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Influenza A viruses belong to the Orthomyxoviridae family, 
containing 8 segmented, negative-sense RNAs that encode 
10 proteins. They are classified into 16 H subtypes and 9 N 
subtypes based on the nature of two surface glycoproteins: 
hemagglutinin (HA) and neuraminidase (NA), respectively.
  Since the first human case of H5N1 was reported in Hong 
Kong (De Jong et al., 1997; Claas et al., 1998), the number 
of cases increased to 18 in 1999, raising concerns about a 
new influenza pandemic. Four years later, human tropic avian 
influenza re-emerged, leading to outbreaks in 2003. According 
to the cumulative number of confirmed human cases of H5N1, 
as reported by the WHO, highly pathogenic avian influenza 
A (H5N1) viruses have infected 502 people and caused 298 
deaths in 15 countries. Indonesia ranks first with 167 in-
fections (138 deaths) and Vietnam occupies the second rank 
with 119 cases (59 deaths). The number of human Vietnamese 
H5N1 cases has increased rapidly during the first epidemic 
period between 2004 and 2005. Since then, no additional cases 
have been reported up to the first half of 2007. On 29 June 
2007, two new human cases of avian influenza A (H5N1) were 
confirmed. By the end of 2007, the total number of human 
cases in Vietnam was reported to be 8, including 5 fatalities 
(WHO, 2010).

  The highly pathogenic avian H5N1 virus is a panzoonotic 
in birds and has shown the ability to infect other species. 
Fortunately, it has no ability for human to human transmission. 
However, a recent outbreak of novel influenza A/H1N1 virus 
(now known as 2009 H1N1 influenza) showed high infectivity 
among humans (Taubenberger and Morens, 2010). It is not 
surprising that we are considering the question of whether 
the H5N1 virus and the H1N1 virus could reassort to create 
a highly pathogenic human to human transmissible H5N1 virus.
  Elucidation of the genetic characteristics of the newly iden-
tified human H5N1 virus is important. In order to clarify the 
origin of the VNH07 strain, we analyzed the full genome of 
an H5N1 strain isolated from a patient in Vietnam in 2007.

The A/Vietnam/HN1/2007 virus strain (VNH07) was isolated from 

throat and nasal swabs of a 28-year-old female patient in Ha Nam 

Province, Vietnam. She developed symptoms, including high fever 

(40oC), sore throat, and double pneumonia. She was admitted to the 

hospital on 6 June 2007 and died 15 days later. This case was con-

firmed as an H5N1 infection by the National Institute of Hygiene 

and Epidemiology, Vietnam, and WHO according to the amended 

WHO criteria.

First-strand cDNAs of VNH07 were kindly provided by the Vietnam 

National Institute of Hygiene and Epidemiology, Hanoi, Vietnam. 
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Phylogenetic distribution of the hemagglutinin gene (HA) of VNH07 in the unified nomenclature system for highly pathogenic H5N1
avian influenza. The tree is rooted to A/duck/Hokkaido/Vac-1/04. VNH07 is underlined and in bold.

Using specific primer pairs, the two genes coding for glycoproteins, 

HA and NA, were generated for further study. Double strand cDNAs 

of the other six gene segments were synthesized by PCR. using a 

universal primer set. All PCR-generated gene segments were se-

quenced and deposited in GenBank (EU294369-EU294373; GQ232439- 

GQ232444).

Sequences of the eight gene segments were aligned with both HPAIV 

and H5N1 representatives from Vietnam, China, Japan, and Korea 

using the MEGA4 program (Tamura et al., 2007). Evolutionary history 

was inferred using the Neighbor-Joining method with 1,000 bootstrap 

replicates. Phylogenetic trees were constructed using a Maximum 

composite Likelihood method. Protein sequences coding for the eight 

proteins of VNH07 were analyzed for genetic and molecular features.

VNH07 is the first H5N1 AIV human isolate found in 
Vietnam since November 2005. Phylogenetic analysis of all 
eight segments (Figs. 1-2, Supplementary data Figs. 1-6) re-
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Phylogenetic tree of the neuraminidase (NA) gene of VNH07. VNH07 is underlined and in bold. Korean and Japanese isolates 
are denoted by three asterisks. All clade 2.3.2 isolates are in bold characters, while clade 2.3.4 isolates are underlined.

vealed that VNH07 is most closely related to the A/duck/ 
Vietnam/50/2007 and A/chicken/Guangxi/463/2006 strains with 
99% and 98% similarity, respectively (Table 1). While the NA 
and NP segments of VNH07 indicate that the virus is related 
to clade 2.3.2 strains, HA and other internal genes were clus-
tered within clade 2.3.4. In addition to evidence of the pa-
tient’s direct contact with chickens and living in Ha Nam 
province, northern Vietnam, the transmission route appears 
to have been via exposure to H5N1-infected poultry from 

southern China. Among Chinese isolates, A/chicken/Guangxi/ 
463/2006 is the strain most closely related to VNH07, in ac-
cordance with another finding (Nguyen et al., 2008) showing 
that clade 2.3.4 H5N1 virus was introduced into northern 
Vietnam from southern China in 2007.
  Regarding genotype, genotype V viruses share all of their 
genes with genotype Z viruses, except for PA, which was 
thought to be a reassorted form of genotype Z with other 
aquatic avian viruses. VNH07 and several other Vietnamese 
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 Nucleotide similarity among VNH07 and other isolates

A/Vietnam/HN/2007

Clade segment PB2 PB1 PA HA NP NA M NS

2.3.4 VNA-07

GX-463

Zhe-16 96% 97% 96% 97%

2.3.2 KRA-08 97% 97% 95% 97% 93%

Hok-01 97% 97% 97% 95% 93%

GX-3017 91% 96% 92% 96% 95%

1 VNA-04 96% 97% 92% 95% 97% 95% 97%

VNA-05 96% 96% 92% 95% 97% 95% 97% 96%

VNA-07, A/duck/Vietnam/50/2007; GX-463, A/chicken/Guangxi/463/2006; Zhe-16, A/human/Zhejiang/16/2006; KRA-08, A/duck/Korea/NSQ263/2009; Hok-01, 
A/whooper swan/Hokkaido/1/2008; GX-3017, A/goose/Guangxi/3017/2005; VNA-04, A/chicken/Vietnam/23/2004; VNA-05, A/human/Vietnam/CL105/2005. Highly 
homologous segments with VNH07 (more than 98%) are in bold characters.

H5N1 Isolates
Amino Acid Squences 

    40         50       60        70       80  

A_duck_VietNam_Ncvd1_2002

A_chicken_VietNam_Ncvd8_2003

A_Ck_Indonesia_BL_2003

A_chicken_Vietnam_27_2003

A_Ck_VietNam_38_2004

A_chicken_Vietnam_23_2004

A_duck_Vietnam_543_2005

A_goose_Guangxi_3017_2005

A_human_Zhejiang_16_2006

A_Human_Vietnam_HN_2007

A_whooperswan_Hokkaido_2008

A_duck_Korea_NSQ263_2008

IQTGNQHQAEPCNQSIITYENNTWVNQTYVNISNTNFLTEKT

IQTGNQHQAGPCNQSIITYENNTWVNQTYVNISNTNFLTEKT

IQTGNQHQAES––––––––––––––––––––––––ISNTNPLTEKA

IHTGNQHQAEP––––––––––––––––––––––––ISNTNFLTEKA

IHTGNQHQAEP––––––––––––––––––––––––ISNTNFLTEKA

IHTGNQHQAEP––––––––––––––––––––––––ISNTNFLTEKA

IHTGNQHQAEP––––––––––––––––––––––––ISNTNFLTEKA

IQTGNQNQVEP––––––––––––––––––––––––ISNTNFLTEKA

IQTGNQHQAEP––––––––––––––––––––––––IRNTNFLTENA

IQTGNQNQVEP––––––––––––––––––––––––IINTNFLTEKA

IQTGNQHQAEP––––––––––––––––––––––––IRNTNFLTENA

IQTGNQHQAEP––––––––––––––––––––––––IRNTNFLTENA

Alignment comparisions of deduced amino acid sequences of Neuraminidase Stalk-Motifs. The dash means the amino acid was deleted
at that site.

avian isolates share seven out of eight genes (PB1, PB2, HA, 
NA, NP, M, and NS) with genotype Z strains, whereas their 
PA sequences are related to those of genotype V isolates 
(Supplementary data Fig. 1) (Vijaykrishna et al., 2008).

 H5N1 isolates in various 
clades have a multibasic motif in HA cleavage sequences, a 
feature of HPAIV. All isolates in clade 2.3.4, including VNH07, 
share the “PLRERRRK-R” pattern, which differs from the 
other clades. Although one Lysine deletion was observed in 
this motif, no information has been reported regarding the 
effect of such a deletion on cleavage ability or on the pathoge-
nicity of the H5N1 virus. This can be explained by the fact 
that although the cleavage site bears the gap, its adjacent mo-
tif still retained the polybasic nature and, consequently, also 
retained the high level of pathogenicity (Li et al., 2004).

 Without a doubt, receptor binding 
sites play a pivotal role in determination of the host tropism 
of AIV. For influenza A viruses, a switch in receptor specificity 
from 2-3 linkages (preferred by avian influenza A viruses) 
to 2-6 linkages (preferred by human influenza A viruses) 
can be considered a prerequisite to crossing the species bar-
rier and attaining the ability to initiate a human pandemic 
(Yamada et al., 2006). The receptor binding site-related resi-
dues: 91Y, 130-134 (GVSS), 149W, 151I, 179H, 186E, 190L, 

191Y, and 220-224 (NGQSG) are conserved in VNH07, espe-
cially positions 222Q and 224G, which are presumably re-
sponsible for preferential binding of AIV to the SA 2,3-Gal 
receptor (Matrosovich et al., 1997; Vines et al., 1998; Ha et

al., 2001).
 Six potential glycosylation sites were de-

tected on HA1 and two sites were identified on the HA2 
domain of VNH07 hemagglutinin. In contrast to the isolates 
of clade 2.3.2, VNH07 clades 2.3.4 acquired N-linked glyco-
sylation at residues 154-156, which was predicted to reduce the 
affinity for the sialic receptor (data not shown) (Matrosovich 
et al., 1997). Although N-linked addition lowers the affinity 
between virus and sialyloligosaccharide receptors, it may pro-
vide influenza viruses with increased ability to escape from 
neutralizing antibodies and decreased ability to elicit neutrali-
zing antibodies from the host immune system (Schulze, 1997; 
Kaverin et al., 2002; Li et al., 2004).

The NA protein of VNH07 has a 20-amino acid deletion at 
aa 49 to 68 in the stalk region (Fig. 3). A 20-aa deletion 
retained in the NA protein may alter the efficiency of enzy-
matic cleavage of various substrates, which may be the reason 
for a shift in host tropism (Luo et al., 1993; Zhou et al., 2009). 
Moreover, it was reported that such a deletion could not only 
increase retention of virions at the plasma membrane, but 
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might also be involved in adaptation of H5N1 from wild 
aquatic birds to domestic chickens as viral hosts (Matrosovich 
et al., 1997).
  Like other Southeast Asian isolates, excluding clade 0 iso-
lates, VNH07 contains a five-amino-acid deletion in the non-
structural (NS) protein. Such deletions in NA and NS pro-
teins are properties of genotype V (Vijaykrishna et al., 2008), 
supporting our finding that VNH07 is a genotype V virus.

While the NA and NP segments of VNH07 indicate that the 
virus is related to clade 2.3.2 strains, HA and the other in-
ternal genes cluster within clade 2.3.4. To assess the possible 
reassortment in HP H5N1 AIVs, we compared the sequence 
homology with regional H5N1 isolates (Table 1). As expected, 
the phylogenetic data showed that VNH07 is closely related to 
the A/duck/Vietnam/50/2007 and A/chicken/Guangxi/463/2006 
strains with more than 98% similarity in all eight segments. 
Compared with other H5N1 isolates, VNH07 showed that 
possible reassortments for the NA and NP segments occurred 
between the A/goose/Guangxi/3017/2005 (2.3.2)-like NA and 
NP and the A/human/Zhejiang/16/2006 (2.3.4)-like remaining 
segments, except PB2. Therefore, it is also possible that the 
reassortment between clades 2.3.2 and 2.3.4 appeared first 
in China, prior to introduction of clade 2.3.4 into Vietnam. 
The distinctive difference between the Vietnamese 2005 
strain and VNH07 supports that VNH07 most likely origi-
nated in China, rather than in circulating Vietnamese domes-
tic sources, in which clade 1 viruses are dominant (Nguyen 
et al., 2008).
  Of particular interest, the 2008 Korean strains appeared 
to be a reassortment between clade 2.3.2-like HA and clade 
2.3.4-like remaining segments. Six internal genes of Korean 
and Japanese strains, including PA, PB1, PB2, M, NP, and 
NS, share greater than 97% similarities with those of VNH07 
(Table 1), whereas a large divergence in HA and NA genes 
exists among them. It was reported that these 2008 Korean 
strains may derive from a reassortment between two groups 
of HPAI H5N1 viruses (clade 2.3.2 and 2.3.4) isolated from 
southeast Asia via wild bird migrations rather than from do-
mestic fowl (Kim et al., 2010). In addition, Japan, Korea, 
Vietnam, and some parts of China (including Guangxi) lie 
in the East Asia/Australia bird migration flyway (Boere and 
Stroud, 2006). Therefore, it is possible that viruses from China 
spread to southeast Asia or east Asia and that they are circu-
lated by migrating birds.
  Genetic reassortment affects the infectivity and host range 
in avian influenza viruses. Although no human case of clade 
2.3.2 has been reported, clade 2.3.4 viruses introduced to 
Vietnam have infected humans, with a high fatality rate (Le 
et al., 2008). Virologists are concerned about the potential 
for reassortant of a HPAIV H5N1 with a 2009 H1N1 influenza 
virus, which could result in a new highly pathogenic pandemic 
strain. To prepare for the pandemic potential and to reduce 
concern, we will need to compare more of the genetic charac-
teristics with all of the human HPAIV isolates.
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