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The Asian lineage of H5N1 avian influenza virus emerged from geese 
(A/Goose/Guangdong/1/96) in China in 1996, and is continuing its spread infecting domestic 
poultry, other birds and sporadic infection to humans revealing its pandemic potential. Since 
late 2003, H5N1 virus has been reported over 60 counties in Asia, Europe and Africa killing 
millions of poultry and infected humans in 16 countries with a total of 650 confirmed cases 
including 386 fatal have been reported to WHO. Spread of H5N1 virus has been linked with 
bird migration, although trade of poultry and poultry products has also been attributed in the 
spread. During the last one and half decades of circulation in poultry, the H5N1 virus has 
undergone significant genetic diversification leading to emergence of 10 major virus clades 
(clades 0-9), with subsequent diversification into 2nd-, 3rd- and 4th- order clades.  
Vaccination is one of the strategies for control and prevention of H5N1 virus infection; 
however, some countries still face challenges to eliminate H5N1 virus in poultry. One of the 
major problems is antigenic drift in viruses that develops due to vaccine pressure, particularly 
when vaccination is not implemented properly. Two classes of anti-viral drugs 
(neuraminidase inhibitors and adamantanes) are available for treatment and prophylaxis of 
influenza; however, there is emergence of drug resistant variants in poultry and humans. 
Wide-spread circulation and ever changing nature of H5N1 virus make avian influenza 
control program more difficult.  Therefore, educational programs to enhance awareness on 
avian influenza, animal husbandry practices and biosecurity measures are important in 
control of the disease. 
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INTRODUCTION 

Avian influenza virus, particularly the Highly Pathogenic 
Avian Influenza (HPAI) virus subtype H5N1, is evolving 
and continuing its spread. The ancestor of the currently 
circulating H5N1 virus was emerged from geese (A  /  
Goose  /  Guangdong  /  1  /  96, Gs  /  GD  /  96) in southern 
China (Guangdong province), in 1996 (Xu et al., 1999). 
Subsequently, the H5N1 virus was detected during 
outbreaks in chickens in Hong Kong in April 1997 before 
jumping to humans (Suarez et al., 1998; Subbarao et al., 
1998). In May 1997, a child (3 – year – old boy) was found 
positive for H5N1 virus who subsequently died of 
respiratory failure on 21st of May (Subbarao et al., 1998). 
This is the first report of H5N1 virus (A / Hong Kong / 156 
/ 97, HK / 97) infecting humans. By the end of 1997, the 
H5N1 virus had infected 17 more people in Hong Kong. A 
total of six deaths were confirmed (CDC 1998). 
Destruction of all poultry in Hong Kong eliminated the 
deadly H5N1 virus (Guan et al., 2002b). However, 
importation of ducks and geese led to the introduction of 
Gs / GD / 96 – like virus into Hong Kong which 
subsequently reassorted with other subtypes to generate 
different reassortants (Guan et al., 2002 a, b). In late 2002, 
the first reported incidence of the spread of H5N1 virus 

from domestic to wild aquatic birds occurred in two parks 
in Hong Kong (Ellis et al., 2004). Between late 2003 and 
early 2005, H5N1 HPAI viruses spread to other regions of 
East and Southeast Asia leading to death or slaughter of 
150 million poultry (Chen et al., 2006 a). In late April 
2005, a large outbreak of H5N1 virus infection occurred in 
different species of migratory waterfowls at Qinghai Lake 
in central China leading to death of more than 6000 wild 
birds (Chen et al., 2005). This is the first instance of H5N1 
HPAI virus causing such heavy mortality in wild birds. 
Four different H5N1 genotypes were detected during the 
outbreak; however, one of these became dominant and 
spread westward and by the end of 2005, the H5N1 virus 
had spread to Central Asia and Europe. In early 2006, the 
virus spread to other European countries infecting poultry 
and wild birds. The virus spread to South Asia and Africa 
with report of H5N1 virus infection in poultry in India, 
Pakistan and Nigeria during February, 2006. The H5N1 
virus has been detected over 60 countries across Asia, 
Europe and Africa killing domestic poultry, other birds 
and occasional transmission to humans thereby raising the 
pandemic potential of the virus.  
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ETIOLOGY AND EVOLUTIONARY STRATEGIES 
The H5N1 avian influenza virus (AIV) is a member of the 
genus Influenzavirus A (type species:   Influenza A virus) 
under Orthomyxoviridae family (Forrest and Webster, 
2010). The viral genome is comprised of eight RNA 
segments of negative polarity that encodes at least for 11 
distinct polypeptides. The polypeptides are three surface 
proteins [HA, NA and matrix 2 (M2)], three polymerases 
[polymerase basic (PB) 1, PB2 and polymerase acidic 
(PA)], PB1-F2, nucleoprotein (NP), matrix 1 (M1), non-
structural protein (NS1) and nuclear export protein 
(NEP).  Influenza A viruses (IAVs), like other RNA 
viruses, undergo rapid changes due to its error-prone 
replication of the polymerase complex leading to 
accumulation of point mutations resulting in antigenic 
changes (commonly known as “antigenic drift” ). Antigenic 
drift is a gradual changes in the nucleotide sequence and is 
detected in all genome segments of the virus; however it is 
more evident within the genes that code for antibody-
binding sites such as the HA and NA. Antigenic drift is 
shaped by selection pressure acting along the entire 
genome of virus. Antigenic drift is responsible for annual 
influenza epidemics in humans. The segmented genome of 
IAV gives an added advantage of exchanging gene 
segments between viruses (known as “antigenic shift”) 
when more than one genotype of the virus infects a single 
host cell leading to emergence of a novel virus. 
Historically, antigenic shift is responsible for emergence of 
pandemic strains to which human population is naive. 
 
GENOME DIVERSITY 
Since 1959, over 20 HPAI outbreaks have been recorded in 
poultry, of which three (first one in chickens in Scotland, 
1959; second in turkey in England, 1991 and the third 
started in late 2003 and is continuing in poultry and other 
birds) were caused by H5N1 subtype (Alexander et al., 
2007). Out of the above three, only the descendants of Gs / 
GD / 96 -like viruses have spread a large geographical area 
and persisted for such a long period of time (still 
continuing). The H5N1 HPAI virus (Gs  / GD  /  96) that 
emerged from geese in 1996 in China is evolving, and over 
the last one and half decades of circulation infecting 
multiple hosts including domestic poultry, wild birds, 
cats, dogs, tigers and mammals led to evolution of distinct 

genetic lineages. Publications describing these results 
used different nomenclatures to classify same groups of 
viruses within the Gs  / GD  /  96  – like lineage (Chen et 
al., 2006 b; Salzberg et al., 2007) leading to confusion in 
the interpretation of results. To address these issues, an 
international core group of scientists were engaged to 
formulate a uniform nomenclature of the H5N1 viruses 
using phylogenetic analysis of the HA gene (WHO / OIE / 
FAO H5N1 Evolution Working Group, 2008). Initial 
report identified ten distinct clades (clades 0 – 9) of H5N1 
influenza A viruses that emerged from Gs / GD / 96 – like 
lineage (Figure 1). The clades are defined on the basis of 
phylogenetic analyses and nucleotide sequence divergence 
of a monophyletic group with ≥60 % bootstrap support at 
the clade-defining node.  The intra – and inter-clade 
sequences maintain an average percentage divergence of ≤ 
1.5% and > 1.5%, respectively. It was observed that certain 
clades became dominant and had wide geographical 
distribution. For example, clade 2 and its second order 
clade 2.2 had a wide geographical distribution in Asia, 
Europe and Africa.  The other major clades identified were 
clade 0, 2.1, 2.3, 2.4 and 2.5. Subsequent analysis with 
contemporary H5N1 virus sequences reveals that a 
number of clades including clades 0, 3, 4, 5, 6, 8 and 9 and 
some second and third order groups of the clade 2 had not 
been detected during 2008 or before (WHO / OIE / FAO 
H5N1 Evolution Working Group, 2012). However, other 
H5N1 clades that continue to circulate in different regions 
are clades 1 (Cambodia and Vietnam), 2. 1. 3 (Indonesia), 
2. 2. 1 (Egypt), 2. 2. 2 (India, Bangladesh and Bhutan), 2. 3. 
2 (China, Hong Kong, Japan, Korea and Vietnam) 2. 3. 4 
(China, Hong Kong, Myanmar, Vietnam), and 7 
(Vietnam). Among the circulating clades, clade 2. 3. 2 and 
its subsequent divergent clade 2.3.2.1 (4th order clade) 
have wide geographical spread in Asia including China, 
Hong Kong, Korea, Vietnam, Laos, Bangladesh, Bhutan, 
India, Indonesia, Nepal, Myanmar, Iran, Mongolia and 
Russia, and in Europe including Bulgaria and Romania. 
Certain clades were restricted to specific location such as 
clade 1 (Cambodia, Vietnam and Malaysia), clade 2. 1. 3 
(Indonesia), clade 2. 2. 2 (Bangladesh, Bhutan and India), 
clade 2 .2. 1 (Egypt and Israel), clade 2. 3. 4 (China, Hong 
Kong, Vietnam, Thailand, Myanmar and Laos), and clade 7 
(China and Vietnam).  

 

Country Host/Source H5N1 Genetic Clade 
Bangladesh Poultry/environment 2.3.2.1 
Cambodia Poultry/human 1.1 
China Poultry/environment 2.3.2.1, 2.3.4.2, 7.2 
Democratic People’s Republic of Korea Poultry 2.3.2.1  
Egypt Poultry/ Human 2.2.1 
India Poultry/wild birds 2.3.2.1  
Indonesia Poultry/wild birds  

Human 
2.3.2.1 
2.1.3.2  

Nepal Poultry/wild birds  2.3.2.1 
Viet Nam Poultry/wild birds  

Human  
1.1/2.3.2.1/7.2 
1.1 

Note:  Influenza A Virus (H5N1) activity from 19th February to 23rd September, 2013 

Antigenic diversity between the clades complicates the 
control of H5N1 infection through vaccination, as clades 
generally do not cross neutralize. Very recently, eight new 

clades have been recommended, based on new H5N1 
isolates collected during 2011 and 2012, in clade 1. 1 
(Vietnam), 2. 1. 3. 2 (Indonesia), 2. 2. 2 (India / 

Table 1: Recent Influenza A 
virus (H5N1) genetic clades 
reported by WHO in 
different countries 
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Bangladesh), 2. 2. 1. 1 (Egypt / Israel), and 2. 3. 2. 1 (Asia) 
(WHO / OIE / FAO H5N1 Evolution Working Group 
2014). Since the H5N1 viruses are continuing to evolve 
rapidly, the WHO is coordinating the selection of 
representative candidate vaccine viruses as a pre-
pandemic preparedness. Recently circulating H5N1 clades 
in different geographical locations reported by WHO are 
given in Table 1. 
 
REASSORTMENT OF VIRUSES 
Reassortment is a natural process in which viruses 
possessing segmented genomes exchange gene segments 
among themselves. Inter-subtype reassortment is one of 
the strategies of the H5N1 HPAI virus evolution. 

Detection of reassortment and subsequent genotyping of 
virus is carried out by phylogenetic analysis of all the eight 
gene segments of the virus. Reassortment supports rapid 
growth of the variant virus compared to the parent 
viruses. Analysis of all eight-gene segments has identified 
that Gs / GD / 96 virus has undergone extensive genetic 
reassortments with different IAVs leading to generation of 
several distinct genotypes. The HK / 97 virus, a known 
avian virus, that caused severe human infection and death 
is a double / triple reassortant with the HA gene from Gs / 
GD / 96-like virus, the NA and the six internal genes from 
H6 subtype or H9N2 virus found in terrestrial poultry 
(Guan et al., 2002a; Cheung et al., 2007). 

 
 
Isolates HA amino acid positions 

222 223 224 
A/Goose/Guangdong/1/96 Gln Ser Gly 
A/Hong Kong/156/97 - - - 
A/goose/Yunnan/5979/2006 - - - 

A/dog/Thailand-Suphanburi/KU-08/04  - - - 
A/cat/Germany/606/2006 - - - 

A/tiger/Thailand/CU-T8/04 - - - 

A/leopard/Suphanburi/Thailand/Leo-1/04 - - - 

A/swine/Tabanan-Indonesia/06/2006 - - - 
A/wild duck/Bavaria/12/2007 - - - 
A/swan/Bavaria/9/2007  - - - 
A/Peregrine falcon/Slovakia/Vh242/06 - - - 
A/turkey/Egypt/F2/2006 - - - 
A/teal/Germany/Wv632/2005 - - - 
A/Owston's civet/Vietnam/1/2005 - - - 
A/blackbird/Hunan/1/2004 - - - 
A/tree sparrow/Henan/1/2004 - - - 

A/bar-headed goose/Mongolia/X53/2009 - - - 
A/pigeon/Zhejiang/17/2005 - - - 
A/crow/Osaka/102/2004 - - - 
A/duck/India/02CA10/2011 - - - 
A/chicken/West_Bengal/80995/2008 - - - 

- Amino acids identical to A/Goose/Guangdong/1/96 

 

The Hong Kong 1997 virus was not detected after 
destruction of all poultry in Hong Kong area. However, 
the Gs / GD / 96-like virus had undergone extensive 
genetic reassortment and produced number of genotypes 
(genotypes A, B, C, D and E) that were detected in poultry 
in markets in Hong Kong during 2001 (Guan et al., 
2002b). A new reassortant virus (genotype Z) evolved in 
2002 and spread to other Southeast Asian countries 
including Southern China, Cambodia, Indonesia, Thailand 
and Vietnam that caused widespread outbreaks in 
chickens and ducks during 2003 and 2004. In the same 
time, another new genotype V was detected in Japan and 
South Korea (Li et al., 2004). In late April 2005, four 
genotypes were detected from dead wild birds in Qinghai 
lake, however, the dominant genotype Z subsequently 
spread to Russia, Europe, Africa and other Asian countries 
including India, Pakistan, Afghanistan, Israel etc. (Chen et 
al., 2006 a). In 2005, the “Fujian – like” lineage (clade 
2.3.4) emerged from poultry in China and spread to Laos, 

Malaysia and Thailand (Smith et al., 2006), which was 
subsequently renamed as genotype V (Duan et al., 2008). 
Comprehensive sequence analysis of H5N1 viruses 
isolated during 1996 to 2006 in China detected 44 
reassortants / genotypes including 34 transient and 10 
persistent, except HK/97 virus (Duan et al., 2008). The 
novel “Hubei – like” virus was detected in Hubei province 
of China in 1997, which was a reassortant with internal 
genes are closely related to viruses isolated during 1970s 
from aquatic birds. A novel genotype P was detected in 
Laos in 2007 which was a reassortant between the Gs/GD 
/96-like virus with the PB1 and PB2 genes closely related 
to the Eurasian aquatic viruses (Boltz et al., 2010). 
Subsequently, reassortments were detected in H5N1 
viruses in other regions including Bangladesh, Nigeria, 
Russia and Vietnam (Lipatov et al., 2007; Fusaro et al., 
2010; Tran et al., 2011; Monne et al., 2013; Gerloff et al., 
2014).  
 

Table 2: Amino acids in HA 
receptor binding sites in 
different H5 isolates 
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AVIAN-TO-HUMAN TRANSMISSION 
Avian influenza is primarily a disease of birds. However, it 
has been seen, although sporadic, to cross the species 
barriers to infect humans. The first cases of human 
infection with avian influenza virus (subtype H5N1) were 
reported in Hong Kong during 1997, where eighteen 
individuals were infected leading to six deaths. 
Subsequently, two people in Hong Kong found positive 
for H5N1 virus infection leading to one death during 2003 
(Peiris et al., 2004). Since late 2003, H5N1 virus has been 
reported infecting humans, and as of 24th January 2014 a 
total of 650 confirmed cases of which 386 fatal have been 
reported to WHO from 16 countries around the world 
(www.who.int). The influenza A virus infection occurs 
through binding of viral HA and the oligosaccharide 
(sialic acid) molecule of the host cell. The avian and 
human influenza A viruses differs in their recognition to 
host cell receptors. The HA from avian strains 
preferentially bind to sialic acids connected to sugar 
(galactose) by an α2, 3 linkage (SA α 2, 3 Gal), whereas the 
HA from human strains preferentially bind to sialic acids 
connected to galactose by an α2, 6 linkang (S A α 2 ,6 Gal) 
(Imai and Kawaoka, 2012). The receptor recognition shift 
is one of the changes that must occur for efficient 
transmission of H5N1 virus in humans for pandemic 
spread. Pigs are considered as intermediate host or 
“mixing vessels” for the reassortment to occur between 
the human and avian influenza viruses as the tracheal 
epithelial cells express both α 2 , 3 and α 2 , 6 linked sialic 
acids. However, direct transmission of H5N1 virus from 
chickens to humans that occurred in 1997 in Hong Kong 
demonstrated for the first time that receptor specificity of 
avian influenza viruses may not restrict initial avian-to-
human transmission (Matrosovich et al., 1999). The 
characteristic features of the 1997 Hong Kong chicken 
H5N1 viruses had a deletion (19 – amino  – acids) in the 
NA stalk region and the globular head of the HA 
possessed a carbohydrate molecule compared to H5 
viruses detected in wild aquatic birds. This finding 
suggested that alterations in both the surface 
glycoproteins HA and NA of the virus is required for 
adaptation of AIVs from wild aquatic birds to domestic 
poultry (Matrosovich et al., 1999). Amino acid mutations 
Gln222Leu and G l y 2 2 4 S e r (H5 numbering) in HA 
alter switching of IAVs binding from avian  – like receptor 
to human-like receptor. A recent study demonstrated that 
a mutant virus combining G l n 1 9 6 A r g with G l n 2 2 2 
L e u and G l y 2 2 4 S e r resulted in the shift from avian-
like to human-like receptor switching (Chen et al., 2012). 
Table 2 shows the amino acids present in the receptor 
binding sites of H5N1 viruses isolated in different host 
species. 
 
WILD MIGRATORY BIRDS – THEIR ROLE IN THE 
SPREAD AND EVOLUTION OF H5N1 VIRUS 
In December 2002, mortality in wild and captive birds 
was reported due to H5N1 virus infection at Penfold and 
Kowloon Parks in Hong Kong (Ellis et al., 2004). This 
lethality of H5N1 virus to aquatic birds is first incidence 

since 1961, when Common Terns were killed by H5N3 
virus in South Africa (Becker et al., 1966). In late April 
2005, an outbreak of H5N1 virus infection occurred in 
Qinghai Lake (China) in which massive death of wild 
migratory birds was reported and the dominant virus of  
clade 2. 2 was detected from dead birds (Chen et al., 2005; 
2006a). Subsequently, clade 2. 2 virus spread from Asia to 
Europe and Africa and the role of wild migratory birds in 
the dissemination of the H5N1 virus has been highlighted 
(Chen et al., 2006b; Kilpatrick et al., 2006; Fusaro et al., 
2010). The H5N1 virus has been detected in several 
countries from wild birds predominantly in swans 
(whooper swan and mute swan), and a small number of 
cases in other species such as gulls, herons and raptors 
(Ellis et al., 2004; Teifke et al., 2007; Starick et al., 2008; 
Bröjer et al., 2009). By integrating genetic data, bird 
migration and, trade of poultry and wild birds, it was 
demonstrated that spread of H5N1 virus to most countries 
(i.e., 20 out of 23) in Europe was most likely 
through migratory bird compared to introduction in Asia 
(9 out of 21 introductions) and Africa (3 out of 8 
introductions) (Kilpatrick et al., 2006). The H5N1 virus 
(clade 2. 2) isolated from Lake Qinghai was dominant 
during 2005 – 2007, whereas the new clade 2. 3. 2 
overtook in 2008 and continuing its spread and diverged 
into 4th order clade 2. 3. 2. 1 (Smith et al., 2009; Reid et al., 
2011; Nagarajan et al., 2012; Khan et al., 2013). The 
dominance of clade 2. 3. 2 and its subsequent divergent 
clade 2. 3. 2. 1 could partly be due to the presence of the 
virus in wild birds and continuous circulation in the H5N1 
endemic regions. Recent reports revealed further genetic 
diversity in clade 2. 3. 2. 1 viruses in Asia (Creanga et al., 
2013; WHO 2014). The H5N1 viruses from clades 2. 3. 2 
and 2. 3. 4 were detected during 2004-2008 from dead 
wild birds such as egrets, falcons, herons and various 
passerine birds in Hong Kong (Smith et al., 2009). 
Subsequently, clade 2. 3. 2 virus was detected in poultry 
and wild birds during 2008 – 2009 in Japan, Korea, 
Russia, Mongolia and China (Kang et al., 2011; Sharshov et 
al., 2010; Li et al., 2011), and by 2010 / 2011 it was spread to 
Bulgaria and Romania in Europe and Bangladesh and India 
in South Asia (Reid et al., 2011; Nagarajan et al., 2012).  
Clade 2.3.4 virus (“Fujian – like”) that emerged during 
2005 in poultry in China, subsequently spread to Hong 
Kong, Vietnam, Thailand, Myanmar, Laos and Bangladesh 
(Smith et al., 2006; Pfeiffer et al., 2011). Other minor clades 
isolated from wild birds were clades 1. 2. 2, 2. 5, 6, and 7 
(Starick et al., 2008; Kou et al., 2009; Xiao et al., 2013) 
indicating genetic diversity of H5N1 viruses in wild birds 
and posing threat for wide spread.  
 
EMERGENCE OF DRUG-RESISTANCE 
Currently two classes of anti-viral drugs targeting the NA 
and M2 proteins are being used for treatment or 
prophylaxis of influenza. The NA inhibitors such 
as oseltamivir and zanamivir bind to the enzyme active 
site preventing the release of progeny virus from host cells 
(Hurt et al., 2009).  
 

http://www.who.int/
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The M2 inhibitors such as amantadine and rimantadine 
block the viral M2 ion channel activity of virus, thereby 
preventing viral entry into host cells. Unfortunately, there 
is emergence of viral resistance to both the classes of 
drugs. Mutations in the drug binding sites are the most 

important cause of viral resistance, primarily due to the 
error-prone replication of the viral polymerase complex. A 
study highlights that H5N1 drug resistance, in most cases, 
is due to point mutations rather than genetic reassortment 
(Hill et al., 2009). Further, they also found that some M2 
positions that confer resistance to adamantane derivatives 
are under positive selection, but no positive selection was 
found on NA that confer resistance to oseltamivir. 
Mutations at drug binding sites (G l u 1 1 9 V a l, H i s 2 7 4 
T y r, A r g 2 9 2 L y s and A s n 2 9 4 S e r, N2 numbering) 
in the NA could confer viral resistance to drug oseltamivir 
(Govorkova et al., 2013) with substitutions at positions 
274 and 294 are most common. Resistance to drug 
oseltamivir with an alteration H i s 2 7 4 T y r in NA in 
H5N1 viruses have been reported in patients with 
oseltamivir treatment or prophylaxis (Le et al., 2005). 
Another study reported reduced (57 to 138 – fold) 
susceptibility of H5N1 viruses to oseltamivir in patients in 
Egypt associated with Asn294Ser (A s n 2 9 5 S e r 
according to N1 numbering) mutation in the NA (Earhart 
et al., 2009). Besides involvement of the NA positions at 
274 and 294, amino acid mutations V a l 1 1 6 A l a, I l e 1 2 
2 L e u, L y s 1 5 0 A s n and S e r 2 4 6 A s n associated 
with reduced susceptibility to oseltamivir have been 
reported in Laos during 2006-2008 with clade 2. 3. 2 
viruses (Boltz et al., 2010). Analysis of global sequence 
data of H5N1 viruses isolated during 2002  – 2012 revealed 
that the markers for NA inhibitor resistance (G l u 1 1 9 A l 
a, H i s 2 7 4 T y r and A s n 2 9 4 S e r) were less (0.8%) in 
avian isolates compared to human (2.4%) isolates, 
whereas the marker of reduced susceptibility (I l e 1 1 7 V a 
l, L y s 1 5 0 A s n, I l e 1 2 2 V a l / T h r / L y s and S e r 2 4 6 
A s n) were more (2.9%) in avian isolates compared to 
human (0.8%) isolates (Govorkova et al., 2013). A 
Glu119Ala substitution associated with resistance of H5N1 
viruses to drug zanamivir has been reported.  

Molecular changes in the transmembrane region of the 
M2 ion channel protein of influenza viruses are 
responsible for the emergence of amantadine and 
rimantadine drug-resistance. Single or multiple amino-
acid mutations have been identified at residues L e u 2 6, V 
a l 2 7, A l a 3 0, S e r 3 1, and G l y 3 4, with mutations at 
position 31 of M2 are the most common (Cheung et al., 
2006; Govorkova et al., 2013). Amantadine-resistance with 
Ser31Asn mutation in M2 protein of H5N1 viruses have 
been reported in poultry during 2001-2005 in Northern 
China (Hebei province) where the drug was being used 
extensively in poultry farms (He et al., 2008). 
Amantadine-resistant mutants in H5N1 virus have been 
reported from Hong Kong SAR, mainland China, Vietnam, 
Thailand, Indonesia, Cambodia, Malaysia, Saudi Arabia 
and India with Ser31Asn substitutions in majorities of the 
cases (Cheung et al., 2006; Hurt et al., 2007; Monne et al, 
2008; Tosh et al., 2011a). The frequency of amantadine-
resistant H5N1 viruses detected during 2002-2012 was 
lower among avian (31.6%) than human (62.2%) viruses 
and are disproportionately distributed through different 
HA clades (Govorkova et al., 2013). It has been observed 
that double (L e u 2 6 I l e and S e r 3 1 A s n) mutations in 
M2 protein are more often than a single (S e r 3 1 A s n) 
mutation in both avian and human isolates. Analysis in the 

Figure 1:  Phylogenetic relationship of H5N1 AIVs based on the HA gene 
sequences. The tree was drawn using p-distance available in the 
MEGA6.0 (Tamura et al., 2013). The tree was rooted to 
A/Goose/Guangdong/1/96. Bootstrap values (≥60%, out of 1000 
replications) are shown near the nodes. Clades are shown to the right. 
The recently identified clades (WHO/OIE/FAO) H5N1 Evolution 
Working Group 2014) are underlined.   
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in vitro system found that the above double mutations in 
M2 protein conferred a growth advantage to the H5N1 
virus, especially at 400C, which may contribute to the 
efficient replication of the virus in the intestine of aquatic 
birds (Cheung et al., 2010). In recent years (2010-2012), an 
increase in amantadine-resistant in H5N1 viruses has been 
observed in avian species, and is more likely due to drug 
selection pressure (Govorkova et al., 2013). This 
conclusion is supported by field data on use of amantadine 
in poultry in Northern China (He et al., 2008).  
 
EMERGENCE OF VARIANTS IN VACCINATED 
POULTRY  
To minimize the direct loss caused by H5N1 HPAI viruses, 
vaccination of poultry has been used extensively as a tool 
for control and prevention in many endemically infected 
countries including China, Egypt, Indonesia and Vietnam 
(Domenech et al., 2009). However, the view of the FAO on 
vaccination is a legitimate aid and not as a panacea in 
control and prevention HPAI virus infection. Despite the 
successes with vaccination strategies in reducing infection 
in poultry and human, some countries still face challenges 
to eliminate H5N1 virus in poultry (Domenech et al., 
2009). One of the major problems is drift in antigenicity in 
viruses that develops due to vaccine pressure, particularly 
when vaccination is not implemented properly (Savill et 
al., 2006; Wang et al., 2012). Antigenic variants have been 
detected in China, Egypt and Indonesia following H5N1 
vaccination (Domenech et al., 2009; Cattoli et al., 2011; 
Wang et al., 2012). A complex genetic drift in HA has been 
reported in Egyptian H5N1 viruses under AI vaccine 
pressure where high mutations were observed at residues 
43 and 71 (epitope E), 110 (epitope A), 129 (epitope A and 
receptor binding site), 140, 141 and 144 (epitope B), 151, 
185, 192 and 226 (epitope D) and 154 (epitope D and 
glycosylation site) (Abdel-Moneim et al., 2011). Another 
study with H5N1 viruses isolated during 2006-2012 in 
Egypt highlighted 28 amino acid changes in the HA 
antigenic sites, which could be due to selection pressure 
from vaccination and / or natural infection (Ibrahim et al., 
2013). The HA amino acid substitution has led to 
significant antigenic drift (30. 7 – 79.1% antigenic 
relationship) of the recent isolates compared to the 
ancestral viruses. Therefore, it is possible that the mass 
vaccination in China, Egypt and Indonesia might have 
played a role in the emergence of antigenic drift in 
currently circulating H5N1 viruses. Recent in vitro studies 
with H5N1 escape mutants supports the hypothesis that 
the amino acid changes in the HA antigenic epitopes are 
due to vaccine pressure (Hoper et al., 2012; Sitaras et al., 
2014). 
 
EVOLUTION RATE AND POPULATION DYNAMICS 
IAVs, like other RNA viruses, undergo error-prone 
replication in their genome due to lack of proof reading 
activity of RNA polymerase complex (Forrest and 
Webster, 2010).  The high error rate leads to generation 
and amplification of viruses with similar but non-identical 
genomes, a phenomenon called “quassispecies”, in which 
each individual genotype has different fitness for the host 
(Domingo et al., 1985). Further this high error replication 
is an advantageous phenomenon for the IAVs to replicate 

in the new environment, especially when switching of 
host occurs (Suarez, et al., 2000). The rate of evolution, 
which is calculated from nucleotide substitutions 
(synonymous and non-synonymous changes), can be 
determined from sequences of a monophyletic cluster 
sampled over a period of time. The evolutionary rates 
calculated for surface genes of H5N1 viruses (H5  – 
4.77×10−3 substitutions / site / year and N1  – 
5.19×10−3 substitutions / site / year) of Gs / GD / 96-lineage 
are higher than that of internal genes (1.84–2.62×10−3 
substitutions / site / year) (Vijaykrishna et al., 2008). 
However, the rate of evolution of H5N1 clade 2 . 2 . 1 
viruses isolated from Egypt during February 2006 to July 
2010 was marginally higher (5.36 x 10

-3 substitution / site / 
year), and could be attributed to mass vaccination 
campaign in poultry (Cattoli et al., 2011). Within clade 2. 
2. 1, the viruses were further divided into two major 
subclades (2. 2. 1A and 2. 2. 1B), and the rate of evolution 
within the subclades was markedly different. A mean rate 
of evolution was estimated to be 4.07 x 10

-3 substitution / 
site / year for subclade 2.2.1A and 8.87 x 10

-3 substitution / 
site / year for subclade 2. 2. 1B.  The difference in mean 
evolutionary rates between two subclades coupled with 
stronger signature of positive selection in viruses 
circulating in Egypt since 2007 indicates vaccine selection. 
Significant increase in substitution rates in HA1 gene has 
been observed during period of mass vaccination (2005 – 
2010 in China and 2003 – 2009 in Indonesia), in contrast 
to the periods when no vaccination program was 
undertaken (1996 – 2004 in China and 2004 – 2008 in 
Thailand) (Wang et al., 2012).  

Using latest bioinformatics tools such as dated 
phylogenies, the time of most recent common ancestors 
(TMRCA) of each gene segments of a virus is identified. 
Based on the TMRCA, it was proposed that the Gs / GD / 
96 virus was introduced into poultry from wild birds in 
January 1994 (95% confidence) (Vijaykrishna et al., 2008) 
as low pathogenic avian influenza virus. Similarly, the 
introduction of H5N1 virus into Vietnam, Thailand and 
Malaysia was estimated during March 2003, while that of 
the Indonesia it was during November 2002. The 
introduction of the H5N1 virus to Egypt was estimated to 
be September 2005 (Cattoli et al., 2011), which is 
approximately 5 months before the notification of the 
disease.  

 
INDIAN SCENARIO 
Subsequent to the outbreaks in Qinghai Lake (China), the 
H5N1 virus moved to South Asia over Himalayas, probably 
through migratory birds (Chen et al., 2005). In South Asia, 
the H5N1 virus was first detected in poultry in India 
during February 2006 from the State of Maharashtra 
(Pattnaik et al., 2006). Since then, India had reported a 
number of H5N1 outbreaks in poultry in several states 
including Manipur (July 2007), West Bengal and Tripura 
(January  – May 2008), Assam, Sikkim and West Bengal 
(November 2008  – May 2009), West Bengal (January 
2010), Tripura (February  – March 2011), Assam and West 
Bengal (August  – September 2011), Odisha, Meghalaya 
and Tripura (January – April 2012), Karnataka 
(September 2012) and recently in Bihar (March, 2013) and 
Chhattisgarh (August, 2013) (http: // www.oie.int / ). The 
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H5N1 virus has also been isolated in other species 
including ducks [West Bengal and Assam (2008); Tripura 
(2008 and 2011), Odisha (2012)], Crows [Jharkhand 
(2011); Bihar (2012); Maharashtra (2012); Odisha (2012, 
2014); Assam (2008)], Goose [Tripura (2008)] and 
Turkeys [Karnataka (2012)].  

Molecular phylogeny of the viruses isolated from 
poultry in India identified two major clades; clade 2. 2 
(isolated during 2006 to 2010) (Dubey et al., 2009; Tosh et 
al., 2011b) and clade 2. 3. 2. 1 (2011) (Nagarajan et al., 2012). 
Within clade 2. 2, the H5N1 viruses formed four distinct 
groups; 2006 and 2007 isolates formed two independent 
groups, 2008 – 2010 isolates formed one group except 
early 2008 virus isolated in Malda district, West Bengal 
(Tosh et al., 2011b). The phylogenetic analysis indicated 
two separate introductions of the H5N1 viruses into 
Malda district (West Bengal) during 2008. Nucleotide 
sequence analysis showed differential expression of PB1 – 
F2 protein in Indian H5N1 viruses. While most of the 
H5N1 viruses had complete expression of PB1  – F2, some 

of the viruses had premature termination (Nagarajan et al., 
2010) or complete abolition either due to the presence of 
stop codon or mutation in the start codon 
(95ATG97→95ACG97) (Tosh et al., 2011b). The sequence 
analysis of the isolates revealed presence of multibasic 
amino acids at HA1-HA2 junction defining HPAI virus. 
Presence of amino acids Gln and Gly at positions 222 and 
224 (H5 numbering), respectively in the HA indicate 
preferential binding to avian-specific receptors. The 
specific amino acid mutations observed in the NA (G l u 1 
1 9 A l a and A s n 2 9 4 S e r) and M2 (S e r 3 1 A s n) genes 
revealed emergence of viruses resistant to oseltamivir 
(Chakrabarti et al., 2009; Tosh et al., 2011b) and 
amantadine (Tosh et al., 2011a) during 2008 and 2010, 
respectively in West Bengal. The PB2 amino acid 
alteration G l u 6 2 7 L y s, which is attributed to increased 
virulence of H5N1 viruses in mammals, is present in the 
majorities of the clade 2. 2 viruses. However, H5N1 viruses 
with wild-type PB2 were also co-circulating in India 
(Nagarajan et al., 2010; Tosh et al., 2011b). In 2011, H5N1 
viruses belonging to a new fourth-order clade 2. 3. 2. 1 
were isolated in chickens and ducks in Tripura (Nagarajan 
et al. 2012). Within clade 2. 3. 2. 1, viruses from 
Bangladesh and India isolated in 2011 grouped separately 
(100% confidence) from the viruses of Nepal isolated in 
2010 indicating two separate introductions of the virus to 
South Asia. Within clade 2. 3. 2. 1, the viruses had 
undergone extensive genetic divergence leading to 
identification of 3 major subgroups (A, B and C), and the 
Indian isolates of 2011 belonged to subgroup A (Creanga et 
al., 2013). 

  
CONCLUSION 
The Asian strain of H5N1 virus (Gs / GD / 96  – like 
lineage) is continuing its spread, evolving into diverse 
genetic clades, causing outbreaks in poultry and 
occasionally transmitting to humans, and the pandemic 
threat of the virus is persisting. Intensive surveillance in 
wild birds as well as in poultry, pigs and peri-domestic 
birds is important to understand the spread and evolution 
of the virus. Rapid identification of newly emerging 
variants using genome-based detection methods along 

with phylogenetic analysis is useful in tracing the origin, 
transmission and emergence of reassortants as well as 
drug-resistant mutants. However, the wide spread of 
H5N1 virus and its ever changing nature make control 
program more difficult. Therefore, educational programs 
to enhance awareness on avian influenza, animal 
husbandry practices and biosecurity measures are 
important in control of the avian influenza.   
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