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Abstract 
Background and Aims: Hemagglutinin (HA) protein of Avian Influenza (AI) plays an 

essential role in the virus pathogenicity. AI H9N2 subtype causes significant economic loss in 

broiler and layer in poultry farms in Iran. AI viruses have a great involvement in evolutionary 

changes at nucleotide and amino acid levels and vaccines could induce faster rates of such 

changes. Up-dated understanding of the genetic changes of AI viruses circulating in Iran is 

necessary for controlling AI.  

Materials and Methods: Sequence analysis and phylogenetic study of the HA gene of three 

H9N2 subtype of AI isolates in Iran in 2010-2011 were studied.  

Results: Cleavage site of the Iranian 2010-2011 isolates possessed a different motif. Amino 

acid residue at position 226 at receptor binding site in these isolates was Leucine, which was 

similar to human viruses. The epitopes for HA showed a great variation related to the year of 

isolation. According to phylogenetic analysis, Iranian isolates were divided into two main 

subgroups. But, viruses isolated in this study formed a third minor subgroup. Degree of 

homology between the 2010-2011 isolates and former Iranian isolates was significantly low.  

Conclusion: The results revealed that HA of new Iranian AI H9N2 isolates have undergone 

extensive genetic changes. Definitely, continuous monitoring of genetic changes is a useful 

tool for updating control strategy for AI outbreak in Iran. 
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Introduction 
 

vian influenza (AI) virus is a member 

of the family orthomyxoviradae. These 

viruses contain eight single-stranded 

RNA segments, which encode ten proteins, 

including two surface glycoproteins, 

hemagglutinin (HA) and neuraminidase (NA) 

(1). Up to now, 16 HA and 9 NA subtypes 

have been identified (2). HA protein plays an 

essential role in virus binding to silaic acid 

receptor on the host cell surface and fusion of 

virus to endosomal membrane, which 

facilitates entry of virus into the host cell (1).  

AI H9N2 subtype typically causes mild clinical 

signs in birds. However, significant mortality 

in broilers and significant decrease in egg 

production have been reported due to H9N2 

subtype, particularly in co-infection with other 

respiratory agents (3, 4). H9N2 influenza 

viruses have become widespread in the poultry 

farms of the world (4-6). According to the 

phylogenic and antigenic analysis, Asian 

H9N2 viruses are classified as three major 
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sublineages represented by A/Quail/Hong 

Kong/G1/97 (G1 group), A/Chicken/Hong 

Kong/G9/97 (G9 group), and 

A/chicken/Korea/38349-p96323/96 (Korean 

group) (7).  

To control AI infections in poultry, inactivated 

vaccines have been widely used in Iran, 

Pakistan and China (8-0). However, it is 

revealed that vaccines could induce faster rates 

of antigenic drift in influenza viruses due to 

providing a positive selective pressure (9). On 

the other hands, co-circulation of AI H9N2 

viruses with other subtypes, including H5 and 

H7, may lead to the genetic reassortment in the 

viruses (11). For these reasons, up-dated 

understanding of the genetic changes of AI 

viruses circulating in Iran is important for 

controlling AI. In this study, the HA gene of 

three AI H9N2 strains isolated from poultry 

chicken farms in Iran during 2010 and 2011, as 

well as, other reported Iranian H9N2 isolates 

were genetically analyzed and nucleotide 

changes were evaluated. 

 

Methods 
 

Viruses  

Three strains, including : 

A/Chicken/Iran/N101/2011(H9N2), 

A/Chicken/Iran/N102/2011(H9N2) and 

A/Chicken/Iran/EBGV-88/2010) were isolated 

from three broiler farms affected by respiratory 

disease complex (RDC). Initial isolation and 

subtype identification of the virus was 

determined by standard methods (12) and PCR 

tests. All the other H9N2 viral sequences of 

hemagglutinin genes were present in the 

GenBank database.  

Cell transfection 
COS-7 and BHK-21 cell lines were received 

from the National Cell Bank of Iran (NCBI) 

affiliated with the Pasteur Institute of Iran, 

cultured and maintained in Dulbecco’s 

modified Eagle’s Medium (DMEM, Gibco) 

supplemented with 10% fetal bovine serum 

(FBS, Gibco). Briefly, one day before 

transfection, cells from confluent culture were 

transferred to 24 well plate (Nunc, Roskilde, 

Denmark) containing 10
5 

cells per well. The 

cells were incubated for 24 h at 37°C in a 

humidified incubator containing 5% CO2 to 

achieve approximately 70-75% confluency on 

the day of transfection. Each well of cells was 

transfected with 0.8μg of plasmid DNA 

encoding the HA1 gene using lipofectamin 

2000 reagent (Invitrogen, Carlsbad, CA; Cat. 

No. 11668-027) according to the 

manufacture’s instruction. After 48h 

incubation at 37◦C, cells were examined by 

fluorescence microscope. 

RNA Extraction and RT-PCR 

Viral RNA was extracted from allantoic fluid 

by RNX plus kit (Cinnagen, Iran), according to 

the manufacturer instruction. Reverse 

transcription was done by using 

oligonucleotide influenza universal primer, 

Uni12. Amplification of the hemagglutinin 

full-length gene was carried out by PCR as 

described previously (13) using two pairs of 

specific primers as follows: 

P-HA1-F: 5’-AGC AAA AGC AGG GG-3’ 

and 

P-HA1-R: 5'-GTG YCC ATA CCA TGG 

RGC-3’ (1 to 832), 

P-HA2-F: 5’- ACC AGG TCA GAC ATT 

GCG AG-3’ and  

P-HA2-R: 5’- AGT AGA AAC AAG GGT 

GTT TTT GC-3’ (766-1742). 

Gene Sequence 

PCR products were subjected to 

electrophoresis in a 1% (w/v) agarose gel and 

DNA fragments of the expected length were 

extracted and purified with GeneJET
TM

 Gel 

Extraction kit (Fermentas, Canada, 

catalogue#k0691). The purified DNA 

fragments were cloned into pTZ57R/T cloning 

vector (Fermentas, Canada, catalog#k1213). 

Three clones of each fragment were sequenced 

using M13 forward and M13 reverse (promega, 

USA) at Sequetech Co. Ltd., USA. The 

sequences identified of at least two clones were 

kept for further usage. 

Sequence Analysis and Phylogenetic Study 

Pairwise sequence alignments were performed 

using the Clustal W alignment algorithm. 

Sequence similarity and phylogenetic 

relationship of different H9N2 subtype viruses 

was performed with MegAlign program 

(DNASTAR Inc., Madison, WI, USA). 

Nucleotide Sequence Accession Numbers  
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The sequences determined in this study are 

available in the GenBank under accession 

numbers: JQ970436, JQ970437 and JN646748.  

 

Results 
 

Analyses of the hemagglutinin sequence of 

the Iranian H9N2 isolates 

In this study, 1742 nucleotides of the HA gene 

of the three isolates 

(A/Chicken/Iran/N101/2011(H9N2),  

Chicken/Iran/N102/2011(H9N2) and 

A/Chicken/Iran/EBGV-88/2010) were 

sequenced and amino acid sequences of the 

HA were deduced from the nucleotide 

sequence.  

HA cleavage site motif sequence of the most 

Iranian isolates was: –R-S-S-R*G-. Amino 

acids of cleavage site of the isolates sequenced 

in this study possessed a –K-S-S-R*G- motif. 

Some other substitutions have happened in 

some Iranian isolates. Four isolates harbor –R-

S-N-R*G- at the same position (Table 1).  

In the HA protein, the amino acids at positions 

183, 190, 226, 227 and 228 (H3 numbering) 

are major receptor binding sites (RBS). Amino 

acid residue at position 226 in isolates 

sequenced in this study, was Leucine. In 

Iranian H9N2 viruses, the number of those 

possessed the human H9N2 virus-like motif, 

226Leu, has increased after 2004. There is a 

substitution at position 227, Glu→Ile, in 

almost all Iranian H9N2 viruses isolated after 

2004, including three viruses sequenced in this 

study. In one of the viruses sequenced in this 

study (A/Chicken/Iran/N101/2011), amino acid 

residue Thr replaced Ala at position 190. In 

Iranian isolates, substitutions in this position 

have happened, which Ala replaced by Thr, Ile 

and Val in some recent isolates (Table 1).  

Potential glycosilation site (PGS) motifs –N-X-

T/S- (X may be any amino acid except proline)  

Table 1.   Amino acid substitutions in the cleavage site, Receptor binding site and PGS of H9 HAs of 

Iranian H9N2 isolates. 

Potential Glycosilation Sites Receptor 

binding site 

 

551 492 283 218 206 166 105 227 226 190 Cleavage 

site 

Accession 

no. 

virus 

+ + - - - - + Q Q A RSSR AF508558 11T/99 

+ + - - - - + Q L A RSSR EF063728 B308A/04 

+ + - - - - + I L T KSSR JN646748 EBGV-88/10 

+ + - - - - + I L T KSSR JQ970436 N101/11 

+ + - - - - + I L A KSSR JQ970437 N102/11 

 + - + + - + Q L E RSSR    

AF156378 

 

G1/97 

Table 2.     Amino acid substitutions in the antigenic sites of H9 HAs of Iranian H9N2 isolates. 

 Antigenic Sites 

virus Accession 

no. 

108 134 154 312 324 431 

11T/99 AF508558 . . . . . . . . 

. . 

+ - . . . . . . . . . - + 

B308A/04 EF063728 . . . . . . . . 

. . 

+ - . . . . . . . . . - + 

EBGV-88/10 JN646748 . . . . . . . . 

. . 

+ + . T . . . . 

IG . 

+ + 

N101/11 JQ970436 . . . . . . . . 

. . 

+ + . I . . . . IG 

. 

+ + 

N102/11 JQ970437 . . . . . . . . 

. . 

+ + . I . . . . IG 

. 

+ + 
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Table 3.     Homology of the nucleotide sequences of HA of Iranian isolates belonging to different 

sublineages. 

 

sublineage 

Similarity between viruses (%) 

First sublineage Second sublineage Third sublieage 

Max Min Average Max Min Average Max Min Average 

First  100 91.8 96.4 - - - 91.7 89.4 90.5 

Second  - - - 99.9 93.7 97.4 93.8 91.1 92.8 

Third
1
 - - - - - -    98.7          99.1               98.9                                

 

in the HA molecule of viruses sequenced in 

this study and most other Iranian H9N2 

isolates were seven sites at positions 29, 105, 

141, 298 and 305 in HA1 and 492 and 551 in 

HA2 region, C-terminal to the membrane 

anchor. However, some of these PGSs have 

been lost in some isolates. On the other hand, 

some Iranian H9N2 isolates possessed new 

PGSs at positions 158, 198, 210 and 275 due to 

point mutations (Table 1).  

The epitopes for HA showed a great variation 

related to the year of isolation. The epitope 

(SFYRNMRWL) from positions 154-162 and 

the epitope (KAIGLRNV) from positions 324-

331 that were mostly absent in viruses isolated 

between 1998 and 2004, appeared in H9N2 

viruses after 2004. Another epitope with high 

variation at position 312-320, which in most of 

the viruses isolated before 2004 was 

(GNCPKYVRV) and after that year it has 

changed to (GTCPKYIGV). This epitope in 

two of isolates sequenced in this study was 

changed to (GICPKYIGV). Some of the 

epitopes (position 431-439 (AYNAELLVL) 

and position 134-142 (IFPDTIWNV)) are 

present in all Iranian H9N2 isolates. In the 

epitope (CYPGNVENL), positions 108-116, 

there is an amino acid substitution at position 

113 (Val113Ile) in a few Iranian isolates (table 

2). 

Phylogenetic analyses 

The phylogenetic relationship between Iranian 

isolates and H9N2 viruses isolated in various 

part of Middle East countries were established. 

The analysis was based on the nucleotide 

sequence of full segment of HA. All of the 

Iranian isolates fell into the same main group 

(G1 sublineage), as the viruses isolated in 

Pakistan, Saudi Arabia, Japan and Israel (Fig 

1a). The Iranian isolates can be further divided 

into two main subgroups. The first subgroup 

(11-T like sublineage) included viruses that 

were isolated between 1998 and 2004. The 

second subgroup comprised the strains isolated 

after 2004. Though, some exceptions were 

seen in both subgroups. Interestingly, three 

viruses isolated in this study formed a third 

minor subgroup (Fig 1b). Other Middle East 

isolates also clustered in two subgroups, with 

some exceptions, according to the country and 

time of isolation. Three viruses isolated in this 

study, placed near the new Pakistan isolates in 

a different subgroup (Fig 1a). 

Analysis of the Iranian isolate nucleotide 

sequences showed that the difference within 

the first subgroup was relatively higher than 

the second subgroup: viruses belonging to the 

first subgroup exhibited 91.8-100% (average 

96.4%) identity and viruses belonging to the 

second subgroup exhibited 93.7-99.9% 

(average 97.4%) identity. Three viruses of the 

third minor subgroup, the isolates sequenced in 

this study, exhibited higher identity 98.7-

99.1% (average 98.9%) (Table3). Interestingly, 

these isolates also showed relatively hi gh 

identity to some of the new Pakistan isolates 

(95%). Degree of homology between these 

new isolates and former Iranian isolates is 

relatively low (90.5% and 92.8% for first and 

second subgroup, respectively). The percent of 

homology of isolates sequenced in this study 

with prototype isolate of G1-like sublineage 

and human H9N2 isolates was 90.9% (Table 

3). 

Genetic variability amongst the Iranian 

isolates 

In this study, we analyzed 1682 nucleotides 

encoding 560 amino acids (1-560). Of these 

560 amino acids, 537 were characterized as 

highly conservative amongst the Iranian 
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isolates, whereas the other 23 amino acids 

showed diverse levels of variability. The 

subgroup specificity of the substitutions was 

observed in the following positions: amino 

acids A
15

, S
101

, A
126

, A
150

, S
158

, S
166

, S
168

, S
183

, 

D
216

, N
218

, M
224

, Q
235

, G
271

, N
313

, V
318

, R
319

, 

and V
327

 were typical of the viruses of the first 

subgroup, whereas T
15

, P
101

, S
126

, S
150

, N
158

, 

N
166

, L
168

, D
183

, N
216

, D
218

, L
224

, I
235

, E
271

, T
313

, 

I
318

, G
319

, and I
327

 were typical of those of the 

second subgroup. 

 

Discussion 
 

Changes in the HA amino acid content at the 

proteolytic cleavage site (PCS) by either site 

mutation or insertions of amino acids or both, 

resulting in an increase in the number of basic 

amino acids (Arginine and Lysine) at the site 

provides a template for cleavage by widely 

distributed furin-like or subtilisin-like 

endoproteases (11). This is central key to the 

switch from low to high pathogenicity in H5 

and H7 subtypes (14, 15). Nucleotide sequence 

analysis corresponding to the cleavage site of 

Iranian isolates revealed no poly-basic motif. 

Most of the earliest Iranian isolates (since 

1998) had the cleavage site motif –RSSR*G- 

with two basic amino acids, which is rather 

typical for H9 viruses, including those from 

Hong Kong (Qa/HK/G1/97 and 

Dk/HK/Y280/97), Pakistan, Israel, Saudi 

Arabia and Dubai (16). Some viruses with 

point mutations of amino acid in the cleavage 

site (RSNR, RSNK) were isolated on 2007. 

Then, on 2010 and 2011, all isolated viruses, 

including viruses sequenced in this study, 

showed another amino acid substitution 

(KSSR). This substitution of lysine instead of 

Arginine at the -4 position of the cleavage site 

is infrequently observed in H9N2 viruses, but 

have become fixed in all 2010 and 2011 

Iranian and some recent Pakistani isolates 

(table 1) (17, 18, 19). The significance, if any, 

of these mutations is not known. Banks et al. 

(2000) (16) described 15 amino acid motifs of 

A) B) 

Fig. 1.  Phylogenetic relationships of HA gene of influenza A viruses isolated in Middle East (a) 

and Iran (b). The lengths of horizontal lines are proportional to the minimum number of nucleotide 

differences required to join nodes. Vertical lines are for spacing branches and labels. ck, chicken; 

qa, Quail; pk, pakistan; Ir, Iran; Is, Israel; Lb, Lebanon; Ind, India; HK, Hong Kong; SA, Saudi 

Arabia 

a) b) 
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the cleavage sites of the H9 influenza viruses, 

but none of them had more than two basic 

amino acids. It should be emphasized, that all 

H9N2 viruses with two or three basic amino 

acids in the cleavage site have had low 

pathogenicity for chickens (19, 18). Some 

researchers suggested that -RSSR*G- motif is 

the signature of H9N2 LPAI viruses adapted to 

the chicken host (16, 18, 20). It is interesting 

that all of these mutations in Iranian isolates 

have happened after 2007. So, there may be a 

relationship between time and happening of 

mutations in AIVs, as observed in Israeli 

isolates (19).  

AI H9N2 viruses have some capabilities to 

transmit from bird to human and are a 

candidate for next human flu pandemic (20). 

The RBS motif of HA is critical for cellular 

receptor specificity and determining virus host 

range (21, 22). Glutamine at position 226 

indicates a preferential binding to sialic acid 

(SA) α2,6-linked to galactose found in avian 

host and is a major host range determinant for 

the H2 and the H3 subtypes associated with 

pandemic human flu infections (23, 24). The 

substitution of Glu226Leu makes a preferential 

receptor binding specificity for SA α2,6-linked 

galactose, allows H9N2 viruses to replicate 

about 100-fold more efficiently in human cell 

culture (23, 25). There is a general increasing 

trend in the proportion of Iranian H9N2 viruses 

that possessed the human virus-like motif 

226Leu, particularly in viruses isolated after 

2004 (Table 1) and in recent Pakistan, UAE 

and Chinese isolates (7, 18, 26). This result 

shows increasing potential of recent Iranian 

H9N2 isolates to transmit to human. The 

residue at position 190 within the RBS 

influences the affinity of virus binding to the 

SA receptor. Amino acids Valine, Threonine 

and Alanine at this position had high, 

intermediate and low affinity to SA α2, 6-

linked galactose receptor, respectively (27). 

Alanine at this position is more typical of 

viruses isolated from chickens (28). In Iranian 

isolates, substitutions in this position (A→T, 

A→I, A→V) have happened in some recent 

isolates. In one of the viruses sequenced in this 

study (N101), amino acid Threonine has 

replaced Alanine, indicating high affinity for 

human airway epithelial receptors (Table 1). 

Nevertheless, the definitive significance of 

these substitutions is not completely 

understood and requires detailed structural 

analysis.  

Seven PGSs were present in most of the 

Iranian H9N2 isolates, including isolates 

sequenced in this study. However, there were 

additional or lost PGSs in some of the isolates. 

Two PGSs at positions 218 and 206, present in 

representative reference strain of G1-lineage 

(A/Quail/HK/G1/97) have lost in most of the 

Iranian isolates (Table 1). The loss or creation 

of PGSs may represent a selected adaptation of 

H9N2 viruses transmitted from original host 

(e.g. Quail) to poultry (14, 29). Besides, these 

alterations may affect the receptor binding 

capacity of HA and contribute to the antigenic 

variations (30, 31). Anyway, the biological 

significance of these changes in PGSs pattern 

in the Iranian H9N2 isolates remains to be 

studied. 

A study on evolution of AI H9N2 viruses in 

the Middle East and Indian sub-continent 

showed variability in antigenic sites of HA 

during 1994-2009 (20). Antigenic sites for HA 

showed a great deal of variation. Observation 

revealed that epitopes (SFYRNMRWL) from 

positions 154-162 and (KLAIGLRNV) from 

positions 324-332 that was absent before 2004 

in first subgroup of Iranian isolates, appeared 

in the second subgroup after 2004 (Table 2). 

This finding is in agreement with phylogenetic 

analysis results. In the other epitopes, also, 

there are some variations between Iranian 

H9N2 isolates (Table 2). These results suggest 

that NA epitopes could have evolved due to 

point mutations and reassortment. Such 

changes would affect virus antigenicity and 

pathogenicity of the virus. It is revealed that 

vaccines could induce faster rates of antigenic 

drift in human and avian influenza viruses 

possibly due to inducing a positive selective 

pressure in the host (32, 33). Besides, there is a 

concern about that the antigenic differences 

between the vaccine strain and prevailing H9 

viruses might worsen the continued antigenic 

drift of the viruses.  Most of the isolated H9N2 

viruses in china after 2003 were antigenically 

heterologous with the vaccine isolate due to 
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antigenic drift and commercial inactivated 

vaccine could not protect chickens against 

some of the H9N2 viruses in cases of virus 

shedding or appearing of clinical signs (34). It 

is better to compare the antigenic properties of 

HA protein of new H9N2 isolates with vaccine 

strain and re-evaluate of vaccine efficacy in 

Iran. 

Previous studies on phylogenetic analysis of 

HA gene have determined that all Iranian 

H9N2 viruses fell into a special group and 

came from a single progenitor (13, 20, 35, 36). 

On the other hands, all Iranian isolates fell into 

the same main group (G1 sublineage) as the 

viruses isolated in Pakistan, Saudi Arabia, 

UAE, India and Israel, indicating they might 

have originated from a common source (Fig 

1a). However, Middle East isolates showed a 

relationship that may indicate some ecological 

barriers to virus movement based around 

geographic location, with isolates grouped 

according to country of isolation (20). The 

Iranian isolates can be further divided into two 

main subgroups (Fig 1b). The first subgroup 

(11-T like subgroup) viruses isolated mainly 

between 1998 and 2004 and the second 

subgroup mainly after 2004, with some 

exceptions in both subgroups. The isolates 

sequenced in this study had more homology to 

some of the recent Pakistan isolates (2005-

2008) compared to the former Iranian isolates 

and in the phylogenetic tree placed closer to 

new Pakistan isolates than other Iranian 

isolates. This may indicate appearance of a 

new sublineage of AI viruses in Iran and 

Pakistan (fig 1a). Xu et al (2007) demonstrated 

that antigenic diversity among H9N2 viruses 

from different location in China correspond 

with phylogenetic relationships (37). 

Therefore, the observed differences between 

Iranian H9N2 isolates in phylogenetic analysis 

reflect their antigenic differences, which cause 

important challenges in vaccine efficiency.     

Most of the amino acids (96%) of Iranian 

H9N2 virus HAs were highly conservative, 

whereas the other amino acids showed diverse 

levels of variability. Certain amino acid 

substitutions have become fixed in every 

subgroup, but many are unique substitutions 

represented in individual viruses. This high 

frequency of substitutions in the HA gene of 

Iranian isolates is a sign of continued selection 

pressure in the poultry host. It is reasonable 

that AI vaccination in Iran could enhance this 

selection pressure and so the rate of the virus 

adaptation. This could be an important 

disadvantage of AI vaccination, considering 

that the AI vaccination cannot prevent 

occurrence of disease and its economic costs. It 

should be noted that differences mentioned in 

this study relate just to the HA gene.  

A comprehensive evaluation of differences 

between Iranian isolates by complete genome 

sequencing is necessary to understand the 

probable reassortment of AI H9N2 virus in 

Iran. The present study highlights the need to 

continue with influenza virus surveys, to obtain 

more information that could lead to the 

prediction and control of future AI H9N2 virus 

epizooty in Iran. 

 

Acknowledgement  
 

We gratefully acknowledge the excellent 

technical support provided by Mrs Noroozi. 

We also thank Lorestan University and 

University of Tehran for providing part of the 

financial support. 

 

References 
 
1. Webster RG, Bean WJ, Gorman OT, Chambers 

TM, Kawaoka Y. Evolution and ecology of 

influenza A viruses. Microbiol Rev. 1992;56:152-

179.  

2. Fouchier RA, Munster V, Wallensten A, 

Bestebroer TM, Herfst S, Smith D, Rimmelzwaan 

GF, Olsen B, Osterhaus AD. Characterization of a 

novel influenza a virus hemagglutinin subtype 

(h16) obtained from black-headed gulls. J Virol. 

2005;79:2814-2822. 

3. Nili H, Asasi K. Natural cases and an 

experimental study of H9N2 avian influenza in 

commercial broiler chickens of Iran. Avian Pathol.  

2002; 31: 247–252. 

4. Guo YJ, Krauss S, Senne DA, Mo IP, Lo KS, 

Xiong XP, Norwood M, Shortridge KF, Webster 

RG, Guan Y. Characterization of the pathogenicity 

of members of the newly established H9N2 

influenza virus lineages in Asia. Virology. 

2000;267:279–288. 

 [
 D

O
I:

 1
0.

21
85

9/
is

v.
6.

1.
18

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
10

 ]
 

                               7 / 9

http://dx.doi.org/10.21859/isv.6.1.18
https://journal.isv.org.ir/article-1-86-en.html


Norouzian H et al 

Iranian Journal of Virology, Volume 6, Number 1, 2012       25 

5. Cameron KR, Gregory V, Banks J, Brown IH, 

Alexander DJ, Hay AJ, Lin YP. H9N2 subtype 

influenza A viruses in poultry in Pakistan are 

closely related to the H9N2 viruses responsible for 

human infection in Hong Kong. Virology. 

2000;278:36–41. 

6. Choi YK, Ozaki H, Webby RJ, Webster RG, 

Peiris JS, Poon L, Butt C, Leung YH, Guan Y. 

Continuing evolution of H9N2 influenza viruses in 

southeastern China. J. Virol. 2004; 78:8609–8614. 

7. Guan Y, Shortridge KF, Krauss S, Chin PS, 

Dyrting KC, Ellis TM, Webster RG, Peiris M. 

H9N2 influenza viruses possessing H5N1-like 

internal genomes continue to circulate in 

Southeastern China. Journal of Virology. 

2000;74:9372–9380. 

8. Nili H, Asasi K. Avian influenza (H9N2) 

outbreak in Iran. Avian Diseases.  2003; 47: 828–

831. 

9. Naeem K, Ullah A, Manvell RJ, Alexander DJ. 

Avian influenza A subtype H9N2 in poultry in 

Pakistan. Veterinary Record. 1999;145:560. 

10. Zhang P, Tang Y, Liu X, Liu W, Zhang X, Liu 

H, Peng D, Gao S, Wu Y, Zhang L, Lu S. A novel 

genotype H9N2 influenza virus possessing human 

H5N1 internal genomes has been circulating in 

poultry in eastern China since 1998. J Virol. 

2009;83:8428-8438. 

11. Okamatsu M, Sakoda Y, Kishida N, Isoda N, 

Kida H. Antigenic structure of the hemagglutinin of 

H9N2 influenza viruses. Archives of Virology. 

2008;153:2189– 2195. 

12. Office International des Epizooties. Avian 

influenza. In: Manual of Diagnostic Tests and 

Vaccines for Terrestrial Animals, fifth ed., Office 

International des Epizooties, Paris, France, 

2008;Chapter 2.7.12. 

13. Ghadi S, Bozorgmehri-Fard MH, Karimi V, 

Tavasoti-Kheiri M, Rafeiei MH, Genetic Analysis 

of Hemagglutinin Protein of H9N2 Isolated from 

Live Bird Markets in Tehran Province in 2007-

2008. Iranian J Virol. 2009;3(3):7-15. 

14. Matrosovich M, Zhou N, Kawaoka Y, 

Webster R. The surface glycoproteins of H5 

influenza viruses isolated from humans, chickens, 

and wild aquatic birds have distinguishable 

properties. J Virol. 1999;73:1146–1155. 

15. Kawaoka Y, Webster RG. Sequence 

requirements for cleavage activation of influenza 

virus hemagglutinin expressed in mammalian cells. 

Proc Natl Acad Sci USA. 1988;85:324–8. 

16. Banks J, Speidel EC, Harris PA, Alexander 

DJ. Phylogenetic analysis of influenza A viruses of 

H9 haemagglutinin subtype. Avian Pathol. 

2000;29:353–60. 

17. Liu H, Liu X, Cheng J, Peng D, Jia L, Huang 

Y. Phylogenetic analysis of the hemagglutinin 

genes of twenty-six avian influenza viruses of 

subtype H9N2 isolated from chickens in China 

during 1996–2001. Avian Dis. 2003;47:116–127. 

18. Iqbal M, Yaqub T, Reddy K, McCauley JW. 

Novel genotypes of H9N2 Influenza A viruses 

isolated from poultry in Pakistan containing NS 

genes similar to highly pathogenic H7N3 and 

H5N1 viruses. PloS ONE. 2009;4(6):5788.  

19. Perk S, Banet-Noach C, Shihmanter E, 

Pokamnuski S, Pirak M, Lipkind M, Panshin A. 

Genetic characterization of the H9N2 influenza 

viruses circulated in the poultry population in 

Israel. Comp Immunol Microbiol Infect Dis. 

2006;29:207-223. 

20. Shahsavandi S, Salmanian AH, Ghorashi SA, 

Masoudi S, Ebrahimi MM. Evolutionary 

characterization of hemagglutinin gene of H9N2 

influenza viruses isolated from Asia. Res Vet Sci. 

2012;93(1):234-9. 

21. Gambaryan A, Webster R, Matrosovich M. 

Differences between influenza virus receptors on 

target cells of duck and chicken. Arch Virol. 2002; 

147: 1197–1208. 

22. Suzuki Y. Sialobiology of influenza: 

molecular mechanism of host range variation of 

influenza viruses. Biol Pharm Bull. 2005; 28:399–

408. 

23. Matrosovich M, Gambaryan A, Klenk H. 

Receptor Specificity of Influenza Viruses and Its 

Alteration during Interspecies Transmission. In: 

Klenk H, Matrosovich MN, Stech J, eds. Avian 

Influenza: Monographs in virology, Karger, 

2008:27:134–155. 

24. Gamblin SJ, Haire LF, Russell RJ, Stevens DJ, 

Xiao B. The structure and receptor binding 

properties of the 1918 influenza hemagglutinin. 

Science. 2004;303:1838–1842. 

25. Wan H, Perez DR. Amino acid 226 in the 

hemagglutinin of H9N2 influenza viruses 

determines cell tropism and replication in human 

airway epithelial cells. J Virol. 2007;81:5181–

5191. 

26. Aamir UB, Wernery U, Ilyushina N, Webster 

RG. Characterization of avian H9N2 influenza 

viruses from United Arab Emirates 2000 to 2003. 

Virology. 2007;361:45–55. 

27. Matrosovich MN, Krauss S, Webster RG. 

H9N2 influenza A viruses from poultry in Asia 

have human virus-like receptor specificity. 

Virology. 2001;281:156-162. 

28. Golender N, Panshin A, Banet-Noach C, 

Nagar, Pokamnuski S, Pirak M, Tendler Y, 

Davidson I, Garcia M, Perk S. Genetic 

 [
 D

O
I:

 1
0.

21
85

9/
is

v.
6.

1.
18

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
10

 ]
 

                               8 / 9

http://dx.doi.org/10.21859/isv.6.1.18
https://journal.isv.org.ir/article-1-86-en.html


Phylogenetic Analysis of Hemagglutinin Gene of H9N2 Avian Influenza Viruses … 

26      Iranian Journal of Virology, Volume 6, Number 1, 2012    

characterization of avian influenza viruses isolated 

in Israel during 2000-2006. Virus Genes. 

2008;37:289-297. 

29. Baigent SJ, McCauley JW. Influenza type A in 

humans, mammals and birds: determinants of virus 

virulence, host-range and interspecies transmission. 

Bioessays. 2003;25:657–671. 

30. Zhang, P, Tang T, Liu X, Peng D, Liu W, Liu 

W, Lu S, Liu X. Characterization of H9N2 

influenza viruses isolated from vaccinated flocks in 

an integrated broiler chicken operation in eastern 

China during a 5 year period (1998–2002). Journal 

of General Virology. 2008;89:3102–3112. 

31. Ji K, Jiang WM, Liu L, Chen JM, Chen J, Hou 

JY, Li JP, Huang BX. Characterization of the 

hemagglutinin gene of subtype H9 avian influenza 

viruses isolated in 2007–2009 in China Kang. J 

Virol Meth. 2010;163:186-189.  

32. Lee CW, Senne DA, Suarez DL. Effect of 

vaccine use in the evolution of Mexican lineage 

H5N2 avian influenza virus. J Virol. 

2004;78:8372–8381.  

33. Rambaut A, Pybus OG, Nelson MI, Viboud C, 

Taubenberger JK, Holmes EC. The genomic and 

epidemiological dynamics of human influenza A 

virus. Nature. 2008;453:615–619. 

34. Sun Y, Pu J, Jiang Z, Guan T, Xia Y, Xua Q, 

Liu L, Ma B, Tian F, Brown EG, Liu J. Genotype 

evolution and antigenic drift of H9N2 influenza 

viruses in China from 1994 to 2008. Vet Microbiol. 

2010; 146 (3-4): 215–225. 

35. Karimi V, Bozorgmehri Fard MH, 

Shahbazzadeh D, Esmaelizad M, Pourbakhsh SA, 

Sequence analysis and phylogenetic study of 

hemagglutinin gene of H9N2 subtype of avian 

influenza virus isolated during 1998-2002 in Iran, 

Iranian Biomedical J. 2004;8(4):167-172. 
36. Homayounimehr AR, Dadras H, Shoushtari A, 

Pourbakhsh SA. Sequence and phylogenetic 

analysis of the hemagglutinin genes of H9N2 avian 

influenza viruses isolated from commercial 

chickens in Iran. Trop Anim Health Prod. 

2010;42:1291-1297. 

37. Xu KM, Li KS, Smith GJD, Li JW, Tai H, 

Zhang JX, Webster RG, Peiris JSM, Chen H, Guan 

Y. Evolution and molecular epidemiology of H9N2 

influenza A viruses from quail in southern China: 

2000 to 2005. J Virol. 2007;81:2635–2645. 

 

 

 [
 D

O
I:

 1
0.

21
85

9/
is

v.
6.

1.
18

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

26
-0

6-
10

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

http://dx.doi.org/10.21859/isv.6.1.18
https://journal.isv.org.ir/article-1-86-en.html
http://www.tcpdf.org

