
intramuscularly. Materials and Methods: We produced influenza virus-like particles (VLPs) containing 
matrix (M1) and hemagglutinin (HA) proteins derived from the A/ A/PR8 virus, and evaluated their 
efficacy as a vaccine in mice. Female inbred BALB/c mice aged 6 to 8 weeks were used. Mice (8 mice 
per group) were intranasally and intramuscularly immunized with 20 ug of VLPs 3 times (weeks 0, 2, 
and 4) in 50 ul of PBS at 2-week intervals. For virus challenge, anesthetized mice were intranasally 
infected with 10 LD50 (the 50% lethal dose) of A/PR8 virus in 50 ul of PBS per mouse 8 weeks after 
the final immunization. Influenza virus-specific antibodies (IgG and IgA) were determined in sera by 
ELISA and haemagglutination inhibition test. Gene expression of cytokines (IL-6, IL-10, IL-17, IL-28b, 
IFN-gamma and TNF-a) and CD73 (NT5E 5'-nucleotidase, ecto) in spleen and whole lung 
homogenates was measured by real-time PCR. Results: We found that influenza vaccinated mice 
elicited protective levels of serum haemagglutination inhibition antibodies (IgG) and a significant local 
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antibody response (IgA) in the lung. A significant increase in virus-specific IgG and IgA antibody 
levels was detected in all intranasally than intramuscularly vaccinated mice. Expression of IL-6, IL-10, 
IL-17, IL-28b, IFN-gamma, TNF-a, and CD73 mRNA was down-regulated 2- to 6-fold in both spleen 
and whole lung homogenates intranasally than intramuscularly vaccinated than mock control mice 
after virus challenge. A low but significantly level of IL-10 and CD73 was detected in whole lung 
homogenates of intranasally than intramuscularly mice. Conclusions: This study shows that VLP 
vaccination provides highly effective protection against the influenza virus. The high level of IL-10 and 
CD73 can improve lung dysfunction after influenza infection. Also, the cytokine profiles suggest that 
the route of immunization may influence vaccine outcomes. 

LBA-P2-049 

Community immunity: overall and indirect effectiveness of school-located 
influenza vaccination programs in Alachua County, Florida  

CH Tran1,2,13*, JD Sugimoto2,3,4,8, JRC Pulliam2,5,6, PA Small2,7,10, N Kovacevich9, KA Ryan2,8,10, P 
Myers2,9, IM Longini2,3,11, ME Halloran3,12, JG Morris2,8

1University of Florida, Department of Environmental and Global Health, Gainesville, Florida, United 
States; 2University of Florida, Emerging Pathogens Institute, Gainesville, Florida, United 
States; 3Center for Statistics and Quantitative Infectious Diseases, Vaccine and Infectious Disease 
Division, Fred Hutchinson Cancer Research Center, Seattle, Washington, United States; 4University 
of Florida, Department of Epidemiology, Gainesville, Florida, United States; 5University of Florida, 
Department of Biology, Gainesville, Florida, United States; 6Fogarty International Center, National 
Institutes of Health, Bethesda, Maryland, United States; 7Department of Pathology, Gainesville, 
Florida, United States; 8University of Florida, College of Medicine, Gainesville, Florida, United 
States; 9Florida Department of Health in Alachua County, Gainesville, Florida, United 
States; 10University of Florida, Department of Pediatrics, Gainesville, Florida, United 
States; 11University of Florida, Department of Biostatistics, Gainesville, Florida, United 
States; 12University of Seattle, Department of Biostatistics, Seattle, Washington, United States 

Background: In the United States (US), seasonal influenza kills about 36,000 people and costs ≈ $87 
billion dollars each year. Despite high vaccination coverage in the elderly population, 90% of 
influenza-related deaths occur among those 65 and older. An alternative strategy motivated by 
mathematical models supports immunizing school-aged children to indirectly protect the elderly. This 
approach is supported by the facts: a) schools are an effective source of community transmission, b) 
children shed more virus and do so for a longer duration than adults, c) the live attenuated influenza 
vaccine (LAIV) is ≈ 80% effective in preventing illness and transmission in children. Within the past 
decade, communities across the United States have implemented school-located influenza 
vaccination (SLIV) programs, recognizing it as a method for increasing influenza vaccination among 
school-aged children. Since 2010/11, the Control Flu SLIV program has offered free LAIV to all 
healthy children attending public and private schools (Pre-K to 12th grade) in Alachua County, 
Florida. The overall immunization rate of school children through the Alachua SLIV program was ≈ 
37% (2011/12) and ≈ 41% (2012/13). The program estimates an additional 10%-15% of children 
receive a vaccination from their provider. Here, we estimate the overall and indirect effectiveness of 
the SLIV program towards reducing burden of influenza-like illness (ILI) in Alachua relative to the 
other counties in Florida for the 2011/12 and 2012/13 influenza seasons. Materials and Methods: We 
collected surveillance data for the weekly number of visits and the proportion of visits associated with 
ILI (chief complaint with the word “influenza” or “flu” or that contains the word “fever” plus “cough” 
and/or “sore throat”). Data were obtained from the Florida Department of Health Electronic 
Surveillance System for the Early Notification of Community-based Epidemics (ESSENCE) system, 
which collects data from 180 hospital emergency departments and urgent care centers in the state. 
Data were available by county of residence and by age group (5-17, 18-44, 45-64, and 65+ years). 
County and age-specific population counts were obtained from the 2010 US Census. The Centers for 
Disease Control and Prevention guidelines were used to determine the 2 influenza seasons. Analysis: 
Crude attack rates (AR) for ILI-associated visits per 100,000 population were calculated by age group 
and for geographic regions: Alachua, Region-3 (12 counties surrounding Alachua), and Florida, 
excluding Alachua. The unadjusted effectiveness of the program was estimated by 1 minus the ratio 
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of the AR’s for an age group in Alachua versus Region-3 and Florida. The overall effectiveness in the 
program’s target age group was estimated by comparing the AR among those aged 5-17 years and 
the indirect effectiveness was estimated for older age groups. All estimates are reported with 95% 
CI. Results: For all age groups and both epidemic seasons, Alachua had a substantially lower crude 
AR for ILI-associated visits than Region-3 or Florida. During the 2011/12 season, the AR among 
those aged 5-17 years was 103 per 100,000 (CI: 73, 145) in Alachua versus 597 (CI: 571, 625) in 
Region-3 and 523 (CI: 514, 531) in Florida. Large differences in AR were observed for the 18-44 and 
45-64 age groups, and a smaller difference was observed among 65+ year-olds. The unadjusted 
overall effectiveness of the program was 80% (CI: 72%, 86%) among those aged 5-17 years in 
Alachua compared to Florida. The unadjusted indirect effectiveness among those aged 18-44 years 
was 59% (CI: 51%, 60%), 45-64 was 48% (CI: 26%, 64%) and 65+ was 22% (CI: -26%, 53%). The 
trend is similar for 2012/13, with significant effectiveness in all but the oldest age group; however, the 
unadjusted overall effectiveness and unadjusted indirect effectiveness was lower. Conclusions: Our 
results demonstrate that high immunization coverage among school-age children through the Alachua 
SLIV program has produced a substantial reduction in the risk of symptomatic influenza infection in 
the target age group and, more interestingly, among older members of the same community. These 
results support the conclusion that SLIV programs provide a viable and effective way to reduce the 
influenza burden in a community. 

LBA-P2-050 

The importance of virus origin and red blood cells uniformity in the inhibition 
of haemagglutination assay for the titration of serum antibodies against 
influenza viruses 

M Jacquet, R Baxter, M Reed, R Lambkin-William, A Catchpole, N Noulin* 

Retroscreen Virology, Queen Mary Business Enterprises, London, United Kingdom 

Background: Influenza vaccines are marketed mainly based on their capacity to induce serological 
responses. The human immune system produces specific antibodies against the most antigenic viral 
proteins, mainly the haemagglutinin (HA) and neuraminidase surface proteins. The viral 
haemagglutinin has the ability to agglutinate red blood cells. Serum antibodies against the HA are 
often titrated using the inhibition of haemagglutination assay. This assay uses viruses at specific 
dilutions and red blood cells from a chosen animal species, mainly from turkey. The pattern of 
glycosylation of the viral HA protein and the sialic acids on the surface of red blood cells (alpha 2,3- 
and alpha 2,6-linked) are major determinants of assay variability. Interassay and interlaboratory assay 
reproducibility is a key aspect of this assay that should be closely monitored. This study characterizes 
the role of red blood cells source and the importance of the virus passage history in the titration of 
serum specific antibodies. Materials and Methods: 200 sera samples from healthy volunteers were 
first heat inactivated and then treated with recombinant neuraminidase to abolish nonspecific reaction. 
A/Perth/16/2009 Influenza A strain virus propagated on MDCK cells or allantoic fluid of embryonated 
chicken eggs was titrated for HA content using red blood cells from turkeys. Human sera were serially 
diluted in PBS and incubated with 4 to 8 haemagglutination units (HAU) for 30 minutes in 96-well V-
bottom plates. 0.5% suspension of red blood cells from different turkeys was then added to the plates 
and after 30 minutes the haemagglutination was assessed. Commercial sheep anti serum was used 
as standard in all experiments; in addition human sera samples with known level of inhibition were 
included. Results: The method of virus propagation was shown to play an important role in 
determining the distribution of results and the lower limit of specific antibodies detection. There was a 
significant difference between results obtained with virus grown on embryonated eggs and MDCK 
cells, the former giving lower “not detectable antibodies” results when testing the same set of samples. 
Viruses propagated on MDCK cells tended to give higher HA inhibition units than those propagated 
on eggs and therefore increasing the sensitivity of the detection. When the same sera were tested 
against an identical virus using red blood cells from different turkeys, there was up to 10% difference 
in the number of “not detectable antibodies” samples. Conclusions: When assessing a serological 
status, it is crucial to design the assay accordingly. The virus used should preferably be propagated 
on cells, and animals from which red blood cells are obtained should be first extensively tested 
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against controlled reagents. Testing vaccine efficiency on sera samples pre- and postvaccination 
should be done using red blood cell from the same animal or animals with identical response patterns. 

LBA-P2-052 

Natural human interferon (α-n3) is active against both wild-type and Tamiflu-
resistant avian H7N9 influenza virus 

Q Liu1, J. Ma1, DR Strayer2, W Mitchell3, R Dickey2, WA Carter2, W Ma1, JA Richt1* 

1Diagnostic Medicine/Pathobiology, Kansas State University, Manhattan, Kansas, United 
States; 2Hemispherx Biopharma, Inc., Philadelphia, Pennsylvania, United States; 3Dept. Pathology, 
Microbiology, and Immunology, Vanderbilt University, Nashville, Tennessee, United States 

Background: In February, 2013 H7N9, a new, deadly strain of avian influenza, was first identified in 
Shanghai but cases have since been confirmed in various eastern and inland Chinese provinces. 
There have been a total of 132 confirmed cases with 43 deaths to date with people over 60 appearing 
to be more susceptible to the disease. Patients have exhibited viral pneumonia, acute kidney failure, 
acute respiratory distress syndrome, diffuse intravascular coagulation and septic shock. Although 
H7N9 can be highly virulent in humans, in poultry H7N9 produces very few, if any, symptoms. This 
unusual property makes this outbreak harder to detect and monitor. Experts remain fearful of the 
possibility of the virus mutating into a form easily transmissible between humans, although to date, 
there has been no confirmation of human-to-human transmission. A recent study has shown that 
H7N9 strains with a dominant K292 were resistant to zanamivir, peramivir, and oseltamivir, although 
resistance can be masked by a mixed R/K viral population (Yen 2013). In studies in SARS, Alferon 
was tested against other interferons and was the most active interferon against SARS at clinically 
achievable serum levels that does not induce neutralizing antibodies (Tan 2004). Materials and 
Methods: Tamiflu (oseltamivir) and Alferon were tested in A549 cells for antiviral activity in vitro singly 
against the wild-type human H7N9 isolate called A/Anhui/1/2013 (wt Anhui 1), and a reverse 
genetically created neuraminidase mutant A/Shanghai/1/2013 (NA-292K; Shanghai 1-NA292K) with 
resistance to oseltamivir. Results: The wt Anhui 1 was sensitive to both Tamiflu and Alferon. The 
Shanghai 1-NA292K virus was resistant to Tamiflu treatment, but was sensitive to Alferon when 
tested in A549 cells. Conclusions: Initial results showed that Tamiflu and Alferon have significant 
inhibitory effect on the wild-type H7N9 virus. Only Alferon and not Tamiflu had an inhibitory effect on 
oseltamivir-resistant neuraminidase mutant Shanghai 1-NA292K. Our results suggest new therapeutic 
strategies to mitigate the health hazards associated with the infection and the potential pandemic 
spread of Tamiflu resistant human influenza viruses. 

LBA-P2-053 

Influenza and risk of mortality among people with chronic medical conditions 

Y Zhou1*, P Wu1, E Lau1, V Fang1, M Schooling1, W Chan2, S Lee2, P Ng2, G Leung1, B Cowling1 

1School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong 
Special Administrative Region, China; 2Department of Health, The Government of the Hong Kong 
Special Administrative Region, Hong Kong, China 

Background: Chronic medical conditions, such as cardiovascular diseases, airway diseases, diabetes, 
are well recognised as risk factors for influenza complications, but there was weaker evidence of an 
association with mortality among populations with preexisting chronic medical conditions. The 
objective of our study was to estimate the effect of influenza circulation on mortality of people with 
chronic medical conditions, from a variety of causes in addition to respiratory death. Materials and 
Methods: A prospective cohort of Chinese people aged 65 years and over was followed up from July 
1998 to May 2012 in Hong Kong, and linked with population vital records. The chronic medical 
conditions history was recorded at the beginning of the study. We fitted Cox proportional hazard 
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models with time dependant variables of weekly influenza activity (by type and subtype) to estimate 
the hazard ratio [HR] of influenza on all-cause and cause-specific mortality. Influenza activity was 
measured by the weekly proportion of outpatient consultations with influenza-like illness multiplied by 
the proportion of laboratory specimens that tested positive for a specific type and subtype of influenza. 
Results were presented in terms of the difference in risk of mortality associated with influenza 
activities within the influenza season compared to outside the influenza season. Potential confounding 
factors such as temperature and humidity as well as other main respiratory virus circulation were 
included in the model. Results: The cohort included 61,560 subjects at Elderly Health Centres with a 
median follow-up period of 12 years. 54% of subjects have at least 1 of chronic diseases, including 
cardiovascular disease (48%), diabetes (12%), and chronic obstructive airways disease (COAD) (5%). 
For subjects with COAD, influenza was associated with a 47% increase in all-cause mortality rate (HR, 
1.47; 95% CI, 1.41-1.53), a 2-fold increase in respiratory mortality rate (HR, 2.02; 95% CI] 1.86-2.21) 
compared with subjects without COAD. Influenza seasons were associated with an 11% (HR, 1.11; 
95% CI, 1.07-1.14) increase in all-cause mortality among subjects with vs without cardiovascular 
diseases; were associated with a 28% (HR, 1.28; 95% CI, 1.24-1.33) increase in all-cause mortality 
and a 7% (HR, 1.07, 95% CI: 0.97-1.18) increase in respiratory mortality among subjects with vs 
without diabetes. Conclusions: There was substantially increased mortality risk among people with 
chronic medical conditions during influenza epidemics. Findings from our study highlight the need to 
encourage vaccine uptake wherever indicated, especially for those people with established chronic 
medical conditions in high influenza circulation seasons. 

LBA-P2-054 

Infection of the human-isolated H7N9 influenza virus in rats 

L Li1*, R Chen1, Q Cai1, Z Zheng1, Y Zhang1, L Peng1, J Zhou1, Y Zeng1, Y Guan1,2, H Zhu1,2 

1Joint Influenza Research Center (SUMC/HKU), Shantou University Medical College, Shantou, 
China; 2Center of Influenza Research, School of Public Health, The University of Hong Kong, Hong 
Kong, China  

Background: The emergence of the H7N9 influenza virus in humans in Eastern China has raised 
concerns of a new influenza pandemic that might occur. This virus was generated through multiple 
reassortment events between H7, N9, and H9N2 avian influenza viruses, carrying a number of amino 
acids associated with mammalian adaptations. Whether a mammalian intermediate host was involved 
in the genesis and transmission of this virus is unknown. As the most prevalent small mammals in 
China, and probably the most frequently seen free mammals around the local wet markets, the 
susceptibility of domestic rats to this novel H7N9 was investigated. Materials and Methods: To test the 
infectivity and pathology of the H7N9 virus in rats, we intranasally inoculated 106 times the median 
tissue culture infectious dose (TCID50) of the A/Shanghai/02/2013 (SH2), an H7N9 human isolate 
from a fatal index case, to the Sprague Dawley® rats (n = 6). At 4 days postinoculation (dpi), 3 rats 
were sacrificed to examine the gross pathology and virus distributions in different tissue types. 
Seroconversions were evaluated using standard hemagglutination inhibition (HI) test. Results: 
Although the inoculated rats did not show overt clinical signs of infection within the 14 days 
postinoculation (dpi), virus replication was detected in the nasal turbinates, trachea, alveoli, and 
bronchioles at 4 dpi. Moderate inflammatory infiltrates with viral nucleoprotein-positive cells were 
evident in the lungs. All inoculated rats seroconverted by 21 dpi. These results suggest that the novel 
H7N9 influenza virus can readily infect domestic rats, causing mild respiratory infections and 
pneumonia. Conclusions: Domestic rats are not normally considered as the natural host for influenza 
A viruses. To achieve reproductive infections in the laboratory rat strains, such as SD rats, prior 
adaptation by serial passage in the host is needed. Here we demonstrated that the recent human-
isolated H7N9 influenza virus in Eastern China can readily replicate in the respiratory tract of SD rats, 
and cause self-limited pneumonia. The possibility for the H7N9 virus to be spread by domestic rats 
cannot be excluded. Close monitoring of this virus in animals that may be exposed is warranted to 
ensure efficient disease control. 
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LBA-P2-056 

Cost effectiveness of a quadrivalent versus trivalent influenza vaccine in the 
United States 

PT de Boer1,*, P Crépey2,3, R Pitman4, A Chit5, L Durand5, MJ Postma1, on behalf of the Global 
Influenza Initiative 

1Department of Pharmacy, University of Gröningen, Gröningen, The Netherlands; 2EHESP Rennes, 
Sorbonne Paris-cité, Paris, France; 3Aix-Marseille University, UMR EPV Emergence des Pathologies 
Virales 190, Marseille, France; 4Oxford Outcomes, Oxford, United Kingdom; 5Sanofi Pasteur, Lyon, 
France 

Background: Currently used trivalent influenza vaccines (TIVs) contain two strains of influenza A and 
one strain of influenza B. However, cocirculation of two distinct B lineages and difficulties in predicting 
which lineage will predominate in the next season have led to frequent B-strain mismatches. Newly 
registered quadrivalent influenza vaccines (QIVs) include two B strains and might therefore provide 
better protection. The aim of this study was to assess the cost effectiveness of using QIVs vs TIVs for 
routine influenza vaccination of the US population. Methods: A decision-tree model was developed to 
determine the cost effectiveness of replacing TIVs with QIVs over a time horizon of 10 years. For this 
purpose, results from an age-structured dynamic transmission model were used, estimating the 
additional protection offered by QIV over TIV against symptomatic influenza B disease. Assumptions 
included a vaccine efficacy of 60% and a vaccination coverage varying from 30% to 68% among 
different age groups. Age-specific data on influenza-related outpatient visits, hospitalizations, quality-
of-life losses, and deaths for the United States were obtained from published sources to estimate the 
medical and societal burden. Costs and health outcomes allowed calculating the incremental cost-
effectiveness ratio (ICER) of QIVs vs TIVs. Results were presented from the societal perspective as 
well as from the third-party payer’s (TPP) perspective. Costs and health effects were equally 
discounted at 3%. Results: Depending on the incidence of influenza B and other variables, the 
transmission model predicted that replacing TIVs with QIVs could prevent 11.7 to 19.5 million 
symptomatic influenza B cases. According to our model, this would result in a reduction of 10,700-
16,400 deaths, 177,000-285,000 hospitalizations, and 4.3-7.2 million outpatient visits during a decade. 
Associated savings were estimated at $5.9-$9.3 billion for medical costs and $6.9-$10.6 billion for 
productivity losses. The total gain of quality-adjusted life years (QALYs) was estimated at 191,000-
300,000. QIVs were dominant or cost effective at significant price premiums vs TIVs. Parameters 
significantly influencing cost effectiveness were the number of prevented influenza B cases as 
provided by the dynamic transmission model, incremental vaccine price, hospitalization probabilities, 
hospitalization costs (both perspectives), and productivity losses due to influenza-related death 
(societal perspective). Conclusion: Our model predicts that introducing QIVs into the immunization 
program of the United States prevents a significant number of deaths and reduces the disease burden 
and health care costs as well as societal costs. Moreover, dominance or favorable cost effectiveness 
was shown from both the societal and the TPP perspective for a broad range of vaccine prices. 

LBA-P2-057 

Molecular epidemiology of influenza A virus infections in swine at agricultural 
fairs in the United States of America 

A  Bowman1*, K Stucker2, S Schobel2, D Wentworth2, C Cardona3, S Sreevatsan3, X Wan4, R 
Slemons1 

1The Ohio State University, Columbus, Ohio, United States; 2J Craig Venter Institute, Rockville, 
Maryland, United States; 3University of Minnesota, Minneapolis, Minnesota, United 
States; 4Mississippi State University, Mississippi State, Mississippi, United States  

Background: The swine-human interface is a critical element in the ecology and epidemiology of 
influenza A viruses infecting humans. Historical evidence demonstrates that bidirectional zoonotic 
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virus transmission across this interface can result in influenza outbreaks, epidemics, epizootics, 
and/or pandemics. Agricultural fairs in the United States create a unique swine-human interface that 
is conducive to intra- and interspecies influenza A virus transmission. Following the unprecedented 
number of reported variant influenza A infections in humans in the United States during the previous 
three years, retrospective investigations have implicated the swine-human interface at fairs as the 
source of virus for the vast majority of the variant influenza A cases. Here we investigate the 
molecular epidemiology of influenza A virus infections occurring in exhibition swine at agricultural fairs. 
Materials and Methods: The focus of this study was 199 influenza A virus isolates recovered from 
swine at agricultural fairs in Ohio during 2009-2011. The isolates were recovered as part of an 
ongoing active influenza A virus surveillance project and represented 12 fair events (3 in 2009, 3 in 
2010, and 6 in 2011). Comparative genomic analysis was conducted using the full-length nucleotide 
sequences of the 199 isolates and the full-genome sequences of all the swine-origin influenza A virus 
isolates dating back to 2000 that were publicly available in GenBank. Also included in the analysis 
were the sequences of variant influenza A virus isolates recovered from humans during 2009-2011. 
Multiple sequence alignments were performed for each viral genome segment, and maximum 
likelihood trees were inferred using GARLI with a general time-reversible nucleotide substitution 
model. Results: The analysis of each gene segment for our isolates recovered from swine at Ohio 
fairs show a clear segregation by year; demonstrating a distinctly different collection of viruses. Within 
each year there is minimal segregation by fair, indicating the same viral strains became disseminated 
across multiple fairs within each fair season. Nearly all the variant influenza A virus isolates recovered 
from humans in other states fall within, or very close to, the clades containing isolates from the pigs at 
Ohio fairs, suggesting exhibition swine across a larger geographic area were concurrently infected 
with the same viral strains. While there is a large amount of genetic diversity among influenza A 
viruses infecting North American swine, only a small proportion of that diversity was reflected in the 
isolates recovered from the exhibition swine sampled in this study. The general lack of diversity within 
each fair indicates the number of viral introductions at each fair is limited, but there is subsequent viral 
spread among the pigs during the exhibition. A total of 18 mixed infections were detected in our 
collection, and all mixed infections occurred in samples collected during 2011. The internal gene 
segments of the H1 and H3 subtypes from our collection are interleaved, demonstrating that 
reassortant influenza A viruses were recovered from swine at these agricultural fairs. Conclusions: 
The segregation of strains by year and the recovery of highly similar strains across multiple fairs 
within a year suggest that exhibition swine are subject to their own “seasonal influenza” epidemics. 
The viruses that become established in exhibition swine each year, and subsequently infect humans 
at agricultural fairs, appear to be spillover introductions from the larger commercial swine population. 
Pigs have been previously identified as “mixing vessels” for influenza A viruses, and the identification 
of mixed infections in our collection supports the hypothesis that fairs are settings that not only 
encourage intra- and interspecies influenza A virus transmission, but are also ideal locations for 
genomic reassortment and novel virus formation. The public health threat from emerging novel 
influenza A virus strains mandates steps be taken to mitigate the transmission of influenza A virus at 
agricultural fairs. Mitigation strategies aimed at controlling influenza A virus in exhibitions swine prior 
to the fairs should be used in conjunction with current strategies that are focused on preventing 
zoonotic transmission. 

LBA-P2-059 

Assessing seasonal influenza vaccination coverage by global vaccine dose 
distribution (2004-2011) 

A Abelin1*, B Palache2, V Oriole3, T Music4, on behalf of the Influenza Vaccine Supply Task Force of 
the International Federation of Pharmaceutical Manufacturers & Associations  

1Sanofi Pasteur, Lyon, France; 2Abbott, Weesp, Netherlands; 3Crucell, Leiden, 
Netherlands; 4International Federation of Pharmaceutical Manufacturers & Associations, Geneva, 
Switzerland 

Background: Licensed influenza vaccines are safe and efficacious and can prevent significant annual 
morbidity and mortality. The World Health Organization (WHO) currently recommends seasonal 
influenza vaccination for pregnant women, children aged 6 to 59 months, the elderly, individuals with 
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specific chronic medical conditions, and health care workers. With an abundant industrial capacity to 
supply seasonal influenza vaccines, vaccination coverage rates could meet targets. Yet influenza 
vaccination coverage remains below recommended levels in many countries. In Europe, seasonal 
influenza vaccination coverage is around 44% of the target population, and in the USA it is 
approximately 42%. Consolidated worldwide data have not been available to assess seasonal 
influenza vaccine uptake, and to review progress toward vaccination coverage targets. In 2008, the 
International Federation of Pharmaceutical Manufacturers & Associations Influenza Vaccine Supply 
task force (IFPMA IVS) developed a methodology to serve as a proxy for assessing seasonal 
influenza vaccination coverage by accounting for numbers of vaccine doses distributed globally. 
Materials and Methods: Member companies of the IFPMA IVS, who collectively manufacture 
approximately three-quarters of the world’s seasonal and pandemic influenza vaccines, provided 
information on the supply of seasonal trivalent influenza vaccine doses to all WHO member states in 
2010 and 2011. To ensure compliance with antitrust regulations, the survey results were collected 
and aggregated by an independent third-party legal counsel and combined with the results of a 2004-
2009 IFPMA IVS survey. Doses distributed by country and by year were aggregated and categorized 
by WHO region. To assess existing barriers and drivers of seasonal influenza vaccination, in 2010 
and 2011, a sample of countries were surveyed according to 2008 levels of distribution: low 
distribution, defined as < 159 doses per 1000 population; and high distribution, ≥ 159 doses per 1000 
population (the hurdle rate, defined as the number of doses required to immunize those aged ≥ 65 
years in more developed nations. Results: The survey accounted for approximately 79% of doses 
distributed globally. Global distribution of seasonal influenza vaccines in 2011 represents an 
approximate 86.9% increase over 2004 distributed doses, but only an approximate 8.8% increase 
over doses distributed in 2009. Increases in distributed doses have been progressive in all WHO 
regions since 2004, except in EURO and EMRO, where distributed doses have been declining since 
2008 (speculative explanatory factors are for a presentation/publication but not for an abstract). Gross 
national income did not correlate with dose distribution. Analyses of doses distribution rates showed 
considerable variability between countries within the same WHO region, and several countries in 
Europe even had declining dose distribution rates. Using dose distribution as a proxy for vaccination 
coverage, seasonal influenza vaccination coverage remains well below WHO targets. The WHO 
regions EMRO, SEARO and AFRO together constitute only 3.7% of all doses distributed, with very 
few countries accounting for the majority of the doses distributed. Conclusions: In the absence of 
consolidated global data on seasonal influenza vaccination rates, the IFPMA IVS survey method 
provides unique insights into the global vaccination coverage with seasonal influenza vaccines. 
Because the benefits or seasonal influenza immunization are widely recognized, it is surprising to 
note negative rates of change in dose distribution, particularly in countries of EURO, where the dose 
distribution per population is higher than in other WHO regions. Renewed and focused efforts to 
stimulate seasonal influenza vaccination are warranted to ensure that the benefits of vaccination are 
more widely and evenly distributed across and within WHO regions. 

LBA-P2-060 

Influenza virus reassortment occurs with high efficiency in the absence of 
segment mismatch 

N Marshall*, L Priyamvada, Z Ende, J Steel and AC Lowen 

Emory University, Atlanta, Georgia 30322, United States 

Background:  Reassortment is a key mechanism by which antigenically novel influenza viruses arise. 
These novel viruses can have a significant impact on the population in the form of epidemics and 
pandemics and therefore a better understanding of the conditions that favor reassortment is needed. 
Previous studies have focused on co-infection between two divergent strains for risk assessment, to 
optimize vaccine production and to examine the concept of genetic mismatch. These studies have 
revealed that reassortment is significantly restricted by genetic incompatibility at either the RNA or 
protein level. In fact, this effect is so potent that it is often difficult to identify other factors that define 
reassortment efficiency. To understand reassortment at a more fundamental level, our goal was to 
determine its baseline frequency in the absence of segment mismatch and evaluate the effects of 
dosage and timing on that baseline frequency.Materials and Methods: To study reassortment in the 
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absence of segment mismatch, we developed a novel system in which parental and all reassortant 
progeny are of equal fitness, eliminating selection bias.  A pair of phenotypically identical parent 
viruses was created through the introduction of silent mutations into each segment of 
A/Panama/2007/99 virus, resulting in a wild-type and a variant virus.  In addition, HIS and HA protein 
tags, respectively, were incorporated into the HA of each virus.  The proportion of co-infected cells 
was determined at 12h p.i. by flow cytometry.  Progeny viruses collected at 12h p.i. were genotyped 
by RT-qPCR followed by high resolution melt analysis.  To examine the mechanisms of super-
infection exclusion, the quantity of α-2,6 sialic acids on the surface of MDCK cells was examined 
using conjugated SNA lectin and flow cytometry. The induction of IFN-β in MDCK cells was 
determined by qPCR, normalized to canine 18s mRNA. Results: Using this unbiased system, we 
found that reassortment occurred with high efficiency (86%) following co-infection at a high MOI in cell 
culture. By varying the multiplicity of infection, we found that the number of reassortant progeny 
increased exponentially with the number of co-infected cells. Similarly, the number of reassortant 
progeny obtained from co-infected guinea pigs was dependent on dose: on average, 30% and 59% of 
viruses isolated were reassortants after co-infections with 103 and 106 PFU, respectively.  The 
introduction of a delay between primary and secondary infections significantly affected reassortment 
both in cell culture and in vivo. For robust reassortment, a second influenza virus infection must occur 
within 8h of the initial infection in cell culture and within 12h in vivo. Enumeration of co-infected cells 
indicated that super-infection interference was the primary mechanism leading to the reduction in 
reassortment at later time points. Preliminary experiments suggest that, under the high MOI 
conditions used, MDCK cells become refractory to super-infection over time due to reduction in cell-
surface receptors and induction of IFN-β: surface presentation of α-2,6 sialic acids was reduced by 
approximately 70% and IFN-β was induced 100-fold relative to mock-infected control cells. 
Conclusion: Our results indicate that, in the absence of genetic mismatch, reassortment occurs 
efficiently in both a co-infected cell and a co-infected host but is strongly dependent on both the 
dosage and timing of infections. 

LBA-P2-061 

The 2009 pandemic H1N1 influenza virus M, NA, and HA segments are 
sufficient to promote efficient contact transmission of rPR8-based H1N1 
viruses 

P Campbell, S Danzy, C Kyriakis, A Lowen, J Steel* 

Emory University, Atlanta, GA, United States 

Background: Influenza pandemics pose a significant threat to global health, with the most recent 2009 
H1N1 virus pandemic causing millions of cases worldwide within its first year of circulation.  Although 
there have been sporadic human infections with swine lineage influenza viruses, the 2009 pandemic 
(pH1N1) virus was exceptional in its ability to transmit between people.  The pH1N1 lineage arose 
from reassortment between the Eurasian avian-like swine and North American triple reassortant swine 
lineage viruses.  Notably, both parental lineages lack sustained transmission in humans. The viral 
factors and underlying mechanisms conferring transmissibility to pH1N1 remain largely unknown. 
Materials and Methods: We utilized a plasmid-based reverse genetics system to rescue a panel of 
recombinant A/Puerto Rico/8/1934 (PR8) based viruses harboring segments (M, NA, M/ NA, NA/ HA, 
or M/ NA/ HA) from the pH1N1 strain A/Netherlands/602/2009 (NL602). In vitro replication kinetics in 
MDCK and HTBE cells at 37°C were assessed by plaque assay. Virion morphology was assessed by 
TEM and SEM of infected MDCK cells and by negatively stained TEM of purified virus.  In addition, 
the fluorogenic sialoside, MUNANA, was used as a substrate for detection of viral neuraminidase 
activity levels, and resultant enzyme kinetic data was utilized in non-linear regression modeling using 
the Michaelis-Menten equation. Contact transmission between co-caged guinea pigs was assessed. 
Naive animals were exposed to intranasally inoculated guinea pigs (1000 PFU of virus) 24 hours post-
infection. Virus contact transmission efficiencies and in vivo replication kinetics were determined by 
plaque assay titration of nasal washes from infected and exposed animals collected on days two, four, 
six, and eight post-infection. Results: The wild type rNL602 virus, but not the wild type rPR8 virus, 
transmitted efficiently (100%) between co-caged guinea pigs.  Additionally, the rPR8 virus containing 
the M, NA, and HA segments from the pandemic NL602 strain recapitulated the high transmissibility 

670Late Breakers



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

(100%) of the wild type rNL602 virus. Removal of the NL HA segment resulted in a slight decrease in 
transmission efficiency (88%) for the M/ NA virus.  As previously reported, inclusion of the pandemic 
M segment alone lead to an intermediate transmission phenotype (75%), while transmissibility was 
further reduced for viruses with either the NA (50%) or NA/ HA (25%) segments. A correlation 
emerged between efficient transmission and filamentous morphology: PR8 virions were largely 
spherical, whereas the PR8/NL602 M/ NA/ HA virus exhibited a similarly filamentous morphology to 
that of the rNL602 virus, and other viruses carrying the NL602 M segment had an intermediate 
morphological phenotype.  The increase in total number of filamentous virions also correlated with 
increases in neuraminidase activity levels. Conclusions: The pH1N1 M segment, as well as the NA 
segment, was found to be important for the introduction of filamentous virions in the PR8 background. 
Data demonstrated a correlation between virion filament number and transmission efficiency.  A 
correlation was also found between filament number and levels of viral neuraminidase activity.  In 
addition, the pandemic HA, NA, and M segments resulted in the highest transmission efficiency of the 
rPR8 virus, recapitulating the phenotype of the wild type rNL602 strain and supporting a role for these 
segments in the highly transmissible phenotype of the pH1N1 virus.  Characterization of the viral 
factors associated with human transmission will prove invaluable for the identification of novel 
influenza strains with pandemic potential.  
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AAMIR UB P2-472, P2-642, P2-645, P2-646
AARSTAD HJ O-862
ABAN M P1-364
ABANA C P1-227
ABBAS A P2-579
ABDOULAYE A P2-631
ABE T P2-564
ABEDIN J P1-295, P2-575
ABELIN A LBA-P2-059
ABIBA K P2-631
ABOAGYE J P1-227
ABREU P P2-704
ACHILLA R P1-181, P1-288
ACOSTA E P1-268
ADAGBA M P2-664, P2-689
ADAM T O-902
ADAMOU E O-902
ADAMOU L P2-625
ADAMSON W O-824, P1-360
ADEDEJI A P2-621
ADEN T O-887
ADHIKARI S P2-455
ADISASMITO W P2-607
ADJABENG M P1-317
ADJOGOUA EV P1-282, P2-664, P2-689
ADLER F O-833
AFIWA L P2-631
AFREEN S O-871, P2-469, P2-494
AGGARWAL N P2-537
AGUADO LC P1-342
AHMAD MM O-823
AHMED JI O-813
AHMED M O-903, P1-296
AHMED R P1-348, P2-699
AHMED Z P2-579
AICHINGER G P2-503
AIELLO A P1-425
AIELLO R P2-603
AINAI A P2-509
AIR G P1-170
AIR GM O-837
AJELLI M P1-208
AKARASEWI P P2-648
AKBAR S P2-579
AKOLLY K P2-631
AKOUDA P P2-631
AL MAMUN A P1-424
ALAMGIR AA P2-494
ALAMGIR ASM O-908, P2-475, P2-483, P2-674
ALBA L P2-638
ALBERT B P1-429
ALBRECHT R O-854
ALBRECHT RA O-865
ALBUALI W P2-606
ALCANTARA P P2-670, P2-671
ALEEM MA O-908, P2-483
ALGIRE M O-877
ALHOVSKY S P2-551
ALI A P2-579
ALI M P1-216
ALI MA LBA-P2-023, LBA-P2-024, P2-486
ALKHAMIS M P2-684
ALKHARSAH K P2-606
ALKHOVSKIY S P1-214
ALKHOVSKY S P2-568
ALLAL L P2-491
ALLEN R O-818

ALMANSA R LBA-P2-025, LBA-P2-027
ALMEIDA S P2-675
ALONSO W P1-243
ALONSO WJ O-815, O-827, P1-431, P2-546
ALPEROVICH N O-877
ALVES CM P2-712
ALZAHRANI A P2-606
AMALYA P2-495
AMANKWA J P1-317, P1-318
AMANN V P1-261
AMARAL S P2-675
AMARCHAND R P1-318
AMARCHAND R P2-692
AMARE B P2-663
AMATORE D P2-713
AMBASELMAA A P1-128
AMBROSE A O-863, P1-322, P2-511
AMBROSE C P2-500
AMBROSINO D LBA-P2-030, P2-714
AMINAH P2-480
AMPOFO K P1-268, P2-623, P2-690
AMPOFO W P1-317, P1-227
AN DER HEIDEN M P1-140, P1-306, P1-307
AN L P2-709
AN Q P1-187
ANASTASINA M P1-245
ANASTASSOUPOULOU A P1-192
ANDALUZ D LBA-P2-025
ANDERSON E P2-623, P2-690
ANDIANIRINA Z O-897
ANDRADE G P2-675
ANDRADE T P2-445, P2-524, P2-691
ANDREASEN V O-815
ANDREW M O-863, P1-322, P2-511
ANDREYCHYN MA LBA-P2-011
ANDRIANASOLO A P1-316
ANDRIATAHINA T O-897
ANFIMOV PM P1-284
ANG LW P2-513
ANGEL M O-865
ANHLAN D O-855, P2-478
ANKRA E P2-571
ANTOINE-MOUSSIAUX N P2-655
ANTONISHYN N LBA-P2-016
ANTROBUS R P1-383
ANUKUMAR B P2-448, P2-657
AO T P2-456
ARAGON D P1-330
ARAGON MJ P1-412
ARAVENA M P1-244
ARCH P O-836
ARELLANO D P2-670, P2-671
AREVALO V P2-670, P2-671
ARGUNA G O-804
ARIEF R P2-480
ARITA T P2-489
ARMAS JB P2-675
ARMSTRONG J O-843, O-915
ARNOLD S P2-623, P2-690
ARSHAD Y P2-642
ARUNGA G P2-508
ASANOVA S P2-572, P2-624, P2-626
ASANTE I P1-317, P1-227
ASCHACHER T O-916
ASHCROFT J O-867, P2-707
ASPELUND MS P2-711
ASSANZHANOVA N P1-371, P1-372
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ATKINS A P1-168
ATKINS CY P1-294
ATTEBERRY G O-881
AUBIN E P2-543
AUER S P1-382
AUNGKULANON S P1-313
AVAFIA K P2-631
AVALOS LA O-858
AVARO M P1-217, P1-354, P1-267, P2-566, P2-629, P2-643
AVELINO A P2-685
AYELE W P2-663
AYISI K P2-467
AYLLON J P2-710
AYORA-TALAVERA G P1-167, P1-257
AZARA C P2-631
AZEREDO CH P2-445, P2-691
AZHAR M P2-490
AZIM T O-871, O-901, O-908, P1-262, P2-483, P2-494, P2-674
AZZIZ-BAUMGARTNER E O-813, O-903, P1-295,  
 P1-302, P1-424
BA IO P2-680, P2-681
BAAS C O-881, O-891, P1-109, P1-291
BABAKAZO P LBA-P2-034
BABCOCK G LBA-P2-030
BABII S LBA-P2-010, P1-228
BABU T O-859
BADAR N P1-323, P2-642, P2-645, P2-646, P2-647
BADHAM M P1-168
BADIANE A P2-681
BADUR S P1-328
BAE JY P2-521
BAE J-Y P1-232, P1-281
BAEK JH P1-403
BAEK YH P2-708
BAEK YK O-873
BAGUELIN M P1-204
BAHL J P1-246
BAI T P1-224
BAILLIE G P2-684
BAKAMUNTUMAHO B P1-329
BAKER M O-894
BAKER MG O-805, P2-523
BAKER SF P1-257
BAL C LBA-P2-021
BALARATNAM G O-913, LBA-O-003
BALISH A O-845, P1-145, P2-483, P2-494,  
 P2-581, P2-584, P2-594
BALK R P2-623
BALL S O-858, P1-134
BALMASEDA P1-119
BALMASEDA A O-869
BAMGBOYE EL P2-607
BANCE N O-840
BANDARANAYAKE D O-805, 0-894
BANGALE R P1-252
BANIK KC P1-302
BANJARA MR P2-455
BANKS J P2-481, P2-684
BANNEKE S P2-587
BANNER D P1-389
BAO C P2-668
BAO J P1-116
BARAKAT A P1-152
BARAL K P2-455
BARANOVICH T O-816, O-843, O-875, O-915, P1-221, P2-479
BARBEZANGE C P1-213, P2-622
BARBOSA JP P2-712

BARBOSA T P2-685
BARCLAY W O-844, P1-167, P1-360, P2-707
BARCLAY WS O-867, P2-477
BARLOW S P2-656
BARNARD D LBA-P2-007, LBA-P2-030, P2-514
BARNES J O-823
BARR I O-891, O-895, P1-109, P1-291, P1-364
BARR IG O-881, P1-123, P1-428, P2-577
BARRADAS G P2-671
BARRENENGOA-SANUDO J P2-528, P2-673
BARRERA A P1-244
BARRERA G P2-670, P2-671
BARRETO R P2-675
BARRETT PN P2-503
BARRETT S O-840, O-887
BARRINGTON R P1-362
BARRO M O-877
BARROSO S P1-401
BARROSO SPC P2-502
BARRY J O-815
BASHIR AAMIR U P1-323
BASILEU C P1-207
BASLER CF P1-342
BASTIEN N LBA-P2-016
BATBOLD J P1-153
BATCHULUUN D P2-589
BATEMAN AC P2-627
BAUDON E P2-492
BAUMANN J O-820
BAUMEISTER E P1-217, P1-354, P1-267,  
 P2-566, P2-629, P2-643
BAXTER R LBA-P2-050
BAYASGALAN N P1-128
BAYER C P1-307
BAZ M P2-714
BAZHENOVA E P1-211, P1-375
BEAN T P1-360
BEATO MS P1-107
BEATTY M P1-340
BEAUTE J P2-454
BECK CR P1-422, P1-423
BECKER S O-877
BEER M P2-601
BEGOM S O-824, P1-360
BEGUM I P2-579
BEKOE O P1-227
BELLEI N LBA-P2-009, P2-457
BELLO G P1-234, P2-546
BELONGIA E P1-132, P1-393
BELONGIA EA P1-280, P2-515, P2-516
BELSER JA O-889
BENEDETTI E P1-217, P1-354, P1-267, P2-566, P2-629, P2-643
BENEGA M P2-685
BENET T P1-433
BENSON FG P1-197
BEN-TAL N P1-432
BENTON D P1-175
BERA J P1-238
BERAN J P2-505
BERCINI M P1-231, P2-524, P2-691
BEREZO JA LBA-P2-025
BERGER F P1-261
BERGMANN M O-916
BERMAN L O-871, P2-483, P2-494
BERMEJO JF LBA-P2-027
BERMEJO-MARTIN JF LBA-P2-025
BERMINGHAM A O-824, O-832, O-850, P1-206, P1-360
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BERTON V P2-603
BERTRAN K O-890
BERUBE M P2-514, P2-543
BESSELAAR T P2-677
BESSELAAR TG O-910
BESTEBROER T P1-218
BESTEBROER TM O-866
BETUELA I O-828
BEYER W P1-364
BEYGO J P1-386
BEYLEVELD G P2-710
BEZERIANOS A P2-580
BHISE A P2-658
BHUIYAN MU O-903, P1-424, P2-483
BIGOGO G P1-139, P1-141, P1-144, P1-300, P1-406, P1-414
BILBAO O O-899
BILLAUD G P2-565
BILSEL P P1-389
BINGHAM J LBA-P2-039
BINOT A P2-655
BISSEL SJ P1-410
BISSIELO A O-805, O-894, P2-523
BISWAS D P2-657
BLACK A P1-198
BLACKMON S P2-487
BLAISE T P2-631
BLANC H P1-213, P2-622
BLANCO J LBA-P2-025
BLANK PR P1-160
BLANTON L P2-686
BLISS D O-878
BLOMQVIST E P2-453, P2-665
BLOOM CE P1-147
BLOOM J P1-291
BLUMBERG L O-874, P1-409
BLYTH C P1-135
BO H P1-391, P2-582
BODDINGTON N P1-127, P2-437
BODDINGTON NL O-831, P2-439
BODENTEICH A O-914
BODEWES R P1-364
BODISAIKHAN K P2-589
BOERGELING Y O-857
BOGS J P2-601
BOIVIN G O-863, P1-322, P2-511
BOLTON K P1-186
BONAVIA A O-913
BONFANTI L O-809, P1-104
BONI MF P2-447
BONNEY E P1-227
BONNEY K P1-227, P1-317
BOOKER D P2-656
BOOY R P1-411
BORN P P1-233, P1-247
BORN PS P1-234, P2-524, P2-546
BORRAJO GJC O-826
BORTZ E P2-711
BOTTAZZI B P2-482
BOTTCHER-FRIEBERTSHAUSER E P2-493, P2-534, P2-599
BOUCHER CA P1-278
BOUDER F O-812
BOUSCAMBERT M P1-433, P2-565
BOWEN R P2-480
BOWIE W O-863, P1-322, P2-511
BOWMAN A LBA-P2-057, P2-600
BOZEMAN S O-858, P1-134
BOZZA FA P2-502

BRADLEY K O-867
BRADLEY KC P2-477
BRAILSFORD S P2-567
BRAMLEY A P2-623, P2-690
BRAMMER L P2-656, P2-686
BRANQUINHO P P2-675
BRATHWAITE O O-899
BREAM J P1-404
BREDHOLT G O-862, P2-545
BREED A P2-481
BREIMAN R O-804, P1-141, P1-406
BRENNAN C P1-274
BRESEE J O-901, P1-262, P1-302
BRESLAV N P2-551, P2-568, P2-641
BRICE G P1-390, P2-553
BRIDGES O P1-221
BRIQUET B P1-301
BROBERG E P2-454
BROJER C P1-290
BROKSTAD K O-862
BRONSVOORT M LBA-P2-047
BROOKES D P2-707
BROOKES SM O-893, P2-476
BROOKS A P1-182, P2-482
BROOKS WA O-901, P1-262
BROOR S O-808, O-823, O-885, LBA-P2-033, P1-318,  
 P1-321, P2-507, P2-651, P2-657, P2-692
BROWN C O-907, P1-194, P2-450
BROWN D O-877
BROWN HA P1-347
BROWN I O-851, P1-248, P2-684
BROWN IH O-888, O-893, P2-476
BROWN L O-818, LBA-O-006, LBA-P2-039,  
 P1-186, P1-241, P1-357, P2-468
BROWN RG LBA-P2-040
BRUM E P2-490, P2-590
BRYANT J O-856
BRYANT JE O-906, P1-428
BUBIO A P2-621
BUBSHEET D P2-606
BUCHHOLZ U P1-140, P1-306, P1-307
BUCHINI S O-840
BUCHY P LBA-P2-008, P1-239, P2-491
BUDA S P1-306, P1-307
BUDGELL E P2-688
BUDNIK I P1-244
BUDT M P1-222
BUESO A P2-537
BUI CHT P1-173
BUIGUES VILA A P2-444, P2-652, P2-653
BUIGUES-VILA A P2-528, P2-673
BULIMO W P1-181, P1-288, P2-687
BUNDHAMCHAROEN K P1-313
BURKE DF O-866, O-888
BURMAA A P1-128, P1-130, P1-153
BURNHAM A O-843
BURRELL A LBA-P2-038
BURTON D P2-614
BURTSEVA E O-896, P1-133, P1-214, P2-444,  
 P2-551, P2-568, P2-641, P2-652
BURTSEVA EL P1-419
BUTH S P1-239
BUTLER J O-891, P1-283, P1-291, P2-468
BUTLER M P1-374
BUYS A O-874, P1-409
BUZITSKAYA ZHV P2-667
BYARUHANGA T P1-329
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BYUN YH P1-398
CABRAL R P2-675
CABREY P P1-127
CAETANO B P1-233
CAETANO BC P2-524
CAGGANA M O-826
CAI Q LBA-P2-054, P2-596
CAINI S P2-660
CAIRE-JUVERA G P1-359
CALDEIRA F P2-675
CALDWELL N O-895
CALZOLETTI L P2-679
CAMACHO A P1-204
CAMARGO C P2-457
CAMEROON NETWORK OF LABORATORIES  
FOR INFLUENZA SURVEILLANCE P2-619
CAMPBELL P LBA-P2-061
CAMPBELL TC O-898
CAMPOS A P1-217, P1-267, P1-354, P2-566, P2-629, P2-643
CAMPOS SC P1-385
CANINI L P1-277
CANIZA MA P1-146
CAO B P1-100, P1-116
CAO PH P1-148, P1-311
CAO W P1-346
CAPUA I LBA-P2-047, P1-107, P2-481
CARDONA C LBA-P2-057, P2-600
CARDOSO MRA P1-388
CARIAS C P1-305
CARMAN W O-824, P1-360
CARNEY SM P1-231, P1-247, P2-445, P2-524, P2-691
CAROLAN LA P2-577
CARRAT F P1-277, P1-363, P2-435
CARRATALA-MUNUERA C P2-528, P2-673
CARTER DM P1-147, P1-410
CARTER J P2-710
CARTER R P1-235
CARTER WA LBA-P2-052
CARVALHANAS P2-685
CARVALHO C P1-401
CARVALHO D P2-675
CARVALHO M P2-623, P2-690
CASALEGNO J O-841
CASALEGNO JS P1-433, P2-565
CASELLAS J P1-386
CASELTON D P1-406, P1-414
CASPARD H P2-500
CASTELLINO F P1-340
CASTRO AP P2-675
CASTRUCCI MR P2-531
CATCHPOLE A LBA-P2-026, LBA-P2-044,  
 LBA-P2-045, LBA-P2-050
CATTLE N O-841
CATTOLI G LBA-P2-047, P1-104, P2-493, P2-603
CAULDWELL AV P2-477
CDC/EPIC P2-623
CDC/EPIC STUDY TEAM P2-690
CELESTINO I P2-713
CENTRE FOR INFECTIOUS DISEASE CONTROL  
INFLUENZA ANTIVIRAL THERAPY  
AND PROPHYLAXIS STUDY GROUP P1-279
CERPA M O-899
CHADA M P2-657, P2-658
CHADHA M O-808, O-823, O-885
CHADHA MS P2-448
CHAI Y P1-110
CHAKHUNASHVILI G P2-450

CHAKRABORTY A P2-469
CHAN C CS P1-381
CHAN K O-822, O-868, P1-413, P2-561, P2-633
CHAN KH P1-148, P1-311, P1-312
CHAN KP P1-148, P1-311, P1-312
CHAN LLY P1-106, P2-706
CHAN M P1-170
CHAN MCW P1-106, P1-173, P2-705, P2-706
CHAN PC P1-411
CHAN PKS P1-163, P2-607
CHAN R P1-170
CHAN RWY P1-106, P1-173, P2-705, P2-706
CHAN SP P2-527
CHAN TC O-803, P2-612, P2-669
CHAN W LBA-P2-053
CHANDA SK P2-704
CHANDRASEKARAN A P1-275, P1-276
CHANDRASEKARAN V P2-537
CHANG CC P1-157
CHANG CF P1-180
CHANG CK P1-111, P2-669
CHANG FY P2-473
CHANG J P1-398, P2-549
CHANG SC P1-111
CHANG SY O-803, P1-111, P1-177
CHANG YC O-803
CHANG YH P1-177
CHANG Z O-800, P1-116
CHANTHAVISOUK C P2-479
CHAO TL P1-111
CHAPPELL J P2-623, P2-690
CHAREST H LBA-P2-016
CHARLES N P2-631
CHAUDHRY M LBA-P2-047
CHAVES S P1-330
CHAWLA-SARKAR M P2-657
CHEK J P2-687
CHEN CC O-803
CHEN CH P1-189, P1-407
CHEN G P2-710
CHEN H O-801, O-840, O-888
CHEN HH P1-111, P2-699
CHEN LL  P1-156, P1-299, P1-303
CHEN LM O-881
CHEN MI P2-452
CHEN MIC P1-123, P2-513
CHEN N P1-432
CHEN Q P1-394, P2-697
CHEN R LBA-P2-054, P1-110, P2-593, P2-596
CHEN RJC P2-612
CHEN TY P1-407
CHEN W P2-592
CHEN X O-884, O-892, O-902, P1-261, P2-597, P2-709
CHEN Y O-801, P1-124
CHEN YC P1-111
CHENG HY P2-669
CHENG MC O-803, P2-485
CHENG P P1-191
CHENG PY P1-313
CHENTULO E P2-627
CHEONG HJ P1-403, P2-562
CHERIF D P1-150, P1-151
CHERNY S P2-536
CHERVYAKOVA O P2-574
CHESTER N P1-229
CHEUK E O-811, LBA-P2-031
CHEUNG CL O-892, P1-110, P1-236, P2-597
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CHEUNG PP P1-253
CHEUNG PPH O-842
CHEW S P1-123
CHHAGAN M O-807, P2-441, P2-649
CHI CY P1-180
CHIEN HL P1-174
CHIH YC P1-189, P1-407
CHILOMBE M P1-152
CHIN AWH O-821, P1-172
CHIN DJ P2-710
CHISTI MJ O-903
CHIT A O-863, LBA-P2-056, P1-301, P1-308, P1-322, P2-538
CHITTAGANPITCH M P1-313, P2-648
CHIU AWH P2-669
CHIU SS P1-312
CHIZA R P1-329
CHMIELEWSKI J O-887
CHO CH P2-530
CHO KJ P1-255
CHO WK P2-708
CHOI EH O-873
CHOI EJ P2-484, P2-595
CHOI IS P1-237, P2-530, P2-598
CHOI SW P1-237, P2-530, P2-598
CHOI WK P2-708
CHOI WS P1-403, P2-562
CHOI YK O-873, P1-396, P2-484, P2-519, P2-595
CHOI YW P2-552
CHOISY M P2-447
CHOLEWINSKA G O-904
CHONG P P1-370
CHOTPITAYASUNONDH T O-872, P1-380, P1-420
CHOU SM P1-189, P1-157, P1-407
CHOU YM P1-157
CHOUDHURY B P2-684
CHOW VT P1-123, P2-452
CHOWDHURY F O-903
CHOWDHURY S O-871, P2-471, P2-483, P2-494
CHOWELL GO O-815
CHOY K-T O-842, P1-253
CHRISTODOULOU E O-819, P1-169
CHU D O-825
CHU DKW P1-126
CHU K-Y P1-236
CHU L P1-400
CHU YR P2-669
CHUA B O-880, LBA-O-006
CHUA M O-865
CHUGHTAI A P1-416, P1-417
CHUI SS P1-312
CHUNG MS P1-255
CHUOP S P1-239
CIACCI-ZANELLA J O-888
CIBLAK M O-896, P2-652, P2-660
CIBLAK MA P1-328, P2-444
CILLONIZ C P2-710
CIORANU R P2-684
CISSE A LBA-P2-032, P2-628
CISSE K P2-636
CLAES F O-888
CLARK A O-870
CLEMENS R P1-164
CLINCH B P1-268
CLINE T O-816
CLINE TD LBA-P2-028, P1-361
CLIPPARD J P1-132, P1-393, P2-516
CLOUTING H P1-340

COBBIN J P1-241
COCKING R O-867, P2-707
COCKRILL JA O-898
COELINGH K P2-499
COHEN A O-848, P1-136, P1-152, P1-305, P1-314, P1-315,  
 P1-320, P1-409, P2-438, P2-449, P2-456, P2-559, P2-649 
COHEN AL O-807, O-810, P1-315, P1-335,  
 P2-441, P2-442, P2-683, P2-688
COHEN C O-807, O-848, P1-136, P1-152, P1-305, P1-314,  
 P1-315, P1-320, P1-335, P1-409, P2-438, P2-441, P2-442, 
  P2-449, P2-456, P2-559, P2-563, P2-649, P2-683, P2-688
COHEN JM P1-207, P1-296
COHEN J-M P1-328
COJOCARU R LBA-P2-017
COKER R P2-607
COLLIN E P1-430
COLLINS H P2-504
COLLINS P O-819, O-841
COMI D P2-631
COMPANS R O-803, P1-236
COMTE B P1-433
CONCISE LABORATORY WORKING GROUP P2-436
CONDE P P1-240, P1-285, P1-287, P2-675, P2-676
CONDE-FERRAEZ L P1-257
CONRAD T O-902
CONSISE STEERING COMMITTEE P1-121
CONTRERAS B P2-670, P2-671
CONWAY JM P1-277
COOK AR P1-123, P2-452, P2-513, P2-666
COOKE C P1-333
COOMBS P P1-169
COOPER MJ O-898, P2-533
COPAS A O-850, P1-206
CORDIOLI P O-809
CORREIA L P2-675
CORTE-REAL R P2-675
CORTI D P2-493, P2-534
COSI CONSORTIUM O-851
COSTA GL P2-712
COSTA JAC P2-445, P2-524
COSTA MR P2-675
COUCEIRO J P1-401
COUCEIRO JNSS P2-502
COULIBALY D P1-150, P1-151, P1-282, P2-623, P2-664, P2-689
COURTNEY D 
COUSIN L P2-537
COUTO ARP P2-675
COUTURE M P2-543
COUZENS L P1-348, P2-699
COWLING B O-800, O-822, O-825, O-868, LBA-P2-053,  
 P1-100, P1-116, P1-129, P1-297, P1-298, P1-325,  
 P1-413, P1-418, P1-420, P1-425, P2-440, P2-446,  
 P2-459, P2-529, P2-561, P2-633, P2-661
COWLING BJ O-829, P1-126, P2-492, P2-536
COX A P1-404
COX M P2-711
COX N O-887, LBA-P2-032
COX R LBA-P2-026, P2-462, P2-545
COX RG O-862
COZZI-LEPRI A O-904
CRAIG S O-877
CRAWFORD J P1-227
CREPEY P LBA-P2-056, P2-538
CREVAR C P1-389
CREVAR CJ P1-410
CRISTINO JM P2-675
CRISTOVAO P P1-285, P1-287, P1-240, P2-675, P2-676



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

CRUMPTON JC P2-602
CRUZ A P2-685
CRUZ M P2-670, P2-671
CUI D O-801
CUI L P1-123
CULAND CL P2-542
CULHANE M O-888
CUMMINGS DA O-829
CUMMINGS JF P2-533
CUNHA M P2-675
CUNNINGHAM F P2-600
CURTI S P2-685
CUTLAND CL O-861
CYR T LBA-P2-040
CZECH A P1-217, P1-267, P1-354, P2-566, P2-629, P2-643
DA SILVA D P1-178
DABO P P2-631
DAGA MK P2-696
DAGNAN SN P1-150
DAHLSTROM O P1-161, P2-453, P2-665
DAILY KIRLEY P P1-330
DAKHAVE M P2-658
DALY J P2-599
DANG DT P1-428
DANGEE T P2-620
DANGOL S P2-455
DANIELS JS P1-347
DANIELS R O-819, O-841, O-907, P1-169, P1-175, P1-178
DANILENKO DM P2-618
DANZY S LBA-P2-061
DAO CD P2-655
DAOUST MA P2-543
DARMA B P1-219
DARMAA B P1-128, P1-130, P1-153
DARNELL D P2-479
DAS S O-878
DASZAK P P2-584
DATTILO B O-877
DAULBAYEVA K P2-572, P2-624, P2-626
DAUM LT P2-552, P2-557
DAUPHIN G O-888
DAVEY R O-904
DAVID D O-904
DAVILA S O-872
DAVINA R P1-222
DAVIS C P2-494, P2-594
DAVIS CT O-845, P2-483
DAVIS E P2-711
DAVIS T O-828, P2-581, P2-584
DAVIS W P2-483
DAWOOD FS O-808, O-885, P1-317, P1-318, P1-321,  
 P1-380, P1-397, P2-517
DAWOOD H O-807, P1-136, P1-305, P1-317, P1-320, P2-438, 
  P2-441, P2-442, P2-449, P2-559, P2-563, P2-649, P2-688
DE BOER PT LBA-P2-056
DE BRUIN E O-826, P2-463
DE GRAAF M P1-115, P1-218, O-866
DE HAAN CAM P1-176
DE JESUS P P2-704
DE JONG J P1-218, P1-364
DE JONG M O-806
DE JONGE J P1-376
DE KLEIJN S P1-356
DE LAMBALLERIE X P1-363
DE MEULDER D O-866
DE MUTSERT G O-853
DE NARDI M P2-481

DE SOUZA I O-877
DE VRIES R P1-430
DE VRIES RP P1-176
DE WAAL L LBA-P2-026
DECANO A P2-519, P2-708
DECANO AG O-873, P2-484
DEEKS J P1-360
DEL GUIDICE G P1-340
DELABOUGLISE A P2-655
DEMIRIS N P1-204
DEMISSIE G P2-663
DENG F P2-586
DENG Y P2-482
DENG Y-M O-895
DENGLER L P2-583
DENISOVA E O-877
DENNIS DT P2-518
DESHEVA I P1-339
DESHEVA YA P1-377
DESHPANDE A P1-252
DESMOND J P2-584
DEUBEL V LBA-P2-008
DEVASTER JM P2-505
DEVINCENZO JP P1-146
DEWE T P2-481
DEY AD P1-246
DEZWART M P1-261
DHAKAD S P2-651
DHARMAKUMARA J O-881
DI MARIO G P2-531
DI MARTINO A P2-679
DI PILLO F O-909
DIA N P2-636, P2-680, P2-681
DIALLO A O-860, LBA-O-002, P2-510
DIARRA B O-860, LBA-O-002, P2-510
DIAVATOPOULOS DA P1-356
DIAZ JA P2-670, P2-671
DIAZ-MITOMA F P2-511
DICKEY R LBA-P2-052
DIEZ DOMINGO J P2-673
DIEZ-DOMINGO J P2-503, P2-528
DIGHERO B O-861
DIMITRAKOPOULOU K P2-580
DING YF P1-299, P1-303
DINIS J O-834
DIONNE B P1-374
DIOP D O-860, LBA-O-002, P1-164, P2-510, P2-644
DIOP O O-860, P2-510, P2-636
DISWASANI W LBA-P2-034
DITSUNGNEON D P1-397, P2-498, P2-517
DO HT LBA-O-005
DO TT P1-304, P1-326, P2-634, P2-662
DOI A P2-605
DOLAN G P1-422
DOMINGO G P2-558, P2-560
DONABEDIAN A O-877
DONAHUE D LBA-O-004
DONATELLI I P2-679, P2-531
DONG B P2-582
DONG J P1-105, P1-391
DONG L P1-105, P1-391, P2-582
DONINA S P1-338, P1-339
DONINA SA P1-377
DONIS R O-871, O-888, P2-494, P2-584, P2-594
DONIS RO O-881, P1-362
DONKOR P P2-467
DONNELLY C P1-113
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DONNELLY CA O-867
DORMITZER P O-877
DOROSHENKO E  P1-392
DOROSHENKO EM P1-377
DOSSO M P1-282, P2-664, P2-689
DOU D P1-178
DOUANGNGEUN B P2-602
DOUNANGNGEUN B P2-479
DOYLE TM LBA-P2-040
DRAGER DAYAL R O-910
DRAME M P1-400, P1-411, P1-412, P2-504
DREWS SJ LBA-P2-016
DREYER NA P2-607
DRUMMOND AJ P1-246
DRUMRIGHT L P2-613
DUAN L O-892, P2-597
DUAN S LBA-P2-028, P1-221
DUARTE L P2-524
DUBROVINA I P1-211
DUBROVINA L P1-375
DUCATEZ M P1-216, P1-432
DUCATEZ MF P2-602
DUGAN V O-877
DUMARD C P1-401
DUNHAM E P1-348
DUNNING J P2-613
DUNSTAN SJ O-872
DUOC PT P2-693
DUONG TN O-806, O-856, P2-447, P2-693
DUONG V P1-239
DUQUE J O-805, O-810, O-894, P1-139, P1-152, P1-317
DURAND C LBA-P2-021, P2-505
DURAND L LBA-P2-056, P2-538
DURBIN A P1-404
DUST K LBA-P2-016
DUVAL X P2-505
DUWE S O-884, P1-261
DVORAK T P2-503
DWYER DE O-904
DZUPOVA O P1-142
EASTERBROOK J P2-699
EDENBOROUGH K LBA-O-006, LBA-P2-039
EDER V LBA-P2-017
EDMUNDS J O-832, O-850, P1-206
EDMUNDS WJ P1-204
EDWARDS K P1-266, P1-394, P2-623, P2-690
EFFLER P P1-135
EGLIN R P2-567
EGOROV A O-916
EHRHARDT C O-855, O-857, P2-478
EHRLICH HJ P2-503
EIBACH D P1-433
EICHELBERGER M P1-348, P2-699
EICHNER M P1-192
EICK-COST AA P2-533
EICKMANN M O-877
EISENHABER F P1-102
EISFELD A O-835
EKBERG J P1-161, P2-453, P2-665
EKRA DK P1-150
ELAM KA P1-246
ELASSAL EM P1-227
ELBAHESH H O-816
ELDERFIELD R O-844
ELLAKANY HF LBA-P2-022
ELLIS J O-844, P1-127
ELSHERIF M O-863, P1-322, P2-511

EL-SHESHENY R LBA-P2-023, LBA-P2-024, P2-486
ELVERS LH O-826
EMILE F P2-565
EMIT CONSORTIUM P1-429
EMUKULE G O-804, O-847, P1-139, P1-141, P1-144, P1-152, P1-300, 
P1-406, P2-614
ENDE Z LBA-P2-060
ENGELHARDT OG P1-121, P2-436
ENKHSAIKAN D P1-219
ENOUF V P2-622
ENSTONE J O-851
ENYAN P P2-571
ENYAN Q P2-467
ENZMANN F O-916
EPSTEIN C O-905
ERDENE-OCHIR TO P1-237, P2-530
ERDENE-OCHIR T-O P2-589
ERDMAN D P2-623, P2-690
ERIKSSON H P2-453, P2-665
ERIKSSON O P1-161, P2-453, P2-665
ERNST T O-836
EROPKIN MY P1-284
ESCRIBANO-LOPEZ B P2-528, P2-673
ESCURET V O-841, P2-565
ESEN M P2-505
ESNIP 3 CONSORTIUM O-888, O-893
ESSI D P2-631
ESTELLA A LBA-P2-025
ESTER P2-495
EUROMOMO NETWORK O-849
EUROPEAN INFLUENZA  
SURVEILLANCE NETWORK P2-454
EVERETT D P1-152
FABIANI C P2-679
FABRIZIO T P1-432
FACCHINI M P2-679
FADEEV AV P2-667
FAKHRAN S P2-623
FALSEY A P2-505
FAN X O-892
FAN Y P1-235
FAN ZJ P2-586
FANG CC P2-612
FANG V O-800, O-822, LBA-P2-053, P1-100, P1-413,  
 P1-418, P1-420, P2-440, P2-529, P2-633
FANG X P2-705
FANGYUAN Q P1-108
FANTA T P2-664
FARNSWORTH A LBA-P2-040
FARRAR J O-806, O-856, O-872, P1-428
FAULX D P2-558, P2-560
FAYE A O-860, P2-510
FAYE T P2-680
FAZEKAS T O-914
FEDOROVA E P1-211, P1-375
FEDSON D P1-349, P2-608
FEDYAKINA I P2-551
FEIKIN D P1-320
FEIKIN DR O-847
FELDMAN G P2-505
FENG L P1-100, P1-103, P1-116, P1-293, P1-418
FENG Z O-800, P1-100, P1-294, P1-418
FENG ZJ P1-299, P1-303
FENGCAI Z P1-108
FENYANG T P1-108
FERBER JR O-858, P1-134
FERGUSON N O-850, P1-206
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FERGUSON NM P1-215
FERKO B O-916
FERLINZ A LBA-P2-038
FERNANDES A P2-675
FERNANDES PL P2-675
FERNANDES SB P2-524
FERNANDEZ S P1-380
FERNANDEZ V LBA-P2-025
FERNANDEZ-ALONSO M O-844, O-867
FERRARA F P1-343, P2-460, P2-493, P2-534, P2-599
FERRARI A O-877
FERRARIS O O-841, P1-350
FERRAZ L P2-524
FERREIRA AMA P2-502
FERREIRA D P1-401
FERRES M P1-244
FERWERDA G P1-356
FESENKO A LBA-P2-010
FF100 STEERING GROUP O-831
FIEKIN DR O-847
FIELDS B P1-273, P2-508
FIERS W O-852
FIFE M P1-343
FILHO JBF P2-524
FINCH C O-865
FINELLI L P1-330, P2-623-P2-638, P2-686, P2-690
FINTELMANN N P2-445
FISCHER GW P2-552, P2-557
FITZGERALD T O-859
FLASCHE S P1-204
FLEMING DM P1-202, P1-203, P1-328
FLORANI J P2-670, P2-671
FLURISK CONSORTIUM P2-481
FOCOSI-SYNMAN R P2-684
FONSECA K LBA-P2-016
FONVILLE J P1-364
FOPPA I P1-187, P1-334
FORBES NE LBA-P2-040
FORLEO E P1-340, P2-644
FORNI J LBA-O-003
FOUCHIER R O-853, P1-109, P1-218, P1-364
FOUCHIER RAM O-866, P1-115, P1-230
FOURNIE G P2-492
FOUST A O-881
FOWLER K LBA-P2-033, P2-507, P2-651
FOWLKES A P2-656
FOX A O-806, O-856, P1-364, P1-428
FRAAIJ PLA P1-261
FRAGASY E P1-206
FRAGASZY E O-832, O-850, O-851
FRAGOSO D P2-671
FRANCIS R P1-261
FRANZ S P1-248, P2-684
FRASER C P1-215
FRATERNALE A P2-713
FRECH S O-905
FREDLUND P O-913
FREDRICH T P1-147
FREEMAN G P2-440, P2-529
FREIDI G P2-481
FRENETTE L P2-504
FRIEDE M LBA-O-001
FRIEDEN P O-909
FRIEDRICH T O-834, P1-389
FRIJLINK HW P1-399, P2-501
FRIMPONG J P1-227
FRITSCH S P2-503

FRITZ R P2-503
FROST M P1-158
FRY A P1-145, P1-266, P1-393, P2-516
FRY AM O-845, O-901, P1-262, P1-280
FUENTES C P2-671
FUJISAKI S P1-271, P2-506
FUJIYUKI T P2-520
FUKUDA T P1-405
FUKUSHI M O-826
FUMANELLI L P1-208
FUNAYAMA K P2-672
FUNG ICH P1-294
FURTADO AL P2-524
FURUMELE TE P1-197
FUSARO A P1-104
FUSTER C P2-677
GABRIEL G O-836, P1-225
GAGLANI M P1-334, P1-393, P2-516
GALIANO M O-844
GALLEGOS MC LBA-P2-025
GALLETTI J O-881
GALLI G P1-340
GAMBLIN S P1-169
GANAH M LBA-P2-022
GANTSOOJ B P1-153, P1-219
GAO CQ P2-513
GAO J P1-348
GAO R P1-105, P1-224
GAO Z P1-116
GARBA A P2-621
GARCIA E P2-670, P2-671, P2-713
GARCIA-ALVAREZ L P2-613
GARCIA-SASTRE A O-865, P1-232, P1-244,  
 P2-704, P2-710, P2-711
GARCON F P2-476
GARDNER TJ P1-342
GARG S P1-395
GARGUILLO P LBA-P2-033
GARRETSON A P2-638
GARTEN R LBA-P2-032
GARULLI B P2-531
GATTAS VL P1-385, P1-388
GAUT J O-864
GE A P2-668
GEARD N P1-198
GEELHOED-MIERAS M O-853
GEFFERS R P2-580
GENG Q P1-299, P1-303
GEORGINA N P1-149
GERILOVYCH A P2-630
GERLOFF N P2-483, P2-581, P2-584
GERMAN G LBA-P2-016
GERVAIS P P2-505
GHAFAR A P2-579
GHAVAMI N LBA-P2-048
GHEORGHITA S LBA-P2-017
GHIMIRE P P2-455
GIANG NH LBA-P2-012
GIBIANSKY L P1-268
GIBSON D O-877
GIBSON MS P1-343
GIGUERE Y O-826
GIHSN GROUP P2-444, P2-652
GILBERT A LBA-O-003, LBA-P2-043, LBA-P2-044, LBA-PR-045
GILBERT SC P1-383
GILBERTSON B LBA-O-006, LBA-P2-039, P1-241
GILES BM P1-410
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GIL-GUILLEN V P2-528, P2-673
GILLASPIE Y P1-205, P2-443
GILLMAN A P1-290
GIORGI A P2-656
GIOVANNELLI A P2-531
GIROND F P1-316
GLAMOR COLLABORATING TEAMS P1-202
GLASER E P1-300
GLASS J O-877
GLAVAS S LBA-P2-038
GLOBAL INFLUENZA  
INITIATIVE LBA-P2-056, P2-538, P2-660
GOLDING H O-859, O-876, O-882, P1-368
GOLDSTEIN E P1-129, P1-297, P1-298
GOMILA R O-877
GONZALEZ E P2-670, P2-671
GONZALEZ JF P2-670, P2-671
GONZALEZ M P2-671
GONZALEZ-ACUNA D O-891
GONZALEZ-LOSA R P1-257
GONZALEZ-REICHE AS O-865
GOONETILLEKE N O-850, P1-206
GORDON A O-869, P1-119
GORDON M LBA-P2-025
GORVOKOVA E O-875
GOSS C P1-333
GOSTEV I LBA-P2-017
GOSWAMI D O-901, P1-262
GOTSKINA T P1-372
GOUDIAB D P2-680, P2-681
GOUDIABY D P2-636
GOVORKOVA E O-816
GOVORKOVA EA O-843, O-915
GRANDADOS CEPEDA ML O-826
GRANT C O-805, O-894
GRANT E P1-101, P1-356
GRANTHAM ML P1-429
GRAS S P1-101
GRASSAUER A O-914
GRAY S P2-711
GREEN HK P1-127
GREEN K O-863, P1-322, P2-511
GREENBAUM A P1-397, P2-517
GREENBAUM BD O-821
GREGIANINI T P1-231, P2-524, P2-691
GRESH L O-869, P1-119
GREUTELAERS B P1-140
GRIBKOVA N P2-450
GRIFFIN M P1-266, P1-346, P1-394
GRIJALVA C P2-623, P2-690
GRISETTI T P2-679
GROMADZKA B P2-550
GROOM M O-807
GROOME M P1-136, P1-305, P1-320, P2-438, P2-441, P2-442
GROOTENDORST P P1-308
GROSS D O-805, O-894, P2-450
GRUDININ MP P1-284, P2-667
GRUESSNER C O-907
GUAN Y O-842, O-892, LBA-P2-054, P1-110, P1-223,  
 P1-236, P1-253, P1-344, P2-593, P2-596, P2-597, P2-602
GUARNACCIA T P1-291, P2-577
GUBAREVA L O-901, LBA-P2-032, P1-262, P1-273
GUBAREVA LV O-845
GUBERTI V O-809
GUERRERO L P1-386
GUIDY F P1-282
GUILLEBAUD J O-827, O-897

GUIMARAES JT P2-675
GUIOMAR R P1-240, P1-285, P1-287, P2-675, P2-676
GULATI S O-837
GUNALAN V P1-102
GUO D P1-418
GUO J P1-105
GUO N P1-362
GUO Z O-845
GUPTA S P2-507
GUPTA V O-808, LBA-P2-033, P2-507, P2-651
GURAV YK P1-131
GURLEY ES O-813, O-908, P1-295, P1-424,  
 P2-469, P2-471, P2-483, P2-494
GURSKY EA P1-161, P2-453, P2-665
GUSTIN KM O-889
GUTENKUNST R O-833
GUTIERREZ C P1-244
GUZMAN SG O-890
GYAPONG M P1-317
HAAS W P1-306, P1-307
HABER M P1-187
HABERG SE P2-462
HAFFEJEE S O-807, P2-441, P2-442
HAFFJEE S P2-649
HAGUINET F O-863, P1-200, P1-203, P1-322, P2-511
HAI R O-854, P2-548, P2-711
HAIDER MS O-908
HAIDER N P2-581
HAIDER S O-871, O-903, P2-674
HAIN J P1-192
HAINING J LBA-P2-039
HALDER N O-828
HALL C P2-525
HALL J P2-496
HALL R O-805, O-894, P1-353
HALLORAN M O-860, LBA-O-002, P2-510
HALLORAN ME LBA-P2-049
HALPERIN SA P1-308, P2-537
HALPIN R P1-218, P1-244
HALPIN RA P1-238, P1-246
HALSEY N P1-404
HAMILTON K O-888
HAMILTON-WEST C O-909
HAN GY P1-398, P2-549
HAN L O-877
HAN V LBA-P2-021
HANCOCK E P1-145, P1-330
HANCOCK K O-871
HANG NLK O-806, LBA-P2-012
HANG NT O-872
HANSHAOWORAKUL W P2-607
HANSON A P1-176
HANSON BJ P2-697
HANSON C O-817
HARADA N P2-564
HARRIS A O-878, P1-384
HARRIS E O-869, P1-119
HARRIS J P2-600
HARRIS K P2-481
HARTANINGSIH N P2-590
HARVEY G O-850, P1-206
HASAN SMM P2-469
HASEGAWA H P1-220, P2-509
HASHEM AM LBA-P2-040
HASLAM S P1-170
HASSAN M P2-606
HATCHETTE T O-863, P1-322, P2-511
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HATCHETTE TF LBA-P2-016
HATESUER B P2-583
HATFIELD J P1-229
HATTA M O-834
HATTA Y P1-389
HATTON S P2-520
HAUSE B P1-430
HAVELAAR A P2-481
HAVLICKOVA M P1-142
HAWKSWORTH A P1-390, P2-553, P2-554
HAY A P1-169
HAYASHI T LBA-P2-022
HAYWARD AC O-832, O-850, O-851, P1-206
HE F P1-379, P1-382
HE R LBA-P2-040
HEATH A P2-436
HEFFELFINGER J O-908, P2-494, P2-674
HEFFELFINGER JD O-871, P2-471, P2-483, P2-581
HEGERMANN-LINDENCRONE M P1-194
HEIN NT O-872
HEIN TT O-872
HEITMAN CK P1-274
HELLFERSCEE O P1-136, P2-559, P2-563, P2-649
HENDRIKS J LBA-O-001, P1-408
HENNINGER ML O-858, P1-134
HEO J P1-232, P1-281, P2-521
HERAUD JM O-827, O-897, P1-152, P1-316
HERBRETEAU CH LBA-P2-008
HERFST S O-866
HERINDRAINY P O-897
HERMANNOVA K P1-142
HERMANS PWM P1-356
HERNANDEZ J P1-359
HERTZ T P1-432
HERZHOFF M P1-307
HEYDERMAN R P1-152
HIBBERD M O-872
HICKS L P2-623, P2-690
HIEN NT O-806, O-856, P2-447, P2-693
HIEP DT P2-492
HILAIRE K P1-282
HILL A P2-481
HILL NJ P2-584
HILLAIRE M O-853
HILLYARD D P2-690
HIMEDA T P1-171
HINCHCLIFFE M LBA-P2-026
HINGE D P2-658
HINKULA J P1-161, P2-453, P2-665
HINRICHS WLJ P1-399, P2-501
HIONO T P2-588
HIRAMATSU H LBA-P2-022
HIROTSU N P1-426
HLUNGWANI P P1-197
HO HP P2-513
HO L P1-297, P1-298, P2-661
HO SY P1-111
HO TT P1-207
HOA LNM O-806, O-856
HOANG P P2-594
HOANG PMV P2-518
HOFFMANN B P2-601
HOFFMANN J P1-350
HOLIDAY C P1-103
HOLL D P1-239, P2-491
HOLLICK G P1-330
HOLM E P1-161, P2-453, P2-665

HOLMES C P1-243
HOLUBKA  P2-450
HOLUBKA O LBA-P2-010, P1-228
HOMAIRA N P1-295, P1-302
HONG JS P1-398, P2-549
HONG M LBA-P2-046, P2-576, P2-591
HONG W P1-110, P2-593, P2-596
HONGO S P1-171
HOOIVELD M P1-421
HOOPER K P1-291
HOPER D P2-601
HOPPE C O-902
HORBY P O-806, O-856, P1-364, P1-428, P2-447, P2-594
HORBY PW O-872
HORM SV P1-239, P2-491
HOSCHLER K O-824, P1-360, P2-437, P2-567
HOSSAIN K P1-302, P2-584
HOSSAIN MJ P1-424
HOSSEINI PR P2-584
HOUSPIE L O-883
HOWARD MK P2-503
HOWARD W P2-684
HRINCIUS ER O-855, P2-478
HSU JP P1-123, P2-452
HSU LY P2-513
HSU SC P1-177
HTH TRNG O-806
HU S P1-294
HU Z P2-533
HU ZH P2-586
HUA J P1-299
HUA W P1-108
HUANG J P1-143
HUANG L P2-578
HUANG MH P1-374
HUANG MS P1-111
HUANG QS O-805, O-894, P2-523, P2-660
HUANG SY P2-473
HUANG T P1-294
HUANG W P2-547
HUANG X O-801
HUCKRIEDE A P1-399, P2-501
HUERTA C O-839
HUETHER R P1-235
HUGHES A O-834
HUGHES J P1-104
HUGO A O-861, P2-542
HUI KPY P2-706
HUIYAN Y P1-108
HUMPHREYS I P1-310, P1-332
HUNG CC P1-111
HUNG IF P1-369
HUNG IFN P1-126
HUNGNES O P2-462
HUO Z O-801
HUONG VT P2-693
HURST B LBA-P2-007, P1-286, P2-514
HURT A O-891, P1-109, P1-283, P1-291, P1-364
HURT AC LBA-P2-040, P2-577
HUTAGALUNG Y P1-395
HUTTON D P1-205
HUU TN P2-693
HWANG MW P2-521, P1-232, P1-281
HWL KOH P1-123
HYMAS W P2-690
IANNELLO P O-895
IBARGUCHI B O-863, P1-322, P2-511
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IBRAHIM MS LBA-P2-022
ICHIKAWA M P1-405, P2-564, P2-672
IDOWU O P2-621
IDRIS S P2-490
IKEDA N P2-564
IKEDA T P2-685
IKEMATSU H P1-263, P1-264
IKUTA K LBA-P2-022
ILBOUDO K LBA-P2-032, P2-628
IMAI A P2-474
IMAI M O-834, P1-271, P2-489
IMNADZE P P2-461
INAGAKI K P1-250
INFLUENZA VACCINE SUPPLY TASK FORCE OF THE  
INTERNATIONAL FEDERATION OF PHARMACEUTICAL  
MANUFACTURERS & ASSOCIATIONS LBA-P2-059
INGLEFIELD J P1-384
INKARBEKOV D P1-372
INNIS B  P2-537
INNIS BL P1-400, P2-505
INOUE A P2-704
INSIGHT FLU002 AND FLU003 STUDY GROUPS O-904
IOSYK II LBA-P2-011
IP D O-800, O-822, O-868, P1-116, P1-129,  
 P1-278, P1-298, P1-325, P1-413, P1-420, P2-440, P2-446,  
 P2-459, P2-529, P2-536, P2-561, P2-633, P2-661
IP H P2-496
IRVING SA O-858, P1-134
ISAKOV O P2-622
ISAKOVA AA P1-419
ISAKOVA-SIVAK I P1-211, P1-341, P1-358, P1-375, P1-376
ISHMUKHAMETOVA N P2-572
ISHOLA D O-851
ISLAM A P2-581, P2-584
ISLAM K P1-302
ISLAM MA O-908, P2-674
ISLAM MS P2-469, P2-483
ISPAS G O-883
ISRAR A P2-642
ISSAKA B P2-625
ISSAKA M P2-631
ITO H P2-588
ITO K P2-707
ITO R P2-509, P2-700
ITO T LBA-P2-022, P2-588
ITOH Y P2-520
ITTRICH H O-836
IULIANO A P2-495
IULIANO D O-871, O-903, P1-295, P1-326, P2-494, P2-615
IVANOVA M P2-641
IVANOVA MV P1-419
IVANOVA V P2-551, P2-641
IVANOVA VT P1-419
IWAKI N P1-263, P1-265
IWATA K P2-605
IZURIETA P P1-411, P1-412
JACKOWSKI S P1-250
JACKSON D O-880, LBA-O-006, P1-186
JACKSON DC P1-212
JACKSON L P1-334, P1-393, P2-516
JACKSON M P1-334, P1-393, P2-516
JACOBS CA O-874
JACQUET M LBA-P2-050
JADHAV N P2-658
JAENTSCHKE B LBA-P2-040
JAIN A P2-620, P2-657
JAIN B P2-620

JAIN S P2-623, P2-690
JAIN V P2-537
JAMES S P1-364
JAN C P2-711
JAN JT P1-374
JANG SL P1-281, P2-521
JANSEN W P1-340
JARHULT J P1-290
JAUFERALLY-FAKIM Y LBA-P2-013, LBA-P2-014
JAYARAMAN A O-817
JEEVAN T P1-146
JEFFERSON S P1-103, P2-623, P2-690
JENG KS P1-174
JENNINGS LC P1-163
JEONG DG LBA-P2-046
JERNIGAN D O-887, P2-494
JESTER P P1-268
JIA K P2-525
JIANG H O-800, P1-116, P1-418
JIANG YW P1-299, P1-303
JIAO P P2-578
JIMA D P2-663
JIMINEZ-BLUHM P O-909
JIN H P2-499
JIN L O-800
JIRINCOVA H P1-142
JOB E P2-482, P2-577
JOHNSON A O-881
JOHNSON AM O-832, O-850, P1-206
JOHNSON J P1-361
JOHNSON L P1-191
JOHNSON M O-839
JOHNSON S O-912
JOHNSTONE J O-863, P1-322, P2-511
JONATHAN N P1-149
JONES CK P1-347
JONES J O-875
JONES S O-861, P2-542
JUDD M O-804
JUDGE C O-877
JULKUNEN I P1-245
JUL-LARSEN A P2-545
JUSTEL M LBA-P2-025, LBA-P2-027
JUVEKAR S O-808
KABACHI N P1-207
KABAMBA J LBA-P2-034
KABEJA A P2-659
KABORE DS LBA-P2-032, P2-628
KABUDULA C P2-456
KADAM A P2-658
KADJO ADJE H P1-150
KADJO AH P1-151
KADJO HA P1-282, P2-664, P2-689
KAERSTEN S P1-307
KAGEYAMA T P2-489, P2-569
KAGONE T LBA-P2-032, P2-628
KAHN K O-807, P1-136, P1-305, P1-320, P2-438,  
 P2-441, P2-442, P2-456, P2-563, P2-688
KAI C P2-520
KAIHATSU K O-886
KAINOV D P1-245
KAISER CR P2-712
KAKKOLA L P1-245
KALANI R P1-141
KALLIO-KOKKO H P1-245
KALPRAVIDH W P2-491
KALTHOFF D P2-601
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KAMAL M P1-268
KAMIGAKI T P1-130
KAMMERER P P2-553, P2-554
KAMWESIGA J P2-659
KANDEIL A LBA-P2-023, LBA-P2-024, P2-486
KANT S O-885, P1-321, P2-651
KANTELE A P1-245
KAO CL P1-177
KAPCZYNSKI DR O-890
KAPELLA B P2-594
KAPELLA BK P2-518
KARAMENDIN K P2-572, P2-624, P2-626
KARHEMERE S LBA-P2-034
KARIKARI Y P1-317
KARIUKI N P2-687
KARL S O-828
KARLAS A P2-474
KARLSSON D P1-161, P2-453, P2-665
KARLSSON E LBA-P2-028, LBA-P2-029, O-838, O-909, P2-496
KARLSSON EA P1-361
KARRON R O-859, P1-348, P2-499
KARSCH K O-884, O-902, P1-261
KARSELADZE I P2-450, P2-461
KASEMSUWAN S P2-655
KASHIWAGI S P1-263, P1-265
KASSA W P2-663
KASSENOV M P1-372, P1-373
KASYMBEKOV Y P2-624, P2-626
KASYMBEKOVA K P2-450
KATANO H P1-220
KATO N O-886
KATZ J O-871, P1-103, P1-145, P2-436, P2-494,  

P2-545, P2-623, P2-690
KATZ JM O-889, P1-362
KATZ K O-863, P1-322, P2-511
KATZ M P1-141, P1-273, P2-508, P1-414
KATZ MA O-804, O-847, P1-406, P2-614
KATZE M O-835
KATZE MG P1-210
KAUFFMAN TL O-858
KAUFMAN R P2-690
KAVERI R P2-657
KAWACHI S P1-220
KAWAGUCHI A P2-489, P2-509
KAWAI N P1-263, P1-264
KAWAKAMI C P2-564, P2-672
KAWAOKA Y O-834, O-835, P1-176, P1-389
KAYALI G LBA-P2-023, LBA-P2-024, P1-216, P2-486
KAYIWA JT P1-329
KAZEK-DURET MP P1-395
KAZI BM P1-323, P2-472, P2-642, P2-645, P2-646, P2-647
KE X P1-108
KEARNS C P1-127
KEBELA B LBA-P2-034
KEDZIERSKA K P1-101, P1-186, P1-353, P1-356
KELLAM P O-893, P1-248, P1-253, P1-343, P2-684
KELLY H P2-446, P2-523
KELLY M P1-248
KELSO A O-891, O-895, P1-109, P1-123, P1-291, P2-577
KELSO JK O-828
KELVIN A P1-389
KELVIN D P1-389
KENG SS P1-252
KENNEY H O-817, LBA-O-004
KERCHER L O-864, LBA-P2-028
KERPICLIK F P1-279
KETTNER JD LBA-P2-031

KGOKONG B O-807, P2-441, P2-442
KHAGAYI S O-847, P2-614
KHAIRULLIN B P1-372, P1-373
KHAMBOUNHEUANG B P2-479
KHAMIS A P2-606
KHAN AKMD P2-469
KHAN K P1-305
KHAN S P2-475, P2-581
KHAN SU P2-471, P2-494, P2-575, P2-584
KHANNA M P2-695, P2-696
KHAZENI N P1-205, P2-443
KHIRAWALE A P2-658
KHNEISSER I O-826
KHOR C-C O-872
KHRISTOVA M P1-362
KHURANA S O-859, O-876, O-882, P1-368
KIBET K P1-181, P1-288
KICONOCO J P1-329
KIDA H P2-520, P2-700
KIEKE B P1-334
KIEKE BA P1-280, P2-515
KIENY MP LBA-O-001, P1-408
KIKWAI G P1-273, P2-508
KILE JC P1-304, P1-326, P2-518, P2-594, P2-634, P2-662
KIM B P1-433
KIM BY P1-237, P2-530, P2-598
KIM CJ O-873
KIM D P1-281, P2-521
KIM DJ LBA-P2-046, P1-396, P2-591
KIM E P1-255, P2-617
KIM EH P1-398, P2-484, P2-519, P2-549, P2-595, P2-708
KIM EJ O-873, LBA-P2-046
KIM HL P2-562
KIM J O-840
KIM JI P1-232, P1-281, P1-346
KIM JL P2-521
KIM KH P1-255, P2-617
KIM M P2-590
KIM MJ P2-711
KIM SH LBA-P2-046, P1-396, P2-576, P2-591
KIM SM O-873, P2-484, P2-519, P2-595, P2-708
KIM SY P2-484
KIM WJ P1-403, P2-562
KIM YI P2-484, P2-595
KIMBERLIN D P1-268
KIMBLE B O-865
KING CC O-803, P2-485, P2-612, P1-162,  

P1-236, P1-242, P2-669
KINO Y P1-405
KIORI D P2-636, P2-680, P2-681
KIPSHAKBAEV R P1-160
KIRILLOVA E P1-133, P1-214, P2-551, P2-568, P2-641
KIRK MD P1-124
KISELEV O P1-259, P1-373
KISELEV OI P1-284, P2-667, P2-702
KISELEVA L P1-211, P1-375
KISHIDA N P1-271
KISTNER O P2-503
KITSUTANI P P1-239
KITTIKRAISAK W P1-380
KLAUNBERG B LBA-O-004
KLENK HD O-820, P2-466
KLIMOV A P2-594
KLINGEL K P1-225
KLINGLER M P1-158
KLUGMAN KP O-861, P2-542
KNEPPER J P1-351
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KNIGHT A LBA-P2-026
KNUF M P1-192
KOBA A P2-631
KOCER ZA P1-235
KOCHS G P2-466
KODE SS P1-131
KODJO A P2-631
KOENIG R P2-704
KOETHER K O-857
KOHARA M P2-520, P2-700
KOKOU E P2-631
KOLLER T O-913
KOLOBUKCHINA L P2-641
KOLOBUKHINA L P2-551
KOMADINA N P1-353
KOMAROVA NI P2-702
KOMISSAROV AB P2-667
KONIG-SCHUSTER M O-914
KONOVALOVA NI P2-618
KONRAD S P2-512
KOOPMANS M P2-463, P2-481
KOOPMANS MPG O-826
KOPKE K P1-306
KORAM K P1-317
KORTH MJ P1-210
KOSHELEVA AA P2-667
KOSMIDER R P2-481
KOSSI B P2-631
KOSSI K P2-631
KOU Z P2-586
KOUAKOU B P1-150, P1-151, P1-282, P2-664
KOUAKOU BK P2-689
KOUASSI DP P1-150, P1-151
KOUL P O-823, P2-657
KOVAC M P2-505
KOVACEVICH N LBA-P2-049
KOVACS G P1-160
KOVALENKO L P1-345
KOVAR J O-850, P1-206
KOZHAMKULOV Y P1-372
KPANTE K P2-631
KRAHN M P1-308
KRAJDEN M LBA-P2-016
KRAMMER F O-854, P1-342, P2-545, P2-548
KRASNOSLOBODTSEV K P1-214, P2-551, P2-568, P2-641
KRAUSS S O-875, P1-246
KREIJZ J O-853
KREIL TR P2-503
KRENN B P1-179
KRESLAKE J P2-615
KRISHNAN A O-808, O-885, LBA-P2-033, P1-318,  
 P1-321, P2-507, P2-651, P2-692
KRISTANTO W LBA-P2-021
KROEZE E LBA-P2-026
KROKHIN AA P2-532
KRONEMAN M P1-202
KUAN G O-869, P1-119
KUATBAEVA A P2-450
KUBOTA K P2-700
KUCHARCZYK K P2-550
KUCHARSKI A P1-113
KUCHARSKU AJ O-829
KUETTER S O-904
KUIKEN T O-866, P1-115, P1-230
KULKARNI P P2-658
KUMAR A P2-620
KUMAR B P2-695, P2-696

KUMAR P P2-696
KUMAR R P2-620
KUO SW P1-111
KUOK DIT P2-705
KUPKA N O-887
KURAISHI T P2-520
KURI P P2-670, P2-671
KUROSKY S O-858
KURZ M O-914
KUSREESAKUL K P1-313
KUWANDA L O-861, P2-542
KUYBEDA O O-878
KUZNETCOVA S P1-338, P1-341, P1-358
KUZNETCOVA V P1-341, P1-358, P1-376
KUZNETSOVA I O-916
KWACHI S P2-609
KWANG J P1-379, P1-382
KWENDA G P2-627
KWOK K O-825
KWOK KO O-829
KWON HI O-873, P2-484, P2-519, P2-595, P2-708
KWON JH P1-237, P2-530, P2-598
KYDYRBAYEV ZH P1-371, P1-372, P1-373
KYDYRMANOV A P2-572, P2-624, P2-626
KYEYAGALIRE R P2-683
KYNCL J P1-142
KYRIAKIS C LBA-P2-061
LACKENBY A O-844, O-867
LACY M P1-384
LADWIG M P2-587
LAFOND K O-860, LBA-P2-003, P1-152,  
 P1-319, P2-495, PP2-510, 2-615
LAFOND KE O-808, O-885, LBA-O-002, P2-692, P1-321
LAGACE-WIENS P P2-511
LAI HS P1-111
LAI MMC P1-174
LAIDLER M P1-330
LAKDAWALA S O-817, P2-714
LAL R LBA-P2-033
LAL RB O-808, O-823, O-885, P1-318, P1-321,  
 PP2-507, 2-651, P2-657, P2-692
LALLMAHMOOD S LBA-P2-013, LBA-P2-014
LALVANI A O-824, P1-360
LAM T P1-223
LAM TTY O-892, P1-110, P1-168, P1-248
LAMB R P1-168
LAMBE T P1-383
LAMBKIN-WILLIAMS R LBA-O-003, LBA-P2-026, 
  LBA-P2-043, LBA-P2-044, LBA-P2-045, LBA-P2-050
LAMIRANDE E O-817, LBA-O-004, P2-714
LAMURE M P1-207
LAN LK O-872
LANDOH E P2-631
LANDRY N P2-514, P2-543
LANGAT P P1-248
LANGLEY JM P2-537
LANGLOIS RA O-865
LAPINI G P2-460
LARIONOVA N P1-211, P1-375
LAROCQUE L LBA-P2-040
LARREA-GONZALEZ R P2-528, P2-673
LARSEN LE O-893
LARSON E P2-638
LARTEY S P2-545
LARUSSA P P2-638
LATORRE-MARGALEF N P1-290
LATTANZI M P1-164
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LATZ E P1-357
LAU E O-800, O-822, LBA-P2-053, P1-100, P1-418, P2-661
LAU L P2-459
LAU SY O-801
LAU YL P1-126
LAUNAY O O-896, P2-505
LAURENT D P1-239
LAURIE KL P2-436, P2-577
LAVRISCHEVA V P2-551, P2-641
LE AQT LBA-O-005
LE M P2-594
LE MQ P2-518
LE NMH P1-428
LE QM P1-428
LE TH P2-655
LE TQ P1-304
LE TQM P1-326, P1-327, P2-634
LE TT P1-428, P2-518
LE VT LBA-O-005
LEADER B P2-558, P2-560
LEBLANC J O-863, P1-322, P2-511
LEBLANC JJ LBA-P2-016
LEBO E P1-406
LEDER K P1-353
LEE AC P1-369
LEE BJ P1-396, P2-484
LEE BW P1-411, P2-503
LEE CC O-803
LEE C-C P1-236, P1-242
LEE CK P1-126, P2-464
LEE CL P1-407
LEE CN P1-177
LEE DH P1-237, P2-530, P2-598
LEE HW P2-617
LEE I P1-232, P1-281
LEE J P1-403, P2-562
LEE JB P1-237, P2-530, P2-598
LEE JS P1-403
LEE JW P2-705
LEE KJ P2-708
LEE L P2-521
LEE MS O-803, P2-485
LEE N P2-607
LEE R P1-291
LEE RTC P1-102, P1-226, P2-577
LEE S LBA-P2-053, P1-232, P1-281, P2-521
LEE SH P1-396, P2-485
LEE VJ P1-123, P2-452, P2-513, P2-666
LEETONGIN G P2-498
LEGAND A  O-814
LEHNERT R P1-260
LEI TQN P2-662
LEIBENKO L LBA-P2-010
LEIDMANN S P2-478
LEIJTEN LME P1-115
LEITE J P2-524
LEITE P P1-233
LELE P O-808
LELEKA M P1-160
LEMAITRE M P1-363
LEO YS P1-123, P2-452, P2526, P2-527
LEON C LBA-P2-025
LEONARDI-BEE J O-900
LEPEK K P2-550
LEROUX-ROELS G P2-505
LERUEZ-VILLE M P1-363
LESSLER JT O-829

LEUNG G O-800, O-822, O-868, LBA-P2-053 ,P1-100,   
 P1-116, P1-129, P1-297, P1-298, P1-325, P1-413,  
 P1-418, P1-420, P2-446, , P2-529, P2-633, P2-661
LEUNG GM P1-126, P2-536
LEUNG KSM P1-126, P2-464
LEUNG N O-868, P2-459, P2-561
LEUNG V HC P1-381
LEUNG YHC P2-597
LEVINE M P1-103, P2-545
LEVY A O-846
LEVY J P1-380, P1-420
LEWIS K O-859, O-860, LBA-O-002, P2-510
LEWIS N O-893
LEWIS NS O-888
LEXMOND P O-866
LEYRER S P1-382, P1-384
LI P2-668
LI C LBA-P2-040, P1-369
LI CG P1-369
LI DK O-858
LI D-K P1-134
LI L O-801, O-892, LBA-P2-054, P1-110, P2-596
LI M P1-100, P1-116
LI OTW O-821, O-879, P1-352
LI P P2-537
LI Q O-800, P1-100, P1-418
LI R P1-158
LI TX P2-586
LI X LBA-P2-040, P1-224
LI Y O-800, LBA-P2-016, P1-116
LI Y-T P1-236
LI Z O-800, P1-100
LI ZN O-871
LIANG H O-892, P1-110
LIAO M P2-578
LIAO Q O-800, P1-100, P1-116, P1-418, P2-709
LIE KK P2-462
LIEBENKO L P1-228
LIEDMANN S O-855
LIEM NT P2-609
LIEVRE M O-910, P2-677
LIGGINS R O-840
LIGHT B P2-511
LILLEHOJ H P1-345
LIM GJ O-873, P2-484, P2-519, P2-595, P2-708
LIM MSC O-850, P1-206
LIM WY P1-123, P2-452
LIMON-RAMIREZ R P2-528, P2-673
LIMVIPHUVADH V P1-102
LIN CJ P1-147
LIN CK P1-126, P2-464
LIN HC P1-111
LIN HH O-803
LIN HT P2-669
LIN PH P1-111
LIN R P1-123
LIN RTP P2-513
LIN SC P1-370, P1-374
LIN X P1-238
LIN Y O-819, P1-169
LIN YF P1-370
LIN YJ P1-157, P2-473
LINA B O-841, P1-433, P2-565
LINDBERG R P1-290
LINDEGREN ML P1-266
LINDSLEY CW P1-347
LINDSTROM P2-623
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LINDSTROM S O-871, O-899, P2-483, P2-494, P2-690
LINSTER M O-866
LIONG S P1-182
LIU A P2-537
LIU C P1-156
LIU F O-871, P1-100, P1-116, P1-429, P2-494
LIU MT P2-473
LIU Q LBA-P2-052
LIU R P2-709
LIU Y P1-110
LIU YP P2-485
LO SV P1-126
LOCHHEAD M P2-558, P2-560
LOCKHART S P1-382, P1-384
LOEB M O-863, P1-322, P2-511
LOEBER JG O-826
LOEFFEN W O-893
LOFSTEDT R O-812
LOGIE J P1-203
LOH L P1-101
LONDRIGAN S P1-182
LONG F LBA-P2-039
LONG LP P1-107
LONG NT P2-693
LONGINI IM LBA-P2-049
LOPEZ I P2-670, P2-671
LOPEZ R O-869, P1-119
LOPEZ T P1-244
LOPEZ-LABRADOR X P2-528, P2-673
LOPEZ-MESTANZA C LBA-P2-025
LOSEV I P1-338, P1-341
LOSSO M O-904
LOTH L O-906
LOU Y P1-272
LOVING CL O-876
LOWEN AC LBA-P2-060, LBA-P2-061
LOWTHER S LBA-P2-039
LOZA A LBA-P2-025
LU BL P1-156
LU H P1-384
LUBULA L LBA-P2-034
LUBY S P2-494, P2-581
LUBY SP O-813, O-871, O-901, O-908, P1-262, P1-295,  
 P1-302, P1-424, P2-471, P2-469, P2-575, P2-584, P2-674
LUDWIG S O-855, O-857, O-917, P2-478
LUKE C O-859, P2-499
LUM L LBA-P2-021
LUNA EJA P1-385, P1-388
LUNBIAO C P1-108
LUO H O-800, P1-100, P1-418
LUO Y P1-143
LUPULESCU E P2-450
LUSTIG R P1-200, P1-202, P1-203
LUTTICK A P1-286
LUTWAMA JJ P1-152, P1-329
LUZINA OA P2-702
LVOV D P2-551, P2-568
LY S P1-239, P2-491
LYNFIELD R O-904
MA C P1-110, P1-223
MA E O-825
MA J LBA-P2-052, P1-102
MA JY P2-708
MA W LBA-P2-052
MACABEO B P1-301
MACHABLISHVILI A P2-461
MACHADO A P2-676

MACHADO CM P1-388
MACHADO D P1-233, P1-247
MACINTYRE R P1-416, P1-417
MACKENZIE J O-826
MACKENZIE-KLUDAS C O-818, P1-357
MACKERERTH G O-805, O-894
MACKINNON-CAMERON D O-863, P1-322, P2-511
MADAN A P2-504
MADHI S O-848, P1-305, P1-314, P1-315, P1-320,  
 P1-335, P1-336, P2-438, P2-563, P2-649
MADHI SA O-807,O-861,  P1-315, P2-441,  
 P2-442, P2-542, P2-688
MAERTZDORF J P1-261
MAESTRI A P1-213
MAGNANI M P2-713
MAGNUS P P2-462
MAHAJAN S P2-695
MAHAR N O-813
MAHASIRIMONGKOI S O-872
MAHE C O-896
MAI LQ O-806, O-856, O-872, LBA-P2-012
MAI LTQ P2-693
MAI TMT LBA-O-005
MAI TX P2-693
MAI VQ P2-693
MAINASSARA HB P2-625
MAINES TR O-889
MAITSETSEG C P2-639
MAITSETSEG CH P1-128, P1-219
MAJANJA J P1-181, P1-288
MAJOR D P2-567
MAK D P1-135
MAK PWY O-879
MAK T P2-701
MAK T-M P2-697
MALOSH R P1-334
MAMBETALIYEV M P2-574
MAMUN AA O-871, O-903, P1-295, P2-674
MAN C P1-269, P1-272
MANAMELA J O-911
MANE S O-877
MANGIRI A P2-615
MANN A LBA-O-003, LBA-P2-026, LBA-P2-043,  
 LBA-P2-044, LBA-P2-045
MANSELL A P1-357
MANSIAUX Y P2-435
MANTOVANI A P2-482
MAO Q P1-158
MARANGON S O-809
MARASHI M LBA-P2-048
MARATHE B O-843, O-875, P1-430
MARCO C P1-244
MARESOVA V P1-142
MARGINE I O-854, P2-548, P2-545
MARINOVE-PETKOVA A P2-602
MARKOVIC DELABRE R P1-363
MARSHALL H P1-411
MARSHALL N LBA-P2-060
MARTIN B P2-525
MARTIN S O-819, P1-169, P1-175
MARTINEZ CASTILLO G O-826
MARTINEZ PERALTA L P1-354
MARTINEZ-PRIEGO L P2-528, P2-673
MARTINEZ-SOBRIDO L P1-257
MARTINEZ-UBEDA S P2-444, P2-652, P2-653
MARTIN-LOECHES I LBA-P2-025
MARTIN-SANCHO L P2-474
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MARTTORELLI A P2-712
MARTYNA A P1-168
MARVIN SA P1-361
MASON P O-877
MASUREL N P1-364
MATEUS ALP P1-422
MATFLU TEAM O-861, P2-542
MATHUR H LBA-P2-013, LBA-P2-014
MATHUR M P2-443
MATIAS G P1-200, P1-203, P1-328
MATOS AR P2-524
MATOS-PATRON AA P1-167
MATROSOVICH M O-877, P2-466, P2-476
MATROSOVICH M O-820
MATROSOVICH T P2-476
MATSUOKA Y O-878
MATTHAY MA P2-705
MATZ S P1-260
MAURER-STROH S P1-102, P1-226, P1-291, P2-577
MAURILIO M P2-675
MAWULI G P1-227
MAYIEKA L P2-508
MAZICK A O-849
MAZZULLI T LBA-P2-016
MCANERNEY J O-848, O-874, O-911, P1-314, P1-315, P1-335
MCANERNEY JM P1-409, P2-683, P2-688
MCARTHUR C O-805, O-894
MCAULEY J O-818, O-833
MCAULEY JL P1-357
MCBRIDE R P1-176
MCCANN C P2-437
MCCARON M P1-313
MCCARRON M P1-313
MCCARTHY A O-863, P1-322, P2-511
MCCAULEY J O-819, O-841, O-907, P1-169, P1-175
MCCAW J P1-283, P1-291, P1-353, P1-186, P1-188, P1-198
MCCAW JM P2-577
MCCLURE D P1-132, P1-334
MCCLURE DL P2-515
MCCULLERS J O-833, P2-623, P2-690
MCCULLERS JA O-855, P2-478
MCDEVITT J O-868
MCELHANEY J  P2-511
MCELHANEY JE P2-505
MCEWAN P P1-310, P1-332
MCFARLAND J P1-155, P1-156, P1-299, P1-303, P1-319
MCGEER A O-863, P1-322, P2-511
MCGRANE J P2-490, P2-590
MCGUCKIN M O-818
MCKENZIE PP P2-486
MCKIMM-BRESCHKIN J O-840
MCKIMM-BRESCHKIN JL O-842
MCLEAN H P1-393
MCLEAN HQ P1-280, P2-515, P2-516
MCMAHON B O-859
MCMICHAEL A O-832, O-850, P1-206
MCMORROW M O-804, O-847, P1-139, P1-144, P1-152, P1-300, 
P1-317, P2-614
MCMORROW ML O-810
MCNEIL S P1-322
MCNEIL S O-863, P2-505, P2-511, P2-537
MCVERNON J P1-186, P1-188, P1-198, P1-283, P1-353, P2-577
MEDAH I LBA-P2-032, P2-628
MEDINA RA P1-244
MEDINA-VOGEL G O-891
MEE P P2-456
MEECE J P1-132

MEECE JK P1-280, P2-515
MEECE JK P2-516
MEERHOFF T P2-450
MEEUWS H O-883
MEHMOOD M P1-323
MEHMOOD MR P2-642, P2-645, P2-646, P2-647
MEHNERT N P2-583
MEIER G O-826, P1-279, P1-310, P1-332, P2-481
MEKKI Y P2-565
MELCHIOR T P2-457
MELIOPOULOS V O-839, LBA-P2-028, P1-249
MELTZER MI P1-294, P1-330
MEMOLI M P1-348
MENG L O-800
MENGESHA M P2-663
MENNING L O-828
MEOLA M P2-679
MERKULOVA L P2-641
MERLER S P1-208
MERRYMAN C O-877
MEYER M O-826
MEYER TF P2-474
MEYERSON J O-878
MFULA C P2-627
MIAH S O-844, O-867
MIDDLETON D LBA-P2-039, P2-468
MIERA O P1-261
MIFSUD EJ P1-212
MIKOLON A P2-575, P2-584
MILD M LBA-P2-038
MILHO L P2-675
MILLER E P1-204
MILLER J O-871
MILLER M O-815, O-827
MILLER MS P1-342
MILLER P O-802
MILLETT ERC O-850, P1-206
MILLS HL P1-113, P1-193
MILNE GJ O-828
MILTON D O-868
MILTON DK P1-429
MIMMS L P2-656
MINGHAO Z P1-108
MINNEY-SMITH C O-846
MINTA Z P2-550
MIRONENKO A LBA-P2-010, P1-228
MISHIN VP O-845
MISHINA M P1-346
MISHRA AC P1-131, P1-252
MISRA P P2-692
MISRIYAH P2-495
MITAMURA K P2-564, P2-672
MITCHAM J O-913
MITCHEL E P1-266
MITCHELL W LBA-P2-052
MITCHELLE H O-835
MIZUNO T P2-672
MJAALAND S P2-462
MKINANSOI L P2-631
MOEN A P1-191
MOHAN M P2-620
MOHN KGI O-862
MOK B O-801
MOK CKP O-879
MOKAYA J P1-120
MOKHTARI-AZAD T LBA-P2-048
MOLESTI E P2-460, P2-493, P2-599
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MOLESTI E P2-534
MOMOKI T P2-672
MONCORGE O P2-477
MONDINI G P1-388
MONIZ R P2-675
MONNE I O-809, P1-104
MONOUGU N O-820
MONTALVO-CORRAL M P1-359
MONTGOMERY J O-804, P2-614
MONTGOMERY J P1-139
MONTO A P1-334, P1-393, P2-516
MONTOMOLI E LBA-P2-026, P1-164, P2-460, P2-534
MONZE M P2-627
MOON H P2-591
MOORE C O-844
MOORE I O-817, LBA-O-004
MOORE M P2-623, P2-690
MORAN A O-878
MORATORIO G P1-213
MORFIN F P2-565
MORITA M P2-672
MORRIS JG LBA-P2-049
MOSAIC INVESTIGATORS P2-613
MOSAIC STUDY TEAM P2-638
MOSNIER A P1-296, P1-328
MOSS DM O-846
MOSSE J P2-577
MOSTERIN A P1-364
MOTA VIEIRA L P2-675
MOTT J O-804, P1-139, P1-141, P1-144, P1-152,  
 P1-273, P1-300, P1-406, P1-414, P2-508
MOTT JA O-847, P2-614
MOTTA F P1-233, P1-247
MOTTA FC P1-234, P2-524, P2-546
MOUNTS AW P1-202
MOYA-CAMARENA SY P1-359
MOYES J O-807, P1-305, P1-314, P1-315, P1-335, P2-438,  
 P2-441, P2-442, P2-449, P2-456, P2-563, P2-649
MPONELA M P1-152
MUANGCHANA C P1-397, P2-498, P2-517
MUDIGDO R P2-590
MUELLER CA O-914
MUGHINI-GRAS L O-809
MUHIMPUNDU AM P2-659
MUHLHANS S O-884, O-902
MUKASHEVA E P1-133, P2-551, P2-641
MUKUNZI S P1-181, P1-288
MULATTI P O-809
MULJONO A P2-480
MULLARKEY C P1-383
MULLICK J P1-252
MUMFORD E O-888
MUNAKATA T P2-700
MUNEKATA K P2-520, P2-700
MUNOZ O P2-481
MURADRASOLI S P1-290
MURAKI Y P1-171
MURCIA PR P1-104
MURRAY J P1-320
MURRAY P O-839, P1-249
MURTADAK VB P1-402
MURUGAPPAN S P1-399, P2-501
MUSA A P2-621
MUSIC N P1-362
MUSIC T LBA-P2-059
MUTHOKA P O-847, P1-141, P1-273, P1-406, P2-508, P2-614
MUTHONI J P1-181, P1-288

MUTHURI SG O-900
MUTO A P2-506
MUYEMBE JJ LBA-P2-034
MUZYKA D P1-345, P2-630
MWAKAPEJE E P1-152
MWANGI J P1-181, P1-288
MWANGI V P1-400
MYERS C P2-554
MYERS P LBA-P2-049
MYLES P O-900
MYTLE N P1-382, P1-384
NA W P2-576, P2-591
NABY F P2-441, P2-449
NAEEM K P2-472, P2-579
NAESS L P2-462
NAGAI Y P2-588
NAGATA S P2-569
NAGY A P1-142
NAGY LD P1-195
NAHAR K O-901, P1-262
NAIDOO D O-910, O-911, P2-677
NAIKHIN A P1-341
NAIPOSPOS TS P2-479
NAITO T P2-506
NAKAJIMA N P1-220, P2-609
NAKAMURA K P2-489, P2-506
NAKAMURA S O-886
NAKAUCHI M P2-569
NAKAYA T O-886
NAKOWITSCH S O-914, P1-179
NALEWAY AIL P1-134
NALEWAY AL O-858
NAMAGAMBO B P1-329
NANOO A P1-335
NARANZUL TS P1-128, P1-219
NARAYAN K P2-547
NARUSE T P1-405
NASCIMENTO D P2-502
NASH BJ P2-476
NASREEN S O-871, P2-475, P2-494
NASSOURY D P2-631
NATIONAL INFLUENZA CENTRES IN  
THE WHO EUROPEAN REGION O-907
NATIVIDAD SANCHO A P2-444, P2-652, P2-653
NAYKHIN A P1-338
NAZARETH I O-850, P1-206
NEATON J O-904
NEBOLSIN V O-916
NELSON C O-834
NELSON M P1-243
NENCIONI L P2-713
NEUMANN G O-834, P1-389
NEUZIL K O-859, O-860, O-861, LBA-O-002, P2-510, P2-542
NEWMAN S O-906
NEWMAN SH P2-584
NG IH O-842
NG P LBA-P2-053
NG S P1-413, P2-529
NG W P1-182
N’GATTIA AK P1-150
N’GATTIA KA P1-151
NGAY I LBA-P2-034
NGO LT O-906, LBA-O-005
NGUYEN BT P1-304, P1-326, P1-327, P2-634, P2-662
NGUYEN DH LBA-O-005
NGUYEN DT O-906
NGUYEN H P2-594
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NGUYEN HH P1-398, P2-549
NGUYEN HLK P2-518
NGUYEN HT P1-304, P1-326, P1-327, P2-518, P2-634, P2-662
NGUYEN L P2-594
NGUYEN LKH P1-428
NGUYEN LT P1-220
NGUYEN NTX P2-655
NGUYEN PT P1-304, P1-326, P1-327, P2-634, P2-662
NGUYEN Q P2-704
NGUYEN T O-888, O-906, LBA-O-005, P1-101, P2-594
NGUYEN TC P2-518
NGUYEN TH P1-304, P1-326, P1-327, P1-428, P2-634
NGUYEN THANH TL P2-634
NGUYEN TL P1-304, P2-662
NGUYEN TTY P1-304, P1-326, P1-327, P1-428,  
 P2-634, P2-655, P2-662
NGUYEN VK P2-655
NGUYEN VL O-906
NGUYEN VT P1-326, P1-327
NGUYEN X P2-547
NGUYENN LA O-856
NGUYEN-VAN-TAM JS O-832, O-850, O-851,  
 O-900, P1-206, P1-422, P1-423
NI M O-800, P1-418
NIANG M O-860, LBA-O-002, P2-510, P2-680, P2-681
NIANG MN P2-636
NICHOLLS J P1-170
NICHOLLS JM O-879, P1-173
NICO D P2-502
NICOLL A P1-121, P2-436
NIEUWKOOP N P2-587
NIEWOUDT M P1-136
NIIKURA M O-840
NIJIRI J P1-288
NILES LJ P1-246
NIRANJAN V P1-268
NISAR N P1-323, P2-642, P2-645, P2-646, P2-647
NISHIMOTO T P2-605
NISHIMURA K P2-569
NJENGA K P1-406
NJENGA M P1-273, P2-508
NJIRI J P1-181
NJOUOM R P2-619
NJUGUNA H O-804,  P1-139, P1-141, P1-144,  
 P1-152, P1-406, P2-614
NKWEMBE E LBA-P2-034
NOBUSAWA E P2-489, P2-506
NODA T P1-171
NOGUCHI Y P2-605
NOH JY P1-237, P2-530, P2-598, P2-562
NOLAN T P1-411
NORDH J P1-290
NORDHOLM J P1-178
NORTHOVER M P1-316
NOULIN N LBA-P2-026, LBA-P2-050
NOVAKOVA L P1-142
NOWALK MP P1-147, P2-516
NOWALK T P1-393
NTIRI M P1-317
NUANSRICHY B O-888
NUNES B P2-676
NUNES MC O-861, P2-542
NUNEZ A P2-476
NUNEZ MJ P1-244
NUNEZ T P2-670, P2-671
NUNOI H P2-609
NYAMAA G P1-128

NYATANYI T P1-152, P2-659
NYAWANDA B P1-144, P1-300, P1-414
NYCE JM P2-453, P2-665
NYMADAWA P P1-128, P1-130, P1-153, P1-219, P2-639
NZOUSSOU N P1-152
NZUNZA R P2-687
OBEID O P2-606
OBEMEIER P P1-261
OBERMEIER P O-884, O-902
OBUKHOVSKA O P1-345
OCHOLA R O-847
OCHOLLA S P1-181, P1-288
O’CONNOR D O-834
ODA Y P1-405
ODAGIRI T P1-271
ODHIAMBO FO O-847
ODHUAMBO FO O-847
ODOOM J P1-227
ODOULI R O-858, P1-134
OFTUNG F P2-462
OGASAWARA K P2-520
OGUIN III TH P1-347
OH JS P2-617
OH M P1-255
OHARA Y P1-171
OHMIT S P1-393, P2-516
OHNISHI K P2-569
OJEDA S O-869, P1-119
OKAMATSU M P2-588
OKAMOTO T P2-609
OKITOLONDA E LBA-P2-034
OKOLI GN P1-423
OKOMO-ADHIAMBO M O-845, P1-273
OKUWA T P1-171
OLIVEIRA AC P2-502
OLIVEIRA G P1-401
OLIVEIRA MLA P1-231, P2-445, P2-524, P2-691
OLSEN B O-891, P1-290
OLSEN S P1-313, P1-420
OLSEN SJ P1-380, P1-397, P2-498, P2-517, P2-648
OLSON D O-815
OLSON M O-880
ONER AF P2-607
ONG C P1-241
ONGUS J P2-687
ONITA J P2-684
ONYIAH P P2-621
ONYSHCHENKO O LBA-P2-010, P1-228, P2-450
OOSTVOGELS L P2-505
OPENSHAW P P2-613
OPOKU J P2-467
OPOT B P1-181, P1-288
ORELLE A O-827
ORENSTEIN W P1-187
ORIOLE V LBA-P2-059
ORNELAS C P2-675
ORTIZ DE LEJARZU R LBA-P2-025, LBA-P2-027
ORTIZ J O-860, LBA-O-002, P1-164, P1-333,  
 P2-510, P2-670, P2-671
ORTIZ JR O-861, P2-542
ORTON R P1-104
OSBORNE RH P2-505
OSHANSKY CM P1-146
OSHITANI H P1-130
OSKERKO T P2-551, P2-641
OSORIO J O-909
OSTERHAUS A O-853, LBA-P2-026, P1-218, P1-364, P2-587
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OSTERHAUS ADME O-866, P1-115, P1-261
OSUNA F P1-181, P1-288
OTETE HE P1-422, P1-423
OTIENO N O-847, P1-300, P1-406, P1-414
OTORBAEVA D P2-450
OTTE A P1-225
OTTMANN M O-841
OUATTARA A P1-150, P1-282, P2-689
OUEDRAOGO JB P2-628
OUJAA M P2-505
OUKEM OOM P2-625
OVERDUIN P P1-279
OWUSU JT P2-498
OXFORD J LBA-P2-026
OYEN A-S P2-462
OYOFO B P1-227
OZAKI H P2-588
OZAWA H P2-672
OZAWA M P2-700
PABILONIA K P2-480
PAGET WJ P1-202, P1-328, P2-660
PAIVA T P2-685
PAJAK B P2-550
PALACHE A P1-364
PALACHE B LBA-P2-059
PALAMARA AT P2-713
PALASE P P1-342
PALATINIK C P2-502
PALEKAR R O-899
PALESE P O-854, P2-548, P2-704, P2-710
PALIMERI A P2-679
PALLADINO G O-877
PALMER G O-877
PALOMEQUE F LBA-P2-033
PANAGIOTOPOULOS N P2-437
PANDAV CS P2-692
PANG J P2-513
PANTELIC J P1-429
PANTIN-JACKWOOD M O-802, O-890, P2-630
PAPADIMITROPOULOS M P1-308
PARANHOS-BACCALA G P1-350, P2-691
PARBIE P P1-227
PARIKH A P2-547
PARK HJ P1-398, P2-549
PARK JK P1-237, P2-530, P2-598
PARK MS P1-232, P2-521
PARK M-S P1-232, P1-281
PARK S P1-232, P1-281, P2-521
PARK SJ O-873, LBA-P2-046, P2-484, P2-519,  
 P2-576, P2-591, P2-595, P2-708
PARK SY P1-237, P2-530, P2-598
PARKER J P1-308
PARKHI SS P1-131
PARRY RP P2-567
PARTRIDGE J P1-326, P2-594
PARTRIDGE JM P1-304, P2-634, P2-662
PASCUA PN P2-519, P2-708
PASCUA PNQ O-873, P2-484, P2-595
PASICK J O-888
PASKEL M O-817, LBA-O-004
PATEL A P2-690
PATEL RB P2-443
PATHIRANA R O-862
PATI DR P2-696
PATIL H P1-399, P2-501
PATIL K P2-658
PATTAMADILOK S P2-648

PATTNAIK B P2-695
PATTOO M LBA-P2-013, LBA-P2-014
PAUL RC P1-295
PAUL S P2-621
PAUL SK P2-584
PAULINO R P2-685
PAULSON J P1-430
PAULSON JC P1-176
PAVADE G O-888
PAVIA A P2-623, P2-690
PAWAR SD P1-131, P1-252, P1-402
PAWESTRI HA P2-489
PAYNE J LBA-P2-039
PCIRN O-863
PCIRN/TIBDN P1-322, P2-511
PEASAH S P1-318
PEBODY R O-831, O-832, O-850, P1-127, P1-206, P2-437, P2-439
PECHIRRA P P1-285, P1-287, P1-240, P2-675, P2-676
PECK H O-881
PEIRIS JS P2-492
PEIRIS JSM O-842, O-879, P1-106, P1-126, P1-148, P1-173, P1-253, 
P1-311, P1-312, P2-464, P2-597, P2-705, P2-706
PEIRIS M O-822, O-825, O-868, O-888, O-892,  
 P1-110, P1-170, P1-413, P1-420, P2-436,  
 P2-440, P2-529, P2-561, P2-596, P2-602, P2-633
PELAT J-P M P2-625
PENA L P2-537
PENG L LBA-P2-054, P2-596
PENG Z P1-100, P1-125, P1-143, P1-418
PEPIN S P1-395
PEPPERCORN A P1-269, P1-272
PEPPERCORN AF P1-274
PEREBOEV A P1-398, P2-549
PEREDA A O-888
PEREINRINHA T P2-675
PEREIRA J P2-685
PEREIRA R O-825, P2-440, P2-529
PERELSON A O-833
PERELSON AS P1-277
PERERA LIP O-879
PERERA RAPM P1-126, P2-464
PEREYASLOV D O-907, P1-194
PEREZ D O-865, P2-699
PEREZ R P1-244
PERIN N P2-558, P2-560
PERIOLO N P1-217, P1-267, P1-354, P2-629, P2-643
PEROSA A LBA-P2-009, P2-457
PERRET M P1-350
PERRIER L P1-296
PERWITASARI O O-912
PETER K P1-258
PETER S P2-448
PETERS B P1-261
PETRIC M O-840, LBA-P2-016
PETRIE S P1-283, P1-291, P2-577
PETROPOULOS C P2-547
PETUKHOVA G P1-338, P1-341
PEYERE M P2-655
PEYRE M P2-492
PHAM DT P1-304, P1-326, P1-327, P2-634, P2-662
PHAM QT P1-428
PHAM TD P1-304
PHAM TL O-906
PHAM TTH P2-655
PHAM VP LBA-O-005
PHAN DT P2-655
PHE/CHPR PROJECT STEERING GROUP P2-437
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PHOMMACHANH P P2-479, P2-602
PHOON MC P1-123, P2-452
PHUNG P P2-547
PHUONG HVM LBA-P2-012
PHUONG NK LBA-P2-012
PICA N P2-548
PICCIRELLA S LBA-P2-026
PIERSE N O-805, O-894, P2-523
PILLET S P2-543
PILLING P O-840
PINAR A P1-357
PINHAO A P1-233, P2-524
PINSENT A P1-113, P1-215
PIOLA P P1-316
PIOLA P O-897
PISAREVA MM P2-667
PISTOOR F P1-364
PITMAN R LBA-P2-056, P2-538
PITMAN RJ P1-195
PLANZ O O-917
PLESCHKA S O-917
PLOTKIN S P2-660
POCKETT RD P1-310, P1-332
POIRIER A P2-511
POLLABAUER EM P2-503
POLOVINKA MP P2-702
POMMERENKE C P2-580
PONTORIERO A P1-217, P1-267, P1-354, P2-566, P2-629, P2-643
POON LL P1-352
POON LLM O-821, O-879, O-892, P1-172
POON V KM P1-381
POPOVA L O-837
POPOVICI O P2-450
PORTSMOUTH D P2-503
POSTMA MJ LBA-P2-056, P2-538
POTDAR V O-808, P2-657, P2-658
POTDAR VA P2-448
POWERS C P2-567
POWIS J O-863, P1-322, P2-511
POZZI G P2-644
PRABAKARAN M P1-379, P1-382
PRADHAN HK P2-695
PRAJITNO T P2-590
PRAPASIN P P2-498
PRAPASIRI P P1-397, P2-517
PRAPTININGSIH Y P2-495, P2-615
PRASAD R P2-695
PREGNANCY AND INFLUENZA  
PROJECT WORKGROUP O-858, P1-134
PRETORIUS M O-807, P2-438, P2-441, P2-442,  
 P2-449, P2-559, P2-563, P2-649
PREVOST KA O-915
PRIDE RESEARCH STUDY CONSORTIUM O-900
PRIESCHL-GRASSAUER E O-914
PRILIPOV A P2-551
PRIYAMVADA L LBA-P2-060
PRYOR SP P1-246
PUDJIATMOKO P2-590
PUERTO-SOLIS M P1-257
PUIG-BARBERA J O-896, P2-444, P2-528, P2-652,  
 P2-653, P2-673
PUJA M P1-149
PULLIAM JRC LBA-P2-049
PUPLAMPU N P1-227
PURAKAYASTHA DR P1-318
PURI A P2-475
PURKAYASTHA D P2-692

PUZELLI S P2-679
PYBUS O P1-248
QI C P2-623
QI Q P2-668
QI W P2-578
QIAN Z P2-709
QIN Y P2-668
QU P P1-116
QUINONES PARRA S P1-353
QUINONES-PARRA S P1-101
RADCHENKO L LBA-P2-010, P1-228
RADIN J P2-553, P1-390
RAES M P1-340
RAFIQUE S P2-579
RAGHURAM VLN P2-651
RAHIJA R O-864
RAHMAN M O-871, O-903, P1-295, P1-302, P1-424,  
 P2-469, P2-475, P2-483, P2-494, P2-674
RAHMAN MA P2-584
RAHMAN MD M P2-494
RAHMAN MW P2-483, P1-424
RAHMAN MZ O-871, O-908, P2-471, P2-483, P2-494,  
 P2-575, P2-581, P2-584, P2-674
RAHMUN M O-901, P1-262
RAI S O-808, P2-692
RAI SK O-885, P1-321
RAIMONDE D P1-272
RAINMONDE D P1-269
RAJATONIRINA S O-897, P1-152
RAJPUT R P2-695, P2-696
RAKOTOARISOA R P1-316
RAMA DEVI AR O-826
RAMAKRISHNAN A P1-404
RAMIREZ E P2-670, P2-671
RAMIREZ P LBA-P2-025
RAMKRISHNA W P1-197
RAMLER G P2-512
RAMOS E O-913
RAMOS MH P2-675
RAMPARANY L O-897
RANDRIAMORAMANANA A P1-316
RANDRIANIRINA F O-897
RANJHA M P1-323
RAPPUOLI R O-877
RASHID F P2-579
RASHID HB LBA-P2-047
RASTOGI V P1-318
RATH B P1-268
RATH B O-902
RATH BA O-884, P1-261
RATOVOSON R O-897
RATSIMA E O-897
RATTANAYOT J P2-498
RAVEN G P1-246
RAY N P2-711
RAYNER CR P1-268
RAZANAHATOVO N O-897
RAZANAJATOVO N P1-152
RAZANAJATOVO NH O-827
READ JM O-829
READING P P1-182, P2-482
READING PC P1-356, P2-577
REBER A P1-346, P2-507
REED C P1-305, P1-330, P1-145, P2-623, P2-638, P2-690
REED M LBA-P2-050, P1-221
REED V P1-278, P2-610
REGAN A P1-135
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REH L P1-291
REID PC P2-700
REID S P1-248
REID SM O-893
REIMER R O-836
REISDORF E P2-656
REKSTIN A P1-376, P1-392
REMSCHMIDT C P1-307
RESA-INFANTE P O-836
RESENDE P P1-231, P1-233, P1-247
RESENDE PC P1-234, P2-524, P2-546
RESENDE R O-840
REYKJART D O-916
REYNOLDS A P1-127
REYNOLDS SB O-858, P1-134
REZAEI F LBA-P2-048
RIBEIRO C P2-675
RIBEIRO G P2-675
RIBEIRO R O-833
RICARDEZ Y O-890
RICHARD M O-866
RICHARD V O-897, P2-680, P2-681
RICHARDSON D O-863, P1-322, P2-511
RICHARDUS J P2-505
RICHMOND P P1-135, P2-503
RICHNER B P1-239
RICHT JA LBA-P2-052
RIGTER A P1-176
RILEY S O-829, LBA-P2-041, P1-113, P1-193, P1-215
RIMI NA O-813, P2-475
RIMMELZWAAN G O-853, P1-218, P1-364, P2-587
RIMMELZWAAN GF O-866
RITH S LBA-P2-008, P1-239, P2-491
RIVERA L P2-537
RNLSP P2-670, P2-671
ROBERT S P1-149
ROBERTS K O-844
ROBERTS KL O-867
ROBERTS S O-805, O-894
ROBINSON R LBA-P2-039
ROBL RD P2-711
ROCK M P1-346
ROCKMAN S P1-241, P2-468
RODDAM PL P1-146
RODRIGUES KF P2-712
ROGER F P2-655
ROGIER C P1-316
ROHLOFF R P1-231, P2-445, P2-691
ROHRS S P2-601
ROILEY S O-825
ROIZ J P1-301
ROJO S LBA-P2-025, LBA-P2-027
ROMADONA T P2-495
ROMANOVA J P1-179
ROMANOVA JR P2-532
ROMANOVSKAYA-ROMANKO E P1-179
ROMERO TEJEDA A P2-603
ROMERO-BELTRAN L P1-257
ROOKES J LBA-P2-039
ROOSE K O-852
ROQUE C P1-240
ROSA MCD P2-524
ROSARIO TORRES-SEPULVEDA M O-826
ROSCH J O-839, LBA-P2-029
ROSENOW C O-844
ROSICH S LBA-P2-025
ROSS J P1-198

ROSS T P1-375, P1-389
ROSS TM P1-147, P1-410
ROSSJOHN J P1-101
ROSSMAN J P1-168
ROUXEL R LBA-P2-042
RUBBENSTROTH D P2-466
RUBRUM A P2-479
RUDENKO L P1-211, P1-338, P1-339, P1-341, P1-358,  
 P1-375, P1-376, P1-377, P1-392
RUGHOOPUTH S LBA-P2-013, LBA-P2-014
RUIZ A P2-670, P2-671
RUIZ C P2-670, P2-671
RUIZ O P2-670, P2-671
RUIZ-GARCIA M P2-528, P2-673
RUIZ-PALACIOS G P1-386, P2-505
RUKELIBUGA J P1-152, P2-659
RULA O P2-630
RUPP JC P2-711
RUSSELL C O-816, P1-218, P1-221, P1-364, P1-432
RUSSELL CA O-888, P2-618
RUSSO M P1-217, P1-267, P1-354, P2-566, P2-629, P2-643
RWAMBA E P1-414
RYAN KA LBA-P2-049
RYSKELDINOVA SH P1-371, P1-372
SA GR P2-445, P2-691
SACRAMENTO CQ P2-712
SAELENS X O-852
SAHA S O-808, O-823, O-885, LBA-P2-033,  
 P1-318, P1-321, P2-651, P2-692
SAIKUSA M P2-564, P2-672
SAIMAN L P2-638
SAIPRO G O-878
SAITO M P2-700
SAITO T O-888, LBA-O-005
SAKANDE S P2-628
SAKODA Y P2-520, P2-588, P2-700
SAKURAI A P2-700
SALAKHUTDINOV N P1-259
SALAKHUTDINOV NF P2-702
SALAMAND C P1-395
SALAZAR A LBA-P2-007
SALEZ N P1-363
SALIMI V LBA-P2-048
SALIMUZZAMAN M P2-483
SALLES DF P1-231, P2-445, P2-691
SALOMON R P1-221
SALOMONI A P1-104, P2-603
SALUZZO J-F LBA-P2-008
SALZBERGER B P1-192
SAMAAN G P2-495, P2-615
SAMBHARA S P1-346, P2-507
SAMPURNO OD P2-489
SAMUDZI R O-874
SAMUEL D P2-567
SAN LT P2-609
SANCHEZ JL P2-533
SANCHEZ N O-869, P1-119
SANCHEZ P P1-268
SANDYBAYEV N P1-373, P2-574
SANGKITPORN S P2-648
SANICAS M P2-644
SANOU A P2-628
SANOU AM LBA-P2-032
SANSYZBAY A P1-371, P1-372, P1-373, P2-574
SANTOS ACV P2-502
SANTOS C P2-685
SANTOS K P2-685
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SANTOS MA P2-675
SANTOS P P1-401
SANTOS-FILHO O P2-712
SANZ I LBA-P2-025
SANZ-MUNOZ I LBA-P2-027
SAPATS S P2-468
SAR B P1-239
SARACENI V P1-231, P2-445, P2-524, P2-691
SARACENI V P2-691
SARI NETWORK P1-136
SARKAR S P2-575
SARKODIE B P1-317
SARR FD P2-680, P2-681
SASAKI N P2-685
SASAKI T P2-700
SASARAKU S P2-571
SASISEKHARAN R O-817
SATA T P1-220
SATO Y P1-220
SATPROEDPRAI N O-872
SATYBALDIYEVA ZH P1-372
SAUTER M P1-225
SAVY V P1-217, P1-267, P2-643
SAWADA S O-886
SAXENA L P2-696
SAYATOV M P2-572, P2-624, P2-626
SCHAEFER H P2-587
SCHAFFNER W P1-266
SCHELKANOV M P2-551
SCHEPENS B O-852
SCHIPPER M O-826
SCHIVO A P1-104
SCHJOLBERG S P2-462
SCHMIDT K O-883
SCHMIDT-OTT R P1-192
SCHMOLKE M O-857
SCHNEIDER E P2-623, P2-690
SCHNEIDER J P1-382, P1-384
SCHOBEL S LBA-P2-057
SCHOOLING M LBA-P2-053
SCHOONMAN L P2-490, P2-590
SCHOTSAERT M O-852
SCHOUB BD P2-660
SCHRAUWEN EJA O-866, P1-115
SCHUCK-PAIM C P1-200, P1-203, P1-431
SCHUFFNECKER I P2-565
SCHUGHART K P2-580, P2-583
SCHUIND A P1-400, P2-504
SCHULTZ-CHERRY S O-816, O-838, 839, O-864, O-909, 
  LBA-P2-028, LBA-P2-029, P1-249, P1-361, P2-496
SCHUTTEN M P2-610
SCHWARZ-CHAVARRI H P2-528, P2-673
SCHWEHM M P1-192
SCHWEIGER B O-884, O-902, P1-261
SCIARAFFIA E P2-531
SCOFERTA P LBA-P2-017
SCOTT DA P1-195
SCOTT S P2-493, P2-543, P2-599
SEALE H P1-416, P1-417
SEDANI S P1-274
SEEBER L O-884, O-902
SEGALL N P1-400
SELF W P2-623, P2-690
SEMRET M O-863, P1-322, P2-511
SENG H P1-239
SENGHOR ML P2-680, P2-681
SEO YB P1-403

SEOK JH P1-255, P2-617
SEONG B P1-398
SERGEEVA MV P2-532
SETIAWATY V P2-489
SETIYANINGSIH S P2-480
SETO W O-868, P2-561
SETTEMBRE E O-877
SEUFZER B O-909
SEUFZER BJ P1-361
SEYMOUR S P1-389
SGARBANTI R P2-713
SHAH TP P2-455
SHAKYA G P2-455
SHANG M P1-155, P1-156, P1-319
SHAPIRO JS O-865
SHARIF AR P2-483, P2-494
SHARMA G P2-695
SHARMA L P2-695
SHARMIN AT P1-262
SHARP B O-909
SHARSHOV K LBA-P2-035
SHAW M O-823
SHAW ML P2-704, P2-710
SHAW R P1-123
SHAY CG P1-293
SHAY D P1-187, P1-346, P1-406
SHAY DK O-858, P1-293
SHCHELKANOV M P2-568
SHELDON E P2-504
SHEN Y P1-110
SHEPARD DS P1-300
SHEPPARD D O-839, P1-249
SHESTOPALOV A LBA-P2-035
SHIBASAKI F P2-700
SHIFFLETT P O-858, P1-134
SHIGEMATSU M LBA-P2-015
SHIGOLI T P1-273
SHIH A O-817
SHIH FY P2-612
SHIM BS P2-530
SHIMANOVICH V P2-450
SHIMIZU H P2-564
SHIN D P2-583
SHIN S P1-372
SHINDE PV P1-402
SHINDE V O-863, P1-200, P1-322, P1-511
SHIRAKURA M P2-489, P2-506
SHIVAPRASAD H P2-581
SHIVELY R O-887
SHIVERS INVESTIGATION TEAM O-805, O-894, P2-523
SHNAUKSHTA B P1-372
SHOMRON N P2-622
SHORT KR P1-115, P1-230, P1-356
SHRESTHA SK P2-455
SHRIVER Z LBA-P2-030
SHRKHANDE S P2-657
SHTRO AA P2-702
SHU C P2-596
SHU Y O-800, O-872, P1-105, P1-224, P1-391, P2-582
SHULT P P2-656
SHUTCHENKO P P1-345
SIA S-F P1-253
SIBA P O-828
SIDDIQUE N P2-472, P2-579
SIDIKI A P2-625
SIDIKOU BA P2-625
SIEGERS J P1-115



���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

���I
Influenza

Options
Control

for 

of

the

Cape Town, South Africa   5-10 September 2013

SIEMBIEDIA J O-906
SILUJANOVA E P2-551, P2-568
SILUYANOVA E P1-214, P2-641
SILVA C P1-240
SILVA D P2-685
SILVA DE LE FUENTE M O-891
SILVA J P1-401
SILVA JL P2-502
SILVA ML P1-296
SILVA M-L P1-328
SILVA MS O-890
SILVA P P2-685
SILVA-CAMPA E P1-359
SILVESTRE MJ P2-675
SIMAKU A P2-450
SIMMERMAN J P1-420
SIMOES EAF O-861, P2-542
SIMOES JS P2-675
SIMON G O-893
SIMONS R O-851
SIMONSEN L O-815, P1-202
SIMPSON N P2-483, P2-494, P2-584
SIMUSIKA P P2-627
SINGH KP P2-620
SINGH VJ P2-620
SIQUEIRA MM P1-231, P1-233, P1-234, P1-247,  
 P2-445, P2-524, P2-546, P2-691
SIROTA FL P1-102
SITU S P1-294
SIVAY M LBA-P2-035
SKEHEL J O-841, P1-169
SKEPNER E P1-218
SKIADOPOULOS MH P1-384
SKOROKHODOV D O-914
SLEEMAN K O-845
SLEMONS R LBA-P2-057, P2-600
SLOAN S LBA-P2-030, P2-714
SMALL PA LBA-P2-049
SMEE D P1-286
SMET A O-852
SMIETANKA K P2-550
SMITH A O-833, LBA-P2-026
SMITH C O-823
SMITH D LBA-P2-040, P1-218, P1-223, P1-364, P2-593
SMITH DJ O-866, P2-618
SMITH DK P1-110, P2-596, P2-597
SMITH DW O-846, P1-163
SMITH G P2-567, P2-594
SMITH GJD P1-246
SMITH S P2-511
SMITH SE P1-343
SMOLONOGINA T P1-339, P1-376
SMOLONOGINA TA P1-377
SMORODINTSEVA E P2-450
SMYTH D P2-511
SMYTH R P2-613
SO H P2-661
SOARES M P2-675
SOARES S P1-233
SOARES SS P2-524
SOCIAS L LBA-P2-025
SODA K P2-588
SODERSTROM H P1-290
SOHEL BM P1-302
SOK T P1-239, P2-491
SOKHNA C O-860, P1-164, P2-510, P2-681
SOKOLOV DN P2-702

SOKOLOW LZ O-858, P1-134
SOLLANO L P1-386
SOMININA A O-896, P2-444, P2-450, P2-652
SOMININA AA P1-284
SONG CS P1-237, P2-530, P2-598
SONG D P2-591
SONG DS LBA-P2-046, P2-576
SONG J P1-334
SONG JY P1-403, P2-562
SONG MK P1-398, P2-530, P2-549
SONG MS O-873, P2-484, P2-595, P2-708
SONG W O-801
SONG Y P1-155
SONG YJ LBA-P2-046
SONNBERG S P2-479, P2-602
SORN S P1-239, P2-491
SOURCES C P2-670
SOURIYA M P2-479
SOUZA TM P2-712
SPACKMAN E O-802, O-890
SPAGNOLO D P2-679
SPARROW E LBA-O-001
SPATH HM P1-296
SPEERS DJ O-846
SPENCER S P1-132, P1-346, P1-393, P2-516
SPENCER T O-877
SPESOCK A P1-362
SPINU C LBA-P2-017
SPINU I LBA-P2-017
SPITSYN BV P1-419
SPRECO A P1-161, P2-453, P2-665
SPREEUWENBERG P P1-202
SPRONKEN M O-866, P1-218
SPRONKEN MIJ P1-115
SREEVATSAN S LBA-P2-057
SRIDHAR S O-824, P1-360
SRIJITH VM P2-448
SRIVASTAVA R O-885, P1-321
SRIWANTHANA B P2-648
SRIWILAIJAROEN N LBA-P2-022
STAHELI P P2-466
STARK KDC P2-481
STARRETT G O-834
STECH J P2-601
STEEL H P1-269, P1-272
STEEL HM P1-274
STEEL J LBA-P2-060, LBA-P2-061
STEGNIY A P1-345
STEGNIY B P1-345, P2-630
STEGNIY M P1-345
STEGNIY Z P2-630
STERTZ S P2-704
STEVENS J O-845, P1-362, P2-507
STEVENS K P2-481
STILWELL P O-867
STITTELAAR K LBA-P2-026
STIVER G O-863, P1-322, P2-511
STOCKMANN C P2-690
STOCKWELL M P2-638
STOCKWELL T O-877
STOCKWELL TB P1-238, P1-246
STOREY D P2-615
STORMS A P2-495, P2-615
STRAYER DR LBA-P2-052
STRECKER T O-877
STRELTSOV V O-840
STROCHKOV V P2-574
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STROMGREN M P1-161, P2-453, P2-665
STUCKER K LBA-P2-057
STUKOVA M P1-373
STUKOVA MA P2-667
STURM-RAMIREZ K O-871, O-903, O-908, P1-295,  
 P1-302, P1-424, P2-469, P2-471, P2-475, P2-483,  
 P2-494, P2-575, P2-581, P2-584, P2-674
STUTZ A P1-357
STUYVER L O-883
SU IJ P1-180
SU J P1-309, P1-331
SU WC P1-174
SUAREZ D O-802
SUAREZ DL O-890
SUAREZ DL P1-229
SUBBARAO K O-817, O-859, O-878, LBA-O-004,  
 P2-499, P2-714
SUBRAMANIAM S O-878
SUGA H P2-700
SUGIMOTO J O-860, LBA-O-002, P2-510
SUGIMOTO JD LBA-P2-049
SUJEEWON C LBA-P2-013, LBA-P2-014
SULLENDER W LBA-P2-033, P2-507, P2-651
SULTANA R O-813, P2-475
SULTANKULOVA K P2-574
SUN H P2-525
SUNDARAM M P1-132, P2-515, P2-516
SUNDARAM ME P1-147
SUNTARATTIWONG P P1-380, P1-420
SUPHAPHIPHAT P O-877
SUSTA L O-802
SUTTER DE P2-557
SUTTON T O-865
SUZUKI K P1-220, P2-609
SUZUKI T LBA-P2-022, P2-509
SUZUKI Y LBA-P2-022
SWAYNE D O-802, O-870
SWAYNE DE O-890
SWENSON A P2-607
SWENSON S O-888
SZEWCZYK B P2-550
SZRETTER K P2-714
SZUCS TD P1-160
TABASSUM F O-850
TABASSUM F P1-206
TABYNOV K P1-371, P1-372, P1-373, P2-574
TADELLE F P2-663
TAHIA SHARMIN A O-901
TAKADA A P2-588
TAKAHASHI H P2-569
TAKAHASHI T LBA-P2-022
TAKAMAE N LBA-O-005
TAKASHITA E P1-271
TAKAYAMA I P2-489, P2-569
TAKEKAWA JY P2-584
TAKSDAL S P1-135
TALAAT K O-859, P1-348, P1-404, P2-499
TALBOT H P1-266
TALBOT HK P1-346, P1-394
TALLA NZUSSOUO N P1-317, P2-664
TAM J LBA-O-001, P1-408
TAMBS K P2-462
TAMBYAH PA LBA-P2-021
TAMERIUS J P2-656
TAMURA S P2-509
TAMURA T P2-588
TAN A O-880, P2-526, P2-527

TAN ACL P1-212
TAN C P1-309, P1-331
TAN CL P2-452
TAN L P1-123, P2-452
TAN XQ P2-666
TAN Y-J P2-697, P2-701
TANDALE BV P1-131
TANG D LBA-P2-007
TANG F P2-668
TANG FY P1-156
TANG S P2-586
TARAGDA Z P2-628
TARANTOLA A P1-239, P2-491
TARBET B LBA-P2-007, P1-286, P2-514
TARKHAN-MOURAVI O P2-461
TARNAGDA Z LBA-P2-032
TASHIRO M P1-271, P2-489, P2-506, P2-509, P2-569
TATE M P1-182, P1-357, P2-482
TAUBENBERGER J P1-348, P2-699
TAYLOR G P2-511
TAYLOR NM P2-490
TAYLOR RJ P1-200, P1-202, P1-203
TAYLOR S O-805, O-894
TE BEEST D P1-421, P2-463
TEDDER RS P2-567
TELLES J-N P1-350
TEMESGEN Z O-904
TEMPERTON N P1-343, P2-460, P2-493, P2-534, P2-599
TEMPIA S O-807, O-848, P1-136, P1-152,  
 P1-305, P1-314, P1-315, P1-320, P1-335, P2-438,  
 P2-441, P2-442, P2-449, P2-559, P2-649, P2-683, P2-688
TEMPTE J P2-656
TENOEVER BR O-865
TERAN-CABANILLAS E P1-359
TETTMAR K P2-567
THACH NC LBA-P2-012
THAI PQ O-806, O-856, O-872
THAI PQ P2-447
THAKER S P1-393, P2-516
THANH LT O-806
THANH NP P2-693
THANH TL O-906
THEO A P2-627
THIAM D P2-680, P2-681
THIEM VD P2-447
THIEME R O-836
THO PD P2-693
THOANG DD O-806, O-856
THOMAS A P1-330
THOMAS J O-874, P1-152
THOMAS P O-805, O-894, LBA-P2-028
THOMAS PG P1-146, P1-347
THOMPSON M P1-132, P1-334, P1-346, P1-393,  
 P2-515, P2-516
THOMPSON MG O-858, P1-134
THUMAR B P1-348
THUY NB P2-693
THUY NT P2-609
TIAN J P2-578
TIBDN O-863
TIEF F O-884, O-902
TIEMBRE I P1-151
TIGNER JR I P1-146
TIMPKA T P1-161, P2-453, P2-665
TKACHUK LBA-P2-011
TO KK P1-369
TO T P2-594
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TOBITA Y P2-672, P2-700
TOCHIHARA S P1-405
TOLKSDORF K P1-307
TOLKSDORF K P1-307
TOLSTOVA NA P1-377
TOMIANOVIC D P1-275
TOMIANOVIC D P1-276
TOMPKINS S O-912
TON VD P2-492
TONG X P1-278, P2-610
TOOVEY S P2-607
TORCHETTI M O-802
TORELLI G LBA-O-001
TORMOS A O-896, P2-444, P2-652, P2-653
TOROSYAN L P2-450
TORRECILHAS A O-912
TORRES B P2-670
TORRESANI T O-826
TORTAJADA-GIRBES M P2-528, P2-673
TORTORELLA D P1-342
TOSCHI W P2-524
TOUCH S P2-607
TRABUE C P2-623
TRAN CH LBA-P2-049
TRAN ND P1-304, P1-326, P1-327, P1-428, P2-634, P2-662
TRAN NH P1-304, P2-634
TRAN N-H P2-662
TRAORE Y P1-150, P1-151
TREANOR J O-859
TRENHOLME O-805
TRENHOLME A O-894
TREPANIER S P2-543
TRETYAK T P1-259
TREUMICHT FK P2-542
TREURNICHT F O-874, P1-136, P2-559
TREURNICHT FK O-911
TRINH TXM P2-634
TRIPP R O-912
TROGSTAD L P2-462
TROJANEK M P1-142
TROTTIER S O-863, P1-322, P2-511
TRUONG DB P2-655
TRUSHAKOVA S P2-551, P2-641
TRUSHAKOVA SV P1-419
TRUSHEIM H O-877, O-881
TSAI AY O-898
TSAI HJ O-803, P2-485
TSAI HY P1-189
TSAI T P1-386
TSANG O P2-607
TSANG T O-800, P1-100, P1-297
TSANG TK P2-464
TSATSRAL S P2-639
TSE M O-892
TSHANGELA A O-807, P1-305, P1-320, P2-441, P2-442
TSHILOBO J P1-152
TSIDI T P2-631
TSUKIYAMA-KOHARA K P2-700
TSUNETSUGU-YOKOTA Y P2-569
TSUYUOKA R P1-239, P2-491
TSVETNITSKIY V P1-375
TSYBALOVA LM P2-532
TU W O-800
TUAN N P2-693
TUCKER D O-851
TUCKER S P1-286
TULLY C P1-383

TUMPEY TM O-889
TUNG T-H P1-162
TURCITU M P2-684
TURNER N O-805, O-894, P2-523
TURNER S O-880
TYAGI A P2-695
TZENG W-P P1-362
UCHIDA Y LBA-O-005
UDATINYA D P2-659
UDDIN BHUIYAN M P1-302
UHLENDORFF J O-877
UK SEVERE INFLUENZA  
SURVEILLANCE SYSTE  
STEERING GROUP P2-439
UKEYI T P2-443
ULLOA C P2-614
ULQINAKU D P2-450
UMAIR M P2-647
UNG S P1-239
UNO Y P2-588
UPADHYAY BP P2-455
UPHOFF H P1-192
URTNASAN CH P1-128
USNER D O-913
USUI T P2-588
USUKU S P2-672
UTOMO GB P2-490
UYEKI T O-887, P1-420, P1-495, P2-615
UYEKI TM O-871, P2-483, P2-494
VACCARI G LBA-P2-038
VACHIERI S O-841
VACHIERIA S P1-169
VALEA D P2-628
VALENTE V P1-231, P2-445, P2-524, P2-691
VALETTE M O-841, P1-433, P2-565
VALIQUETTE L O-863, P1-322, P2-511
VALKENBURG SA O-879
VAN AMERONGEN G P2-587
VAN BEEK R P1-218
VAN BOHEEMEN S O-866
VAN BOVEN M P1-421, P2-463
VAN BUYNDER JL P2-512
VAN BUYNDER PG P2-512
VAN DE SANDT C O-853, P2-587
VAN DE VELDE N O-839, P1-249
VAN DEN BRAND JM O-866
VAN DEN DOOL C P1-421
VAN DER MEULEN K P2-481
VAN DER NET G P1-364
VAN DER VELDEN MVW P2-503
VAN DER VRIES E P1-278, P2-610
VAN DER WERF S P2-481, P2-622
VAN DOMSELAAR G LBA-P2-040
VAN DOREMELAN N O-867
VAN ESSEN GA P2-505
VAN KERKHOVE MD O-824, P1-113, P1-121,  
 P1-202, P2-436, P2-491
VAN RANST M O-883
VAN REETH K O-888, P2-481
VAN RIEL D P1-115
VAN TRIERUM S P2-587
VAN WEERT Y P1-279
VAN WESENBEECK L O-883
VANDEGRIFT K P2-584
VANELZUELA L P2-671
VANHEMS P P1-433, P2-444, P2-652
VARGAS C P2-638
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VARIAVA E O-807, P1-136, P1-305, P1-320, P2-438,  
 P2-441, P2-442, P2-449, P2-559, P2-563, P2-649, P2-688
VARTANIAN R P2-551
VARTANYAN R P2-641
VASCELLARI M P2-603
VAUGHN D P1-411
VAUGHN DW P1-412, P2-504
VEGUILLA V P1-145, P2-494, P2-623, P2-690
VELDMAN-ARIESEN M-J P1-279
VENKATESAN S O-900
VENTER J O-877
VENTER M O-807, O-848, O-874, O-911, P1-136, P1-152,  
 P1-305, P1-314, P1-315, P1-320, P1-409, P2-438, P2-441, 
  P2-442, P2-449, P2-542, P2-559, P2-563, P2-649, P2-688
VENTRESCA M P1-364
VERITY E P1-241
VERTRUYEN A P1-340
VESIKARI T P2-503
VESPIGNANI A P1-208
VIBOUD C O-815, O-827, O-848, P1-243, P1-314, P1-315
VIBOUD CG P1-293
VIBOUD CG P1-293
VICTOR J O-860, LBA-O-002, P1-164, P2-510
VIEN QM P1-304, P2-634
VIGNUZZI M P1-213, P2-622
VIJAYKRISHNA D O-891
VILARINHO L O-826
VILLANUEVA J O-845, O-887
VINCENT A O-888
VINCENT AL O-876
VIPRAKASIT V O-872
VISSERS M P1-356
VISWANATHAN K LBA-P2-030, P2-714
VIZCAYA C P1-244
VO HV LBA-O-005
VO TH P1-304
VOGELZANG-VAN TRIERUM M O-853
VON DOBELN U O-826
VON DOBSCHEUTZ S P2-481
VON GOTTBERG A O-807, P1-136, P2-441, P2-442
VON KLEIST M O-884
VON MESSLING V LBA-P2-042
VON MOLLENDORF C P1-314, P1-315, P1-335,  
 P2-438, P2-449, P2-559
VON WISSMANN B P1-127
VOUK K P1-274
VTRINH TXM P1-304
VU DT P2-655
VUONG CD P2-518
WADEGU M P1-181, P1-288
WAHLISCH S O-884
WAHYUNINGRUM Y P2-615
WAIBOCI L P1-141, P1-273, P1-406, P2-508
WAICHAROEN S P2-648
WALAZA S O-807, O-848, P1-136, P1-305, P1-314,  
 P1-315, P1-320, P1-335, P1-409, P2-438, P2-441, P2-442, 
  P2-449, P2-559, P2-563, P2-649, P2-688
WALDENSTROM J P1-290
WALKER P P1-169
WALLINGA J P1-421
WALLIS T O-899, LBA-P2-032
WALTHER T P1-170
WAN H P1-348, P2-699
WAN X LBA-P2-057
WAN XF P2-525, P2-541
WAN X-F P2-487, P2-600, P2-682
WANG D P1-103, P1-146, P1-299, P1-303

WANG HW P1-177
WANG J LBA-P2-040, P1-110, P1-223, P2-593, P2-596
WANG JR P1-180
WANG JT P1-111
WANG L O-800, O-850, P1-206, P2-537
WANG P O-801
WANG W P1-238
WANG WW P2-612, P2-669
WANG X P1-294
WANG XF P1-107
WANG XL P1-148, P1-311
WANG Y O-800, P1-418
WANG YF P1-180
WANT Y P1-100
WARD BJ P2-543
WARE D P2-525
WASH RS P1-343
WATABANE Y LBA-P2-022
WATANABE S P1-389
WATERS K O-835
WATKINS J O-830, P1-310, P1-332
WATSON JM O-832, O-850, P1-206
WATSON S P1-248, P2-684
WATSON SJ P1-253
WATTANAPOKAYAKIT S O-872
WATTS A O-840
WAY D O-812
WEBB A P2-602
WEBB D P1-203
WEBBY R O-805, O-864, 8-888, O-894, LBA-P2-028,  
 P1-146, P1-216, P1-221, P1-344, P1-430, P1-432,  
 P2-479, P2-487, P2-496
WEBBY RJ O-821, O-842, O-843, O-872, LBA-P2-023,  
 LBA-P2-024, P1-236, P1-246, P2-486, P2-602
WEBBY S P1-250
WEBSTER D O-863, P1-322, P2-511
WEBSTER R O-864, O-875, P1-216, P1-221, P1-432, P2-479
WEBSTER RG O-842, O-843, O-915, P1-235, P1-246,  
 P2-486, P2-602
WEI JG P1-303
WEI L P1-325, P2-633
WEI VWI O-829
WEI W O-825
WEINBERG A O-861, P2-542
WEINHEIMER VK P1-351
WELBURN S LBA-P2-047
WELKERS M O-806
WELLER C P2-480
WELLER S P1-272
WEMANKOY E P1-152
WEMBOO H P2-631
WEN Y O-877
WENDEL I P2-466
WENG TC P2-669
WENNEKES T O-840
WENTWORTH D O-877, O-904, LBA-P2-057, P1-218
WENTWORTH DE P1-238, P1-244, P1-246
WERTHEIM H O-806, O-856, P1-428
WERTHEIM HFL O-872
WESTGEEST K P1-218
WHALEN R P2-547
WHARTON S O-819, P1-169, P1-175
WHITE C O-912
WHITE KM P2-704
WHITLEY R P1-268
WIABOCI L P1-152
WIBAWAN I P2-480
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WICHUKCHINDA N O-872
WIDDOWSON M O-860, P1-139, P1-406, P2-510
WIDDOWSON MA O-805,O-885, O-894, LBA-O-002,  
 LBA-P2-033, P1-152, P1-295, P1-295, P1-302,  
 P1-317, P1-318, P1-319, P1-321, P2-494,  
 P2-507, P2-523, P2-651, P2-692
WIDYASTUTI M P2-480
WIELAND B O-851
WIERSMA L P2-587
WILCOX M O-863, P1-322, P2-511
WILEY CA P1-410
WILK E P2-580, P2-583
WILKER P O-834
WILKS S P1-364
WILLIAMS D P2-623, P2-664, P2-690
WILLIAMS J P1-266, P1-394
WILLIAMS JL O-858, P1-134
WILLIAMS L O-887
WILLIAMS T P1-152
WILLIAMSON D O-894
WILLIAMSON DA O-805
WILLIAMSON L P2-567
WILLIAMSON S O-851
WILSON A P2-581
WILSON IA P1-176
WILSON JR P1-362
WILSON P P1-348, P2-699
WIN MK P2-526
WINCHELL J P2-623, P2-690
WITHERS S O-840
WOJTOWICZ K P1-278
WOLBERS M P1-428
WOLFF T O-855, P1-222, P1-351, P2-478
WOLLENHAUPT M P1-275, P1-276
WOLSCHEK M P1-179
WOLTER N O-807, P1-136, P2-438, P2-441, P2-442
WONDAFRASH S P2-663
WONG O-805
WONG C O-880, O-894
WONG CH P1-374
WONG CM P1-148, P1-311, P1-312
WONG DDY O-842
WONG F O-888
WONG J P1-129, P2-446
WONG S-S P1-146, P1-344
WONG V P1-425
WONG XX LBA-P2-042
WONG Y P1-364
WOOD J O-851
WOOD J P1-121, P2-436
WOOD T O-805, O-894, P2-523
WOOTEN D P2-711
WORTHY SA P2-557
WRAMMERT J P1-348, P2-699
WRIGHT E P1-343
WRIN T P2-547
WU CY P1-374
WU D P2-543
WU G P1-235
WU J O-800, P1-100, P1-116, P1-129, P1-224, P1-297,  
 P1-298, P1-299, P1-303, P1-325, P1-418, P2-446
WU JT P1-126, P2-464
WU K O-825, P2-495
WU KM LBA-P2-041
WU M P2-593
WU N O-801
 

WU P O-800, O-825, LBA-P2-053, P1-100, P1-129,  
 P1-297, P1-298, P1-325, P1-418, P2-446
WU SC P1-370, P1-374
WU WL O-801
WU X P2-500
WUNDERINK R P2-623, P2-690
WURAPA E P1-181, P1-288, P2-687
WURIE F O-850, P1-206
WURYANINGSIH E P2-490
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