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Genetic variability makes influenza virus to
escape the immunity and causes yearly epidem-
ics. Monitoring those changes is necessary for
vaccine selection. In addition, H3N2 viruses
were considered to be seeded from Southeast
Asia before spreading globally. This study de-
scribed the molecular epidemiology of influenza
A during the post-pandemic season 2010–2011
in Vietnam. Nasopharyngeal samples were col-
lected from children with respiratory infections
at Children’s Hospital 2, Ho Chi Minh City. The
HA, NA, M genes were amplified, sequenced
and analyzed. Thirty-five of 1,082 (3.2%) patients
were positive for influenza A, including 14
pandemic H1N1 2009 (H1N1pdm09) and 21
H3N2 infections. H3N2 was dominant in the
rainy season (May–October 2010) while
H1N1pdm09 was dominant in the dry season
(November 2010–April 2011). Phylogenetic anal-
ysis showed that Vietnamese H1N1pdm09 se-
quences in 2010–2011 formed the distinct
cluster, with other contemporary Asian and
2012-American sequences, suggesting a possi-
ble common ancestor. All were oseltamivir-
sensitive except two strains carrying S247N and
D199N in NA which reduced the neuraminidase
inhibitor susceptibility. The Vietnamese H3N2
viruses in mid-2010 belonged to the emerging
subclade Perth10/2010, which then spread
worldwide in 2011. The Vietnamese influenza
viruses were well matched with the Southern
Hemisphere vaccine formulation. Mutations at
antigenic sites were also identified in these
viruses. Surveillance of influenza viruses in
tropical countries is important not only for
development of their prevention and control
strategies but also for earlier identification of

the newly emerged strains that may be selected
for future vaccine. J. Med. Virol. 87:904–912,
2015. # 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Influenza virus infection is the major cause of
morbidity and mortality in humans worldwide. The
influenza epidemics lead to approximately 3 to 5
million severe illness cases and 250,000 to 500,000
deaths every year [World Health Organization, 2014].
The ability to acquire genetic changes makes the
virus to overcome the immunity from previous infec-
tions and causes yearly epidemics. The hemaggluti-
nin (HA) and neuraminidase (NA) genes of influenza
A viruses usually mutate at high frequencies [Peter
et al., 2013]. As a result, the accumulation of these
mutations at critical positions may lead to alter the
antigenic characteristics of surface glycoproteins
and the antiviral drug susceptibility. Therefore,
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monitoring these genetic changes of influenza virus is
important for vaccine strain selection as well as
identification of drug resistant strains.
In addition, the influenza activity has been well

described in temperate countries with outbreaks usually
occurring during winter seasons [Peter et al., 2013].
Thus, influenza vaccine is delivered annually to protect
against the newly emerged influenza strains. In con-
trast, influenza virus circulates throughout the year
with no clear seasonality in tropical regions. Moreover,
little epidemiological information about influenza makes
it more difficult to develop the prevention and control
programs in these settings [Viboud et al., 2006]. It also
has been proposed that Southeast and East Asia are
regions where influenza virus A/H3N2 first evolved
before spreading worldwide [Rambaut et al., 2008;
Russell et al., 2008a]. Therefore, influenza virologic
surveillance in these areas is necessary not only to
understand the circulation of influenza viruses but also
to identify the virus strains which may be included in
the annual influenza vaccine composition.
In Vietnam, the national surveillance has shown

influenza infection peaks 1–2 times per year [Nguyen
et al., 2013]. The annual influenza incidence is 17–26%
based on serological studies [Horby et al., 2012]. The
Northern Hemisphere influenza vaccine is available in
the private sector but is not commonly used [Members
of the Western Pacific Region Global Influenza Surveil-
lance Response System et al., 2013]. Oseltamivir-resist-
ant strains of pandemic H1N1 2009 (H1N1pdm09) were
reported even on individuals not being received oselta-
mivir [Le et al., 2010]. In this study, the molecular and
epidemiological characteristics of influenza A viruses
circulating during the post-pandemic season 2010–2011
were described. These data may improve the under-
standing of the temporal and geographic circulation of
influenza viruses and provide important information to
develop the public health vaccination policies through-
out the region.

MATERIALS AND METHODS

Patients and Samples

Children younger than 15 years old who were
hospitalized with acute respiratory infections at the
Children’s Hospital 2, Ho Chi Minh City, Vietnam
from April 2010 to May 2011, were enrolled in the
study. The study was approved by the Scientific and
Ethical Committee of the Children’s Hospital 2.
Informed consent was obtained from the parent or
legal guardian of the patients before sample collec-
tion. Acute respiratory infection was defined as any
child presenting with cough or/and difficulty in
breathing [World Health Organization, 2005]. Naso-
pharyngeal flocked swabs (MicroRheologics, Brescia,
Italy) were collected from all enrolled children within
24hr after hospitalization. The samples were immedi-
ately kept at �20 ˚C until further analysis at the
laboratory.

Influenza Virus Detection and Subtyping

Viral nucleic acids were extracted directly from the
clinical samples using the QIAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions and stored at �80 ˚C.
Thirteen respiratory viruses (influenza virus A and
B, human respiratory syncytial virus, human meta-
pneumovirus, parainfluenza virus types 1 to 4, hu-
man rhinoviruses, human coronaviruses (229E and
OC43), adenovirus and human bocavirus) were
screened on each specimen by multiplex hemi-nested
(RT)-PCR as described previously [Tran et al., 2014].
Samples positive for influenza A were further sub-
typed as seasonal H1N1, seasonal H3N2, or
H1N1pdm09 by multiplex nested PCR [Furuse et al.,
2010].

Sequencing and Phylogenetic Analysis

The HA, NA, and M genes of H1N1pdm09 and
H3N2 viruses were amplified using gene-specific
primers recommended by the World Health Organ-
ization [World Health Organization, 2012]. PCR
products were then sequenced by the commercial
company (Macrogen Japan Corp., Tokyo, Japan).
Sequences were assembled by using Cap3 Sequence
Assembly program [Huang and Madan, 1999]. Vac-
cine strain and reference sequences used for the
phylogenetic trees were obtained from the NCBI
GenBank Database (www.ncbi.nlm.nih.gov/genbank)
and GISAID EpiFluTM (www.gisaid.org). The se-
quence data and the phylogenesis were analyzed
using BioEdit v.7.0.5 [Hall, 1999]. Phylogenetic anal-
ysis was performed using MEGA 5.0.5 [Tamura
et al., 2011]. The neighbor-joining method [Saitou
and Nei, 1987] with maximum composite likelihood
model [Tamura et al., 2004] and 1,000 bootstrap
replicates was used to construct the phylogenetic
trees. Deduced amino acid sequences were analyzed
and compared with the vaccine strains A/California/7/
2009 (H1N1pdm09) and A/Perth/16/2009 (H3N2). HA
and NA numbering is accordant with the respective
subtype.
The HA, NA and M sequences in this study have

been deposited in the GenBank database under
accession numbers KJ955501-KJ955605.

Antigenic Site Mapping of HA and NA

The HA and NA protein sequences of influenza
virus in this study were compared with the vaccine
strains. The amino acid changes were mapped to the
previously reported HA [Wiley et al., 1981; Lee and
Chen, 2004; Xu et al., 2010] and NA antigenic sites
[Fanning et al., 2000; Gulati et al., 2002]. Protein
structures were rendered by PyMol software v1.3
(http://www.pymol.org) using the HA (PDB: 3LZG for
H1, 1MQL for H3) and NA (PDB: 3NSS for N1, 1IVG
for N2) structures from Protein Data Bank (RCSB
PDB, http://www.pdb.org) [Berman et al., 2000].
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RESULTS

Between April 2010 and May 2011, 1,082 children
with acute respiratory infections were enrolled. Influ-
enza A virus was found in 35 samples (3.2%), in
which 14 were H1N1pdm09 and 21 were H3N2. The
median age of children infected with influenza A
virus was 15 months (range from 1 to 60 months).
Children younger than 6 months had the lowest
influenza A infection rate (1.4%) while those aged
from 24 to 59 months had the highest infection rate
(7.1%). It is worth mentioning that among children
less than 5 years old, there is a progressive increase
in influenza A positive rates with increasing age
(Fig. 1). Of note, influenza A virus caused infections
in both seasons of this tropical country, with H3N2
in the rainy season (May–October) and H1N1pdm09
viruses in the following dry season (November–April)
(Fig. 2). No influenza-positive cases in this study
were severe enough to require mechanical ventilation
or become fatal. None of them had been vaccinated
against influenza before or received any antiviral
treatment.

Molecular Characterization and Phylogenetic
Analysis

Sequences in this study were blast searched in the
NCBI’s influenza virus sequence database and the
GISAID EpiFlu database in order to find the similar
sequences. Other strains from Vietnam, reference
and vaccine strains were also analyzed together.
Genetic groups in this study were named according
to the WHO Influenza Centre London classification
[WHO Influenza Centre London. National Institute
for Medical Research, 2013].
H1N1pdm09 virus. Phylogenetic analysis

showed the simultaneous co-circulation of three influ-
enza virus groups in Vietnam (Fig. 3). In detail, one
Vietnamese strain (A/HoChiMinh/962.11/2010) clus-

tered with other strains from Vietnam, Cambodia,
Singapore, and Australia in 2009–2010. These strains
were characterized by the double mutations A197T
and S203T and formed an additional genetic group
which had not been named in the WHO Influenza
Centre London classification [WHO Influenza Centre
London. National Institute for Medical Research,
2013]. Another strain (A/HoChiMinh/1137.2/2011) be-
longed to genetic group 6, characterized by the
mutations D97N, S185T in the HA1 region and
E374K, S451N in the HA2 region. This strain clus-
tered with the European and North American strains
in 2011. Finally, the rest of Vietnamese strains in
this study formed a distinct cluster within genetic
group 7, characterized by the mutations S143G,
S185T, A197T, E374K and S451N. They clustered
with strains isolated in East and Southeast Asia,
Australia, Europe in 2010–2011 and strains isolated
in North and Central America in 2011–2012. Of note,
all the Vietnamese strains in this study (except A/
HoChiMinh/1137.2/2011 carried only L420V) carried
all the substitutions L420V, D436E, and S539F that
had not been reported in other influenza viruses
before. These changes formed a unique signature for
the 2010–2011 Vietnamese H1N1pdm09 sequences.
The HA protein of Vietnamese H1N1pdm09 showed

some amino acid mutations with respect to the
vaccine strain A/California/7/2009. Some of them
located within the major antigenic sites Ca (H138Q,
S203T), Cb (S71A), Sa (L161I), and Sb (S185T) of the
HA molecule (Supplemental Figure 1). Moreover,
other mutations S143G and A197T were also found
in the vicinity of the Ca and Sb antigenic sites.
The NA phylogenetic tree was generally compatible

with the HA tree (Fig. 3). Some of the amino acid
substitutions of the NA protein involved in the
antigenic sites J (S340F), L (S366N, N369K), and M
(N386K) compared with the vaccine strain. None of
the NA proteins contained the mutation H275Y,
which is resistant to oseltamivir. However, two
strains in this study carried the D199N and S247N
mutations which were previously known to reduce
the neuraminidase inhibitor susceptibility.
H3N2 virus. The phylogenetic analysis of the HA

gene of H3N2 virus indicated that the 2010 Vietnam-
ese sequences formed a distinct cluster, most closely
related to the A/Perth/10/2010 subclade of the A/
Victoria/208/2009 clade (Fig. 4). They did not group
with the A/Perth/16/2009 clade (the vaccine strain).
However, these two clades had similar antigenicity.
These Vietnamese strains shared some similar key
amino acid substitutions with the genetic groups 5
and 6 (D53N, Y94H, I230V, and E280A). They also
carried the substitutions N389I, T485I, which had
not been reported before. These mutations made the
Vietnamese strains form the separate cluster from
group 5 and 6.
When compared with the vaccine strain (A/Perth/

16/2009), the Vietnamese strains had some mutations
within the antigenic sites A (K144N, R150I), C

Fig. 1. Age distribution of influenza A infections among
children with acute respiratory infection from April 2010 to
May 2011. Flu A, influenza A.
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(D53N, S54R, N278Y, E280A, N310H), D (R208K,
T212A, S214I, I230V), and E (K62E, G78D, Y94H) on
the HA protein (Supplemental Figure 1).
The NA phylogenetic tree was generally in agree-

ment with that of the HA (Fig. 4). The NA protein
also showed some mutations compared with the
vaccine strain, in which 6 located at 3 antigenic sites
F’ (D339N), I’ (S367N, K369T), L’ (I464L, L466F,
L466I) (Supplemental Figure 1).
The M gene analysis showed that all strains were

resistant to Amantadine due to possession of the
S31N substitution in the M2 ion-channel protein.
Interestingly, one patient was infected with the

swine influenza H3N2 variant (A/HoChiMinh/459.6/
2010). This variant clustered together with other
swine influenza viruses from Binh Duong province
(Vietnam), Hong Kong and China. The full genome
characterization of this variant is beyond the scope of
this paper and will be described in another one.

DISCUSSION

Unlike in temperate countries where a single peak
of influenza infections is usually observed during
winter seasons, in this study, influenza viruses
circulated throughout the year with 2 peaks occur-
ring in the rainy and dry seasons. Not as expected,
during the rainy season immediately after the pan-
demic period (May–October, coincide with the South-
ern Hemisphere winter season), no H1N1pdm09
virus was detected. Only H3N2 virus was detected.
During the following dry season (November–April,
coincide with the Northern Hemisphere winter sea-
son), H3N2 virus was replaced completely by
H1N1pdm09. The national surveillance in Vietnam
from 2006 to 2009 also revealed two peaks of seasonal
influenza each year, one between June and October,

and an additional minor peak during the winter
time of the Northern Hemisphere [Nguyen et al.,
2009, 2013]. Similar bimodal seasonal pattern of
influenza activity was also reported in Thailand,
Indonesia and India [Saha et al., 2014]. Determining
the onset and the duration of influenza epidemics in
the community is critical in guiding the appropriate
timing for influenza vaccination, especially for high
risk individuals, as well as guiding the use of
antiviral agents.
Vietnam has been using the Northern Hemisphere

formulation influenza vaccine in the private sector
[Members of the Western Pacific Region Global
Influenza Surveillance Response System et al., 2013].
Due to limitation of data on influenza seasonality,
the usage of influenza vaccine composition was
historically based on its hemispheric location. How-
ever, the phylogenetic analysis showed that the mid-
2010 Vietnamese H3N2 viruses grouped with viruses
from other countries in the winter 2010–2011 and
belonged to the A/Perth/10/2010 subclade (Fig. 4).
This subclade was antigenically similar to vaccine
strain A/Perth/16/2009 in the 2010 winter season of
the Southern Hemisphere and in the 2010–2011
winter season of the Northern Hemisphere. The
Vietnamese H3N2 viruses did not group with the
vaccine strain A/Brisbane/10/2007 in 2009–2010.
These data proved that the influenza activity in
Vietnam appeared earlier than in other temperate
countries in the Northern Hemisphere, and the
current Northern Hemisphere vaccine usage may be
too late to provide the optimal protection. These
findings are consistent with the recent genetic relat-
edness analysis of seasonal influenza A viruses
circulating in Vietnam from 2001 to 2009, which
showed the high match with the Southern Hemi-
sphere vaccine strains [Vuong et al., 2013].

Fig. 2. Seasonal pattern of influenza A infections from April 2010 to May 2011. ss, seasonal.
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Therefore, taken together with previous studies
[Nguyen et al., 2009, 2013; Vuong et al., 2013; Saha
et al., 2014], these results suggest that the Southern
Hemisphere formulation and timing should be consid-
ered for use in Vietnam instead of the current North-
ern Hemisphere one. This is in accordance with
reports from Brazil emphasizing that the adoption of
seasonal influenza vaccine based on hemispheric
location may not apply to tropical countries [de Mello
et al., 2009]. It is also noted that the sub-clade A/

Perth/10/2010, to which the strains in this study
belonged, emerged and spread worldwide in the
winter season of 2010–2011 [WHO Influenza Centre
London. National Institute for Medical Research,
2011].
Regarding H1N1pdm09, there was co-circulation

of different genetic groups in Vietnam during the
post-pandemic period. None of these genetic groups
were considered antigenically distinct from the vac-
cine strain. Most of the Vietnamese strains belonged

Fig. 3. Phylogenetic analysis of HA (A) and NA (B) genes of influenza H1N1pdm09 viruses
circulating in southern Vietnam during 2010–2011. Phylogenetic trees were constructed with
MEGA 5 software using the neighbor-joining method. Bootstrap values of greater than 70% are
shown at the branch nodes. Characteristic mutations of a particular branch are indicated on the
left side nodes. Drug resistant mutations are shown in bold on the right of strains. The genetic
group assignment is indicated by the brackets on the right. The influenza strains in this study
are marked with solid round. The influenza strains from Vietnam are marked with solid
triangles. Vaccine strain is shown in bold and italic.
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to group 7, clustered with contemporary strains
from East and Southeast Asia, Australia during
2010–2011. They also tended to group with the
North and Central American strains during the
2011–2012 season, suggesting that the American

influenza viruses in 2011–2012 may have an Asian
origin. Some of the amino acid substitutions were
observed to locate within the major antigenic sites of
the HA globular head. The S203T located within the
Ca antigenic site but its buried position near the

Fig. 4. Phylogenetic analysis of HA (A) and NA (B) genes of influenza H3N2 viruses
circulating in southern Vietnam during 2010–2011. Phylogenetic trees were constructed with
MEGA 5 software using the neighbor-joining method. Bootstrap values of greater than 70% are
shown at the branch nodes. Characteristic mutations of a particular branch are indicated on the
left side nodes. The genetic group assignment is indicated by the brackets on the right. The
influenza strains in this study are marked with solid round. The influenza strains from Vietnam
are marked with solid triangles. The Perth/10/2010 sub-clade is boldfaced. Vaccine strains for
the Northern (N) and Southern (S) Hemisphere are shown in bold and italic and corresponding
years are enclosed in boxes.
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monomer-monomer interface makes its role unclear
[Xu et al., 2010]. The S185T located within the
receptor binding site and the A197T located nearby
may affect the binding of HA with its receptor [Yang
et al., 2010]. The E374K located in the HA oligome-
rization interface may have role in membrane fusion
[Russell et al., 2008b]. The mutation D222G associ-
ated with more virulent genotype was not present in
these samples [Liu et al., 2010]. Recent studies have
also found some important antigenic sites in the
stem of HA, of which, the 2 unique mutations L420V
and D436E in Vietnamese strains were located in
the R1 and R2 antigenic sites [Xu et al., 2011].
However, the antigenic properties of these viruses
against the vaccine strain were not examined in this
study. Therefore, whether these changes affect the
vaccine effectiveness needs to be elucidated. In
addition, the mutation associated with oseltamivir-
resistant H275Y was not detected. Instead, 2 muta-
tions D199N and S247N on the NA, which reduced
the neuraminidase inhibitor susceptibility, were
found. It should be noted that none of these patients
were treated with antiviral drugs. The S247N was
observed in viruses from Australia and Southeast
Asia with mild reduction in oseltamivir and zanami-
vir susceptibility [Hurt et al., 2011]. The D199N
mutation has recently detected from patients with
oseltamivir resistance [Deyde et al., 2010; Ghedin
et al., 2011] and exhibited to reduce susceptibility to
oseltamivir and zanamivir [Okomo-Adhiambo et al.,
2013]. Although the D199E/G/N mutations have
respectively shown to reduce susceptibility to oselta-
mivir in seasonal H1N1, H5N1, and B influenza
viruses, the effect of D199N mutation among
H1N1pdm09 needs further investigation [Ghedin
et al., 2011]. It should be noted that the viruses in
this study were not cultured to avoid the generation
of adaptive mutations in vitro.
In this study, the infection rates of influenza A

rose with increasing age implies that maternal anti-
bodies may provide protection against influenza dur-
ing infancy. Previous research has demonstrated that
this protection lasted up to 1 year after maternal
influenza immunization [Zaman et al., 2008]. When
the children become older, the involved influenza
virus strains have drifted far apart and therefore the
previous protection could not cross-protect against
the new strains. However, influenza vaccination for
pregnant women is not recommended in Vietnam.
The data reported in this study have several

limitations. Firstly, only 14-month data were avail-
able. Additional surveillance data are needed to
confirm the seasonality and the circulation of influ-
enza viruses. Secondly, a small number of influenza
cases was identified. According to the hospital’s triage
process, patients with suspected influenza infections
will be referred to Infectious Diseases ward for
isolation and treatment. As only samples from Respi-
ratory ward were collected, the number of influenza
infections in this study may be underrepresented.

However, this result was in line with the finding of
recent systematic review indicating that influenza
infection rate was 3% (2.2–4.0%) among children
under 5 years of age hospitalized with acute respira-
tory infection [Luksic et al., 2013]. Moreover, the
infection rate might depend on different types of
influenza virus affecting individuals of different ages,
with school-aged children were the most commonly
affected [Olson et al., 2007; Nguyen et al., 2013].
Most of patients in this study were <2 years of age
might explain for the low influenza infection rate.
Thirdly, the data were only collected on patients
seeking hospital care, thus the results may not reflect
episodes of milder disease occurring simultaneously
in the community. Finally, the study was lack of the
antigenic assay against vaccine strains and the
antiviral drug susceptibility tests. Therefore, the
inferences regarding the protection of vaccine strains
or of antiviral drugs are limited. However, the
genetic data are also useful since amino acid muta-
tions in some important regions usually correlate
with significant antigenic changes [Smith et al.,
2004].
In conclusion, the findings in this study may help

to understand better the seasonal influenza virus
circulation, which are essential for deciding the
optimal time for vaccination as well as the suitable
vaccine formulation. These data may help policy-
makers to inform and develop the influenza preven-
tion and control strategies, not only in Vietnam but
may also be applied throughout the region with
similar influenza seasonal pattern. Continuing sur-
veillance and characterization of circulating viruses
in order to identify the emergence of genetic, anti-
genic, and drug-sensitivity changes is critical to
sustain the prevention and control policy.

ACKNOWLEDGMENTS

We deeply thank doctors and nurses, especially
Dr. Nguyen Tran Quynh Nhu and Ms. Pham Thi
Ngoc Hue, Children’s Hospital 2, Ho Chi Minh City
for their help in patient counseling and sample
collection. DNT is a recipient of the scholarship from
the Honjo International Scholarship Foundation.

REFERENCES

Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weissig
H, Shindyalov IN, Bourne PE. 2000. The protein data bank.
Nucleic Acids Res 28:235–242.

de Mello WA, de Paiva TM, Ishida MA, Benega MA, Dos Santos
MC, Viboud C, Miller MA, Alonso WJ. 2009. The dilemma of
influenza vaccine recommendations when applied to the tropics:
The Brazilian case examined under alternative scenarios. PloS
one 4:e5095.

Deyde VM, Sheu TG, Trujillo AA, Okomo-Adhiambo M, Garten R,
Klimov AI, Gubareva LV. 2010. Detection of molecular markers
of drug resistance in 2009 pandemic influenza A (H1N1) viruses
by pyrosequencing. Antimicrob Agents Chemother 54:1102–
1110.

Fanning TG, Reid AH, Taubenberger JK. 2000. Influenza A virus
neuraminidase: Regions of the protein potentially involved in
virus-host interactions. Virol 276:417–423.

J. Med. Virol. DOI 10.1002/jmv

910 Tran et al.



Furuse Y, Odagiri T, Okada T, Khandaker I, Shimabukuro K,
Sawayama R, Suzuki A, Oshitani H. 2010. Differentiation of
human influenza A viruses including the pandemic subtype
H1N1/2009 by conventional multiplex PCR. J Virol Methods
168:94–97.

Ghedin E, Laplante J, DePasse J, Wentworth DE, Santos RP,
Lepow ML, Porter J, Stellrecht K, Lin X, Operario D, Griesemer
S, Fitch A, Halpin RA, Stockwell TB, Spiro DJ, Holmes EC, St
George K. 2011. Deep sequencing reveals mixed infection with
2009 pandemic influenza A (H1N1) virus strains and the
emergence of oseltamivir resistance. J Infect Dis 203:168–174.

Gulati U, Hwang CC, Venkatramani L, Gulati S, Stray SJ, Lee JT,
Laver WG, Bochkarev A, Zlotnick A, Air GM. 2002. Antibody
epitopes on the neuraminidase of a recent H3N2 influenza virus
(A/Memphis/31/98). J Virol 76:12274–12280.

Hall TA. 1999. BioEdit: A user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT. Nucl
Acids Symp Se 41:95–98.

Horby P, Mai le, Fox Q, Thai A, Thi PQ, Thu Yen, Thanh le, Le
Khanh Hang, Duong TN, Thoang DD, Farrar J, Wolbers M,
Hien NT. 2012. The epidemiology of interpandemic and pan-
demic influenza in Vietnam, 2007–2010: The Ha Nam household
cohort study I. Am J Epidemiol 175:1062–1074.

Huang X, Madan A. 1999. A DNA sequence assembly program.
Genome Res 9:868–877.

Hurt AC, Lee RT, Leang SK, Cui L, Deng YM, Phuah SP, Caldwell
N, Freeman K, Komadina N, Smith D, Speers D, Kelso A, Lin
RT, Maurer-Stroh S, Barr IG. 2011. Increased detection in
Australia and Singapore of a novel influenza A(H1N1) 2009
variant with reduced oseltamivir and zanamivir sensitivity due
to a S247N neuraminidase mutation. Euro Surveill 16 pii:19884.

Le QM Wertheim, Tran HF, van Doorn ND, Nguyen HR, Horby
TH, Vietnam P. 2010. A community cluster of oseltamivir-
resistant cases of 2009 H1N1 influenza. N Engl J Med 362:86–
87.

Lee MS, Chen JS. 2004. Predicting antigenic variants of influenza
A/H3N2 viruses. Emerg Infect Dis 10:1385–1390.

Liu Y, Childs RA, Matrosovich T, Wharton S, Palma AS, Chai W,
Daniels R, Gregory V, Uhlendorff J, Kiso M, Klenk HD, Hay A,
Feizi T, Matrosovich M. 2010. Altered receptor specificity and
cell tropism of D222G hemagglutinin mutants isolated from fatal
cases of pandemic A(H1N1) 2009 influenza virus. J Virol
84:12069–12074.

Luksic I, Kearns PK, Scott F, Rudan I, Campbell H, Nair H. 2013.
Viral etiology of hospitalized acute lower respiratory infections
in children under 5 years of age—a systematic review and meta-
analysis. Croat Med J 54:122–134.

Dwyer, Barr I, Hurt A, Kelso A, Reading P, Sullivan S, Buchy P,
Yu H, Zheng J, Shu Y, Wang D, Lam Aguon, Oliva RQ, Odagiri
T, Tashiro M, Verasahib K, Yusof MA, Nymadawa P, Alexander
B, Gourinat AC, Grangeon JP, Jennings L, Huang S, Horwood
P, Lucero M, Roque V, Jr., Lee Suy, Cardon P, Tandoc A, 3rd,
Olveda RM, Kang C, Young-Joon P, Cutter J, Lin R, Low C, Mai
le, Balish A, Kile J, Mei S, McFarland J, Moen A, Olsen S,
Samaan G, Xiyan X, Chea N, Diorditsa S, Feldon K, Fox K,
Jamsran M, Konings F, Lewis HC, McPherson M, Nilles E,
Olowokure B, Partridge J. 2013. Seasonal influenza vaccine
policies, recommendations and use in the World Health Organ-
ization’s Western Pacific Region. Western Pac Surveill Response
J 4:51–59.

Nguyen HT, Dharan NJ, Le MT Nguyen, Nguyen CT, Hoang DV,
Tran HN, Bui CT, Dang DT, Pham DN, Nguyen HT, Phan TV,
Dennis DT, Uyeki TM, Mott J, Nguyen YT, Vietnam National,
Influenza S, Evaluation T. 2009. National influenza surveillance
in Vietnam, 2006–2007. Vaccine 28:398–402.

Nguyen YT, Graitcer SB, Nguyen TH, Tran DN, Pham TD, Le MT
Tran, Bui CT, Dang DT, Nguyen LT, Uyeki TM, Dennis D, Kile
JC, Kapella BK, Iuliano AD, Widdowson MA, Nguyen HT. 2013.
National surveillance for influenza and influenza-like illness in
Vietnam, 2006–2010. Vaccine 31:4368–4374.

Okomo-Adhiambo M, Sleeman K, Lysen C, Nguyen HT, Xu X, Li Y,
Klimov AI, Gubareva LV. 2013. Neuraminidase inhibitor sus-
ceptibility surveillance of influenza viruses circulating world-
wide during the 2011 Southern Hemisphere season. Influenza
Other Respir Viruses 7:645–658.

Olson DR, Heffernan RT, Paladini M, Konty K, Weiss D, Mosta-
shari F. 2007. Monitoring the impact of influenza by age:

Emergency department fever and respiratory complaint surveil-
lance in New York City. PLoS Medicine 4:e247.

Peter FW, Gabriele N, Yoshihiro K. 2013. Orthomyxoviruses. In:
David MK, Peter MH, editors. Fields virology. 6th edition.
Philadelphia, PA: Lippincott Williams and Wilkins, pp 1186–
1243.

Rambaut A, Pybus OG, Nelson MI, Viboud C, Taubenberger JK,
Holmes EC. 2008. The genomic and epidemiological dynamics of
human influenza A virus. Nature 453:615–619.

Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, Gregory V,
Gust ID, Hampson AW, Hay AJ, Hurt AC, de Jong JC, Kelso A,
Klimov AI, Kageyama T, Komadina N, Lapedes AS, Lin YP,
Mosterin A, Obuchi M, Odagiri T, Osterhaus AD, Rimmelzwaan
GF, Shaw MW, Skepner E, Stohr K, Tashiro M, Fouchier RA,
Smith DJ. 2008a. The global circulation of seasonal influenza A
(H3N2) viruses. Science 320:340–346.

Russell RJ, Kerry PS, Stevens DJ, Steinhauer DA, Martin SR,
Gamblin SJ, Skehel JJ. 2008b. Structure of influenza hemagglu-
tinin in complex with an inhibitor of membrane fusion. Proc
Natl Acad Sci USA 105:17736–17741.

Saha S, Chadha M, Al Mamun, Rahman A, Sturm-Ramirez M,
Chittaganpitch K, Pattamadilok M, Olsen S, Sampurno SJ,
Setiawaty OD, Pangesti V, Samaan KN, Archkhawongs G,
Vongphrachanh S, Phonekeo P, Corwin D, Touch A, Buchy S,
Chea P, Kitsutani N, Mai P, le Q, Thiem VD, Lin R, Low C,
Kheong CC, Ismail N, Yusof MA, Tandoc A, 3rd, Roque V, Jr.,
Mishra A, Moen AC, Widdowson MA, Partridge J, Lal RB. 2014.
Influenza seasonality and vaccination timing in tropical and
subtropical areas of southern and south-eastern Asia. Bull
World Health Organ 92:318–330.

Saitou N, Nei M. 1987. The neighbor-joining method: A new
method for reconstructing phylogenetic trees. Mol Biol Evol
4:406–425.

Smith DJ, Lapedes AS, de Jong JC, Bestebroer TM, Rimmelzwaan
GF, Osterhaus AD, Fouchier RA. 2004. Mapping the antigenic
and genetic evolution of influenza virus. Science 305:371–376.

Tamura K, Nei M, Kumar S. 2004. Prospects for inferring very
large phylogenies by using the neighbor-joining method. Proc
Natl Acad Sci USA 101:11030–11035.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S.
2011. MEG A5: Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum par-
simony methods. Mol Biol Evol 28:2731–2739.

Tran DN, Nguyen TQ, Nguyen TA, Hayakawa S, Mizuguchi M,
Ushijima H. 2014. Human bocavirus in children with acute
respiratory infections in Vietnam. J Med Virol 86:988–994.

Viboud C, Alonso WJ, Simonsen L. 2006. Influenza in tropical
regions. PLoS Med 3:e89.

Vuong CD, Hoang PM, Nguyen HL, Nguyen HT, Nguyen TC, Le
TT, Dennis DT, Kapella BK, Kile JC, Le MQ. 2013. The genetic
match between vaccine strains and circulating seasonal influ-
enza A viruses in Vietnam, 2001–2009. Influenza Other Respir
Viruses 7:1151–1157.

WHO Influenza Centre London. National Institute for Medical
Research. 2011. Report prepared for the WHO annual consulta-
tion on the composition of influenza vaccine for the Northern
Hemisphere 14th–17th February 2011. Available at http://www.
nimr.mrc.ac.uk/documents/about/interim-report-feb-2011.pdf (ac-
cessed on May 27, 2014).

WHO Influenza Centre London. National Institute for Medical
Research. 2013. Report prepared for the WHO annual consulta-
tion on the composition of influenza vaccine for the Southern
Hemisphere 2014 23rd–25th September 2013. Available at
http://www.nimr.mrc.ac.uk/documents/about/NIMR-report-
Sep2013final.pdf (accessed on May 27, 2014).

Wiley DC, Wilson IA, Skehel JJ. 1981. Structural identification of
the antibody-binding sites of Hong Kong influenza haemaggluti-
nin and their involvement in antigenic variation. Nature
289:373–378.

World Health Organization. 2005. Pocket book of hospital care for
children: Guidelines for the management of common illnesses
with limited resources. Geneva: World Health Organization.

World Health Organization. 2012. WHO information for molecular
diagnosis of influenza virus in humans-update November 2012.
Available at http://www.who.int/influenza/gisrs_laboratory/mo-
lecular_diagnosis_influenza_virus_humans_update_201211.pdf?
ua ¼ 1 (accessed on May 27, 2014).

J. Med. Virol. DOI 10.1002/jmv

Influenza A Virus in Vietnam 911

http://www.nimr.mrc.ac.uk/documents/about/interim&x2010;report&x2010;feb&x2010;2011.pdf
http://www.nimr.mrc.ac.uk/documents/about/interim&x2010;report&x2010;feb&x2010;2011.pdf
http://www.nimr.mrc.ac.uk/documents/about/NIMR&x2010;report&x2010;Sep2013final.pdf
http://www.nimr.mrc.ac.uk/documents/about/NIMR&x2010;report&x2010;Sep2013final.pdf
http://www.who.int/influenza/gisrs_laboratory/molecular_diagnosis_influenza_virus_humans_update_201211.pdf?ua &x003D; 1
http://www.who.int/influenza/gisrs_laboratory/molecular_diagnosis_influenza_virus_humans_update_201211.pdf?ua &x003D; 1
http://www.who.int/influenza/gisrs_laboratory/molecular_diagnosis_influenza_virus_humans_update_201211.pdf?ua &x003D; 1


World Health Organization. 2014. Influenza (Seasonal) Fact sheet
No. 211. Available at http://www.who.int/mediacentre/factsheets/
fs211/en/ (accessed on May 27, 2014).

Xu R, Ekiert DC, Krause JC, Hai R, Crowe JE, Jr., Wilson IA.
2010. Structural basis of preexisting immunity to the 2009
H1N1 pandemic influenza virus. Science 328:357–360.

Xu W, Han L, Lin Z. 2011. Screening of random peptide library of
hemagglutinin from pandemic 2009 A(H1N1) influenza virus reveals
unexpected antigenically important regions. PloS one 6:e18016.

Yang H, Carney P, Stevens J. 2010. Structure and receptor binding
properties of a pandemic H1N1 virus hemagglutinin. PLoS Curr
2:RRN1152.

Zaman K, Roy E, Arifeen SE, Rahman M, Raqib R, Wilson E, Omer
SB, Shahid NS, Breiman RF, Steinhoff MC. 2008. Effectiveness
of maternal influenza immunization in mothers and infants. N
Engl J Med 359:1555–1564.

SUPPORTING INFORMATION

Additional supporting information may be found in
the online version of this article at the publisher’s
web-site.

J. Med. Virol. DOI 10.1002/jmv

912 Tran et al.

http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/

