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a b s t r a c t

In 1999, the World Health Organization switched from annual to semi-annual recommendations for
influenza vaccine composition. We compared the antigenic match between recommendations and
circulating viruses before and after 1999, in the Northern and Southern Hemispheres. Vaccine match pro-
portion for A/H3N2 viruses increased from 31% to 59% in the Southern Hemisphere (P < 0.05), and is now
comparable to that in the Northern Hemisphere. Vaccine match for influenza B decreased from ∼100%
to 33–54% in both hemispheres (P < 0.05), following the unexpected resurgence of influenza B/Victoria
eywords:
nfluenza
accine match
HO recommendations

ntigenic characteristics
outhern Hemisphere

in 1997. No estimate was available for influenza A/H1N1. We conclude that semi-annual vaccine recom-
mendations are useful overall and discuss potential ways forward, including a recommendation for the
improvement of vaccination policy and influenza surveillance in tropical areas.

Published by Elsevier Ltd.
orthern Hemisphere
easonality

. Introduction

Large-scale influenza vaccination programs have been in place
or many years in Europe, Japan, and the US. Annual immunization
s the most widespread strategy to prevent influenza morbidity
nd mortality, especially in those at highest risk of complica-
ions, including seniors, children, and those with certain chronic
onditions [1]. Three influenza subtypes circulate in the popu-
ation (A/H3N2, A/H1N1 and B) and most commercial influenza
accines include one representative strain for each of these sub-
ypes. Gradual changes in the virus surface antigens generate new
nfluenza strains that evade population immunity, and influenza
accine composition must be updated periodically to reflect these
hanges [2,3]. Occasionally, a novel influenza virus, such as the
009 A/H1N1pandemic virus, emerges from the animal reservoir
f influenza viruses and becomes transmissible among humans,

equiring rapid development of a new pandemic vaccine and
ater incorporation of a new antigen into the seasonal influenza
accine.

Since 1973, the World Health Organization (WHO) has issued
nnual recommendations for the influenza A/H3N2, A/H1N1 and

∗ Corresponding author at: Fogarty International Center, National Institutes of
ealth, 16 Center Drive, MSC 6705, Building 16, Bethesda, MD 20892, United States.
el.: +1 301 496 0815; fax: +1 301 496 8496.

E-mail addresses: richardst@mail.nih.gov (S.A. Richard), viboudc@mail.nih.gov
C. Viboud), millemar@mail.nih.gov (M.A. Miller).

264-410X/$ – see front matter. Published by Elsevier Ltd.
oi:10.1016/j.vaccine.2010.01.053
B strains to be included in trivalent seasonal influenza vaccines
[4]. The annual vaccine composition recommendations were based
on surveillance of circulating strains in the previous 12 months,
considerations regarding potential epidemic drift strains, vaccine
strain production potential, and existing immunity within the pop-
ulation [5]. Until 1998, an annual recommendation was made
every February, just in time for the vaccine to be produced and
distributed for the following Northern Hemisphere influenza sea-
son (October–April). While the Northern Hemisphere population
received a vaccine based on recommendations that were approx-
imately eight months old, by the time the Southern Hemisphere
received the same vaccine, around March or April of the follow-
ing year, the vaccine recommendations were over 13 months old.
Therefore, it was thought that the match between the strains
included in the vaccine and the circulating strains was better in the
Northern Hemisphere than in the Southern Hemisphere, although
this was not formally evaluated. As a response to this perceived
Northern Hemisphere bias, Southern Hemisphere-specific vaccine
recommendations were implemented in October 1998 [6], and
semi-annual influenza vaccine recommendations have been made
since that time.

Despite these efforts, no published study has evaluated how well
the WHO vaccine composition recommendations have matched the
circulating strains worldwide, before or after the semi-annual vac-

cine recommendations were implemented in 1999. In this study,
we quantify the match between vaccine composition and circu-
lating strains during seasonal epidemics in both Hemispheres,
based on publicly available surveillance reports between 1991 and
2008.

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:richardst@mail.nih.gov
mailto:viboudc@mail.nih.gov
mailto:millemar@mail.nih.gov
dx.doi.org/10.1016/j.vaccine.2010.01.053
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. Methods

We conducted a literature search to identify reports contain-
ng information on national or regional influenza virus surveillance
Pubmed search terms: national, regional, influenza, activity,
urveillance, report), and perused publicly available data from
ational surveillance websites maintained by health authorities.

nfluenza virus surveillance data were collected for 1991–2008
or the United States (US) [7–16], Canada [17–31], and Europe
32], representing the Northern Hemisphere, and for Australia [33],
ew Zealand (1999, 2000 [34,35]; 2001–2007 [36]), Latin America

37], and general global reports [38–48], representing the Southern
emisphere. These data were collected separately for each location,
ear, and influenza subtype. This report presents primarily data for
he A/H3N2 and B subtypes due to limited available surveillance
ata and less rapid antigenic change over the years for the A/H1N1
ubtype.

To evaluate the match between influenza vaccine strains and
irculating strains, we recorded the prevalence of each strain(s)
ithin each subtype circulating in each season and location. Occa-

ionally the reports did not specify the exact number or percent of
he influenza isolates that matched a given strain, in which case the
nformation was considered missing.

For influenza A/H3N2, we categorized strains (either nat-
rally circulating or included in the vaccine) based on the
ntigenic clusters defined by Smith et al. [2] and Russell
t al. [49] For recent years when A/H3N2 antigenic clusters
re less well defined, we considered that A/Fujian/411/2002,
/California/7/2004, and A/Wisconsin/67/2005 were distinct clus-

ers, that strains A/Wellington/1/2004 and A/California/7/2004
elonged to the same cluster, as well as A/Brisbane/10/2007 and
/Wisconsin/67/2005. If a circulating A/H3N2 strain was in the

ame cluster as the vaccine strain, it was considered a match.

For influenza B, we considered two classically distinct virus lin-
ages, Yamagata and Victoria, which are associated with different
enetic and antigenic characteristics [50,51]. If the circulating B
train was in the same lineage as the vaccine strain, it was consid-

able 1
nfluenza vaccine recommendations issued by WHO, 1990–2008. Changes in vaccine c
A/H1N1), antigenic cluster (A/H3N2), or lineage (B; Yamagata (Yam) vs Victoria (Vic)). N

Hemisphere Year A/H1N1 A

N 1990 A/Singapore/6/86 A
N 1991 A/Singapore/6/86 A
N 1992 A/Singapore/6/86 A
N 1993 A/Singapore/6/86 A
N 1994 A/Singapore/6/86 A
N 1995 A/Singapore/6/86 A
N 1996 A/Singapore/6/86 A
N 1997 A/Bayern/7/95 A
N 1998 A/Beijing/262/95 A
S 1999 A/Beijing/262/95 A
N 1999 A/Beijing/262/95 A
S 2000 A/New Caledonia/20/99 A
N 2000 A/New Caledonia/20/99 A
S 2001 A/New Caledonia/20/99 A
N 2001 A/New Caledonia/20/99 A
S 2002 A/New Caledonia/20/99 A
N 2002 A/New Caledonia/20/99 A
S 2003 A/New Caledonia/20/99 A
N 2003 A/New Caledonia/20/99 A
S 2004 A/New Caledonia/20/99 A
N 2004 A/New Caledonia/20/99 A
S 2005 A/New Caledonia/20/99 A
N 2005 A/New Caledonia/20/99 A
S 2006 A/New Caledonia/20/99 A
N 2006 A/New Caledonia/20/99 A
S 2007 A/New Caledonia/20/99 A
N 2007 A/Solomon Islands/3/2006 A
S 2008 A/Solomon Islands/3/2006 A
N 2008 A/Brisbane/59/2007 A
8 (2010) 2693–2699

ered a match. We note that our definitions of vaccine match for both
influenza B and A/H3N2 are similar to those used in a recent Cana-
dian study evaluating influenza vaccine effectiveness by subtype
[52].

To evaluate vaccine recommendations, we estimated the match
proportion between circulating strains and vaccine strains by
subtype, season and country. To compare vaccine match propor-
tion between seasons and hemisphere, while taking into account
potential geographical differences in sampling and vaccine match
between countries, we used weighted t-tests for which weights
were based on the number of influenza samples typed in each loca-
tion and each season. We also conducted sensitivity analyses with a
method that puts more emphasis on locations but disregards sam-
pling issues (unweighted t-tests applied to average vaccine match
proportion by hemisphere), and a method that disregards potential
geographical heterogeneity but heavily relies on sampling (chi-
square tests of aggregated virus surveillance data at the hemisphere
and season level).

3. Results

3.1. Description of WHO influenza vaccine recommendations,
1990–2008

Table 1 lists the subtype-specific influenza vaccine composition
recommendations issued by the WHO between 1990 and 2008.
Nine recommendations were issued during the early part of our
study period, 1990–1998, when influenza vaccine composition rec-
ommendations were made annually. Twenty recommendations (10
in the Northern Hemisphere and 10 in the Southern Hemisphere)
were issued by the WHO during 1999–2008, when semi-annual
composition recommendations were in place. Recommendations

for vaccine composition in the Northern Hemisphere have been
made between February 10 and March 1 since 1990, and between
October 1 and 24 for the Southern Hemisphere since 1999. In
three cases, incomplete recommendations were initially issued,
twice without an A/H3N2 strain recommendation, and once with-

omposition are highlighted when they correspond to a change in vaccine strain
= Northern Hemisphere, S = Southern Hemisphere.

/H3N2 B

/Guizhou/54/89 B/Yamagata/16/88 (Yam)
/Beijing/353/89 B/Yamagata/16/88 or B/Panama/45/90 (Yam)
/Beijing/353/89 B/Yamagata/16/88 or B/Panama/45/90
/Beijing/32/92 B/Panama/45/90 (Yam)
/Shangdong/9/93 B/Panama/45/90
/Johannesburg/33/94 B/Beijing/184/93 (Yam)
/Wuhan/359/95 B/Beijing/184/93
/Wuhan/359/95 B/Beijing/184/93
/Sydney/5/97 B/Beijing/184/93
/Sydney/5/97 B/Beijing/184/93
/Sydney/5/973 B/Beijing/184/93
/Moscow/10/99 B/Beijing/184/93
/Moscow/10/99 B/Beijing/184/93
/Moscow/10/99 B/Sichuan/379/99 (Yam)
/Moscow/10/99 B/Sichuan/379/99
/Moscow/10/99 B/Sichuan/379/99
/Moscow/10/99 B/Hong Kong/330/2001 (Vic)
/Moscow/10/99 B/Hong Kong/330/2001
/Moscow/10/99 B/Hong Kong/330/2001
/Fujian/411/2002 B/Hong Kong/330/2001
/Fujian/411/2002 B/Shanghai/361/2002 (Yam)
/Wellington/1/2004 B/Shanghai/361/2002
/California/7/2004 B/Shanghai/361/2002
/California/7/2004 B/Malaysia/2506/2004 (Vic)
/Wisconsin/67/2005 B/Malaysia/2506/2004
/Wisconsin/67/2005 B/Malaysia/2506/2004
/Wisconsin/67/2005 B/Malaysia/2506/2004
/Brisbane/10/2007 B/Florida/4/2006 (Yam)
/Brisbane/10/2007 B/Florida/4/2006
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Table 2
Description of influenza viral surveillance data used in the evaluation of vaccine match, by influenza subtype, period (before and after the change in vaccine recommendations
in 1999), and Hemisphere.

Time period Southern Hemisphere Northern Hemisphere

Total number
of isolates

Median number of isolates
by season (min–max)

Total number
of isolates

Median number of isolates
by season (min–max)

Influenza A/H3N2 subtype
1991–1998 (8 seasons) 3728 199 (9–1636) 2877 252 (123–847)
1999–2007 (9 seasons) 7947 842 (218–2101) 19,185 1452 (25–4334)

05) 557 67 (37–288)
95) 8705 582 (64–2324)
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Fig. 1. Percent of isolated and antigenically characterized A/H3N2 influenza
viruses that matched the WHO recommended vaccine composition by hemisphere,
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Influenza B subtype
1996–1998 (3 seasons) 669 43 (21–6
1999–2007 (9 seasons) 3530 355 (12–9

ut an A/H1N1 strain. In all three of these cases, an addendum was
ublished two to four weeks later with an updated recommenda-
ion.

Since 1999, the A/H3N2 antigenic cluster represented in the vac-
ine has changed three times, the A/H1N1 component has changed
hree times, and the B component has changed five times (Table 1).
o clear pattern has been seen in which hemisphere is driving the

ecommendation changes; 67% of A/H3N2 changes (2/3), 33% of
/H1N1 (1/3), and 60% of B (3 of 5), occurred first in the Southern
emisphere recommendations.

.2. Evaluation of match between WHO vaccine
ecommendations and circulating strains, 1990–2008

Based on a review of influenza surveillance reports between
991 and 2008, we retrieved information on the antigenic char-
cteristics of 33,565 A/H3N2 strains allowing categorization into
ight antigenic clusters [2,49]. Of these A/H3N2 strains, 65% were
solated in the Northern Hemisphere and 35% in the Southern
emisphere. A median of 760 A/H3N2 strains (range 25–4334)
ere available for estimation of vaccine match each season in the
orthern Hemisphere, while 658 isolates were available season-
lly for the Southern Hemisphere (range 9–2101). Table 2 provides
nformation on the number of strains available for analysis by time
eriod and Hemisphere.

We categorized influenza B viruses based on two broad anti-
enic families, Victoria and Yamagata. No B virus data from the
outhern Hemisphere were available prior to 1996, therefore, we
nly considered the period 1996–2008 for the B viruses. Of the
3,461 influenza B viruses described between 1996 and 2008, 69%
ere isolated in the Northern Hemisphere, and 53% were catego-

ized as Yamagata. A median of 488 influenza B isolates (range
7–2324) were available for estimation of vaccine match each sea-

on in the Northern Hemisphere, while a median of 305 B isolates
ere available for the Southern Hemisphere (range 21–995). There
as a trend towards increased sampling in recent years both for

nfluenza A/H3N2 and B viruses: 68–94% of viruses included in the
tudy were isolated after 1999, and the number of viruses available

able 3
stimates of vaccine match proportion and 95% confidence intervals (CI) by influenza subty
as calculated by dividing the number of viruses that matched the vaccine strain (A/H3N

accine lineage (influenza B Yamagata or Victoria)) by the total number of antigenically c

Time period Southern Hemisphere Match proporti

A/H3N2 subtype
1991–1998 (8 seasons)a 31% (8–53%)
1999–2007 (9 seasons)b 59% (42–75%)

B subtype
1996–1998 (3 seasons)a 93% (74–100%)
1999–2007 (9 seasons)b 54% (38–71%)

a Annual WHO recommendations.
b Semi-annual WHO recommendations.
1990–2008, based on data described in Table 2. Percent match was calculated by
dividing the number of A/H3N2 viruses that matched the vaccine strain (based on
the definition of antigenic clusters as in [2,49]) by the total number of antigenically
characterized viruses.

each season increased fourfold to eightfold after 1999, depending
on the location and subtype (Table 2).

Prior to the semi-annual recommendations initiated in 1999, the
annual match between the dominant circulating A/H3N2 strain and
vaccine strain was either high (>75%) or low (<25%) in both hemi-
spheres (Fig. 1). A notable pattern prior to the implementation of
the semi-annual vaccine recommendations is the substantial drop
in vaccine match proportion for A/H3N2 in the Southern Hemi-
sphere, immediately prior to a change in annual A/H3N2 vaccine
strain recommendations for the Northern Hemisphere (1991, 1993,
1996, 1998 seasons). Prior to 1999, the average vaccine match pro-
portion was 31% in the Southern Hemisphere, less than half that
of the Northern Hemisphere over the same period (69%, P = 0.02,
Table 3). By contrast, after the semi-annual recommendations were

implemented, the average match proportion increased in South-
ern Hemisphere to 59% (P < 0.05 for difference in match proportion
before and after 1999), and became similar to that in the North-
ern Hemisphere (55%, P = 0.77 for differences between hemispheres
post-1999, Table 3).

pe, hemisphere, and period, 1991–2007 (H3N2) and 1996–2007 (B). Percent match
2: based on the definition of antigenic clusters as in [2,49]; B viruses matched the
haracterized viruses.

on (95% CI) Northern Hemisphere Match proportion (95% CI)

69% (47–90%)
55% (37–73%)

100% (100–100%)
38% (21–55%)
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Fig. 2. Percent of isolated and antigenically characterized B influenza viruses that
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atched the WHO recommended vaccine viruses by hemisphere, 1996–2008, based
n data described in Table 2. Percent match was calculated by dividing the number
f B viruses that matched the vaccine lineage (influenza B Yamagata or Victoria) by
he total number of antigenically characterized viruses.

There was little information identifying the circulating influenza
strains prior to the initiation of Southern Hemisphere vaccine

ecommendations. However, the available data from Canada, the
S, and Australia suggest a degree of vaccine match close to 100%
t the family level in both hemispheres prior to 1999 (Table 3,
= 0.21 for differences between hemispheres). In recent years,
owever, vaccine match for influenza B significantly decreased in
oth hemispheres to 38–54% (P for change <0.05), and there was
o measurable difference in matching proportion between hemi-
pheres (P = 0.21). The observed decline was mostly due to the
lobal resurgence of the Victoria lineage in 1997 and frequent oscil-
ations between Yamagata and Victoria since 1997 (every 1.5–2
ears; Fig. 2). We note that vaccine recommendations were nearly
ut of phase with the observed cycles of dominance of these B lin-
ages. We conclude that more frequent semi-annual opportunities
or updating the B strain included in the vaccine since 1999 have
emonstrated little benefit for vaccine match.

Sensitivity analyses using different methods to compare vaccine
atch proportion over time and between hemispheres gave sim-

lar results. Vaccine match proportions and statistical significance
emained unchanged when aggregating data at the hemisphere and
eason level, disregarding the effect of countries. When we gave the
ame weight to each country, irrespective of the number of spec-
mens sampled, the vaccine match proportion estimates changed
omewhat but the conclusions remained valid. In particular with
his later comparison method, A/H3N2 virus vaccine match was
hown to improve in the Southern Hemisphere after 1999, increas-
ng from 50% to 75%, although the change was not statistically
ignificant due to lack of power. For influenza B viruses, vaccine
atch was shown to decline from 100% to 50–52% in both hemi-

pheres in recent years (P < 0.05 for change), highly consistent with
he results of our main analysis.

. Discussion

Our study is the first to quantitatively evaluate influenza vaccine
ecommendations issued by the WHO since 1990. We demonstrate
hat the Southern Hemisphere recommendations put in place in
999 substantially improved vaccine match in Southern Hemi-
phere countries, in particular for A/H3N2 viruses that are prone
o more rapid antigenic changes than the other subtypes [2,3]. The
/H3N2 vaccine match proportion in the Southern Hemisphere has

ignificantly increased from 31% prior to implementation of the
outhern Hemisphere recommendations to 69% in recent years,
nd is now equivalent to that in Northern Hemisphere countries
ased on publicly available data. Our data suggest that improve-
ent in match between circulating and vaccine strains in the
8 (2010) 2693–2699

Southern Hemisphere is due to the use of more recent global
influenza surveillance data to derive vaccine recommendations in
that Hemisphere, rather than use of more locally representative
data [5]. These results are reassuring for Southern Hemisphere
populations, who can now benefit from a better-matched and
potentially more clinically effective vaccine, and for Northern
Hemisphere populations who travel to the Southern Hemisphere
during the influenza season and can now use an updated vaccine
[53,54].

Vaccine match proportion decreased unexpectedly for influenza
B viruses from 100% to 54%, concomitant with the implementa-
tion of Southern Hemisphere recommendations, a decrease which
appears to be a coincidence related to changes in virus strain
dynamics. While a single lineage of influenza B predominated
globally between 1990 and 1997 (Yamagata lineage), there are
now patterns of alternating dominance of two B lineages (Yam-
agata and Victoria lineages). These results highlight the difficulty
in predicting the global dominance patterns of B viruses in recent
years, rather than a failure of the Southern recommendations
per se. In order to resolve this problem, it has been suggested
that the annual vaccine be expanded to include representative
antigens for both B lineages, or that the annual vaccine system-
atically alternate inclusion of the two lineages (Yamagata one
year, Victoria the next) in an attempt to provide some resid-
ual protection against both lineages of B viruses [55]. Given the
widespread circulation of A/H1N1 pandemic virus since April 2009,
which is now incorporated into the seasonal vaccine recommenda-
tions for 2010, and the hurdles associated with influenza vaccine
production, it seems unlikely that seasonal vaccines will be mod-
ified to contain two influenza B components in the near future.
Although influenza B viruses are less likely to be responsible for
widespread epidemics than A/H3N2 viruses (and perhaps A/H1N1
pandemic viruses in the coming years), B viruses occasionally
predominate in a season and are particularly prevalent in chil-
dren; therefore, protection from infection remains of public health
importance.

One of the challenges in performing this evaluation was that
the publicly available data were incomplete or lacking in some
cases. In some reports, only the predominant strain type was
mentioned, and we were unable to ascertain the identity of the
less frequently isolated strains. In addition, we were unable to
evaluate vaccine match for seasonal influenza A/H1N1 viruses,
given that antigenic categories are not yet defined for this sub-
type, there are very few surveillance reports providing strain
information, and vaccine recommendations are less frequently
updated, resulting in very poor statistical power. Another chal-
lenge was that, although this paper focuses on a match between
the WHO recommended vaccine strains and the circulating strains,
some countries (e.g., New Zealand) choose to use strains that are
different from the WHO recommendations during some years.
As this is an evaluation of the WHO recommendations, alter-
nate vaccine strain choices were not considered when calculating
the percent match between vaccine strain recommendations
and circulating strains within any one country or region. More
importantly, we had very little data from tropical areas of the
Southern and Northern Hemispheres, and our evaluation remains
mostly limited to those temperate areas with publicly available
data.

Despite these caveats, we applied the same methodology to
analysis of different years and different countries, so that our
main results comparing vaccine match before and after 1999 are

robust. In particular, the estimated lower vaccine match in South-
ern than Northern Hemisphere for influenza A/H3N2 before 1999
and improvement in recent years are robust to misspecifications
of influenza strains or lack of data. These geographical and tem-
poral differences in vaccine match are likely not overestimated,
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s small sample sizes tend to drive comparisons towards lack of
tatistical significance. Further, sensitivity analyses exploring var-
ous sampling and geographical issues suggest that our results
re not sensitive to the specific methodology used. We note also
hat our observation of a poor match for influenza A/H3N2 in the
outhern Hemisphere prior to 1999 is consistent with a descrip-
ive analysis of influenza in Central and South America in the
eriod when Southern Hemisphere recommendations did not exist
37].

While our study suggests a reassuring improvement in vac-
ine match proportion for influenza A/H3N2 viruses, which are
esponsible for most influenza-related deaths [56], further research
s warranted to determine the clinical value of a good antigenic

atch between circulating strains and vaccine strains. Overall, vac-
ination is expected to prevent 80% of all laboratory-confirmed
nfluenza infections in healthy people during years when the vac-
ine strains are antigenically matched to the circulating strains, but
accine efficacy decreases to 50% when there is a mismatch [57].
detailed study investigated subtype-specific vaccine effective-

ess in the 2006–2007 season in Canada and reported high vaccine
ffectiveness against clinical A/H1N1 influenza infections (92%),
hen 98% of A/H1N1 isolates matched the vaccine component in

hat season [52]. Effectiveness was moderate (41%) against clini-
al A/H3N2 infections, while half of the A/H3N2 isolates matched
he vaccine component at the antigenic cluster level [52]. Effective-
ess was poor (19%) against B viruses, while none of the B isolates
ere matched to the vaccine component at the lineage level [52].

imilarly, results from a three-year US study demonstrate that sta-
istically significant vaccine effectiveness was only observed during
season in which over 90% of the circulating isolates matched the
accine strains [58]. Of note, both the Canadian and US studies
sed the same definition of vaccine antigenic match for influenza
/H3N2 and B components as ours [52,58]. Additional research is
eeded to establish the degree of antigenic match between vac-
ine and circulating viruses required to elicit clinical protection. Of
articular interest is whether previous seasonal vaccinations will
rovide cross-immunity to novel pandemic influenza viruses, like
he recent 2009 A/H1N1 pandemic virus, which remains debated
59].

Overall, our study highlights a relatively high and improved vac-
ine match proportion for A/H3N2 viruses in both hemispheres
rom 2000 onwards, averaging 55–60%. Can vaccine match be
urther improved? Possible reasons for vaccine strain mismatch
nclude poor representation of epidemiologically important iso-
ates, due to limited geographic coverage of global influenza virus
urveillance. Over the study period, 1991–2008, surveillance was
eavily focused on temperate areas of the Northern Hemisphere,
s illustrated by the fact that ∼70% of changes in vaccine rec-
mmendations for influenza A/H3N2 and B were associated with
iruses first isolated in this region. This may change in the com-
ng years, given strengthening of surveillance efforts, especially in
reviously underrepresented tropical areas of Central and South
merica, Africa and Asia. Of particular note is the nomencla-

ure used when describing “Northern” or “Southern” Hemispheric
accine formulations. Only a tiny proportion of the global popu-
ation actually resides in Southern temperate regions (estimated
t 2% [60]); the vast majority residing in the Tropics of both
emispheres (41%) and in Northern temperate regions (57%).
erhaps it would be more useful to think of recommendations
pecific to tropical countries, irrespective of whether these coun-
ries are located in Southern or Northern Hemisphere, but based

n other variables predictive of their local influenza epidemi-
logy and seasonality. These might include variables associated
ith land/sea/air connections to temperate areas or other fac-

ors more significant than their Southern or Northern latitude
ines.
8 (2010) 2693–2699 2697

In addition to limited geographic coverage in surveillance, the
time course of vaccine production may also prevent or delay
changes in influenza vaccine recommendations and result in mis-
match. On occasion, an antigenically novel strain is recognized as
epidemiologically important but gives a poor yield during prelim-
inary vaccine production attempts, preventing revision of vaccine
recommendations. This issue can only be resolved by development
of new vaccine technologies that do not rely on the time-consuming
process of virus growth on eggs. In addition, improving the time-
liness of virus surveillance, together with real-time monitoring
and interpretation of antigenic evolution globally [2], may accel-
erate vaccine strain selection. In the long run, better predictive
models of influenza antigenic changes and their epidemiological
relevance will become available, although to date, the exact rules
driving antigenic evolution and the interactions with other viral
functions remain poorly understood [61–63]. Influenza genetic
and antigenic data from the global influenza surveillance network
should be widely and promptly shared with the scientific commu-
nity to facilitate innovation in the vaccine strain selection process
[64–66].

Another area of improvement for vaccine match is the issue of
the Tropics, where influenza seasonal vaccination can be under-
used or misused given lack of perceived disease burden [67–69].
It is thought that influenza may circulate year-round in trop-
ical and subtropical areas, with periodic increases in influenza
activity that may be linked to environmental factors like pre-
cipitation, humidity, or temperature [70,71]. In inter-pandemic
periods, new influenza antigenic variants may arise from year-
round disease transmission in tropical areas [61,72], perhaps more
specifically in East and Southeast Asia [49]. The biggest issue
for influenza vaccination in the Tropics is the diversity of sea-
sonal patterns and timing of influenza activity, where epidemics
tend to be asynchronous with those in temperate areas of the
Northern and Southern Hemisphere [49,71,73,74]. For instance,
Brazil is located in the Southern Hemisphere and uses Southern
Hemisphere vaccine recommendations, despite experiencing very
early epidemics in several of the Northern Tropical and Subtrop-
ical states. Consequently, vaccination is implemented too late in
most years in those states, and modeling studies suggest that it
would be more beneficial to use the Northern Hemisphere vac-
cine recommendations and vaccinate earlier in those states. Some
locations with semi-annual influenza activity such as Hong Kong,
Taiwan or Singapore [69] may even benefit from semi-annual
vaccination if vaccine composition was updated from one hemi-
sphere recommendation to the next; however, local resources
may limit this option. Unfortunately, there is no ‘one solution
fits all’ for the Tropics, and it is likely that each country or
sub-region within a country will have to tailor its vaccination
strategy to the specific local epidemiology, regardless of lati-
tude. Rational vaccine policy decisions based on the best available
local data are required to protect those living in the Tropics
from influenza disease burden and optimize limited public health
resources.

In conclusion, the semi-annual influenza vaccine composition
recommendations have resulted in a better match between circu-
lating strains and vaccine strains for influenza A/H3N2, and have
likely improved the effectiveness of the annual vaccination pro-
grams in the Southern Hemisphere. It is recommended that these
semi-annual recommendations continue, particularly in this era
of global connectedness and emerging viral threats. Further work
should focus on quantifying vaccine match for influenza A/H1N1

subtype, improving vaccine match for influenza B subtype, eval-
uating and optimizing vaccination strategies for Tropical regions,
increasing real-time surveillance of influenza viruses globally and
sharing of information, and developing a better understanding of
influenza antigenic evolution.
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