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Summary
The highly pathogenic Asian H5N1 influenza virus that was first detected in
Guangdong in the People’s Republic of China (China) in 1996 is unique in having
spread to humans and other mammalian species. To date, this virus has not
consistently transmitted between any mammalian species but the continued
spread and evolution of these viruses in domestic poultry across Eurasia
presents a continuing pandemic threat. These viruses have caused devastation
in domestic poultry and have killed over 60% of infected humans. The H5N1
viruses are unique in having evolved into multiple clades and subclades by
reassortment with other influenza viruses in the epicentre of southern China, and
accumulation of point mutations has resulted in antigenic differences between
the clades. Three waves of spread have occurred, wave one to East Asia and
Southeast Asia, wave two through Qinghai Lake, China, to Europe, India and
Africa, and wave three to Southeast Asia again. This paper deals with the
molecular epidemiology of the evolution of the multiplicity of H5N1 clades. The
continuing evolution of these H5N1 viruses and the possible establishment of
secondary epicentres in Indonesia, Egypt and Nigeria present a continuing
threat to poultry and people globally.
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Introduction
Highly pathogenic avian influenza viruses (HPAIV)
of subtype H5N1 have become panzootic in many Asian
and African countries, resulting in repeated outbreaks in
poultry and increased cases of human infection, giving rise
to a persistent pandemic threat. In this paper the authors
summarise the evolution and development of this
H5N1 virus lineage.
The first outbreak of the Asian H5N1 virus lineage was
observed in geese in Guangdong in the People’s Republic of
China (China), in 1996 (31). Subsequently, a reassortant
variant derived from Goose/Guangdong/1/96 virus
(Gs/GD/1/96) caused the ‘Bird Flu’ incident in Hong Kong
in 1997 and demonstrated that a ‘pure’ avian influenza

virus could be directly introduced to humans
and cause infection (8, 25, 31). This demonstrated a
possible pathway for the generation of a new pandemic
influenza (25).
Genetic analyses suggested that the H5N1 virus causing
human infection in Hong Kong, represented by A/Hong
Kong/156/97 (HK/97-like), may have been generated by
multiple reassortment events between Gs/GD-like and
H9N2 or H6N1 viruses found in terrestrial poultry (15, 16,
31). Following the 1997 outbreak, HPAI H5N1 variants
with Gs/GD-like haemagglutinin (HA) and neuraminidase
(NA) genes became endemic in poultry in southern China
(12, 13). Those variants arose through a series of
reassortment events to incorporate different gene segments
with different origins. Eventually, these H5N1 viruses
evolved into genetic and antigenic sublineages or clades
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that allow us to trace their transmission routes and unveil
the evolutionary events behind their genesis.

The origin of
Goose/Guangdong/1/1996
Phylogenetic analyses of low pathogenic avian influenza
(LPAI) H5 subtype viruses, isolated from poultry and
migratory birds in Eurasia, revealed that four gene
segments of Gs/GD/1/96 were closely related to viruses
detected from migratory birds in Hokkaido, Japan (10).
Dating the emergence of each gene segment of Gs/GD/1/96
further demonstrated that these gene segments had a very
similar time of emergence in poultry in southern China
(26). These findings suggested that the prototype virus was
introduced into poultry as a non-reassortant LPAI H5N1
virus from wild bird populations (Fig. 1).

Chicken and other poultry

HPAI gene pool
(farms and markets)
Chicken and other poultry

LPAI: low pathogenic avian influenza
HPAI: highly pathogenic avian influenza

Fig. 1
The emergence of the A/Goose/Guangdong/1/96-like H5N1
viruses from the natural gene pool (a) and the interaction
between the low pathogenic natural gene pool and the highly
pathogenic gene pool in poultry (b)

Evolutionary patterns
and development in China
More than 20 outbreaks of HPAIV H5 or H7 were recorded
in the 20th Century (1). Genetic analyses and laboratory
experiments suggested that all of those H5 and H7 viruses
evolved from low pathogenic precursors, and developed
their high pathogenicity after introduction into terrestrial

poultry. However, the Gs/GD-like H5N1 virus lineage is
the only example that is known to have generated multiple
genetic reassortants, or genotypes. Furthermore,
H5N1 viruses with different gene constellations have
caused outbreak episodes in different regions and at
different times (e.g. 9). To better understand the evolution
and development of this virus lineage, the authors address
this issue chronologically.

Initial H5N1 reassortant
variants: HK/97, Hubei/97
The original outbreak of HK/97-like H5N1 virus occurred
in April 1997 in several chicken farms in the New
Territories of Hong Kong (Hong Kong can be divided into
three areas for administrative purposes; the New
Territories, which border Guangdong Province of China, is
the largest of these areas) (21). This outbreak was
associated with the first or index human case, a five-year
old boy, of H5N1 influenza infection in May (8, 25).
However, the major outbreak in local live poultry markets
occurred from late November to December 1997. The
virus may well have been in the live poultry markets for
months since no surveillance was performed. An
additional 17 human cases were identified during this
period of time. Even though the outbreak was terminated
by depopulation of poultry in Hong Kong, the source or
origins of this H5N1 variant are still not fully understood.
Genetic analysis of the HK/97-like H5N1 influenza virus
revealed that it was a double or triple reassortant: the
HA gene was derived from the Gs/GD-like virus, while
the remaining seven genes were derived from
H9N2 (quail/Hong Kong/G1/97-like) and H6N1
(teal/Hong Kong/W312/97-like) viruses (15, 31). Since
H5, H6 and H9 subtypes of influenza virus were prevalent
simultaneously in the live poultry markets of Hong Kong,
and given that the HK/97-like virus had never been
isolated from any other place, it was reasonable to believe
that this H5N1 variant was generated locally in Hong Kong
poultry markets. However, a recent study has indicated
that the W312-like H6N1 virus was not a precursor of the
HK/97-like virus but rather the descendant of an
unidentified reassortant between the HK/97-like H5N1
virus and another H6N1 virus (7). Also, recently released
sequence data suggested that other H5N1 reassortants
were also detected in Hubei Province in 1997 (Hubei/97like virus) (9). Interestingly, those variants contained some
internal genes that are not related to contemporary field
viruses but rather are closely related to influenza viruses
isolated in the 1970s in Eurasia (9, 10, 18). These findings,
in conjunction with the continuing emergence of multiple
novel H5N1 reassortants, suggest that highly pathogenic
Asian H5N1 viruses were circulating in the region
prior to 1997.
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Second reassortment events:
genotypes B, Z and X series
Even though HK/97-like H5N1 virus was not detected in
the field after the Hong Kong ‘Bird Flu’ incident, the
Gs/GD-like virus was still prevalent in the goose
population in southern China, as it was regularly detected
from geese imported into Hong Kong from 1999 to
2000 (12). Studies in apparently healthy ducks in southern
China demonstrated that H5N1 viruses were circulating in
the region from 1999 through 2002 (3). By mid-December
2000, novel reassortants of the Gs/GD-like H5N1 HPAI
viruses were detected from both domestic ducks and geese
in the authors’ surveillance network (12, 28). Afterwards,
the novel H5N1 reassortants gradually replaced the
Gs/GD-like viruses in poultry (12, 14, 17).
During this new reassortment event multiple H5N1
variants were generated. These novel reassortant viruses
(e.g. genotypes B, Z and X series) caused a new
dissemination and outbreak wave in poultry in China.
Although a major outbreak was first reported in live
poultry markets in Hong Kong in May 2001, available
sequence data suggested that the H5N1 HPAI outbreak
also occurred elsewhere in China (9). In 2000, the Gs/GD
lineage viruses were detected in five provinces (Fujian,
Guangdong, Guangxi, Jiangsu and Zhejiang) of eastern and
southern China along with novel genotypes (Table I). In
2001 eight provinces were affected by H5N1 and almost all
isolates were novel reassortants (9).
In 2001, five different genotypes or reassortants were
simultaneously identified during the Hong Kong outbreak

in poultry (genotypes A to E) (13). This was a new
situation in influenza epidemiology as each previously
recorded HPAI outbreak had been associated with only a
single genotype. Phylogenetic analysis of full genome
sequences revealed that at least another five
H5N1 reassortants were recognised from five provinces in
2000, and in the following year as many as fifteen
reassortants, or genotypes, were recognised from eight
provinces (Table I). One of the latter H5N1 viruses that
became dominant, named genotype Z, was also first
detected in Guangxi in 2001. The viruses were detected
not only in the south-east coast region, but also in Hebei
and Henan Provinces in central and north central China. It
was also during this period that the first HPAI
H5N1 viruses were detected outside of China, in Vietnam
(3, 19, 29).

Continued emergence of novel
genotypes and genotype replacement in China
There was a further expansion of H5N1 activity in China
in 2002 (9). Viruses were detected in four additional
provinces (Jilin, Hubei, Hunan and Yunnan) while the
virus was still detected in all provinces affected in the
previous year (Table I). Genetic and phylogenetic analyses
of available sequence data recognised 15 distinct
reassortants, or genotypes in 2002. Four genotypes
(B, Z, W and X0) had already been detected in the previous
year, but the remaining 11 genotypes emerged in
2002. Among those novel reassortants most belonged to
the genotype X series (genotypes X1 to X9), with only four
(genotypes B, W, Z and Z+) persisting to the following year
(Table I).

Table I
H5N1 influenza virus activity and genotype distribution in China, 1996 to 2006
Year

Province (genotype)

1996

Guangdong (a) (Gs/GD)

1997

Guangdong (Gs/GD, HK/97-like), Hubei (Hubei-like)

1999

Guangdong (Gs/GD)

2000

Fujian (F), Guangdong (Gs/GD, Gs/GDˉ, C, T1), Guangxi (ND*), Jiangsu (ND), Zhejiang (Gs/GD1, W)

2001

Fujian (B, W), Guangdong (Gs/GDˉ, A-E, X0, X10, W1, B2, T3), Guangxi (B, B1, Z), Hebei (Hubei-like), Henan (ND), Jiangsu (ND), Shanghai
(Gs/GDˉ, C, X0), Zhejiang (ND)

2002

Fujian (X7), Guangdong (X0-X3, X9, B, B3, Z, Z+, W), Guangxi (X6), Hebei (X8), Henan (ND), Hubei (ND), Hunan (Z), Jiangsu (B), Jilin (ND),
Shanghai (X4, X5, Z), Yunnan (Z), Zhejiang (ND)

2003

Beijing (V), Fujian (B, W), Guangdong (Z, V), Guangxi (ND), Henan (ND), Hubei (V), Hunan (Z), Jiangsu (ND), Jilin (T4, Z), Shangdong (ND), Yunnan (Z)

2004

Anhui (ND), Fujian (Z+), Guangdong (Z, V, V1, Hubei-like), Guangxi (Z, W, G, W2, Hubei-like), Henan (Z, Hubei-like), Hubei (Z), Hunan (Z, V), Jiangsu (ND),
Jilin (T5), Shandong (B, X0, Hubei-like), Shanghai (Z), Yunnan (Z)

2005

Anhui (ND), Fujian (Z, V), Guangdong (Z, V, V1), Guangxi (Z, V, G), Guizhou (Z, G, V), Hebei (V), Hubei (ND), Hunan (Z, V, G, T6), Jiangsu (ND),
Jiangxi (Z, V), Qinghai (Z), Yunnan (Z, V, G), Zhejiang (ND)

2006

Fujian (V), Guangdong (Z, V, G, V2, V4), Guangxi (V, G), Guizhou (G, V, V3), Hunan (Z, V), Jiangsu (ND), Qinghai (Z), Shanxi (V), Yunnan (V), Zhejiang (V)

(a) Includes Hong Kong Special Administrative Region and Shantou
* ND denotes genotype could not be determined as full genome is not available
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Most of the H5N1 variants were identified based on the
viruses associated with disease outbreaks at the livepoultry markets and farms in Hong Kong (21, 22). It was
noted that most of the H5N1 isolates detected between
January and March 2003 were genetically diverse and
belonged to different genotypes; however, the majority
were genotype Z viruses (9, 17). This suggests that
genotype Z viruses gradually became dominant during
2002, while most of those novel reassortants were transient
(Table I). After 2002, novel reassortant H5N1 viruses
continued emerging almost every year in poultry in China.
These included genotype V in 2003, and genotypes V1 and
G in 2004 (9). From 2002 to 2004, H5N1 virus activity
was continually observed in several of China’s 22 provinces
(in 12 provinces in 2002, 11 provinces in 2003, and
12 provinces in 2004). It is worth noting that genotype V
virus has gradually replaced genotype Z since the
emergence of the Fujian-like (clade 2.3.4) H5N1 variant in
early 2005 (9, 23). By 2006, genotype V was detected in
8 out of 10 provinces where genotypes were defined, while
genotypes Z and G were only detected in three provinces
each (Table I).
Dating the emergence of each genotype of H5N1 viruses
revealed that those reassortants were generated by three
distinct reassortment events (26). The first event generated
genotypes B and W, while the second one resulted in the
emergence of the genotype X series. These two
reassortment events probably occurred from early 2000 to
mid-2001. The most recent variants, including genotypes
Z, Z+, V, V1 and G, were generated by further interaction
or reassortment between viruses from the first two
reassortant groups (26). It is also apparent that
reassortment between influenza viruses from domestic and
migratory birds has contributed to the expanded diversity
of the influenza virus gene pool among poultry in Eurasia
(10). Specifically, different subtypes of avian influenza
virus from the natural gene pool in wild birds are
introduced into domestic ducks where these viruses
undergo regular reassortment with endemic H5N1 viruses
(Fig. 1). Subsequently, transmission of these reassortant
viruses within large, highly connected populations of duck
and other poultry species results in frequent interspecies
transmission and genetic drift (26).

Prevalence and dissemination
Since it was first detected in 1996, Gs/GD-like
H5N1 influenza virus and its variants have spread to over
60 countries across Eurasia and Africa. The viruses have
become endemic and panzootic in some of these countries
and have caused repeated poultry outbreaks and human
infection, posing an unprecedented global pandemic
threat. In this section, the authors will discuss how this
virus has spread beyond China.
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Endemicity in poultry in China
Prospective virological surveillance in live-poultry markets
across southern China provided evidence for the
endemicity of highly pathogenic H5N1 in the region. In
the 18 months between January 2004 and June 2005,
H5N1 virus was most frequently isolated from apparently
healthy ducks and geese (isolation rates, 1.8% and 1.9%,
respectively), followed by minor poultry (0.46%) and
chickens (0.26%) (5, 23). Live poultry markets tested
positive for H5N1 virus in 16 of the 18 months during this
period (overall positivity rate was approximately 0.9%).
From July 2005 to June 2006, H5N1 virus was detected in
each month tested. The isolation rates for ducks, geese and
chickens were 3.3%, 3.5% and 0.5%, respectively.

Description of haemagglutinin drift
from Goose/Guangdong to present
While the Gs/GD-like H5N1 virus continually reassorted
with other influenza viruses to produce many different
reassortants, the HA gene had continually accumulated
point mutations that gave rise to significant antigenic drift.
The observed antigenic drift enables us to trace the
transmission pathways of H5N1 viruses and also created
additional challenges in selecting vaccine candidates for
pandemic preparedness.
Initially, surveillance in southern China showed that H5N1
influenza viruses isolated from different provinces were
antigenically and genetically distinct. In particular, viruses
from Guangdong, Guiyang, Hunan and Yunnan grouped
together, indicating isolated evolution within these regions
(5). The same situation was also observed for viruses from
Vietnam and Indonesia (5, 24). However, there were also a
number of HA sublineages from China that contained
viruses isolated from different provinces that reflected the
interaction of viruses from different regions. Genetic and
antigenic analyses of viruses isolated from different regions
or countries revealed that multiple distinct sublineages had
become established in several regions where the H5N1
variants had been endemic for several years. These
sublineages, subsequently incorporated into the World
Health Organization (WHO) H5N1 nomenclature system
as different clades, include the viruses from
Vietnam/Thailand and Malaysia (clade 1), from Indonesia
(clade 2.1), and the most recently recognised clade
2.3.4 viruses first described as ‘Fujian-like’ (23, 30). The
current known geographical distribution of different H5N1
HA clades, as defined by the WHO/World Organisation for
Animal Health/Food and Agriculture Organization H5N1
Evolution Working Group (30), is provided in Figure 2.
Since a human pandemic virus could possibly emerge from
any country where H5N1 viruses are endemic, it has been
necessary for the WHO to include viruses from seven
clades as pre-pandemic vaccine candidates to ensure
adequate antigenic coverage of circulating H5N1 viruses.
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Fig. 2
Map showing country distribution of A/Goose/Guangdong/1/96-like H5N1 virus haemagglutinin clades reported from poultry and wild
birds since 1996

Transmission to East Asia
and Southeast Asia (wave 1)
As many as eight eastern and southeastern Asian countries
recorded, almost simultaneously, H5N1 HPAI outbreaks
from November 2003 to February 2004, constituting the
first H5N1 outbreak and transmission wave (17). All of the
viruses detected in these countries during wave 1 were
genotype Z. Even though the direct precursors of the
viruses detected in South Korea and Japan have not been
identified, genetic and antigenic analyses of isolates from
different provinces of southern China revealed a similar
virus isolated from chickens in Guangdong in early
2003 (5). The viruses prevailing in Vietnam, Thailand,
Laos, Cambodia and Malaysia (clade 1) were derived from
Yunnan province of China, with which Laos and Vietnam
share a land border (Fig. 2), while the viruses prevailing in
Indonesia were derived from the viruses from Hunan
isolated in early 2003 (5, 17, 23, 24, 27). Thus, available
information suggests that all H5N1 variants from the first
transmission and outbreak wave were introduced from
China, most probably via movement of poultry or
poultry products.

Transmission to Central Asia and
Europe, and the development of endemicity
in Africa (wave 2)
The second major transmission and outbreak wave of
H5N1 virus was initiated following the Qinghai Lake
outbreak in migratory birds in April 2005 (4, 6). Despite
continued endemicity of HPAIV H5N1 in China over many
years, the Qinghai outbreak (Qinghai is in western China)
produced the first observed large-scale death of migratory
birds. The affected bird species included bar-headed geese,
great black-headed gulls and brown-headed gulls.
Afterwards, viruses closely related to those isolated from
the Qinghai Lake outbreak (QH-like virus, clade 2.2) were
detected in other countries to the west and northwest (Fig.
2). Within seven months, clade 2.2 viruses were
transmitted from China to Mongolia, Siberia, Central Asia,
the Middle East, eastern and western Europe, and were
eventually introduced into Africa (11).
Unlike the viruses detected in China, all isolates detected
in this transmission and outbreak wave were genetically
and antigenically very similar, although more marked
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antigenic drift was observed in African countries after the
virus had been maintained for several years. Since virus
spread occurred so rapidly, it was believed that interaction
of poultry and migratory birds was responsible for virus
transmission. While the specific wild bird species involved
are not known, accumulated information suggests that
many different birds are permissive for the H5N1 HPAIV
(e.g. 2), and that some of them may survive H5N1
infection. The question remains whether other
descendants of these H5N1 viruses will continue to evolve
and spread from secondary sites.

Renewed transmission to
Southeast Asia (wave 3)
In 2006, updated virological and epidemiological findings
from live-bird market surveillance in southern China
demonstrated that H5N1 influenza viruses continued to be
panzootic in different species of poultry (23). Genetic and
antigenic analyses revealed the emergence and
predominance of a previously uncharacterised H5N1 virus
sublineage. The index variant was first isolated from ducks
in Fujian in March 2005. By late 2005, about half of H5N1
influenza isolates from surveillance in southern China were
Fujian-like strains. Since early 2006, the majority of H5N1
influenza isolates from southern China have belonged to
this novel sublineage. This virus was also transmitted to
Hong Kong, Laos, Malaysia, Thailand and Vietnam (23).
The variant was also responsible for all human infections
that were reported from late 2005 onwards. Genetic
analysis revealed that this variant was a new genotype (V)
which had a novel PA gene compared to the previously
dominant genotype Z (9).
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Recent epidemiological findings suggested that in northern
Vietnam this variant (genotype V, clade 2.3.4) also replaced
the previously endemic strains, but in southern Vietnam
the viruses still belonged to clade 1 (20). Therefore,
available information indicates that while genotype Z is
still predominant in Indonesia, much of Southeast Asia,
and those areas affected by clade 2.2 viruses, it appears that
genotype V associated with the emergence of clade
2.3.4 viruses is predominant in much of China and
northern Vietnam. Given the previous patterns of
dissemination, it is also possible that clade 2.3.4 viruses
may become established in other currently affected
Southeast Asian countries. Furthermore, H5N1 virus
endemicity in poultry across such a vast geographical area
will continue to drive genetic and antigenic change until
virus populations can be effectively brought under control.
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Épidémiologie moléculaire du sous-type
H5N1 du virus de l’influenza aviaire
Y. Guan, G.J.D. Smith, R. Webby & R.G. Webster
Résumé
Le virus asiatique H5N1 de l’influenza aviaire hautement pathogène, détecté
pour la première fois en 1996 à Guangdong en République populaire de Chine,
présente la caractéristique unique de s’être transmis à l’homme et à d’autres
espèces de mammifères. Jusqu’à présent, il n’a pas été constaté
de transmission régulière entre espèces chez les mammifères ; en revanche,
la propagation continue et l’évolution de ces virus parmi les volailles
domestiques à travers tout le continent eurasien fait planer une menace
permanente de pandémie. Ces virus ont eu des effets dévastateurs chez
les volailles domestiques ; chez les humains infectés, le taux de mortalité
dépasse 60 %. Les virus de type H5N1 ont pour caractéristique unique d’avoir
évolué en plusieurs clades et sous-clades suite au réassortiment avec d’autres
virus de l’influenza dans l’épicentre situé en Chine méridionale ; l’accumulation
de mutations ponctuelles s’est finalement traduite par une différenciation
des caractères antigéniques de ces clades. Trois vagues épidémiques se sont
succédé : la première a touché l’Asie de l’Est et du Sud-Est, la deuxième
a traversé le lac de Qinghai en Chine pour gagner l’Europe, l’Inde et l’Afrique,
tandis que la troisième a de nouveau affecté l’Asie du Sud-Est. Cet article est
consacré à l’épidémiologie moléculaire de l’évolution des multiples clades des
virus H5N1. L’évolution continue de ces virus H5N1 et le risque d’établissement
d’épicentres secondaires en Indonésie, en Égypte et au Nigeria représentent
une menace permanente et mondiale pour les populations aviaires ainsi que
pour l’homme.
Mots-clés
Dissémination – Évolution moléculaire – H5N1 – Influenza aviaire – Influenza aviaire
hautement pathogène – Pathogénie – Risque de pandémie.

Epidemiología molecular del subtipo
H5N1 del virus de la influenza aviar
Y. Guan, G.J.D. Smith, R. Webby & R.G. Webster
Resumen
El subtipo H5N1 del virus de la influenza aviar altamente patógena, detectado por
primera vez en 1996 en Guangdong (La República Popular de China), es el único
que se ha propagado a seres humanos y otras especies de mamíferos. Hasta la
fecha, no se ha transmitido sistemáticamente entre especies de mamíferos, pero
su difusión y evolución constantes en las aves de corral de toda Eurasia
constituyen una amenaza permanente de pandemia. El subtipo H5N1, que causó
estragos en las aves de corral y provocó la muerte de más del 60% de los seres
humanos infectados, es el único que dio lugar a la aparición de múltiples clados
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y subclados debido a la recombinación con otros virus de la influenza aviar en
el epicentro del Sur de China; además, la acumulación de mutaciones originó
diferencias antigénicas entre los clados. Se han registrado tres olas
de propagación. La primera hacia el Este y Sudeste de Asia; la segunda desde
el lago Qinghai, China, hacia Europa, India y África, y la tercera hacia el Sudeste
asiático nuevamente. En este artículo se examina la epidemiología molecular
de la evolución de los numerosos clados del H5N1. Su evolución permanente
y la posible aparición de epicentros secundarios en Indonesia, Egipto y Nigeria,
amenazan constantemente a las aves de corral y los seres humanos en todo
el mundo.
Palabras clave
Evolución molecular – H5N1 – Influenza aviar – Influenza aviar altamente patógena –
Potencial pandémico – Propagación.
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Background: Avian influenza viruses are responsible for several epizootics and pose a continuous threat to humans and animals
globally. Waterfowls are the main reservoir of these viruses and responsible for the spillover of AIVs to other hosts.Â The present study
hereby reports the serological evidence and molecular detection of H5N1 subtype of avian influenza from chickens from backyard
poultry, live bird markets, and farms as well as domestic duck samples from different locations in Bangladesh.Â Continuation of AIV
surveillance programs should help understand the epidemiology and ecology of AIVs and will provide clear and comprehensive picture.
The vaccination program as currently should be reviewed and updated. This paper deals with the molecular epidemiology of the
evolution of the multiplicity of H5N1 clades. The continuing evolution of these H5N1 viruses and the possible establishment of secondary
epicentres in Indonesia, Egypt and Nigeria present a continuing threat to poultry and people globally. Publication types. Research
Support, N.I.H., Extramural. @article{Guan2009MolecularEO, title={Molecular epidemiology of H5N1 avian influenza.}, author={Y. Guan
and G. Smith and R. Webby and R. Webster}, journal={Revue scientifique et technique}, year={2009}, volume={28 1}, pages={. 39-47 }
}. Y. Guan, G. Smith, +1 author R. Webster. Published 2009. Biology, Medicine. Revue scientifique et technique. The highly pathogenic
Asian H5N1 influenza virus that was first detected in Guangdong in the People's Republic of China (China) in 1996 is unique in having
spread to humans and other mammalian species. To date, this virus has not consistently transmitted between any mammalian species
but the continued spread and evolution of these viruses in domestic poultry across Eurasia presents a continuing pandemic threat. Most
human infections with avian influenza viruses, including HPAI Asian H5N1 viruses, have occurred after prolonged and close contact with
infected birds. Rare human-to-human spread with this virus has occurred, but it has not been sustained and no community spread of this
virus has ever been identified. In January 2014, Canada reported the first human infection with HPAI Asian H5N1 virus in the Americas.
This was an â€œimportedâ€ case occurring in a traveler who had recently returned from China. To date, there have not been any
reports of HPAI Asian H5N1 virus infections in people in the United States and Asian H5N1 has never been detected in U.S. birds or
poultry. Avian, swine and other zoonotic influenza infections in humans may cause disease ranging from mild upper respiratory infection
(fever and cough) to rapid progression to severe pneumonia, acute respiratory distress syndrome, shock and even death.
Gastrointestinal symptoms such as nausea, vomiting and diarrhea has been reported more frequently in A(H5N1) infection.Â
Epidemiology of human infections. In terms of transmission, human infections with avian and other zoonotic influenza viruses, though
rare, have been reported sporadically.Â Other avian influenza A(H5) subtype viruses have also resulted in both outbreaks in poultry and
human infections. In 2013, human infections with A(H7N9) virus were reported for the first time in China.

