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Influenza vaccines form an important component of the global response against infections and subse-
quent illness caused in man by influenza viruses. Twice a year, in February and September, the World
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Health Organisation through its Global Influenza Surveillance Network (GISN), recommends appropriate
influenza viruses to be included in the seasonal influenza vaccine for the upcoming Northern and South-
ern Hemisphere winters. This recommendation is based on the latest data generated from many sources
and the availability of viruses that are suitable for vaccine manufacture. This article gives a summary of
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the data and background
vaccine formulation.
. Introduction

The World Health Organization (WHO) estimates that influenza
ccounts for a quarter to half a million (excess) deaths worldwide
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ublication do not imply the expression of any opinion whatsoever on the part of
he World Health Organization concerning the legal status of any country, territory,
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each year [1]. Vaccination is currently the only practical means of
reducing or counteracting this burden of mortality and morbidity
in the community. The production of an optimal influenza vaccine
however requires the continuous global monitoring of influenza for
the emergence of viruses that are distinct from previously circulat-
ing viruses. The ability of influenza viruses to circumvent immunity
acquired in response to infection or vaccination by progressive
antigenic drift necessitates regular updating of the composition of
annual vaccines, to reflect the contemporary viruses [2,3]. The need
for global surveillance of influenza viruses was recognized as early
as 1947 and led to the establishment of the WHO Global Influenza

Surveillance Network (GISN). Since its inception the network has
developed and now comprises some 125 National Influenza Cen-
tres (NIC) in 96 countries (as at February 2009) together with 5
WHO Collaborating Centres (CC), 4 Essential Regulatory Labora-
tories (ERL) and other ad-hoc groups. Together these laboratories

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:Ian.Barr@influenzacentre.org
mailto:GISN@who.int
dx.doi.org/10.1016/j.vaccine.2009.11.043
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ig. 1. Heat maps showing the peak levels of laboratory confirmed influenza (rep
eriod. (a) A(H1N1) viruses; (b) A(H3N2); (c) B viruses. The total number of viruses
f) respectively. Activity is reported as the following.

rocess around 500,000 respiratory specimens per year to moni-
or influenza activity around the globe. Approximately 8000 of the
iruses isolated by the NIC are shared with the CC for more exten-
ive antigenic and genetic characterization. In temperate regions of
he Northern Hemisphere (NH) and the Southern Hemisphere (SH),
he influenza seasons usually fall between November and April and

etween May and October, respectively, while in equatorial regions
he epidemiology of influenza is more varied throughout the year
4,5]. For this reason GISN monitors the epidemiology and char-
cteristics of influenza viruses throughout the year to detect the
mergence and spread of new antigenic variants.
to FluNet) in each country with an NIC over the September 2008 to January 2009
ted by GISN from 2005 to 2009 for each type/subtype is shown in subparts (d), (e),

Each February since 1971, the WHO has provided formal annual
recommendations for the composition of seasonal influenza vac-
cines, based on the information provided by GISN and evaluated
by a committee comprising representatives of the CC, ERL, a
rotating selection of NIC and others. Since 1998, the WHO has
provided an additional recommendation in September for the SH

and these two recommendations are now appropriately timed
for the subsequent NH and SH influenza seasons, respectively,
taking into account the time involved in the development, pro-
duction and validation of influenza vaccines, which can take up
to eight months. Four national regulatory agencies (NIBSC, UK;
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Table 1
A(H1N1) HI with TRBC (test performed by CDC-Atlanta).

Viruses Collection date Passage
history

Haemagglutination inhibition titre

Post-infection ferret sera

A/SI 3/06 A/Bris 59/07a IVR-148 A/S Dak 6/07 A/HK 2652/06 A/Perth 200/08 A/HK 1870/08
2Ab 2Bb 2Bb 2Bb 2Cb 2Cb 2Cb

Reference viruses
A/Solomon Islands/3/2006 21/08/2006 E2 \E2 640c 80 160 160 640 160 320
A/Brisbane/59/2007 1/07/2007 E2 \E1 320 320 640 640 320 160 320
A/Brisbane/59/2007 IVR-148 Reass EX \E2 320 320 640 640 320 160 320
A/South Dakota/6/2007 17/07/2007 E3 160 160 640 320 160 160 160
A/Hong Kong/2652/2006 17/07/2007 E3 320 320 640 320 1280 320 320
A/Perth/200/2008 22/02/2008 E3 \E2 320 320 320 320 640 320 640
A/Hong Kong/1870/2008 26/07/2008 E4 160 160 320 320 640 320 640

Test viruses
A/Washington/10/2008 8/11/2008 CX \C1 640 640 1280 320 1280 640 640
A/Maryland/8/2008 28/12/2008 M1 \C1 40 640 320 320 160 40 80
A/Alaska/5/2008 10/12/2008 M1 \C1 160 320 640 320 320 160 320
A/New Jersey/23/2008 22/12/2008 MX \C1 160 320 640 320 320 160 160
A/Shanxi/Weicheng155/2008 27/10/2008 C1 \C1 320 320 640 320 640 640 640
A/Jilin/Chaoyang1258/2008 27/11/2008 C1 \C1 160 320 640 320 320 160 160
A/Shandong/Lixia159/2008 28/10/2008 C3 \C1 320 320 640 320 640 320 320
A/Texas/32/2008 28/12/2008 X \C1 160 320 320 320 320 160 160
A/Washington/11/2008 29/12/2008 M1 \C1 640 320 320 320 160 160 160
A/Hong Kong/3212/2008 9/12/2008 C2 \C1 80 320 160 160 320 80 160
A/Wisconsin/17/2008 5/12/2008 C1 \C1 80 160 320 320 320 80 80
A/Hawaii/36/2008 30/11/2008 C2 \C1 80 160 640 320 320 80 160
A/Mexico/4364/2008 15/10/2008 C3 \C2 80 160 160 160 160 80 160
A/Taiwan/638/2008 4/12/2008 C1 \C1 40 160 160 160 160 80 80
A/Idaho/23/2008 24/12/2008 M1 \C1 80 160 320 320 160 80 160
A/Florida/28/2008 16/12/2008 MX \C1 40 160 80 80 40 20 40
A/Minnesota/34/2008 28/12/2008 M1 \C1 80 160 320 160 160 80 160
A/Hong Kong/3216/2008 15/12/2008 C2 \C1 40 160 160 160 160 40 40
A/Massachusetts/8/2008 17/11/2008 E3 40 80 160 80 320 80 80
A/Shanxi/Beilin1134/2008 3/11/2008 C1 \C1 80 80 160 80 320 160 160
A/Taiwan/639/2008 5/12/2008 C1 \C1 40 40 80 80 10 40 40

a Shaded column: A/Brisbane/59/2007 reference sera.
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b Genetic clade.
c Bold values indicate homologous titres for each respective virus.

DA, USA; NIID, Japan; TGA, Australia) are actively involved in the
tandardization and control processes of vaccine production and
lso participate with the CC in the vaccine virus selection process.
n recent years a range of influenza A(H5N1) candidate vaccine
iruses have also been identified for use in the development of
otential pandemic influenza vaccines at the same time as the sea-
onal vaccines virus recommendations are made. A WHO vaccine
ecommendation for the newly emerged pandemic H1N1 2009
irus was considered after the February 2009 WHO meeting and is
escribed in a subsequent publication that is available online (see
ttp://www.who.int/csr/resources/publications/swineflu/vaccine
ecommendations/en/index.html).

Following their re-emergence in 1977, A(H1N1) viruses have
o-circulated with A(H3N2) and type B viruses and the trivalent
accines used in most countries have contained contemporary rep-
esentatives from each of these circulating virus types/subtypes.
lthough reassortment between the haemagglutinin (HA) and neu-
aminidase (NA) of the two A subtypes has occurred, for example
iving rise to the H1N2 reassortant viruses which emerged in
001, but did not circulate for an extended period of time [6].
wo antigenically distinct lineages of influenza B viruses have cir-
ulated since the early 1980s, one represented by B/Victoria/2/87
the “Victoria-lineage”), which predominated during the 1980s, the

ther by B/Yamagata/16/88 (the “Yamagata-lineage”), which pre-
ominated in most parts of the world during the 1990s. Since 2000,
he two lineages have co-circulated around the world, but in vary-
ng proportions in different countries or regions and at different
imes, complicating prediction of their future prevalence and rec-
ommendations for vaccine composition. Their co-circulation also
resulted in the emergence and subsequent worldwide circulation
of a reassortant B virus possessing a Victoria-lineage HA with a
Yamagata-lineage derived NA [7,8].

The time required to implement any changes in vaccine pro-
duction and ensure the timely delivery of influenza vaccine is a
major constraint on the choice of virus strains to be included in the
vaccine recommendations; hence the recommendations are based
on an assessment of the future impact of circulating viruses and
in particular of any emerging antigenic variants, before their full
epidemiological significance is known. The scientific evidence that
forms the basis for a vaccine recommendation thus includes not
only the antigenic and genetic characteristics of the viruses but
also their prevalence, geographic distribution and rate of spread.
Over the last ten years, since the recommendations were made for
the 1999 SH season, there have been fourteen changes to recom-
mended vaccine strains: three to the H1N1 component, six to the
H3N2 component and five to the influenza B component.

This commentary describes the rationale and provides a selec-
tion of the data that were available at the time of the WHO influenza
vaccine formulation meeting held from 9 to 11 February 2009 in
Geneva, to develop recommendations for the composition of the
three influenza strains to make up the seasonal trivalent influenza

vaccine for the 2009–2010 NH season. National authorities may
then either endorse these recommendations or select other strains,
to suit the requirements of their country. How this seasonal triva-
lent vaccine will be used with vaccines developed against the
Pandemic H1N1 2009 virus has yet to be determined.

http://www.who.int/csr/resources/publications/swineflu/vaccine_recommendations/en/index.html
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ig. 2. Phylogenetic trees were constructed using the maximum likelihood metho
eneral time-reversible model with the proportion of invariant sites and the gam
mpirical data) as determined by ModelTest. Global optimization of the tree topol
oded according to their date of isolation with the most recent viruses shown in pin

. Influenza activity in 2008–2009

The data on influenza activity that laid the foundation for the
ecommendation for the 2009–2010 NH season were reported from
eptember 2008 through to January 2009. Most of the data collected
rom the NIC laboratories during this period were collated by the
luNet database (see http://www.who.int/flunet). From September

008 through to January 2009 inclusive, regional and widespread
ctivity was reported in 22 countries. Early in the period there was
idespread influenza B in New Zealand and regional outbreaks of

nfluenza B in Australia then influenza activity remained sporadic
ntil December when there were regional H3N2 outbreaks in Japan,
PAUP (version 4.0b10) of the influenza A(H1N1) HA genes, using GTR + I + �4 (the
istribution of among-site rate variation with four categories estimated from the
as performed by tree bisection–reconnection branch swapping. Viruses are colour
ed.

and H3N2 influenza increased markedly in Europe. Widespread
influenza caused by H3N2 viruses was reported in UK, Portugal,
Denmark and Norway in December with regional activity in sev-
eral countries in the western Europe (France, the Netherlands,
Spain). In the following month H3N2 increased in the west of
Europe and H3N2 infection developed in Germany, Estonia, Fin-
land, Hungary, Luxembourg, Slovenia, Switzerland and Sweden.

Activity remained high in Japan and widespread H3N2 as well as
H1N1 activity was reported. In other countries activity was local
or sporadic except for Tunisia where regional outbreaks of H3N2
influenza were reported. In North America H1N1 viruses predomi-
nated at a regional level. These data are summarised in Fig. 1 along

http://www.who.int/flunet
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Fig. 3. Phylogenetic trees showing the relationships of th

ith the number of influenza viruses detected by the laboratories
n GISN.

. Antigenic and genetic characteristics of the viruses

From September 2008 to early February 2009, approximately
650 viruses isolated from over 50 countries by NIC and other

aboratories were shared with the CC for more extensive anti-
enic and genetic characterization. The antigenic characterization

f influenza viruses is predominantly carried out by haemag-
lutination inhibition assay (HI) comparing the reactivity of
iruses isolated in either mammalian tissue culture cells (such as
adin–Darby canine kidney cells, MDCK) or hens’ eggs with post-

nfection ferret antisera raised to a set of representative viruses
enza A(H1N1) NA genes (see legend for Fig. 2 for details).

that represents recent and emerging viruses. The sera are usually
raised in and shared between the CC that co-ordinate the monitor-
ing of influenza activity and sera are shared between the Centres.
Some NIC are supplied with these antisera while others raise their
own locally to enable further analyses. These reference strains to
which ferret antisera were raised included the recommended vac-
cine strains from 2003 to 2008 as well as several, more recent
viruses from each type/subtype. Overall more than 130 ferret anti-
sera were raised to approximately 90 circulating and reference

viruses. In addition human serum panels, obtained before and after
vaccination from Australian, American, Japanese and European,
adults (18–59 years) elderly (>60 years) and paediatric (6 months
to 5 years) subjects were used to assess current vaccine coverage
against the most recent and emergent strains. For the genetic anal-
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Table 2
A(H3N2) HI with TRBC (test performed by NIMR, London).

Viruses Collection date Passage history Haemagglutination inhibition titre

Post-infection ferret sera

A/Wis 67/05 A/Trieste 25c/07 A/Wis 3/07 A/Bris 10/07a A/Uru 716/07 A/JHB 15/08 A/Eng 394/08 A/Bris 24/08

Reference viruses
A/Wisconsin/67/2005 31/08/2005 SpfCk3E3 \3 5120b 5120 1280 5120 5120 2560 320 5120
A/Trieste/25c/2007 Jan-07 MDCKx \2 < 80 160 320 640 80 160 160
A/Wisconsin/3/2007 21/01/2007 Ex \2 5120 5120 5120 5120 5120 2560 1280 5120
A/Brisbane/10/2007 6/02/2007 E2 \3 2560 5120 640 5120 5120 2560 320 5120
A/Uruguay/716/2007 21/06/2007 spfck1, E3 \1 2560 2560 640 2560 5120 1280 320 2560
A/Johannesburg/15/2008 25/06/2008 MDCKx \2 < 160 160 320 320 160 160 160
A/England/394/2008 22/09/2008 MDCK2 \7c 80 320 320 640 320 320 640 320
A/Brisbane/24/2008 23/06/2008 E5 \1 2560 5120 2560 5120 5120 5120 640 5120

Test viruses
A/Norway/1/2009 30/12/2008 MDCK1 \1 1280 2560 1280 2560 5120 1280 1280 640
A/England/669/2008 30/12/2008 MDCK P1 \1 640 640 320 1280 2560 640 640 320
A/Stockholm/26/2008 12/11/2008 MDCK1 \1 640 640 640 1280 1280 640 320 640
A/Hong Kong/3197/2008 26/11/2008 MDCK2 \1 80 160 160 640 320 160 320 160
A/Niedersachsen/110/2008 18/12/2008 MDCK4 \1 80 320 640 640 640 640 160 640
A/Israel/9/09 10/01/2009 MDCKx \1 < 320 320 640 320 320 320 640
A/Norway/2308/2008 15/12/2008 MDCK1 \1 80 160 320 320 320 160 160 160
A/Parma/20/09 30/12/2008 MDCK1 \1 < 80 160 320 160 160 160 80
A/Bremen/1/2009 05/01/2008 MDCK3 \1 80 160 160 320 320 160 160 80
A/Slovenia/51/2009 5/01/2009 MDCKx \1 < 80 160 320 160 80 160 160
A/Bratislava/151/2009 20/01/2009 MDCK1 \1 320 160 320 320 320 160 160 160
A/Switzerland/1397477/2008 26/12/2008 MDCK1 \1 < 80 160 160 160 80 160 80
A/Barcelona/328/2009 16/12/2008 MDCK2 \2 < 40 160 160 80 80 80 80
A/Lasi/22/2009 7/01/2009 MDCK 3 \1 < 80 160 160 80 80 160 160
A/Bucuresti/54/2009 12/01/2009 MDCK 2 \1 < 40 80 160 80 80 80 80
A/Algeria/G216/2009 30/12/2008 Cx \1 < 80 160 160 80 80 160 160
A/Belgium/G344/2009 13/01/2009 MDCK1 \3 < 80 80 160 80 80 80 160
A/Egypt/59/2008 16/11/2008 C1 \1 < 80 80 80 160 80 40 80
A/Lisboa/04/2009 30/12/2008 MDCK2 \2 < 40 40 80 80 40 40 40
A/Netherlands/379/2008 24/09/2008 MK2 \1 < < 80 40 40 < 40 ND
A/Thuringen/76/2008 26/11/2008 1.Pa(RKI) \1 < 80 80 40 80 ND 80 ND
A/England/85060527/2008 10/12/2008 SIAT P2 \1 < 40 160 40 40 40 80 ND

(< = <40).
a Shaded column A/Brisbane/10/2007 reference sera.
b Bold values indicate homologous titres for each respective virus.
c This needs to be reordered now.
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Fig. 4. Phylogenetic trees showing the relationships of th

sis of viruses the whole HA gene or the HA1 domain of selected
iruses was sequenced along with full or partial sequencing of NA
enes and the M2 region of matrix genes (to determine adaman-
ane resistance status). In some situations whole virus genomes
ere sequenced.

. A(H1N1) viruses

For the A(H1N1) viruses, all CC’s found that the majority of

iruses which circulated from September 2008 through to Jan-
ary 2009 reacted well with ferret sera raised to the reference
nd current vaccine strain A/Brisbane/59/2007 and very few iso-
ates had the characteristics of the previous predominating virus
/Solomon Islands/03/2006, sustaining a trend first seen in 2008.
enza A(H3N2) HA genes (see legend for Fig. 2 for details).

The results of a typical HI assay are shown in Table 1; this
assay tested a panel of viruses from China (Province of Tai-
wan), China, Hong Kong (SAR), Mexico and the United States.
Only one virus (A/Taiwan/639/2008) in this table showed greater
than a 4-fold reduction in HI titre compared to the homolo-
gous titre obtained with the reference A/Brisbane/59/2007 ferret
serum (shaded column). Phylogenetic analysis established that
A/Taiwan/639/2008 clustered with the vaccine strain in Clade 2B
(Fig. 2). Ferret sera raised to two viruses which phylogenetically

fell into Clade 2C (A/Perth/200/2008 and A/Hong Kong/1870/2008),
did not show improved reactivity with the viruses tested in
this panel when compared to their homologous titres and the
results obtained with the A/Brisbane/59/2007 ferret serum. In
other HI tests the Clade 2B and 2C viruses could not be consis-
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Table 3
B HI with TRBC (test performed by CDC-Atlanta).

Viruses Collection
date

Passage
history

Haemagglutination inhibition titre

Post-infection ferret sera

MY/2506a Br/60 Br/33 BR/2937 HK/90 Fujian-G TX/26 FL/4b BA/3333

Reference viruses
B/Malaysia/2506/2005 12/06/2004 E3/E2 2560c 160 320 320 160 160 320 <10 <10
B/Brisbane/60/2009 4/08/2008 E4/E4 2560 320 1280 640 320 80 640 <10 <10
B/Brisbane/33/2008 13/07/2008 X1/C2 2560 320 1280 640 640 160 640 <10 <10
B/Brazil/2937/2008 28/07/2008 E2 1280 160 1280 640 320 80 1280 <10 <10
B/Hong Kong/90/2008 4/02/2008 E2 2560 160 1280 640 640 80 1280 <10 <10
B/Fujian/Gulou/1272/2008 13/03/2008 E1/E2 2560 80 160 160 80 160 640 <10 <10
B/Texas/26/2008 24/11/2008 E3 2560 160 640 640 320 80 640 <10 <10
B/FLORIDA/4/06 1/11/2006 E3 20 <10 <10 <10 <10 <10 <10 640 320
B/BANGLADESH/3333/07 19/08/2007 E4 20 <10 <10 <10 <10 <10 <10 320 320

Test viruises
B/Texas/34/2008 X/C1 80 160 160 160 320 <10 640 <10 <10
B/Missouri/1/2009 M1/C1 80 160 160 80 320 <10 320 <10 <10
B/Uruguay/12/2008 E3 80 80 80 80 320 <10 640 <10 <10
B/Wisconsin/27/2008 X/C1 160 160 160 160 320 10 640 <10 <10
B/Florida/16/2008 CX/C1 80 160 160 80 320 <10 320 <10 <10
B/Bangladesh/1009/2008 6/08/2008 C3/C2 640 160 160 320 80 160 1280 <10 <10
B/Bangladesh/2010/2008 7/15/2008 C2/C2 640 160 160 320 80 160 640 <10 <10
B/Bangladesh/3006/2008 7/3/2008 C1/C1 80 20 20 160 20 80 160 <10 <10
B/Hubei-Songzi/51/2008 C1/C1 160 10 20 10 10 10 320 <10 <10
B/Chita/5/2008 C2/C1 2560 160 320 160 160 80 640 <10 <10
B/Yunnan-Mengzi/1491/2008 C2/C1 2560 160 640 320 160 80 640 <10 <10
A/Alaska/x/2008 15/12/2008 C1 <10 <10 20 <10 <10 <10 <10 320 640
A/New Jersey/45/2008 12/11/2008 X/C1 <10 <10 10 <10 <10 <10 <10 320 320
A/Texas/62/2008 1/15/2009 X/C1 <10 <10 <10 <10 <10 <10 <10 160 320
A/North Carolina/40/2008 2/3/2009 M1/C1 <10 <10 <10 <10 <10 <10 <10 80 320
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A/Egypt/824/2008 10/7/2008 C1/C1 <10 <10

a Shaded areas indicate B/Victoria-lineage viruses.
b Shaded areas indicate B/Yamagata-lineage viruses.
c Bold values indicate homologous titres for each respective virus.

ently distinguished antigenically with the available sera. Human
era from subjects given vaccines containing A/Brisbane/59/2007
(H1N1) antigen contained anti-HA antibodies with geometric
ean titres that were somewhat lower when tested against recent
(H1N1) viruses compared to the vaccine virus (average reduc-

ions of 51% for children, 56% for adults and 42% for elderly, in
I testing carried out in up to 5 different laboratories, data not

hown).
Phylogenetically the majority of viruses sequenced during this

eriod also fell into the Clade previously designated as Clade 2B
based on genetic analysis of the HA gene with signature amino acid
hanges at positions D45N, K149R, R192K, E276K (H3 numbering))
long with the reference and vaccine strain A/Brisbane/59/2007
Fig. 2). This Clade was distinct from the previous vaccine strain
/Solomon Islands/3/2006 which represents the 2A Clade, while

he other major Clade (2C) contained contemporary viruses from
number of Asian countries, areas or territories including recent

trains from China and China (Province of Taiwan). No viruses
equenced during this period fell into Clade 2A represented by the
revious vaccine strain A/Solomon Islands/3/2006. Recent viruses

n Clade 2B were mostly resistant to the antiviral drug oseltamivir
nd had the H275Y (N1 numbering; H274Y in N2 numbering) amino
cid change in the N1 neuraminidase that has previously been asso-
iated with oseltamivir resistance (Fig. 3). The Clade 2C viruses
ere almost exclusively oseltamivir sensitive with H275 but were

esistant to the other class of anti-influenza drugs, the adaman-
anes, based on an S31N substitution in the M2 protein. The Clade
B viruses were almost all sensitive to adamantanes with S31 in M2

rotein.

It was therefore concluded that the A(H1N1) component of the
nfluenza vaccine previously recommended for the Northern Hemi-
phere, an A/Brisbane/59/2007-like virus, remained appropriate for
he Northern Hemisphere for 2009–2010.
0 <10 <10 <10 <10 80 320

5. A(H3N2) viruses

Examination of the antigenic characteristics of emerging vari-
ants of H3N2 viruses has become complex over the past few years.
In the late 1990s, due to changes in the HA, H3N2 viruses lost
their capacity to agglutinate chicken red blood cells (RBC) [9], and
other RBC, especially Turkey RBC became the popular choice for
haemagglutination and HI assays. Recently, many H3N2 viruses
have exhibited reduced or no agglutination of Turkey RBC and
a number of assays have been performed using guinea pig RBC.
Additionally, differences in haemagglutination may result from egg
adaption when viruses are isolated directly into eggs for vaccine
purposes, relative to passage in cell culture. Some of these haemag-
glutination differences can complicate interpretation of HI data in
terms of antigenic relationships and this may necessitate the use
of less routine assays, such as virus neutralisation. It is striking that
egg-derived isolates and mammalian (MDCK) cell-derived isolates
show very different levels of reactivity to post-infection ferret anti-
sera as determined by the HI assay, with lower titres being seen for
viruses isolated on mammalian cells than is observed with viruses
that have been adapted to replication in hens’ eggs. This effect
is somewhat reduced but not eliminated when mammalian RBC
(e.g. guinea pig or human RBC) are used. The application of anti-
genic cartography [10] to dissect the data has shown that (i) prior
to September 2007, the antigenic profile of a virus was the same
whether guinea pig or Turkey RBC were used in the HI assay, but
after September 2007 guinea pig RBC gave similar results to those
seen using virus neutralization, whereas Turkey RBC gave some-

what different results and (ii) antisera raised against egg-derived
and cell-derived pairs of isolates, indicates that the sera have very
similar characteristics in differentiating viruses. Alternative tech-
niques to HI assays such as the virus neutralization assay (using
plaque reduction, or virus yield reduction as measured by CPE, HA
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Fig. 5. An antigenic map (see reference [10]) generated from B/Victoria HI data
from the Melbourne CC from the 15 October 2008 to 4 February 2009. Viruses
are represented as circles, antisera as squares. Vaccine strains are represented
by the larger orange dots, other strains are coloured by antigenic cluster: green
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r ELISA) can also be utilized in order to better understand the
ntigenic differences between circulating viruses and reference or
accine viruses.

The A(H3N2) viruses isolated during the period September
008-January 2009 were assessed by a variety of these tech-
iques at the CC. Generally, traditional HI assays using Turkey
BC and ferret sera raised to egg-grown reference/vaccine strains
uch as A/Brisbane/10/2007 and A/Uruguay/716/2007, showed
oderately reduced titres with viruses grown in cell substrates,

ompared to the homologous titres (Table 2). These differences
ppeared to be increased if viruses were grown in SIAT-1-MDCK
ells [11] rather than the traditionally used MDCK cells. When
uinea pig RBC were used instead of Turkey RBC, these differ-
nces were diminished and most of the recent A(H3N2) viruses
ppeared similar to A/Brisbane/10/2007-like viruses with only
he occasional virus showing low reactivity to all antisera (e.g.
/Prague/63/2009, Supplementary data, Table 1a). Overall the HI
atterns did not highlight groups of viruses showing altered reac-
ivity against the panel of sera used. To extend the HI analysis,
urther testing in virus neutralization assays (with titres based on a
0% plaque reduction compared to serum negative controls) using
he same ferret sera was performed. No reduction in titres was
een with recent viruses when compared with A/Brisbane/10/2007
nd A/Uruguay/716/2007 homologous titres (Supplementary data,
able 1b). Both HI and virus neutralization results indicated that
here had been no major antigenic drift of H3N2 viruses over the
eriod analysed. Antigenic cartographic mapping of the HI data
rom the CC’s illustrates that there has been no major antigenic
rift over the period (Supplementary data, Fig. 1). Human sera from
ubjects given vaccines containing A/Brisbane/10/2007 (H3N2)-
ike antigens contained anti-HA antibodies with similar geometric

ean titres (GMT) against the vaccine virus and for recent isolates
data not shown). Microneutralization was performed on a subset
f these sera and these results supported the HI results (data not
hown).

The majority of viruses sequenced during this period fell broadly
nto the A/Brisbane/10/2007 phylogenetic Clade based on their HA
ene with only minor sequence changes evident (Fig. 4). These
hanges consisted of variations at amino acid position 173, with
he majority of strains having the K173Q (Clade 2) change and
ewer having the E173 or the N173 (Clade 1) or other minor
hanges (Fig. 4). The majority of the N2 sequences fell within the
roups defined by the substitutions V215I and D147N relative to
he sequence of A/Brisbane/10/2007 with many of the European
nd North American isolates falling into a subgroup with changes
t P386H and I464L while the Japanese isolates had changes at
204N or I307M (see Supplementary data, Fig. 2). There were no
ommon changes in the HA sequences that corresponded to these
2 substitutions. No viruses with substitutions in the N2 which
re known to confer resistance to oseltamivir or zanamivir were
etected (Supplementary data, Fig. 2). Virtually all A(H3N2) viruses
hat were sequenced or analysed had the S31N change in the M2
rotein which confers resistance to the adamantane class of drugs.

It was concluded therefore that the A(H3N2) component of the
nfluenza vaccine previously recommended for the Northern Hemi-
phere, an A/Brisbane/10/2007-like virus, remained appropriate for
he Northern Hemisphere for 2009–2010.

. B viruses
There are two lineages of influenza B viruses that show little
ntigenic cross reactivity between the lineages; these are referred
o as B/Victoria/2/87 and B/Yamagata/16/88 lineages and both
ineages have been observed in various proportions in different
ountries at different times since 1988–1989. At each vaccine
B/Malaysia/2506/2004, blue B/Brisbane/60/2008, red B/Hubei-Songzi/51/2008. Grid
indicates 1 unit of antigenic distance, a 2-fold dilution in HI titre. (For interpretation
of the references to color in this figure legend, the reader is referred to the web
version of the article.)

recommendation, an assessment has been made on which virus
lineage might predominate in the forthcoming season in that hemi-
sphere. Over the past decade viruses from both lineages have been
recommended for the vaccine in particular years, the most recent
recommendations being for a virus of the Yamagata-lineage. Recent
reports on influenza activity showed that in early 2008 most viruses
were from the Yamagata-lineage but viruses from the Victoria-
lineage made up the majority of influenza B viruses characterised
in late 2008 by CC and also by NIC, particularly from week 40 in
2008 upto week 4 in early 2009 (Supplementary data, Fig. 3a and
b).

The analysis of influenza B viruses by HI assay shares some
of the same difficulties encountered when performing HI assays
on A (H3N2) viruses. Commonly sera raised in ferrets following
infection with egg-grown B viruses react poorly with cell-grown
B viruses prompting the use of cell-grown viruses for antisera
production in ferrets. In addition, B viruses usually generate anti-
sera of a lower titre than influenza A viruses, prompting the use
of additional boosting of ferrets by some CC’s. However, boost-
ing ferrets has the theoretical potential to broaden the specificity
of the antibody response compared with a single infection proto-
col. Table 3 shows HI results of recently isolated B viruses from
the B/Yamagata-lineage and the B/Victoria-lineage (using Turkey
RBC). Recent B/Yamagata viruses generally reacted well with ferret
sera raised to the reference/vaccine viruses B/Florida/4/2006 and
B/Brisbane/3/2007 but some viruses with reduced reactivity were
noted and some of these reacted better with antisera raised to other

isolates such as B/Bangladesh/3333/2007 or B/England/145/2008.
Many recent B/Victoria viruses however, reacted poorly with ferret
sera raised to the reference/vaccine viruses B/Malaysia/2506/2004
and reacted better to ferret sera raised against more recent viruses
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ig. 6. Phylogenetic trees showing the relationships of the influenza B HA genes of
see legend for Fig. 2 for details).

uch as B/Brisbane/60/2008 or B/Brisbane/33/2008. These dif-
erences were seen with boosted and non-boosted ferrets and
mproved titres were also obtained for recent B/Victoria isolates

ere also seen when sera were raised against cell-grown viruses
ompared to egg grown viruses (data not shown). The B/Victoria
ntigenic map (Fig. 5) shows that the current B/Victoria low-
eactors to the vaccine strain fall into two antigenic clusters
haracterized by B/Brisbane/60/2008 and B/Hubei-Songzi/51/2008.
he B/Hubei-Songzi/51/2008 antigenic cluster (Fig. 5) is not as
ntigenically different from the B/Malaysia/2506/2004 antigenic
luster as the B/Brisbane/60/2008 antigenic cluster. As the current
ntisera are positioned to one side of the B/Hubei-Songzi/51/2008
luster in this map, it is not possible to exclude the possibility that
he strains in that cluster have a lower aviditiy.

Human serological data generated by the Melbourne CC showed
hat the post-vaccination sera reacted well with recent influenza B
iruses from the Yamagata lineage, but less well with B viruses
rom the Victoria lineage (Supplementary data, Table 2a). These
ata were compared with data from the other serology laborato-
ies as shown in the summary table (Supplementary data, Table 2b).
here was on average only a 46% reduction in post-vaccination GMT
o the recent Yamagata lineage viruses compared with those to the
accine virus, whereas the equivalent reduction in post-vaccination
MT to Victoria lineage viruses was on average 67%. This indi-
ates, as expected, that representative recent Yamagata lineage

iruses were well inhibited and that Victoria-lineage viruses
ere poorly inhibited by antibodies induced by vaccines contain-

ng the Yamagata-lineage vaccine viruses B/Brisbane/3/2007 or
/Florida/4/2006. It is worth noting, however, that there is nev-
rtheless significant boosting of the antibodies against Victoria
/Yamagata/16/88-lineage (a) and the B HA genes of the B/Victoria/2/87-lineage (b)

lineage viruses in subjects given a vaccine containing a Yamagata-
lineage virus.

Based on their HA genes, recent B/Yamagata viruses were sim-
ilar to those isolated in 2007–2008 and phylogenetically fell into
one of three principal Clades, with the majority falling into Clade 3
represented by B/Bangladesh/3333/2007 and B/England/145/2008
(with signature amino acid changes at S150I, N186Y, G230D)
and fewer into Clade 1 represented by B/Florida/4/2006 (G230S,
K270R) or Clade 2 represented by B/Brisbane/3/2008 (P108A,
R48K) (Fig. 6a). The HA genes of recent B/Victoria viruses fell
into four main Clades, with the majority falling into a Clade
represented by B/Brisbane/60/2008 or B/Brisbane/33/2008 (N75K,
V146I, N165K, S172P) (Clade 1B) and other viruses falling into
Clades represented by B/Townsville/2/2008 (Clade 1A), B/Hubei-
Songzi/51/2008 (Clade 2A) or B/Bangladesh/4008/2008 (Clade 2B)
(Fig. 6b). Clade 2A viruses contained a number of recent Chi-
nese viruses. Supplementary data, Fig. 4 shows the B/Victoria
phylogenetic tree colour-coded by antigenic cluster. Only the
N165K substitution is characteristic of the two Clades that are
antigenically B/Brisbane/60/2008-like, which is evidence that
N165K is responsible for the antigenic difference between the
B/Brisbane/60/2008-like strains and the other currently circulating
B/Victoria strains and the B/Malaysia/2506/2004 vaccine strain.

The neuraminidase genes separated according to their HA lin-
eages with the B/Yamagata-lineage NA fell into the same groupings

that were seen with their HA genes and the B/Victoria-lineage
NA also formed four separate Clades in accordance with their HA
pattern. In the latter lineage the B/Brisbane/60/2008-like viruses
had signature HA changes at I204V, D329N, A358E, relative to
B/Victoria/304/2006 (Supplementary data, Fig. 5a and b).
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Table 4
Neuraminidase inhibitor resistance (globally).

Centre performing test Type/subtype No. isolates tested Resistant (%)

Zanamivir Oseltamivir

CDC–Atlantaa H1N1 257 0 (0%) 222 (52.0%)
H3N2 59 0 (0%) 0 (0%)
B 111 0 (0%) 0 (0%)

WHO
CC–Melbourneb

H1N1 89 0 (0%) 83 (93.3%)
H3N2 54 0 (0%) 0 (0%)

89

od us
sed.

p
r
t
2

7

t
i
c
m
w
a
r
A

w
i
[
o
A
r
t
[
A
o
(
c
r
p

H
s
t
m
t
i
t
o
C
r
t
o
B
v
g
s
p
t

References

[1] World Health Organization. Influenza web page [accessed on 1 April 2009].
Available from http://www.who.int/mediacentre/factsheets/fs211/en/.

[2] Salomon R, Webster RG. The influenza virus enigma. Cell 2009;133:402–10.

1 A/Brisbane/59/2007 is a current vaccine virus and A/South Dakota/6/2007 is
an A/Brisbane/59/2007-like virus. A/South Dakota/6/2007 that is currently used
in live attenuated vaccines was considered to be A/Brisbane/59/2007-like. A high
growth egg-grown reassortant of A/Brisbane/59/2007 (IVR 148) has been made by
CSL Limited and is available through the several laboratories (see Supplementary
data).

2 A/Brisbane/10/2007 and A/Uruguay/716/2007 (an A/Brisbane/10/2007-like
B

a Viruses collected October 1 2008 to January 20, 2009, Chemiluminescence meth
b Viruses collected 1 September 2008 to 1 February 2009, Fluorescence method u

Based in part on the predominance of Clade 1B viruses in many
arts of the world, despite the lack of general cross reactivity of fer-
et sera raised against some Clade 1A viruses, it was recommended
herefore that a B/Brisbabne/60/2008-like virus be included in the
009–2010 Northern Hemisphere influenza vaccine.

. Antiviral resistance

Two classes of antiviral drugs are used in the prevention and
reatment of influenza, the adamantanes (or M2 ion channel
nhibitors) such as amantadine and rimantadine and the other
lass, the neuraminidase inhibitors such as oseltamivir and zana-
avir. The adamantanes are used only for influenza A viruses
hile the neuraminidase inhibitors are used for both influenza A

nd B. Viruses that are resistant to adamantanes have emerged in
ecent years and resistance to oseltamivir, has also appeared in the
(H1N1) subtype.

The prevalence of H3N2 viruses resistant to the adamantanes
as first found to increase significantly during 2003 and 2004

n Asia, with resistance reaching over 50% in China during 2003
12]. By 2006 resistant H3N2 viruses predominated in all regions
f the world [13,14] and currently this continues with 100% of
/Brisbane/10/2007-like viruses isolated during 2008–2009 being
esistant to adamantanes (Supplementary data, Table 3). Adaman-
ane resistance among H1N1 viruses which had also been rising
15], has dramatically declined with the spread of the sensitive
/Brisbane/59/2007-like sensitive viruses [16], and the overall level
f resistance globally is quite low where this spread has occurred
Supplementary data, Table 3). Resistance to adamantanes is still
ommon in A(H1N1) viruses from the phylogenetic Clade 2C, rep-
esented by A/Hong Kong/2652/06 which are still found in some
arts of Asia [16].

It was striking that oseltamivir resistance emerged abruptly in
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o the rest of the world, despite low levels of oseltamivir use in
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ed.

8. Conclusion

The recommended composition of influenza trivalent vaccine
for the Northern Hemisphere for use in the 2009–2010 season was:

- An A/Brisbane/59/2007 (H1N1)-like virus1

- An A/Brisbane/10/2007 (H3N2)-like virus2

- A B/Brisbane/60/2008-like virus3

This formulation has one change from the 2008–2009 Northern
Hemisphere recommendation and the 2009 Southern Hemisphere
recommendation, with a change in the B virus component from a
B/Yamagata-lineage virus (B/Florida/4/2006-like) to a B/Victoria-
lineage virus (B/Brisbane/60/2008-like). It is expected that the
influenza trivalent vaccine will be available in or before October
2009. Influenza vaccination remains the most effective measure
for the prevention of seasonal influenza infection that is currently
available and its widespread use remains an important component
of public health in many countries. Note that the use (or not) of vac-
cines against the newly emergent pandemic H1N1 virus together
with or subsequent to the seasonal 2008–2009 vaccine is a matter
for national authorities to determine for each country.
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A/Brisbane/10/2007 (CSL Limited; IVR 147) and A/Uruguay/716/2007 (NYMC; X-
175C) have been produced and are available through the several laboratories (see
Supplementary data).
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