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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. 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

to 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 to

2005 and from a national influenza surveillance system from 2005

to 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

three WHO influenza vaccine strains recommended for use in the

Northern and Southern Hemispheres for the 2001–2004 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.

Keywords Phylogeny, seasonal influenza A virus, vietnam,

virologic surveillance, WHO influenza vaccine recommendation

strains.
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Introduction

Influenza surveillance with genetic and antigenic character-

ization of virus isolates has become routine in many coun-

tries. Data and viruses submitted to the WHO’s Global

Influenza Surveillance and Response System (GISRS) from

National Influenza Centers (NIC) provides an understand-

ing of the global circulation of influenza viruses and is

essential for vaccine strain selection. However, virus strains

submitted to GISRS and strains selected for inclusion in

Northern and Southern Hemisphere vaccines may not be

globally representative. Although GISRS encourages

representative and timely sharing of viruses, specimens

from tropical countries are under-represented. There is,

therefore, a need to increase the number of viruses submit-

ted for analysis from tropical areas to better assess the rele-

vance of the WHO recommended vaccine strains in

tropical countries that are considering the introduction of

influenza vaccination.2

The first NIC of Vietnam was established in 2005, at the

National Institute of Hygiene and Epidemiology (NIHE),

Hanoi. From 2001 to 2005, NIHE conducted limited viro-

logic surveillance in Hanoi to detect influenza infection by

virus isolation from nasopharyngeal secretions from ILI
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patients.1,6–9 The National Influenza Surveillance System

(NISS) was established in 2005 and comprises 15 sentinel

sites (seven sites located in the Northern Region and eight

surveillance sites located in the Southern, Highland, and

Central Regions of Vietnam), and four regional laborato-

ries. In global temperate regions, there are two flu season

annually, corresponding to the occurrence of winter in the

Northern and Southern Hemispheres, and influenza vacci-

nation is delivered annually to protect against the influenza

strains emergent during each winter influenza season.2,7,8

Unlike those regions, the Hanoi-based surveillance from

2001 to 2006 and the first 5 years of national surveillance

in Vietnam from 2006 to 2009 revealed two peaks of sea-

sonal influenza transmission each year, as has been

reported in neighboring tropical countries.1,3,4,6,7,10,11

Vietnam is developing seasonal influenza vaccine manu-

facturing capacity, and the implementation of a rational

influenza vaccination strategy requires information on the

optimal timing and antigenic composition of the vaccine.

Because data on the genetic and antigenic characteristics of

locally circulating seasonal influenza viruses and the rele-

vance of WHO recommended vaccine strains to the epide-

miology of influenza in Vietnam are limited, we have

analyzed the hemagglutinin gene of seasonal influenza

A ⁄ H1N1 and A ⁄ H3N2 isolated in Vietnam from 2001

through 2009. The overall objective is to better understand

the HA gene match between Vietnamese strains and WHO

recommended vaccine strains and to inform the develop-

ment of influenza vaccination policy in Vietnam.6

Materials and methods

Ethical approval
The study was conducted as a part of the Vietnam Ministry

of Health approved influenza surveillance system using

samples taken from patients presenting to health care facili-

ties with an ILI. The National Institute of Hygiene and Epi-

demiology and CDC, Atlanta provided ethical committee

approval for the study. All participants provided written

informed consent.

Sample collection
Patients of any age presenting to one of the sentinel sites

(central hospitals, district hospitals, and polyclinics) with

an ILI (measured fever ‡38�C and cough and ⁄ or sore

throat) within 3 days of onset were eligible for inclusion.1

Nasopharyngeal swabs (NPS) or throat swabs (TS) were

collected by trained nurses using cotton swabs (Hanaco-

medical. CO.LTD – Japan). Swabs were stored in in-house

viral transport media (VTM).1,7 In the sentinel sites in

Hanoi, nasopharyngeal swabs (NPS) were collected from

outpatients and specimens were transferred to the respira-

tory virus laboratory of NIHE on the day of collection1,2.

At the 15 sentinel sites of the NISS, throat swabs were col-

lected from the first two ILI patients each weekday (10

swabs per week ⁄ per sentinel site).1 The TS were refrigerated

in in-house VTM and transferred on Friday or on Monday

of the following week on wet ice to a participating refer-

ence laboratory. Participating laboratories included NIHE,

the Pasteur Institute, Ho Chi Minh city (IP HoChi Minh);

the Pasteur Institute Nha Trang (IPNha Trang); and Tay

Nguyen Institute of Hygiene and Epidemiology (TIHE).1

Viral isolation
Swabs that were positive for influenza A by RT-PCR were

selected for viral isolation, with 100 ll of sample inoculated

onto MDCK cells (Madin-Darby canine kidney cells –

American Type Culture Collection-ATCC) according to

NISS protocols.1,5,7 Viruses were harvested and stored in

)80�C, and all isolates from regional laboratories were

transferred to the NIC-NIHE for further analysis.1,6,12 All

isolates were subtyped using the hemagglutination inhibi-

tion assay (HAI) with reference antigens and antisera from

the World Health Organization (WHO) reagent kit.1,6

Molecular characterization
Subtyped influenza A isolates with a minimum of 8 HA

unit by HA assay were selected for genetic analysis by

sequencing at NIC-NIHE, Hanoi.6 (Table 2)

RNA extraction and Polymerase Chain Reaction
(PCR)
RNA extraction was conducted on 140 ll aliquot of each

isolate using the Viral RNA extraction kit (Qiagen-US)

according to the manufacturer’s instructions. The RNA was

transcribed to cDNA using the influenza A virus universal

primer (Uni 12) AGC AAA AGC AGG as described.13 The

hemagglutinin (HA) gene was amplified with segment-

specific primers.6,7,13

Nucleotide sequencing and phylogenetic analysis
The PCR products were purified with PCR purification kit

(Qiagen-US), and sequencing reactions performed with a

Big Dye Terminator v 3.1. Cycle sequencing kit (Applied

Biosystem, Foster city, CA, USA) according to manufac-

turer’s instructions. Reaction products were resolved on an

ABI 3100 automatic DNA sequencer and sequences assem-

bled using DNA star v 8.0. Sequences were aligned with

CLUSTAL X for the major coding regions of HA segments.

The sequences of influenza A vaccine viruses were included

along with HA sequences from neighboring countries:

China, Thailand, Hong Kong SAR, Cambodia, and Japan

obtained from the influenza virus resource (National Cen-

ter for Biotechnology information; http:ncbi.nlm.nih.

gov ⁄ genomes ⁄ FLU ⁄ FLU.html.). Because the HA1 domain

of HA, the major antigenic protein of influenza A viruses,

Vuong et al.
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contains all the antigenic sites of HA and is continually

under selection pressure driven by the host’s immune

response, 1130 nucleotides corresponding to the HA1 ⁄ H1

domain and 1115 nucleotides for the HA1 ⁄ H3 domain

were used to construct phylogenetic trees by maximum

likelihood (ML) method with bootstrap supported values.

To quantify amino acid sequence diversity of each lineage,

we used MEGA 5 software package and blasted against the

NCBI database to determine the closest sequence available

for representative strains of each lineage. The clade num-

bering for nucleotide-based and amino acid-based cluster-

ing was somewhat different due to synonymous

substitutions at the nucleotide level.

Nucleotide sequence accession numbers
All sequences newly reported in this study have been

deposited in the GenBank database under accession

numbers JX506656 to JX506727.

Results

Virus selection
Data from NISS in Vietnam, 2006–2009, indicated year-

round circulation of seasonal influenza viruses with

frequent cocirculation of influenza A and influenza B

(Figure 1). Influenza A activity often peaked during the

months of May–November, the hot and rainy season, and

influenza B circulation peaked between December–

March1,12. From 2006 to 2009, the NISS identified 1298

A ⁄ H1, 1860 A ⁄ H3, 1749 B, and 696 A ⁄ H1pdm ⁄ 09 cases by

RT-PCR (Table 1). During the study period, only one

influenza A subtype, A ⁄ H1N1 or A ⁄ H3N2, predominated

each year with the exception of 2009, when influenza

A ⁄ H3N2 circulated prior to the appearance and subsequent

dominance of A ⁄ H1N1 ⁄ 09 pdm (Figure 1). Because of this

dominance pattern, we did not isolate influenza A ⁄ H1N1

viruses in 2004 and 2009, nor influenza A ⁄ H3N2 viruses in

2001 and 2006 (Figure 1, Table 2). Influenza A ⁄ H3N2 virus

was identified as the predominant circulating influenza A

subtype in 2007 by RT-PCR testing; however, viruses

recovered from positive H3N2 samples did not reach the

required HA titer for confirmation of subtype and sequence

analysis. A total of thirty-four (34) A ⁄ H1N1 and forty-four

(44) of A ⁄ H3N2 isolates met the quality criteria for

sequencing and were used in this study (Table 2). The sam-

ples were collected from Hanoi during 2001–2005 period

and various regions of Vietnam from 2006 to 2009 through

the NISS (table 2).

HA diversity of seasonal influenza A ⁄ H1N1 in
Vietnam, 2001–2008
The H1N1 HA phylogenetic tree was developed using 34

HA sequences from Vietnam (2001–2009); the HA

sequences from 3 WHO seasonal influenza vaccine recom-

mended strains during the study period (A ⁄ New Caledo-

nia ⁄ 10 ⁄ 1999, A ⁄ Solomon Islands ⁄ 3 ⁄ 2006, and A ⁄ Brisbane ⁄
59 ⁄ 2007); and 11 H1N1 HA sequences from neighboring

countries [Thailand (3), Hong Kong SAR (2), Cambodia

(3), China (2), and Japan (1)] from the same period. Using

A ⁄ Beijing ⁄ 295 ⁄ 1995 as the tree root, seasonal influenza

A ⁄ H1N1 viruses collected in Vietnam clustered into four

main clades (Figure 2).

Eleven (11) isolates from 2001, 2002, and 2003 clustered

in clade I, and nine (9) isolates from 2005, 2006, and 2007

in clade II. Both clade I and II were most closely related to

the A ⁄ New Caledonia ⁄ 20 ⁄ 1999 vaccine strain. Clade I and
Figure 1. Circulation of influenza viruses in National influenza sentinel

surveillance in Vietnam, 2006–2009.

Table 1. Influenza type ⁄ subtype in Vietnam, 2006–2009 (RT-PCR based)

Year Tested sample (n)

Influenza type ⁄ subtype circulation n (%)

Total positive

sample

A ⁄ H1N1

n (%)

A ⁄ H3N2

n (%)

A ⁄ H1N1pdm ⁄ 09

n (%)

B

n (%)

2006 4625 945 574 (60Æ7) 56 (5Æ9) 0 (0) 315 (33Æ3)

2007 6467 1163 16 (1Æ4) 875 (75Æ2) 0 (0) 272 (23Æ4)

2008 6974 1470 641 (43Æ6) 211 (14Æ4) 0 (0) 618 (42Æ0)

2009 7402 2025 67 (3Æ3) 718 (35Æ4) 696 (34Æ4) 544 (26Æ9)

Seasonal influenza A viruses
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clade II could be differentiated by the amino acid substitu-

tions N171S in clade I and Y269F in clade II relative to

A ⁄ New Caledonia ⁄ 10 ⁄ 1999.

The isolates collected in 2006 and 2007 clustered into

the new clade III (5 isolates) sharing amino acid changes at

T99K, Y111H, R225K, T283N, and K90R. This clade was

closely related to the A ⁄ Solomon Islands ⁄ 3 ⁄ 2006 vaccine

strain and Cambodia and Thailand viruses collected in the

same period. These clade III viruses were displaced by the

new clade IV viruses which shared three clade III markers

at T99K, Y111H, R225K, T283N, with the addition of

R205K. From 2001 through 2007, the A ⁄ New Caledo-

nia ⁄ 10 ⁄ 1999 was recommended by WHO as the vaccine

candidate strain, and pair-wise alignment showed the mean

number of differences between Vietnamese A ⁄ H1N1

isolates ranged from 2Æ5 amino acids in 2001 to 10Æ0 amino

acids in 2007(Table 2). The vaccine strain of the 2008

season A ⁄ Solomon Islands ⁄ 3 ⁄ 2006 possessed 8Æ4 amino

acids differences from Vietnamese isolates of the same

period (Table 2). However, some of these amino acid

differences are due to egg adaptation seen with the

A ⁄ Solomon Islands ⁄ 3 ⁄ 2006 vaccine virus that was not seen

in the Vietnamese viruses as they were isolated in MDCK

cells.

HA diversity of seasonal influenza A ⁄ H3N2 in
Vietnam, 2002–2009
The H3N2 HA phylogenetic tree was developed using the

HA of 44 A ⁄ H3N2 isolates collected from 2002 to 2009;

the HA of five WHO recommended vaccine candidate

strains for Northern and Southern Hemispheres (Mos-

cow ⁄ 10 ⁄ 1999; Fujian ⁄ 411 ⁄ 2002; California ⁄ 07 ⁄ 04; Wiscon-

sin ⁄ 67 ⁄ 2005 and Brisbane ⁄ 10 ⁄ 2007) and three WHO

seasonal influenza vaccine strains recommended for the

Southern Hemisphere only (Wellington ⁄ 01 ⁄ 2004; Uru-

guay ⁄ 716 ⁄ 2007 and Perth ⁄ 16 ⁄ 2009); and 30 HA sequences

from H3N2 isolates from China, Japan, Thailand, and

Cambodia. The phylogenetic tree was rooted against the

HA sequence of vaccine candidate strain A ⁄ Mos-

cow ⁄ 10 ⁄ 1999.

The analysis showed six different H3N2 clades in Viet-

nam during 2002–2009 with high genetic homology

between isolates circulating in the same year. Of those,

clade I was comprised of nine isolates in 2002 and diverged

into clade IA and clade IB distinguished by the amino acid

substitutions G291D in IA and A147T in IB when com-

pared with A ⁄ Moscow ⁄ 10 ⁄ 1999 strain. An additional four

amino acid substitutions (L41I, H91Q, H171T, and

Q172H) in the HA gene compared with clade IA resulted

Table 2. Number of amino acid difference in the HA segment between WHO recommended vaccine strains and circulating influenza A viruses in

Vietnam, 2001–2009

Year WHO vaccine strains

A ⁄ H1N1

isolates (n)

A ⁄ H3N2

isolates (n)

Genetic

clade

Mean number of

amino acid

differences

2001 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 2 I 2Æ5
A ⁄ Moscow ⁄ 10 ⁄ 1999(H3N2) 0

2002 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 5 I 4Æ0
A ⁄ Moscow ⁄ 10 ⁄ 1999(H3N2) 9 Ia; Ib 15Æ2

2003 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 9 II 4Æ0
A ⁄ Moscow ⁄ 10 ⁄ 1999(H3N2) 8 II; III 19Æ2

2004 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 0

A ⁄ Moscow ⁄ 10 ⁄ 1999(H3N2)-NH 6 III 21Æ3
A ⁄ Fujian ⁄ 411 ⁄ 2002 (H3N2)-SH 2Æ3

2005 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 4 II 4Æ1
A ⁄ Fujian ⁄ 411 ⁄ 2002 (H3N2)-NH 12 IV; V 3Æ3
A ⁄ Wellington ⁄ 01 ⁄ 2004 (H3N2)-SH 4Æ3

2006 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 8 II; III 9Æ8
A ⁄ California ⁄ 07 ⁄ 04 (H3N2) 0

2007 A ⁄ New Caledonia ⁄ 10 ⁄ 1999 (H1N1) 2 II; III 10Æ0
A ⁄ Wisconsin ⁄ 67 ⁄ 2005(H3N2) 0

2008 A ⁄ Solomon Islands ⁄ 3 ⁄ 2006 (H1N1) 4 VI 8Æ4
A ⁄ Wisconsin ⁄ 67 ⁄ 2005(H3N2)-NH 4 VI 8Æ6
A ⁄ Brisbane ⁄ 10 ⁄ 2007(H3N2)-SH 3Æ2

2009 A ⁄ Brisbane ⁄ 59 ⁄ 2007(H1N1) 0

A ⁄ Brisbane ⁄ 10 ⁄ 2007(H3N2) 5 VI 6Æ8
Total 34 44

Vuong et al.
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in six isolates in 2003 being grouped in clade II, which

were related to Hong Kong strains from the same year.

During the 2001–2004, A ⁄ Moscow ⁄ 10 ⁄ 199 virus was rec-

ommended as the H3N2 vaccine strain for Northern and

Southern Hemispheres; however, not all Vietnamese iso-

lates in same period (clade I and II) were homologous to

this virus (Figure 3). The number of amino acid differences

from A ⁄ Moscow ⁄ 10 ⁄ 199 were 15Æ2 in 2002 and 19Æ2 in

2003 (Table 2). Clade III comprised five (5) isolates from

2004 and two from 2003 and was closely related to the

Wellington ⁄ 01 ⁄ 2004-like strain used in the Southern Hemi-

sphere vaccine in 2005. In 2004, the mean amino acid dif-

ference of circulating Vietnamese H3N2 strains compared

with WHO recommended Northern (A ⁄ Moscow ⁄ 10 ⁄ 1999)

and Southern (A ⁄ Fujian ⁄ 411 ⁄ 2002) Hemisphere vaccine

strains was 21Æ3 and 2Æ3, respectively (Fig 3, table 2).

During the 2005 influenza season, we collected twelve

H3N2 isolates and most of them (9 ⁄ 12) were grouped in

clade IV, with a small number of isolates (3) in clade V

which was closely related to the A ⁄ Fujian ⁄ 411 ⁄ 2002 (clade

IV), and California ⁄ 07 ⁄ 04 and Wisconsin ⁄ 67 ⁄ 2005 (clade

V), vaccine strains. The mean amino acid difference of

circulating Vietnamese H3N2 strains in 2005 compared

with WHO recommended Northern (A ⁄ Fujian ⁄ 411 ⁄ 2002)

Red Blue: WHO vaccine strains : Vietnamese strains

Figure 2. The maximum likelihood phylogenetic tree of the

hemagglutinin domain 1(HA1) sequences of influenza A ⁄ H1N1 Vietnam

strains, 2001–2008.

Red: WHO vaccine strains Blue : Vietnamese strains  

Figure 3. The maximum likelihood phylogenetic tree of the

hemagglutinin domain 1 (HA1) sequences of influenza A ⁄ H3N2

Vietnam strains, 2002–2009.

Seasonal influenza A viruses
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and Southern (A ⁄ Wellington ⁄ 01 ⁄ 2004) Hemisphere vaccine

strains was 3Æ3 and 4Æ3, respectively (Fig 3, Table 2).

Although both of the vaccine strains used for clade IV and

V comparison were egg grown viruses (which have amino

acid substitutions in the egg-derived HA sequences), this is

not reflected in large differences in amino acid sequences.

Clade VI was comprised of nine isolates in 2008 and 2009,

which was distinguished by amino acid substitutions of

R66E and K156I and clustered with isolates from Thailand,

Cambodia, and China. The Vietnamese isolates were

approximately equidistant from the 2008 and 2009 vaccine

candidate Brisbane ⁄ 10 ⁄ 2007. Although grouped in the same

clade (VI), H3N2 viruses collected in 2008 and 2009 had a

mean number of amino acid differences of 3Æ2 and 6Æ8,

respectively compared with A ⁄ Brisbane ⁄ 10 ⁄ 2007 (Figure 3,

Table 2).

Discussion

We have described influenza A ⁄ H1N1 and A ⁄ H3N2 HA

genetic variation in the period 2001–2009 and found that

most isolates clustered in the same clade with other viruses

of the same year, with several significant amino acid

changes characterizing clade diversity, such as: N171S

andY269F for clade I and clade II of influenza A ⁄ H1N1,

and R66E andK156I for clade VI of influenza A ⁄ H3N2.

These clades were similar to isolates of neighboring coun-

tries. Since 2001, three WHO influenza A ⁄ H1N1 vaccine

strains have been recommended, for both northern and

southern influenza vaccine formulations. During the period

of our study, influenza A ⁄ H1N1 viruses circulating in Viet-

nam segregated into two distinct clades, and there were few

amino acid changes in 2001–2005 period (2Æ5 to 4Æ1 amino

acids) compared with the A ⁄ New Caledonia ⁄ 10 ⁄ 1999 vac-

cine strain for 2001–2007. This suggests that this vaccine

strain may have had a good genetic match with circulating

viruses of Vietnam during that time. However, during 2006

and 2007, the genetic divergence of Vietnamese H1N1 iso-

lates compared with the WHO recommended vaccine strain

increased, with a mean of 9Æ8 and 10Æ0 amino acid differ-

ences compared with the WHO recommended vaccine

strain. These findings are similar to reports from Thailand,

Cambodia, China, and Japan.1,3,6–9,14

Larger genetic variation of HA sequences were observed

in A ⁄ H3N2 viruses, with six clades being detected during

the study period. This is consistent with the known faster

evolution of H3N2 viruses compared with H1N1 or influ-

enza B viruses.15 Our results showed that the WHO vaccine

strain recommended for Northern and Southern Hemi-

spheres from 2001 to 2004 (A ⁄ Moscow ⁄ 10 ⁄ 1999) may not

have provided optimal protection for the Vietnamese pop-

ulation because all influenza A ⁄ H3N2 isolates in that time

were genetically diverse (clades I and II) and circulating

viruses had drifted from vaccine strain. In total, eight

WHO candidate H3N2 strains were recommended during

our study period. The Southern Hemisphere vaccine strains

of A ⁄ Fujian ⁄ 411 ⁄ 2002, A ⁄ Wellington ⁄ 01 ⁄ 2004, and A ⁄ Bris-

bane ⁄ 10 ⁄ 2007 had a good genetic match with strains circu-

lating in Vietnam in years 2004, 2005, and 2008, with very

low number of amino acid differences (2Æ3, 4Æ3, and 3Æ2,

respectively). The other A ⁄ H3N2 vaccine strains recom-

mended for both Northern and Southern Hemispheres in

2006 and 2007 (A ⁄ California ⁄ 07 ⁄ 04 and A ⁄ Wiscon-

sin ⁄ 67 ⁄ 2005) were clustered with Vietnamese strains circu-

lating in 2005. Although, our analysis did not include local

H3N2 isolates from 2006 and 2007, during that time strains

isolated in Thailand were not closely related to either

A ⁄ California ⁄ 07 ⁄ 04 or A ⁄ Wisconsin ⁄ 67 ⁄ 2005 vaccine

strains.11 Similarly, the strains circulating in 2009 were

more closely related to the 2010 Southern Hemisphere vac-

cine strain (A ⁄ Perth ⁄ 16 ⁄ 2009), whilst A ⁄ Brisbane ⁄ 10 ⁄ 2007

was recommended as the vaccine strain in 2009. (Figure 3)

Although analysis of the HA gene does provide some

indication on the emergence of antigenically divergent

strains, inferences about the protection afforded by WHO

recommended influenza vaccine strains in Vietnam are lim-

ited by the lack of antigenic data, due to the unavailability

of essential reagents in the time period prior to participat-

ing in the GISRS (2001–2005). Genetic data are, however,

useful because some genetic changes can generate

significant antigenic changes that drive the evolution of

influenza.16

Full antigenic characterization of viruses from Vietnam

and other South East Asian countries is required to ensure

that vaccine strains selected by WHO will provide protec-

tion in these areas. Such characterization is particularly

important given that H3N2 virus may evolve and emerge

from an East and Southeast Asia network,15 the large num-

ber of people living in this region, and the more complex

epidemiology compared with temperate regions. Therefore,

sharing materials, such as epidemiological data and

representative isolates, from a variety of countries has

important implications for influenza vaccine strain selec-

tion and the optimal implementation of influenza vaccina-

tion programs.

Vietnam is located in the Northern Hemisphere and is

in close in proximity to southern China, which has been

considered an epicenter of human influenza outbreaks.17

However, the circulation of seasonal influenza A virus often

peaks between May and November in Vietnam,1 similar to

Southern Hemisphere epidemics,15 and our finding suggest

that Vietnamese H3N2 isolates were more similar to WHO

Southern Hemisphere vaccine strains in recent years.

Thus, strain selection for Southern Hemisphere countries

needs to consider strains circulating in Vietnam, and vice

versa.
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Currently, Vietnam lacks a national policy for influenza

vaccination as there is insufficient data on the burden of

disease and the local epidemiology and virology. Our

results provide information on the HA gene that reveals

evolution of the virus that might be expected to lead to

antigenic change. Complete genome analysis and serological

testing (HAI) of influenza A viruses will be necessary to

obtain a more comprehensive picture of virus evolution

and to guide vaccine strategy in the future in Vietnam.
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