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Background
Avian influenza A virus is playing a key role to the emergence of 
human influenza. Recently transmission of Avian Influenza virus 
from bird to human has increased in several Asian countries. 
Influenza A virus is a member of Orthomyoxoviridae family is 
avirulent but it can be virulent by the acquisition of some genetic 
features which includes multibasic cleavage sites or glycosylation 
sites in the hemagglutinin (HA) gene can infect a wide range of 
species includes poultry, humans, horses, swine, quail etc. [1]. 
The highly pathogenic avian influenza (HPAI, strain type H5N1) 
virus has emerged in southern china more than a decade ago 
[2]. Among all A/Goose/Guangdong/1/1996 is the precursor of 
H5N1 viruses which is established initially in southern China from 
1996 to 1999 in domestic geese [3,4]. From the emergence of this 
virus it has caused endemic infections in poultry industry in many 
Southeast Asian countries [5,6]. In HPAI virus there is a high rate 
of nucleotide substitution which is done by RNA virus [7]. RNA 
viruses have the higher rate of capability for mutation so that 
they can cross the species boundaries and jump to the new host 
to emerge new species [8]. It is believed that crossing of species 
boundaries require both environmental and appropriate virus 
genetics factors to transmission of the virus between species 
[9]. Segment 4 hemagglutinin (HA) genes is recognized to be the 
most mutable portion responsible for the attachment to the cell 
surface which acts as primary target of the host immune response 
resulting frequent genetic drift [10]. HPAI virus has the ability to 
transmit through both bird and human host contact system [11]. 
Variants from unique HPAI viruses could cause infection and has 
the ability to replicate in humans. Human strains may arise from 
some Hong Kong avian H5N1 strains without prior adaptation in 

a mammalian intermediate host [12] Avian virus strains circulate 
locally within poultry and wild birds. This virus may be migrated 
through the migratory birds to the new geographic regions. It can 
be spread by the movement of poultry and poultry products [13]. 

Virology
Avian influenza A consists of two major glycoproteins which are 
Hemaglutinin (HA) and Neuraminidase (NA) [14]. HA glycoproteins 
are more prone to attach to the cell surface sialic acid receptors. 
There is a difference between host surface receptors on the 
target cell which is believed to be the possible restrictive factor 
of avian influenza. HA gene of avian cell binds to Sia2-3Galactose-
containing receptor which is different from human Sia2-
6Galactose containing receptor [15]. Before functioning as a virus 
it needs post translational cleavage by host proteases [16]. HA 
followed by NA are important antigenic determinant from which 
neutralizing antibodies are directed. There are several subtypes of 
HA and NA. 18 different HA subtypes (H1 to H18) and 11 different 
NA subtypes (N1 to N11) are found [17]. There is a membrane 
protein named M2 protein which regulates the internal PH level 
of the virus. This membrane protein is responsible for uncoating 
the virus during early stages of viral replication [18]. Amantadine 
and rimantadine block this function. NA catalyze the cleavage of 
glycosidic linkages to sialic acid on the surface of the viral particle 
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and host cell thus preventing the aggregation and facilitating 
the release of progeny viruses from the infected cell. Antiviral 
drugs like Oseltamivir and zanamivir (NA inhibitors) inhibits this 
important function are the key to the antiviral treatment. 

Transmission
Transmission pattern of avian influenza A from one bird to 
another is poorly understood because of its complexity, huge 
number of species among birds and environmental factors. Some 
experiments have been done to identify the transmission pattern 
and it shows poorer transmission from infected to susceptible 
animals [19-21]. Migration process can influence transmission 
of viruses. Migratory birds can carry pathogens from country to 
country thereby playing a role distributing influenza viruses. 

Materials and Methods: Sequence and 
Data Source
Data used in this study are obtained using nucleotide BLAST 
search from publicly available database of National Centre for 
Biotechnology Information (NCBI).Multiple sequence alignments, 
editing, assembly of strains were performed in windows platform 
with the Geneious program version 7.1.3 (trial). Numbers at 
nodes in the tree indicate Neighbor-Joining bootstraps value 
generated from 1,000 replicates. 

Results and Discussion 
In 2005 we have selected total 184 strains of Hemagglutinin (HA) 
strain of H5N1 (Figure 1 and Table 1).

In 2006 we have selected total 164 strains of Hemagglutinin (HA) 
strain of H5N1 (Figure 2 and Table 2). 

In 2007 we have selected total 205 strains of Hemagglutinin (HA) 
strain of H5N1 (Figure 3 and Table 3). 

From three years we have got some strains which seems to 
diverse from our analysis. We did our literature search but we did 
not get any information about these diverse strains. So it seems 
to us that these strains are not responsible for antigenic shift. 
Neighbor joining method and bootstrap value shows that these 
diverse strain is showing antigenic drift which may transfer to the 
other avian in the same country or other different country as well 
through migratory process.

From the phylogenetic tree of 2005 we came to see that all VNM 
like viruses formed a cluster. Among them Ck/KH/022LC2b/05 
shows 81 bootstrap value with Ck/VNM/NCVD10/05. Number 
of bootstrap value is showing the similarities between these 
two strains. Strain Ck/KH/022LC2b/05 may be migrated or may 
be mutated which can show antigenic drift. Another Hunan like 
virus Dk/HN/5106/05 forms a clade with VNM like viruses. This 
strain can also show antigenic drift. One Guiyang (GY) virus Ck/
GY/2173/05 shows the genetic similarities with YN like viruses. 
Dk/GX/4016/05 and Dk/HN/1608/05 viruses are closely related 
to each other as they both are detached from their region 
and showing the same bootstrap value 57. One VNM virus 
(Dk/VNM/1/05) forming a clade with HB like viruses. Genetic 
character of this virus is different from other VNM like viruses as 

this is detached from the cluster of VNM like viruses showing the 
antigenic drift.

Phylogenetic tree analysis of 2006 shows that there are few 
diverse strains which may show genetic drift. One virus from 
Thailand (Ck/THA/NP-172/06) form clade with the GX like viruses. 
Two different viruses from two different area (CMg/HK/645/06 
and Gs/YN/1143/06) are closely related to each other. They 
have the same bootstrap value. One QH like virus (BHGs/QH/1-
HVRI/06) forming a clade with Turkey (TR) like viruses. Another 
Israel (IL) like virus (Ck/IL/397/06) forming a clade with Egypt (EG) 
like viruses. In 2006 there are almost 50 Nigeria (NGA) like viruses 
we have analyzed. But these viruses had not shown any genetic 
drift. They are forming different clades between them. Viruses 
from other countries like Egypt (EG), Qinghai (QH), Guangxi (GX), 
Thailand (THA), Combodia (KH) does not show any genetic drift. 

In 2007 we did not see any genetic drift except one. One virus 
from Bantul (BT) (Dk/BT/BBVW-949-2D362/07) is closely related 
to the Badung (BDG) (Ck/BDG/BBVD-532/07) like virus. They 
show the same bootstrap value.

Our target is to identify the antigenic shift pattern from avian 
to human species. Analysis with amino acid (AA) shows the 
most specific way to identify the antigenic shift. For this we will 
combine the amino acid sequence of all these three years (2005, 
2006, and 2007). After combining we had run alignment using 
ClustalW. It took almost 12 hours to complete.

The molecular mechanisms that enable avian influenza viruses to 
cross the species barrier and transmit efficiently in humans are 
incompletely understood. Some experiments have been done to 
identify the transmission pattern and it shows poorer transmission 
from infected to susceptible animals [22-24]. Migration process 
can influence transmission of viruses. Migratory birds can 
carry pathogens from country to country thereby playing a 
role distributing influenza viruses. Avian influenza A consists 
of two major glycoproteins which are Hemagglutinin (HA) and 
Neuraminidase (NA) [25]. HA glycoproteins are more prone 
to attach to the cell surface sialic acid receptors. There is a 
difference between host surface receptors on the target cell 
which is believed to be the possible restrictive factor of avian 
influenza.

Human infections are periodic. In some cases these viruses are 
accompanied by high mortality. As a result they are the major 
concern about the potential H5N1 as an endemic virus.

Although human infections are sporadic, they are accompanied 
by high mortality, raising major concerns about the potential 
of H5N1 as a pandemic virus [26]. Fortunately, H5N1 viruses 
have not yet naturally acquired the ability to stably transmit 
between humans [27,28]. One factor that limits transmission 
of avian viruses in humans is the receptor specificity of 
the hemagglutinin (HA) [29]. Avian viruses, like H5N1, 
preferentially bind to α2, 3 sialosides (avian-type receptors), 
whereas human viruses prefer α2, 6 sialosides (human-type 
receptors that are found in the human respiratory tract).

Before functioning as a virus it needs post translational cleavage 
by host proteases [30]. HA followed by NA are important 
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antigenic determinant from which neutralizing antibodies are 
directed. There are several subtypes of HA and NA. 18 different 
HA subtypes (H1 to H18) and 11 different NA subtypes (N1 to 
N11) are found [31]. 

In humans, the SAα2, 6 Gal receptor is expressed mainly in the 
upper airway, while the SAα2, 3 Gal receptor is expressed in 
alveoli and the terminal bronchiole [32]. A virus with good affinity 
to both SAα 2, 3 Gal and SAα2, 6 Gal receptors may be a very 
dangerous one, which could both infect efficiently via its binding 
to Saα2, 6Gal in the upper airway and cause severe infection in 
the lung via its binding to Saα2, 3Gal.

Data used in this study are obtained inside using nucleotide BLAST 
search from publicly available database of National Centre for 
Biotechnology Information (NCBI). Multiple sequence alignments, 
editing, assembly of strains were performed in windows platform 
with the Geneious program version 7.1.3 (trial).

In this study we will analyze some avian hemagglutinin (H5N1) 
of different years. Analysis includes building nucleotide sequence 
and translating them into amino acid sequence. Then we will 
study amino acid positions with respect to some reported 
mutation to see the genetic pattern. After analyzing we will try 
to find out whether there are any similarities between avian and 
human or not. There are some reported avian H5N1 strains that 
affect human which are A/Goose/Hong Kong/739.2/2002 [33], A/
duck/Egypt/D1Br12/2007 [34], A/Duck/Singapore/3/97 [35], A/
egret/Egypt/1162/2006 [36]. All of these strain show preferential 
binding to Siaα (2, 6) Gal receptor that can infect a human. Few 
specific positions of amino acids are responsible for this binding.

We found some avian amino acid position Q222L [35], G224S 
(35), S227N [33], Q192H [34] are specific to SAα 2, 3 Gal receptor 
which has a previous reported history to affect human. On the 
other hand there are some avian amino acid position S227N 
[33,37], Q192H [34], N186K [37], Q196R [36], N182K [38], 
Q192R [38], S223N [39], G228S [36,40] are specific to SAα2, 
6 Gal receptor which has a previous reported history to affect 
human. In our avian H5N1 analysis we did not find the exact 
location where reported mutations are occurred. But we found 
similar amino acid near the reported mutated position. We have 
analyzed around (before and after the mutation point) twenty 
positions with respect to the reported mutation point.

Here are the summary of some reported position which can be 
responsible for antigenic shift from avian to human (Tables 4 and 5).

Analysis of our study data with respect to reported mutation 
point to see the antigenic shift pattern of avian H5N1 (Table 6).

In case of S227N (Ser-227-Asn) reported position, we found 
amino acid Proline (P) in our software (Geneious). We found 
two mutations here, Proline (P) to Arginine (R) in two strains 
and Proline (P) to Alanine (A) in one strain. We found amino acid 
Serine (S) in two positions (215 and 219) which are located 
within twenty positions before 227. In these two positions 
there are no mutations. We have also found that, there is 
Serine (S) in two positions (233 and 239) which are located 
within twenty positions after 227. We found S233P mutation 
in three strains which indicates that polarity is changed from 
polar to non-polar as Serine (S) is Polar and Proline (P) is non-
polar.

In case of Q192H (Gln-192-His) reported position, we found 
amino acid Tryptophan (W) in our software (Geneious). We 
found amino acid Glutamine (Q) in one position (185) which is 
located within twenty positions before 192. We found Q185R 
mutation in three strains, Q185H in two strains and Q185K in 
two strains. Here polarity is changed from Polar to positive 
electrically charged amino acid as Lysine (K), Histidine (H), 
Arginine (R) is positive electrically charged. We have also 
found that, there is Glutamine (Q) in two positions (203 and 
208) which are located within twenty positions after 192. We 
found no mutation here.

In case of N186K (Asn-186-Lys) reported position, we found 
Glutamic acid (E) in our software (Geneious). We found 
Glutamic acid (E) in five positions (170, 171, 181, 182 and 
184) which are located within twenty positions before 186. 
We found N170D mutation in numerous strains, N171S/D 
in numerous strains, N181T in two strains. We will not give 
importance to mutation in numerous mutations in one position 
as these are common and are not responsible for virulence. 
Here Polarity is not changed in case of N181T. We have also 
found that, there is Glutamic acid (E) in two positions (184 
and 198) which are located within twenty positions after 186. 
We found N198K mutation in two strains and N198S in one 
strain which indicates that polarity is changed from polar to 
positively electrically charged Lysine (K) in case of N198K.

In case of N182K (Asn-182-Lys) reported position, we found 
Asparagine (N) in our software (Geneious). We found 
Asparagine (N) in four positions (162, 170, 171 and 181) 
which are located within twenty positions before 182. We 
found N170G in five strains, N171G in one strain and N181T in 
two strains. Here polarity is changed from Polar to non-polar 
amino acid as Glycine (G) is non-polar. We have also found 
that, there is Asparagine (N) in two positions (184 and 198) 
which are located within twenty positions after 182. We found 
N184D mutation in one strain, N184S mutation in one strain, 
N198S in one strain and N198K in two strains which indicates 
that polarity is changed from polar to negative electrically 
charged Aspartic acid (D), positive electrically charged Lysine 
(K) in case of N184D and N198K respectively.

In case of Q192R (Gln-192-Arg) reported position, we found 
Tryptophan (W) in our software (Geneious). We found 
Tryptophan (W) in one position (185) which is located within 
twenty positions before 192. We found Q185K in two strains, 
Q185R in three strains and Q185H in two strains. Here polarity 

Table 1 List of diverse strains from our analysis of 2005 are given 
below.

Accession number Strain name
DQ992752 Ck/GY/2173/05
HQ664946 Ck/KH/022LC2b/05
DQ992726 Dk/GX/4016/05
DQ320912 Dk/HN/1608/05
DQ992787 Dk/HN/5106/05
DQ366306 Dk/VNM/1/05
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Dk/KH/D1KP/06

Dk/KH/D3KP/06

Dk/KH/D1KC/06

Dk/KH/D5KC167/06

Dk/KH/D2KC167/06

Dk/KH/D3KC167/06

Dk/GX/89/06

Ck/GX/463/06

Dk/GX/150/06

Dk/GX/288/06

Dk/GX/392/06

Dk/GX/744/06

Dk/GX/804/06

Dk/GX/1830/06

Gs/GX/532/06

Gs/GX/1633/06

Gs/GX/1898/06

Gs/YN/4371/06

Gs/YN/3798/06

Gs/YN/1143/06

Ck/GX/1212/06

Ck/GX/683/06

Ck/GX/1951/06

Gs/GXi/582/06

Gs/GX/1458/06

Dk/GX/1436/06

Dk/GX/619/06

Dk/GX/1258/06

Gs/YN/1136/06

CMg/HK/2256/06

HCr/HK/2858/06

CMg/HK/2125/06

CMg/HK/3033/06

Gs/YN/5769/06

Gs/YN/5540/06

Gs/YN/5979/06

Ck/TR/Baklali ist955/06

Ck/TR/Silivri ist962/06

BHGs/QH/1-HVRI/06

Ck/TR/B.Cekmece ist962/06

Ck/TR/Goncaaydin ist982/06

Ck/NGA/08RS848-35/06

Ck/NGA/08RS848-38/06

Ck/NGA/08RS848-41/06

Ck/NGA/957-20/06

Ck/NGA/1047-34/06

Ck/NGA/AB13/06

Ck/NGA/VRD49/06

Ck/NGA/VRD1 45/06

Ck/NGA/VRD193/06

Ck/NGA/VRD218/06

Ck/NGA/VRD286/06

Ck/NGA/VRD403/06

Gf/NGA/08RS848-10/06

Ck/NGA/1047-54/06

Tr/NGA/08RS848-12/06

Ck/NGA/08RS848-24/06

Ck/NGA/08RS848-26/06

Ck/NGA/1047-8/06

Gf/NGA/957-12/06

Ck/NGA/VRD284/06

Dk/NGA/VRD418/06

Tr/NGA/VRD345/06

Ck/NGA/VRD311/06

Ck/NGA/08RS848-22/06

Ck/NGA/VRD368/06

BHGs/QH/1/06

BHGs/QH/3/06

BHGs/QH/4/06

BHGs/QH/5/06

BHGs/QH/6/06

BHGs/QH/8/06

BHGs/QH/9/06

BHGs/QH/11/06

BHGs/QH/12/06

CCr/QH/10/06

Ck/NGA/08RS848-15/06

Ck/NGA/08RS848-33/06

Ck/NGA/1047-62/06

Ck/NGA/641/06

Ck/NGA/08RS848-44/06

Ck/NGA/VRD44/06

Ck/NGA/VRD83/06

Ck/NGA/228-10/06

Ck/NGA/08RS848-8/06

Ck/NGA/228-5/06

Ck/NGA/228-6/06

Ck/NGA/SO493/06

Ck/NGA/SO227/06

Ck/NGA/SO300/06

Ck/NGA/SO294/06

Ck/NGA/SO457/06

Ck/NGA/SO494/06

Ck/NGA/SO452/06

Ck/NGA/SO461/06

Ck/NGA/SO485/06

Ck/NGA/SO478/06

Ck/NGA/SO478/06

Ck/NGA/SO470/06

Ck/NGA/SO470/06

Ck/EG/1078-NAMRU3/06

Ck/EG/R1/06

Ck/EG/0626/06

Ck/EG/F4/06

Tr/EG/F2/06

Ck/EG/1080-NAMRU3/06

Ck/EG/1081-NAMRU3/06

Ck/EG/2253-1/06

Ck/EG/2253-1/06

Ck/EG/06959-NL/QP/06

Dk/EG/13010N3-CLEVB/06

Gs/EG/13009N3-SM2/06

Ck/EG/06207-NLQP/06

Ck/EG/06541-NLQP/06

Ck/EG/12379N3-CLEVB/06

Tr/EG/2253-2/06

Ck/IL/397/06

Ck/IL/625/06

Tr/IL/345/06

Tr/IL/364/06

Tr/IL/365/06

Tr/IL/446/06

Tr/EG/F1/06

Ck/EG/06459-3-NLQP/06

Ck/EG/06459-NLQP/06

Ck/EG/06612-NLQP/06

Dk/EG/12380N3-CLEVB/06

Dk/EG/2253-3/06

Dk/EG/2253-3/06

Ck/EG/F3/06

Ck/EG/06553-NLQP/06

Ck/EG/12378N3-CLEVB/06

Dk/EG/F5/06

Ck/TR/Sirapinar ist706/06

Ck/TR/Enez ist929/06

Ck/TR/Esetce ist986/06

Ck/NGA/08RS848-45/06

Dk/YN/47/06

Ck/HK/282/06

Ck/HK/947/06

CMg/HK/645/06

Dk/GX/2143/06

Gs/GX/52/06

MSDk/VNM/Ben Tre 342/06

Dk/VNM/Tien Giang 409/06

Dk/VNM/Ca Mau498/06

Dk/VNM/Ca Mau498A/06

Ck/THA/PC-170/06

Ck/WJ/HAMD/06

Ck/WJ/TASIK2/06

Ck/WJ/TASIK1/06

Ck/WJ/TASIKSOB/06

Ck/WJ/TASIKSOL/06

Ck/WJ/SMI-ENDRI1/06

Ck/WJ/SMI-ENDRI2/06

92

71

59

61

62

56

68

Phylogenetic tree of the year 2006.Figure 2
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is changed from Polar to positive electrically charged amino 
acid as Lysine (K), Histidine (H), Arginine (R) is positive electrically 
charged. We have also found that, there is Tryptophan (W) in two 
positions (203 and 208) which are located within twenty positions 
after 192.We found no mutation here.

In case of S223N (Ser-223-Asn) reported position, we found 
Glutamine (Q) in our software (Geneious). We found Glutamine 
(Q) in two positions (215 and 219) which is located within twenty 
positions before 223. We found no mutations here. We have also 
found that, there is Glutamine (Q) in two positions (233 and 239) 
which are located within twenty positions after 223. We found 
S233P mutation in three strains which indicate that polarity is 
changed from polar to non-polar as Proline (P) non-polar.

In case of G228S (Gly-228-Ser) reported position, we found 
amino acid Lysine (K) in our software (Geneious). We found two 
mutations here, Lysine (K) to Glutamic acid (E) in one strain and 
Lysine (K) to Asparagine (N) in one strain. We found Glycine (G) 
in one position (217) which is located within twenty positions 
before 228. We found no mutations here. We also found Glycine 
(G) in two positions (237 and 240) which is located within twenty 
positions before 228. We also found no mutations here. 

In case of Q226L (Gln-226-Leu) reported position, we found 
amino acid Valine (V) in our software (Geneious). We found 
two mutations here, Valine (V) to Glutamic acid (E) in one strain 
and Valine (V) to Alanine (A) in one strain. We found Valine (V) 
in one position (208) which is located within twenty positions 
before 226. We found no mutations here. We also found Valine 
(V) in one position (238) which is located within twenty positions 
before 226. We also found no mutations here.

In case of Q196R (Gln-196-Arg) reported position, we found 
amino acid Histidine (H) in our software (Geneious). We found 
amino acid Glutamine (Q) in one position (185) which is located 
within twenty positions before 196. We found Q185R mutation 
in three strains, Q185H in two strains and Q185K in two strains. 
Here polarity is changed from Polar to positive electrically 
charged amino acid as Lysine (K), Histidine (H), Arginine (R) is 
positive electrically charged. We have also found that, there is 
Glutamine (Q) in two positions (203 and 208) which are located 
within twenty positions after 196. We found no mutation here.

In case of S227N (Ser-227-Asn) reported position, we found amino 
acid Proline (P) in our software (Geneious) (Table 7). We found 
two mutations here, Proline (P) to Arginine (R) in two strains 
and Proline (P) to Alanine (A) in one strain. We found amino acid 
Asparagine (N) in two positions (209 and 222) which are located 
within twenty positions before 227. We found N209R mutation 
in one strain and N222D in one strain. Here polarity is changed 

from Polar to positive electrically charged amino acid Arginine (R) 
and negative electrically charged Aspartic acid (D). We have also 
found that, there is Asparagine (N) in one position (236) which is 
located within twenty positions after 227. We found no mutation 
here.

In case of Q192H (Gln-192-His) reported position, we found 
amino acid Tryptophan (W) in our software (Geneious). We found 
no Histidine (H) which is located within twenty positions before 
192. But we found Histidine (H) in two positions (195 and 196) 
which are located within twenty positions after 192. We found 
no mutation here.

In case of N186K (Asn-186-Lys) reported position, we found 
Glutamic acid (E) in our software (Geneious). We found amino 
acid Lysine (K) in two positions (168, 169) which are located 
within twenty positions before 186. We found K168N mutation 
in two strains, K169R in one strain. Here Polarity is changed from 
positive electrically charged to polar Asparagine (N) in case of 
K168N. We did not find any Lysine (K) which is located within 
twenty positions after 186.

In case of N182K (Asn-182-Lys) reported position, we found 
Asparagine (N) in our software (Geneious). We found Asparagine (N) 
in two positions (168, 169) which are located within twenty positions 
before 182. We found K168N in two strains and K169R in one strain. 
Here polarity is changed from positive electrically charged to polar 
Asparagine (N) in case of K168N. We did not found any Asparagine 
(N) which is located within twenty positions after 182.

In case of Q192R (Gln-192-Arg) reported position, we found 
Tryptophan (W) in our software (Geneious). We found Arginine 
(R) in one position (178) which is located within twenty positions 
before 192. We found R178V in three strains. Here polarity is 
changed from positive electrically charged to non-polar amino 
acid Valine (V). We have also found that, there is Arginine (R) in 
one position (205) which is located within twenty positions after 
192. We found R205G in one strain. Here polarity is changed from 
positive electrically charged to non-polar amino acid Glycine (G).

In case of S223N (Ser-223-Asn) reported position, we found 
Glutamine (Q) in our software (Geneious). We found Asparagine 
(N) in two positions (209 and 222) which is located within twenty 
positions before 223. We found N209R in one strain and N222D in 
one strain. Here polarity is changed from polar to both positively 
charged amino acid Arginine (R) and negatively charged Aspartic 
acid (D). We have also found that, there is Asparagine (N) in one 
position (236) which is located within twenty positions after 223. 
We found no mutation here.

In case of G228S (Gly-228-Ser) reported position, we found 
amino acid Lysine (K) in our software (Geneious). We found two 
mutations here, Lysine (K) to Glutamic acid (E) in one strain and 
Lysine (K) to Asparagine (N) in one strain. We found Serine (S) 
in two positions (215 and 219) which is located within twenty 
positions before 228. We found no mutations here. We have also 
found Serine (S) in two positions (233 and 239) which is located 
within twenty positions before 228. We found S233P in three 
strains. Here polarity is changed from polar to non-polar amino 
acid Proline (P).

Table 2 List of diverse strains from our analysis of 2006 are given 
below.

Accession number Strain name
HM172085 BHGs/QH/1-HVRI/06
EF532626 Ck/IL/397/06
DQ999872 Ck/THA/NP-172/06
DQ992839 CMg/HK/645/06
DQ992815 Gs/YN/1143/06
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BHGs/QH/3/07

BHGs/QH/2/07

Ck/BD/376/07

94

70

55

93

82

78

100

99

100

88

100

80

78

56

100

64

97

50

100

100

100

100

100

100

52

99

100

100

100

64

83

88

75

84

83

72

72

72

87

91

Ck/BD/394/07

Ck/BD/531/07

Ck/BD/380/07

Ck/BD/FDIL(G)-502/07

Ck/BD/363/07

Ck/BD/364/07

Ck/BD/490/07

Ck/BD/382/07

Ck/BD/BL-4/07

SW/BVR/2/07

80

60

60

Sw/BVR/7/07

Sw/BVR/9/07

Sw/BVR/6/07

Sw/BVR/8/07

Sf/KVV/0286/07

Ck/KVV/KISR8/07

Ck/KVV/KISR7/07

Ck/KVV/KISR6/07

Ck/KVV/KISR5/07

Ck/KVV/KISR9/07

Ck/KVV/KISR2/07

Ck/KVV/KISR3/07

BHGs/QH/1/07

BHGs/QH/11/07

BHgul/QH/3/07

CCr/QH/9/07

CCr/QH/10/07

GBHgul/QH/8/07

GBHgul/QH/12/07

BHGs/QH/2/07

BHGs/QH/5/07

BHgul/QH/4/07

BHgul/QH/6/07

BHGs/QH/7/07

BHGs/QH/13/07

BHGs/QH/F/07

GBHgul/QH/2/07

Ck/BDG/BBVD-302/07

Ck/BDG/BBVD-277/07

Ck/BDG/BBVD-288/07

Ck/BDG/BBVD-342/07

Dk/BT/BBVW-387-23310/07

Dk/BT/BBVW-387-23310x-1/07

Dk/BT/BBVW-358-24381/07

Dk/BT/BBVW-224-24466/07

Dk/BT/BBVW-678-2D403/07

Dk/BT/BBVW-949-2D362/07

Dk/VNM/NCVD-7/07

Ck/VNM/29/07

55

71

64

60

76

90

Dk/VNM/1/07

Ck/KH/LC1AL/07

Dk/VNM/5/07

Dk/VNM/6/07

Dk/VNM/8/07

Dk/VNM/2/07

Dk/VNM/7/07

MSDk/VNM/39/07

Dk/VNM/MB2/07

Dk/VNM/38/07

MSDk/VNM/49/07

Dk/VNM/37/07

SBMn/HK/45/07

SBMn/HK/2433/07

MSDk/VNM/NCVD-22/07

Ck/VNM/NCVD-42/07

Ck/VNM/NCVD-34/07

95

95

98

100

Dk/VNM/52/07

Av/HK/0828/07

Av/HK/0719/07

WBMn/HK/828/07

Av/HK/2372/07

Av/HK/2065/07

Av/HK/1993/07

SBMn/HK/2572/07

Ck/NGA/08RS848-122/07

Ck/NGA/08RS848-110/07

Ck/NGA/LAG6/07

Ck/NGA/08RS848-59/07

Ck/NGA/08RS848-99/07

Ck/NGA/08RS848-115/07

Ck/NGA/1071-7/07

Ck/NGA/08RS848-102/07

Ck/NGA/EKl15/07

Gf/NGA/VRD005/07

Gf/NGA/1071-3/07

Ck/NGA/08RS848-82/07

Ck/NGA/08RS848-77/07

Ck/NGA/08RS848-74/07

Ck/NGA/08RS848-75/07

Ck/NGA/08RS848-100/07

Ck/NGA/08RS848-111/07

Ck/NGA/08RS848-118/07

Ck/NGA/08RS848-121/07

Ck/NGA/1071-10/07

Ck/NGA/1071-29/07

Ck/NGA/1071-30/07

Gf/NGAa/08RS848-72/07

Gs/NGAa/08RS848-56/07

Ck/NGA/08RS848-76/07

Ck/NGA/08RS848-83/07

Ck/NGA/1071-1/07

Ck/NGA/08RS848-97/07

Gf/NGA/08RS848-78/07

Ck/NGA/1071-5/07

Ck/NGA/1071-4/07

Ck/NGA/1071-9/07

Dk/NGA/1071-23/07

Ck/NGA/08RS848-71/07

Ck/NGA/08RS848-70/07

Ck/NGA/08RS848-88/07

Ck/NGA/08RS848-91/07

Ck/NGA/08RS848-90/07

Ck/NGA/08RS848-96/07

Ck/NGA/OG5/07

Ck/NGA/08RS848-94/07

Ck/NGA/OG10/07

Ck/NGA/OG11/07

71

63

8481

56

99

6164

83

54

100

92

63

50

65

71

81

80

88

70

89

100

100

100

70

95

95

99

Ck/NGA/08RS848-104/07

Ck/NGA/OG4/07

Ck/EG/1079-NAMRU3/07

Ck/EG/1129-N3-HK9/07

Ck/EG/07480S-NLQP/07

Dk/EG/1709-3VIR08/07

Dk/EG/07322S-NLQP/07

Dk/EG/9399NAMRU3-CLEVB202/07

Qa/EG/3050NAMRU3-CLEVB77/07

Dk/EG/3047NAMRU3-CLEVB63/07

Dk/EG/3048NAMRU3-CLEVB74/07

Ck/EG/9348NAMRU3-CLEVB149/07

Tr/EG/07444S-NLQP/07

Ck/EG/1889N3-SM26/07

99

100

98

90

87

88

98

57

57

80

91

89

53

68

79

100

87

87

63

59

87

67

97

100

55

87

Dk/EG/1888N3-SM25/07

Ck/NGA/08RS848-92/07

Dk/VNM/NA114/07

Dk/VNM/50/07

DSDk/VNM/41/07

MSDk/VNM/51/07

Dk/VNM/55/07

MSDk/VNM/56/07

Dk/VNM/TY103/07
Dk/VNM/TY114/07

MSDk/VNM/48/07

Dk/VNM/43/0757

58

83

9567

83

85

99

96

MSDk/VNM/57/07

Dk/LS/P0106/07

Dk/LS/P0127/07

Ck/LS/P0171/07

Dk/LS/A0301/07

Dk/LS/P0050/07

Ck/LS/P0130/07

Ck/LS/A0464/07

Dk/LS/P0164/07

Ck/LS/P0001/07

Ck/LS/P0072/07

Ck/LS/P0169/07

Dk/LS/A0503/07

Dk/LS/A0617/07

88

76

95

100

100

100

Dk/LS/P0117/07

Dk/LS/P0137/07

Dk/VNM/18/07

MSDk/VNM/33/07

Ck/BDG/BBVD-175/07

Ck/BDG/BBVD-532/07

Ck/EG/2628-1/07

Dk/EG/3043NAMRU3-CLEVB56/07

Ck/EG/1709-4VIR08/07

Ck/EG/9396NAMRU3-CLEVB187/07

Ck/EG/9396NAMRU3-CLEVB188/07

Ck/EG/1892N3-HK49/07

Ck/EG/07118-NLQP/07

Ck/EG/F6/07

Ck/EG/3049NAMRU3-CLEVB75/07

Ck/EG/07125-NLQP/07

Tr/EG/9398NAMRU3-CLEVB195/07

Dk/EG/5169-1/07

Ck/EG/1300-NAMRU3/07

Dk/EG/D2Br210/07

Dk/EG/D2Li234/07

Dk/EG/D1Tr335/07

Dk/EG/D1Br12/07

Dk/EG/D1Li4/07

Dk/EG/D3Li12/07

Ck/EG/1709-1VIR08/07

Ck/EG/3052-NAMRU3-CLEVB104/07

Ck/EG/C1Li9/07

Ck/EG/C1Lu2/07

Ck/EG/CL6/07

Ck/EG/C3Br11/07

Ck/EG/C1Tr13/07

Dk/EG/D3LU6/07

Ck/EG/07665S-NLQP/07

Ck/EG/9389NAMRU3-CLEVB150/07

Dk/EG/1301-NAMRU3/07

Ck/EG/1890N3-HK45/07

Ck/EG/1891N3-CLEVB/07

Ck/EG/9383NAMRU3-CLEVB112/07

Ck/EG/9384NAMRU3-CLEVB118/07
Ck/EG/3044NAMRU3-CLEVB59/07

Ck/EG/3045NAMRU3-CLEVB60/07

Ck/EG/3046NAMRU3-CLEVB62/07

0.007

Tr/EG/7/07

Qa/EG/07120-NLQP/07

99

64100

60

85

100

63

88

86

61

60

Phylogenetic tree of the year 2007.Figure 3
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(Q) in two positions (223 and 238) which is located within twenty 
positions after 222. We found no mutation here.

In case of G224S (Gly-224-Ser) reported position, we found amino 
acid Arginine (R) in our software (Geneious). We found one 
mutation here, Arginine (R) to Lysine (K) in two strains. We found 
amino acid Glycine (G) in one position (217) which is located 
within twenty positions before 224. We found no mutation here. 
We have also found Glycine (G) in two positions (237 and 240) 
which is located within twenty positions after 224. We found no 
mutation here.

In case of S227N (Ser-227-Asn) reported position, we found 
amino acid Proline (P) in our software (Geneious). We found 
two mutations here, Proline (P) to Arginine (R) in two strains 
and Proline (P) to Alanine (A) in one strain. We found amino 
acid Serine (S) in two positions (215 and 219) which are located 
within twenty positions before 227. In these two positions there 
are no mutations. We have also found that, there is Serine (S) 
in two positions (233 and 239) which are located within twenty 
positions after 227. We found S233P mutation in three strains 
which indicates that polarity is changed from polar to non-polar 
as Serine (S) is Polar and Proline (P) is non-polar.

In case of Q192H (Gln-192-His) reported position, we found 
amino acid Tryptophan (W) in our software (Geneious). We 
found amino acid Glutamine (Q) in one position (185) which is 
located within twenty positions before 192. We found Q185R 
mutation in three strains, Q185H in two strains and Q185K in two 
strains. Here polarity is changed from Polar to positive electrically 
charged amino acid as Lysine (K), Histidine (H), Arginine (R) is 
positive electrically charged. We have also found that, there is 
Glutamine (Q) in two positions (203 and 208) which are located 
within twenty positions after 192. We found no mutation here.

In case of Q222L (Gln-222-Leu) reported position, we found 
amino acid Asparagine (N) in our software (Geneious) (Table 9). 
We found one mutation here, Asparagine (N) to Aspartic acid (D) 
in one strain. We found amino acid Leucine (L) in two positions 
(206 and 221) which is located within twenty positions before 
222. We found L206I in four strains. Here polarity is not changed. 
We have also found Leucine (L) in one position (225) which is 
located within twenty positions after 222. We found L225M in 
one strain, L225F in one strain and L225S in two strains. Here 
polarity is changed from non-polar to polar Serine (S) in case of 
L225S.

In case of G224S (Gly-224-Ser) reported position, we found 
amino acid Arginine (R) in our software (Geneious). We found 
one mutation here, Arginine (R) to Lysine (K) in two strains. 
We found amino acid Serine (S) in two positions (215 and 219) 
which is located within twenty positions before 224. We found 
no mutation here. We have also found Serine (S) in two positions 
(233 and 239) which is located within twenty positions after 224. 
We found S233P in three strains. Here polarity is changed from 
polar to non-polar Proline (P).

In case of S227N (Ser-227-Asn) reported position, we found 
amino acid Proline (P) in our software (Geneious). We found 
two mutations here, Proline (P) to Arginine (R) in two strains 
and Proline (P) to Alanine (A) in one strain. We found amino acid 

Table 3 List of diverse strains from our analysis of 2007 are given 
below.

Accession number Strain name
CY091946 Dk/BT/BBVW-949-2D362/07

Table 4 Reported α 2, 6 receptor specific avian amino acid position 
with mutation that can affect human.

Amino acid mutation 
position with 

reference
Short form

Amino acid in 
Geneious in reported 

position
Ser-227-Asn [33,37] S227N P

Gln-192-His [34] Q192H W
Asn-186-Lys [37] N186K E
Gln-196-Arg [36] Q196R H
Asn-182-Lys [38] N182K N
Gln-192-Arg [38] Q192R W
Ser-223-Asn [39] S223N Q

Gly-228-Ser [40,36] G228S K
Gln-226-Leu [36] Q226L V

Table 5 Reported α 2, 3 Receptor specific avian amino acid 
position with mutation that can affect human.

Amino acid mutation 
position with 

reference
Short form

Amino acid in 
Geneious in reported 

position
Gln-222-Leu [35] Q222L N
Gly-224-Ser [35] G224S R

Ser-227-Asn [33,37] S227N P
Gln-192-His [34] Q192H W

In case of Q226L (Gln-226-Leu) reported position, we found 
amino acid Valine (V) in our software (Geneious). We found two 
mutations here, Valine (V) to Glutamic acid (E) in one strain and 
Valine (V) to Alanine (A) in one strain. We found Leucine (L) in 
three positions (206, 221 and 225) which is located within twenty 
positions before 226. We found L206I in four strains, L225S in two 
strains, L225F in one strain, L225M in one strain. Here polarity 
is changed from non-polar to polar Serine (S) in case of L225S. 
We found no Leucine (L) which is located within twenty positions 
before 226.

In case of Q196R (Gln-196-Arg) reported position, we found 
amino acid Histidine (H) in our software (Geneious). We found 
amino acid Arginine (R) in one position (178) which is located 
within twenty positions before 196. We found R178V mutation in 
three strains. Here polarity is changed from positive electrically 
charged amino acid to non-polar amino acid Valine (V). We have 
also found that, there is Arginine (R) in one position (205) which 
is located within twenty positions after 196. We found R205G 
in one strain. Here polarity is changed from positive electrically 
charged amino acid to non-polar amino acid Glycine (G).

In case of Q222L (Gln-222-Leu) reported position, we found 
amino acid Asparagine (N) in our software (Geneious) (Table 8). 
We found one mutation here, Asparagine (N) to Aspartic acid (D) 
in one strain. We found amino acid Glutamine (Q) in two positions 
(203 and 208) which is located within twenty positions before 
222. We found no mutation here. We have also found Glutamine 
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Table 6 Correlation of Reported α 2, 6 receptor specific avian amino acid position with our experimental strain, and their mutation 
pattern (exact and around twenty positions): Original amino acid analysis.

Reported AA with mutation point AA in Geneious in reported position
Exact AA which matches with the 

reported data with respect to specific 
mutation point (before 20 positions)

Exact AA which matches with the 
reported data with respect to 

specific mutation point (after 20 
positions)

S227N P227R (2)
P227A (1)

S215
S219

S233P (3)
Polar to Nonpolar

S239

Q192H W192

Q185R (3)
Q185H (2)
Q185K (2)

Polar to + electrically Charged (K, H, R)

Q203
Q208

N186K E186

N170G (5)
Polar to Nonpolar

N181T (2)
N182
N184

N184
N198K (2)

Polar to + electrically Charged (K)
N198S (1)

N182K N182

N162
N170G (5)
N171G (1)

Polar to Nonpolar (G)
N181T (2)

N184D (1)
Polar to – electrically Charged (D)

N184S (1)
N198K (2)

Polar to + electrically Charged (K)
N198S (1)

Q192R W192

Q185K (2)
Q185R (3)
Q185H (2)

Polar to + electrically Charged (K, R, H)

Q203
Q208

S223N Q223
Q215
Q219

S233P (3)
Polar to Nonpolar (P)

S239

G228S
K228E (1)
K228N (1)
K228? (1)

G217 G237
G240

Q226L V226E (1)
V226A (1) Q208 Q238

Q196R H196

Q185K (2)
Q185R (3)
Q185H (2)

Polar to + electrically
Charged (K, R, H)

Q203
Q208

Reported AA with mutation point AA in Geneious in reported position

Exact AA which matches with the 
reported data with respect to 

specific mutation point (before 20 
positions)

Exact AA which matches with the 
reported data with respect to 

specific mutation point (after 20 
positions)

S227N
P227R (2)
P227A (1)

N209R (1)
Polar to + electrically

Charged (R)
N222D (1)

Polar to - electrically
Charged (D)

S236

Q192H W192 Q195
Q196

N186K E186 K168N (2)
+ electrically Charged to polar (N)

K169R (1)

N182K N182 K168N (2)
+ electrically Charged to polar (N)

K169R (1)

Table 7 Correlation of Reported α 2, 6 receptor specific avian amino acid position with our experimental strain, and their mutation 
pattern (exact and around twenty positions): Mutated amino acid analysis.
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Q192R W192 R178V (3)
+ electrically Charged to Nonpolar 

(V)

R205G (1)
+ electrically Charged to Nonpolar 

(G)

S223N Q223
N209R (1)

Polar to + electrically Charged (R)
N222D (1)

Polar to - electrically Charged (D) S236

G228S
K228E (1)
K228N (1) G215

G219

S233P (3)
Polar to Nonpolar (P)

G239

Q226L V226E (1)
V226A (1)

L206I (4)
Q221

L225S (2)
Nonpolar to Polar (S)

L225F (1)
L225M (1) 

Q196R H196 R178V (3)
+ electrically Charged to Nonpolar 

(V)

R205G (1)
+ electrically Charged to Nonpolar 

(G)

Table 8 Correlation of Reported α 2, 3 receptor specific avian amino acid position with our experimental strain, and their mutation 
pattern (exact and around twenty positions): Original amino acid analysis.

Reported AA with mutation point AA in Geneious in reported position
Exact AA which matches with the 

reported data with respect to specific 
mutation point (before 20 positions)

Exact AA which matches with the 
reported data with respect to 

specific mutation point (after 20 
positions)

Q222L N222D (1) Q203
Q208

Q223
Q238

G224S R24K (2) G217 G237
G240

S227N P227R (2)
P227A (1)

S215
S219

S233P (3)
Polar to Nonpolar (P)

S239

Q192H W192

Q185K (2)
Q185R (3)
Q185H (2)

Polar to + electrically Charged (K, R, H)

Q203
Q208

Reported AA with 
mutation point

AA in Geneious in 
reported position

Exact AA which matches with the 
reported data with respect to specific 
mutation point (before 20 positions)

Exact AA which matches with the reported data with respect to 
specific mutation point (after 20 positions)

Q222L N222D (1)

L206I (4)
Nonpolar to Nonpolar (I)

Q221

L225M (1)
L225F (1)
L225S (2)

Nonpolar to Polar (S)

G224S R224K (2)
G215
G219

S233P (3)
Polar to Nonpolar (P)

G239

S227N P227R (2)
P227A (1)

N209R (1)
Polar to + electrically Charged (R)

N222D (1)
Polar to - electrically Charged (D)

S236

Q192H W192 Q195
Q196

Table 9 Correlation of Reported α 2, 3 receptor specific avian amino acid position with our experimental strain, and their mutation 
pattern (exact and around twenty positions): Mutated Amino Acid analysis.
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Asparagine (N) in two positions (209 and 222) which are located 
within twenty positions before 227. We found N209R mutation 
in one strain and N222D in one strain. Here polarity is changed 
from Polar to positive electrically charged amino acid Arginine (R) 
and negative electrically charged Aspartic acid (D). We have also 
found that, there is Asparagine (N) in one position (236) which is 
located within twenty positions after 227. We found no mutation 
here.

In case of Q192H (Gln-192-His) reported position, we found 
amino acid Tryptophan (W) in our software (Geneious). We found 
no Histidine (H) which is located within twenty positions before 
192. But we found Histidine (H) in two positions (195 and 196) 
which are located within twenty positions after 192. We found 
no mutation here.

Conflict of interest
None



12

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 6 No. 1:4

Translational Biomedicine
ISSN 2172-0479

© Copyright iMedPub                                                                                                                                Find this article in: www.transbiomedicine.com

This article is available in: www.transbiomedicine.com

References
1. Perdue ML, Garcia M, Senne D, Fraire M (1997) Virulence- associated 

sequence duplication at the hemagglutinin cleavage site of avian 
influenza viruses. Virus Res 49: 173-186.

2. Guan Y, Poon LLM, Cheung CY, Ellis TM, Lim W, et al. (2004) H5N1 
influenza: a protean pandemic threat. Proc Natl Acad Sci 101: 8156-
8161.

3. Webster RG, Guan Y, Peiris M, Walker D, Krauss S, et al. (2002) 
Characterization of H5N1 influenza viruses that continueto circulate 
in geese in southeastern China. J Virol 76: 118-126.

4. Xu, X, Subbarao K, Cox NJ, Guo Y (1999) Genetic characterization of 
the pathogenic influenza A/Goose/Guangdong/1/96 (H5N1) virus: 
similarity of its hemagglutinin gene to those of H5N1 viruses from 
the 1997 outbreaks in Hong Kong. Virology 261: 15-19.

5. Li KS, Guan Y, Wang J, Smith GJ, Xu KM, (2004) Genesis of a highly 
pathogenic and potentially pandemic H5N1 influenza virus in eastern 
Asia. Nature 430: 209-212.

6. Smith GJD, Fan XH, Wang J, Li KS, Qin K, et al. (2006) Emergence and 
predominance of a H5N1 influenza variant in China. Proc Natl Acad 
Sci 103: 16936-16941.

7. Holmes EC (2010) The comparative genomics of viral emergence. 
Proceedings of the National Academy of Sciences of the United 
States of America 107: 1742-1746.

8. Eyre-Walker A, Keightley PD (2007) The distribution of fitness effects 
of new mutations. Nat Rev Genet 8: 610-618.

9. Suarez DL, Perdue ML, Cox N, Rowe T, Bender C, et al. (1998) 
Comparisons of Highly Virulent H5N1 Influenza A Viruses Isolated 
from Humans and Chickens from Hong Kong. Journal of Virology 72: 
6678-6688.

10. Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, et al (2008) The 
global circulation of seasonal influenza A (H3N2) viruses. Science 
320: 340-346.

11. Kilpatrick AM, Chmura AA, Gibbons DW, Fleischer RC, Marra PP, 
et al. (2006) Predicting the global spread of H5N1 avian influenza. 
ProcNatl Acad Sci 103: 19368-19373.

12. Dybing JK, Shultz CS, Swayne DE, Suarez DL, Perdue ML (2000) Distinct 
pathogenesis of Hong Kong-origin H5N1 viruses in mice compared to 
that of other highly pathogenic H5 avian influenza viruses. J Virol 74: 
1443-1450.

13. Gauthier-Clerc M, Lebarbenchon C, Thomas F (2007) Recent 
expansion of highly pathogenic avian influenza H5N1: a critical 
review. Ibis 149: 202-214.

14. Ito T, Goto H, Yamamoto E, Tanaka H, Takeuchi M, et al. (2001) 
Generation of a highly pathogenic avian influenza A virus from an 
avirulent field isolate by passaging in chickens. J Virol 75: 4439-4443.

15. Matrosovich M, Zhou N, Kawaoka Y, Webster R (1999) The Surface 
Glycoproteins of H5 Influenza Viruses Isolated from Humans, 
Chickens, and Wild Aquatic Birds Have Distinguishable Properties. 
Journal of Virology 73: 1146-1155.

16. Rott R (1992) The pathogenic determinant of influenza virus. 
Veterinary Microbiology 33: 303-310.

17. Tong S, Zhu X, Li Y, Shi M, Zhang J, et al. (2013) New World Bats 
Harbor Diverse Influenza A Viruses. PLoS Pathogens 9.

18. Jing X, Ma C, Ohigashi Y, Oliveira FA, Jardetzky TS, et al. (2008) 
Functional studies indicate amantadine binds to the pore of the 
influenza A virus M2 proton-selective ion channel. Proc. Natl. Acad. 
Sci. U.S.A 105: 10967-72.

19. Narayan O, Lang G, Rouse ST (1969) A new influenza A virus infection 
in turkeys. IV Experimental susceptibility of domestic birds to virus 
strain ty/Ontario/7732/1966. Archivfur diegesamteVirusforschung 
26: 149-165.

20. Alexander DJ, Allan WH, Parsons D, Parsons G (1978) The pathogenicity 
of four avian influenza viruses for fowls, turkeys and ducks. Research in 
Veterinary Science 24: 242-247.

21. Westbury HA, Turner AJ, Kovesdy L (1979) The pathogenicity of three 
Australian fowl plague viruses for chickens, turkeys and ducks. Veterinary 
Microbiology 4: 223-234.

22. Narayan O, Lang G, Rouse ST (1969) A new influenza A virus infection in 
turkeys. IV Experimental susceptibility of domestic birds to virus strain 
ty/Ontario/7732/1966. Archivfurdiegesamte Virus forschung 26: 149-
165.

23. Alexander DJ, Allan WH, Parsons D, Parsons G (1978) The pathogenicity 
of four avian influenza viruses for fowls, turkeys and ducks. Research in 
Veterinary Science 24: 242-247.

24. Westbury HA, Turner AJ, Kovesdy L (1979) The pathogenicity of three 
Australian fowl plague viruses for chickens, turkeys and ducks. Veterinary 
Microbiology 4: 223-234.

25. Ito T, Goto H, Yamamoto E, Tanaka H, Takeuchi M, et al. (2001) Generation 
of a highly pathogenic avian influenza A virus from an avirulent field isolate 
by passaging in chickens. J Virol 75: 4439-4443.

26. Gambotto A, Barratt-Boyes SM, de Jong MD, Neumann G, Kawaoka Y (2008) 
Human infection with highly pathogenic H5N1 influenza virus. Lancet 371: 
1464-1475.

27. Ungchusak K, Auewarakul P, Dowell SF, Kitphati R, Auwanit W, et al. (2005) 
Probable person-to-person transmission of avian influenza A (H5N1). N Engl 
J Med 352: 333-340.

28. Wang H, Feng Z, Shu Y, Yu H, Zhou L, et al. (2008) Probable limited person-to-
person transmission of highly pathogenic avian influenza A (H5N1) virus in 
China. Lancet 371: 1427-1434.

29. Imai M, Kawaoka Y (2012) The role of receptor binding specificity in 
interspecies transmission of influenza viruses.Curr. Opin Virol 2: 160-167.

30. Rott R (1992) The pathogenic determinant of influenza virus. Veterinary 
Microbiology 33: 303-310.

31. Tong S, Zhu X, Li Y, Shi M, Zhang J, et al. (2013) New World Bats Harbor Diverse 
Influenza A Viruses. PLoS Pathogens 9: e1003657.

32. Shinya K, Ebina M, Yamada S, Ono M, Kasai N, et al. (2006) Avian flu: influenza 
virus receptors in the human airway. Nature 440: 435-436.

33. Gambaryan A, Tuzikov A, Pazynina G, Bovin N, Balish A, et al. (2006) Evolution of 
the receptor binding phenotype of influenza A (H5) viruses. Virology 344: 432-
438.

34. Yohei W, Madiha SI, Hany FE, Norihito K, Rika M, et al. (2011) Acquisition of Human-
Type Receptor Binding Specificity by New H5N1 Influenza Virus Sublineages during 
Their Emergence in Birds in Egypt. PLoS Pathogens 7: e1002068.

35. Nipa J, Wanwimon M, Daungmanee C, Philip JS, Sissades T, et al. (2009) Prediction 
of avian influenza A binding preference to human receptor using conformational 
analysis of receptor bound to hemagglutinin. BMC Genomics 10: S24.

36. De Vries RP, Zhu X, McBride R, Rigter A, Hanson A, et al. (2014) 
Hemagglutinin Receptor Specificity and Structural Analyses of 



13

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 6 No. 1:4

Translational Biomedicine
ISSN 2172-0479

© Under License of Creative Commons Attribution 3.0 License

Respiratory Droplet-Transmissible H5N1 Viruses. Journal of Virology 
88: 768-773.

37. Xiong X, Xiao H, Martin SR, Coombs PJ, Liu J, et al. (2014) Enhanced 
human receptor binding by H5 haemagglutinins. Virology 456-457: 
179-187.

38. Auewarakul P, Suptawiwat O, Kongchanagul A, Sangma C, Suzuki Y, et 
al. (2007) An Avian Influenza H5N1 Virus That Binds to a Human-Type 
Receptor. Journal of Virology 81: 9950-9955.

39. Chutinimitkul S, van Riel D, Munster VJ, van den Brand JMA, 
Rimmelzwaan GF, et al. (2010) In Vitro Assessment of Attachment 
Pattern and Replication Efficiency of H5N1 Influenza A Viruses 
with Altered Receptor Specificity. Journal of Virology 84: 6825-
6833.

40. Stevens J, Blixt O, Tumpey TM, Taubenberger JK, Paulson JC, et al. 
(2006) Structure and Receptor Specificity of the Hemagglutinin 
from an H5N1 Influenza Virus. Science 312: 404-410.


