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Abstract Several outbreaks of avian influenza (AI)
caused by HON2 subtype, have been reported in the poultry
industry during 1990 around the globe. Currently, HON2
are endemic in the large area of Middle and Far East,
including Pakistan. Since HON2 Al viruses are sporadically
reported from humans, extensive incidence of HIN2 in
poultry imposes a great risk for human health. In this
context, continuous monitoring of the poultry and deter-
mining the genetic nature of these viruses are fundamental
to predict any future threat. Thus gene sequences of one
isolate of HON?2, isolated from commercial poultry flocks,
were analyzed. The results of this investigation, based on
hemagglutinin (HA), neuraminidase (NA) and non-
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structural genes, showed that Pakistani HON2 isolates are
closely related to each other and to other HON2 isolates
from the Middle East. However, several unusual substitu-
tions with unknown functional consequences were
observed in HA and NA proteins and thus warrant further
investigations for their possible role in viral biology. In
conclusion, these findings provide information regarding
the genetic nature of HIN2 avian influenza viruses in
Pakistani poultry and necessitate the sequencing of more
HON?2 viruses from both naturally infected and vaccinated
flocks.

Keywords Influenza - HON2 - DNA sequencing -
Phylogenetic analysis - Pakistan

Introduction

Wild aquatic birds are considered natural reservoir for
avian influenza A viruses. These viruses usually infect the
lower intestinal tract of different avian species and transmit
via the fecal-oral route [32]. Intriguingly, influenza viruses
have been detected in at least 105 avian species [29].
Among 144 (16 x 9) theoretically possible combination of
hemagglutinin (HA) and neuraminidase (NA) influenza
subtypes, at least 116 have been reported in birds [10].
Avian influenza A viruses (AIV) belonging to only H5, H7
and H9 subtypes gained adaptations to cause severe disease
in domestic poultry. However, among them, only H9 sub-
type exists as low pathogenic AIV (LPAIV) [32].

The HIN2 subtype has become established in poultry
population of many Asian and Middle East countries since
late 1990s, and HON2 AIVs have been responsible for
serious disease outbreaks in commercial chickens in Paki-
stan and in many neighboring countries such as Iran [2, 6,
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10]. Currently, the HON2 AIV has become endemic among
poultry in large areas of the Middle East [2]. The first HON2
outbreak in Pakistani poultry was reported in 1998. How-
ever, since 1995, there have been five severe influenza
outbreaks in Pakistan caused either by H5, H7 or H9 sub-
types of AIVs [17, 27]. During these epidemics, primary
focus was on the diagnosis of these infections and to control
by enforcing biosecurity measures and strategic vaccina-
tions. The knowledge behind genetic and biological char-
acteristics of the HON2 viruses largely remained unexplored.

Beside substantial economical losses for the commercial
poultry, HON2 also poses a serious threat to public health.
After infection of HON2 in Chinese children in 1999, these
viruses were reported sporadically among humans; how-
ever, they were unable to establish widespread infections
[7]. Provided that HON2 viruses have potential to infect
humans, monitoring of such cases would be of importance
to ascertain their genetic variability and their ability to
switch hosts [11].

The primary objective of this study was to evaluate the
genetic relationships of HON2 viruses currently circulating
in the poultry industry in Pakistan. Additionally, efforts
were made to determine the molecular features between
sequences of the HA, NA and non-structural gene (NS)
genes of Pakistani HON2 strains and gene sequences from
different influenza A viruses available in GenBank.

Materials and Methods
Sampling history and screening

A total of eight blood samples were collected from 18 days
old healthy chickens (n = 184) kept in a commercial
broiler poultry flock during April 2010 in a region close to
Lahore, Pakistan. These birds were maintained in a semi-
controlled shed with relatively poor sanitary and biosecu-
rity conditions. As recommended by the local authorities,
birds were vaccinated for Newcastle disease and infectious
bronchitis viruses, due to high prevalence of these diseases
in the region. Blood was stored on QIAcard FTA Indicator
Four Spots (Qiagen, Hilden, Germany), and shipped at
ambient temperature from Pakistan to the Swedish Uni-
versity of Agricultural Sciences (SLU), Uppsala, Sweden,
for processing. These QIAcards have the ability to inacti-
vate the samples and preserve nucleic acids, which is
proven to be an efficient and economical means of sample
transportation [24-26]. In parallel, tissue samples were also
collected and transported to Veterinary Research Institute
(VRI), Lahore, Pakistan.

The RNA was extracted from QIAcard FTA Indicator
(Qiagen) impregnated with clinical samples as recommended
by the manufacturer (preparation of isolated RNA from FTA

Cards, Rev 1 10/17/07; Whatman, Hilden, Germany) with the
modifications, as described earlier [24—26]. The extracted
RNA was screened for the presence of influenza A viruses by
real-time RT-PCR for the matrix protein gene [27] according

to the recommendations from the Community Reference
Laboratory (CRL; AHVLA Addlestone) [19].

Virus isolation and pathogenicity assessment

Only one sample was detected positive in real-time PCR,
which was processed for virus isolation in 10-day old
embryonated hens’ eggs at the Veterinary Research Institute
(VRI), Lahore, Pakistan. Initial virus typing was performed
using standard hemagglutination-inhibition and NA inhibi-
tion assays according to the recommended procedures [4].
Allantoic fluids from the samples showing high HA titre
were assessed for intravenous pathogenicity index (IVPI) in
6-week old chickens to determine the pathogenicity, as
previously described [3]. For genome detection and char-
acterization, the allantoic fluid was again stored on QIAcard
FTA Indicator Four Spots (Qiagen, Germany), and shipped
to SLU Uppsala, Sweden, for further processing.

Reverse transcription (RT)-PCR and nucleotide
sequencing

The RNA was eluted from Qiacard FTA Indicator (Qiagen),
and was used for viral gene amplification and sequencing, as
described previously [17, 24, 25]. One positive sample was
selected for sequence analysis considering that all the samples
were collected from same flock and therefore may predict the
same genetic nature. The amplified PCR products were gel
extracted and directly processed for sequencing using ABI
PRISM BigDye Terminator version 3.1 (Applied Biosystems),
according to the manufacturer’s instructions. Sequences were
analyzed with an automated nucleic acid analyzer (ABI
PRISM 3100; Applied Biosystems). Each DNA fragment was
sequenced at least twice in both directions.

Phylogenetic analysis

Sequence assembly and editing were performed using the
SEQMAN program from DNASTAR Lasergene suite 8
(version 8.0.2 13; DNASTAR, Inc., Madison, WI, USA).
The sequence was phylogenetically analyzed and com-
pared with virus sequence data available in GenBank. The
genetic pattern was determined and phylogenetic trees
were constructed using the neighbour-joining method
(Kimura 2 parameter) with 2000 bootstrap replicates using
the Molecular Evolutionary Genetics Analysis (MEGA,
version 5) software package (CEMI, Tempe, AZ, USA)
[31]. To confirm the genetic pattern demonstrated by the
neighbour-joining method, trees were constructed using
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Bayesian Inference with the program MrBayes version
3.1.2 [30]. Two independent Monte Carlo Markov (MCM)
chains were executed and sampled every 1,000 generations
using the default parameters of the priors. Trees saved in
this last step were used to construct a majority rule con-
sensus tree. The NetNGlyc 1.0 Server, freely available at
http://www.cbs.dtu.dk/services/NetNGlyc/, was used to
predict the potential glycosylation sites in HA and NA
proteins of HON2 isolate.

Results
Phylogenetic analysis

In order to genetically characterize HON2 virus isolated
from a commercial broiler poultry flock, complete gene
segments of two surface glycoproteins (HA and NA) of one
isolate were sequenced. The isolate was phylogenetically
analyzed based on these genes, and compared with the
representative strains of avian origin HON2 viruses from
Eurasian lineages [17, 21, 33]. Earlier reports demonstrated
that HON2 viruses causing infection in poultry are mainly
divided into three distinct lineages. These include Ch/BJ/1/
94, Qa/HK/G1/97 and Y439 or Korean-like, which are
represented by A/Chicken/Beijing/1/94, A/Quail/Hong
Kong/G1/97 and A/Duck/Hong Kong/Y439/97, respec-
tively [17]. In the present study, the phylogenetic tree based
on the HA gene revealed that the isolate A/Chicken/Paki-
stan/CP/2010 (accession number: JQ905259) clustered with
the G1 lineage and formed a distinct group with closely
related isolates (95 % nucleotide identity) (Fig. 1a). Addi-
tionally, viruses isolated from China and the Middle East
also clustered in the same group (G1) as that of A/Chicken/
Pakistan/CP/2010 [8, 9]. This isolate showed the highest
nucleotide similarity with a previously characterized isolate
(A/Chicken/Pakistan/UDL-2/08) from Pakistan. A corre-
sponding tree topology was observed based on the NA gene
tree, in which A/Chicken/Pakistan/CP/2010 (accession
number: JQ905260) clustered with previously reported
Pakistani isolates and the isolates from the Middle East and
China (Fig. 1b). Consistent with the branching pattern of
A/Chicken/Pakistan/CP/2010 in HA and NA based phylo-
genetic trees, analysis of the NS gene (accession number:
KC711044) indicated that this isolate clustered to Iranian
influenza isolates obtained in 2006 (Fig. 2). A Bayesian tree
for each gene also reflected the same clustering pattern as NJ
method (Fig. S1).

Sequence analysis

To investigate the significant substitutions and the molecular
markers that may correlate with the possible pathogenic
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properties of A/Chicken/Pakistan/CP/2010, deduced amino
acid sequences of the two surface glycoproteins, HA and NA,
were compared with the representative strains of Eurasian
lineages of HON2 viruses.

Hemagglutinin (HA)

It is noteworthy that A/Chicken/Pakistan/CP/2010, the iso-
late under study, has an Arginine (R) to Lysine (K) substi-
tution at the —4 position of the cleavage site (Table 1), and
this substitution has been reported occasionally in HON2
viruses [21]. The association of this mutation to the viral
pathogenicity is not fully elucidated yet but it is speculated
that it may alter the host adaptation of these viruses [21].
Despite this substitution, this isolate remained LPAIV since
IVPI was calculated to be 0.01.

The receptor binding site motif of HA is critical for cel-
lular receptor specificity and determining virus host range
[12]. Residues at positions 110, 161, 163, 191, 198, 234, 235
and 238 are major components of the receptor binding site of
the HA molecule (Table 1). The A/Chicken/Pakistan/CP/
2010 isolate showed following residues at pl1o yyi6l 163
H'"', A’ and 1**° in the receptor-binding pocket. The left
edge of the binding pocket motif at amino acid position
232-239 was NGLIGRIN whereas at the right edge (at
position 146—150), the sequence was observed to be GTSKS.
Eight potential glycosylation sites were predicted using the
NetNGlyc 1.0 Server: 2NSTD??, #2NPSC®®, 'NGTC!”,
HINVTH'™S, 298NSTL2, 30SNISK3®, “2NGTY*, and
>INGSC>™*. Two glycosylation sites at position 206 and
218, which have been observed in some of the influenza
strains from the Middle East and in representative isolates of
the G1 lineage, respectively, were missing in this Pakistani
isolate [1, 17, 21]. These alterations might be associated with
switching of influenza viruses to poultry [16, 17]. It is
tempting to suggest the lack of glycosylation may facilitate
the selective adaptation of HON2 viruses in poultry [17].

Neuraminidase (NA)

Three functional motifs have been described in the NA
proteins that play essential roles in the pathogenicity of
influenza viruses: the stalk length, sialic acid binding site
and glycosylation sites. The two amino acid (at position
38-39 aa) and three amino acid deletions (at position
63-65 aa) in the NA stalk region as present in Gl-like
viruses (A/Quail/Hong Kong/G1/97) and Y280-like viruses
(A/Duck/Hong Kong/Y280/97) [14] were absent in
A/Chicken/Pakistan/CP/2010. Further, the substitution
(4650 aa) associated with oseltamivir and zanamivir
resistance was also not detected. In the sialic acid binding
site (also called hemadsorbing site), amino acids from 366
to 373, 4008, 402N, 403R, 432Q are conserved in G1-like and
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A
(H9)

100[ A/Tukey/California/189/66 (AF156390)
L‘—A/Chicken/HeiIongjiang/35/00 (DQO64366)
A/Turkey/Wisconsin/1966 (GQ247858)
A/Duck/Hong Kong/168/77 (AF156382)
94 A/Chicken/Korea/25232-006/96 (AF156385)
100 A/Chicken/Korea/38349-P96323/96 (AF156384)
A/Chicken/Korea/99029/99 (AF508561)
100 A/Duck/Hong Kong/Y439/97 (AF156377)
A/Quail/Hong Kong/157/92 (AF156381)
A/Quail/Shantou/11195/2005 (EF154974)
A/Quail/Hong Kong/A17/99 (AF222606)
A/Hong Kong/1073/99 (NC004908)
A/Hong Kong/1074/1997 (GU053179)
A/Quail/Hong Kong/G1/97 (AF156378)
A/Quail/Dubai/301/2000 (EF063510)
A/Chicken/Pakistan/AG519/98 (AJ781823)
A/Chicken/Pakistan/2/99 (AJ291392)
A/Turkey/Israel/884/2005 (EF492235)
A/Turkey/Israel/810/2001 (EF492233)
A/Chicken/Iran/B263/2003 (EF063726)
100 M A/Chicken/Pakistan/CP/2010 (JQ905259)
A/Chicken/Pakistan/UDL-2/08 (CY038466)
A/Chicken/Pakistan/UDL-01/2005 (CY038410)
A/Chicken/Iran/TH85/2007 (EU477242)
A/Chicken/Iran/TH386/2007 (EU477244)
100L A/Chicken/Iran/B102/2005 (EF063733)
A/Chicken/Hong Kong/739/94 (AF156379)
A/Guangzhou/333/99 (AY043019)
A/Quail/Shantou/243/2000 (EF154907)
A/Duck/Shantou/3658/2003 (CY024000)
-A/Quail/Shantou/1780/2003 (EF154944)
A/Chukkar/Shantou/338/2002 (CY023536)
A/Quail/Shantou/4762/2001 (EF154927)
A/Wild Duck/Shantou/4808/01 (AF523381)
A/Chicken/Hubei/C1/2007 (EU365371)
A/Chicken/Shangai/F/98 (AF461532)
-A/Chicken/Guangxi/9/99 (DQ064364)
A/Duck/Shantou/1605/01 (AF523379)
A/Chicken/Hong Kong/G9/97 (AF156373)
99-A/Pheasant/Shantou/5588/2004 (CY024336)
-A/Chicken/Hong Kong/FY23/03 (AY664665)
A/Quail/Shantou/2615/2003 (EF154947)
A/Chicken/Hong Kong/FY20/99 (AF222611)
A/Duck/Hong Kong/Y280/97 (AF156376)
A/Duck/Shantou/2143/00 (AF523374)
A/Chicken/Beijing/L1/2005 (EU573940)

Korea

G1 (A0-3)

Subgroup 1
(B1,25,6,8-10,16)

97

Ck/Bei 1-16)

99

Subgroup 2

(B3,4,7,11-15)

0.01

Fig. 1 Phylogenetic analysis of HA and NA genes of representative
influenza A viruses isolated in Asia. Trees (unrooted) were generated
by the neighbor-joining method with the MEGA programme (Bayes-
ian analysis revealed similar relationships). Numbers above the
branches indicate neighbor-joining bootstrap values. Only bootstrap

Y280-like viruses and in HON2 viruses isolated from wild
birds and adapted to poultry [20]. All of these substitutions
were found to be present in A/Chicken/Pakistan/CP/2010.

Non-structural gene (NS)

The HIN2 influenza viruses, previously characterized from
Pakistan during 2005-2008, have shown reassortment in
which NS gene belong to Z-genotypes of highly pathogenic
HS5NT1 and carry a five amino acid deletion in the middle of
NS1 protein sequence [17]. However, no deletion or inser-
tion was observed in the putative sequence of NS1 protein of
the isolate reported here. The last four residues of the NS1
protein at the C-terminus form the PDZ ligand domain. The
large-scale sequence analysis of avian influenza viruses

(N2)

99 A/Turkey/California/189/66 (AF156401)
A/Turkey/Wisconsin/1/66 (AJ574907)
A/Duck/Hong Kong/Y439/97 (AF156395)
100 A/Chicken/Korea/38349-P96323/96 (AF156400)

99 A/Chicken/Korea/99029/99 (AF508582)
A/Quail/Hong Kong/AF157/92 (AF156399)
-A/Quail/Shantou/11195/2005 (EF155120)
A/Hong Kong/1074/1997 (GU053180)
6A/QuaiI/Hong Kong/A17/99 (AF222652)
A/Hong Kong/1073/99 (NC004909)
A/Quail/Hong Kong/G1/97 (AF156396)
A/Quail/Shantou/4762/2001 (EF155073)
LA/Chicken/l ran/B263/2004 (EU678371)
A/Turkey/Israel/884/2005 (EF492287)
U A/Quail/Dubai/301/2000 (EF063517)
A/Chicken/Pakistan/2/99 (AJ291393)
A/Chicekn/Pakistan/UDL-02/08 (CY038468)
94 M A/Chicken/Pakistan/CP/2010 (JQ905260)
100 | a/Chicken/Pakistan/UDL-01/2005 (CY038412)
A/Chicken/Iran/B102/2004 (EU678369)

Korea

G1 (A0-3)

A/Chicken/Hong Kong/G9/97 (AF156391)
A/Duck/Shantou/2143/00 (AF523397)
—— A/Quail/Shantou/2615/2003 (EF155093)
_[— A/Duck/Shantou/3658/2003 (CY024002)
A/Quail/Shantou/1780/2003 (EF155090)
LI A/Chukkar/Shantou/338/2002 (CY023538)
L A/Wild Duck/Shantou/4808/01 (AF523394)
— A/Quiail/Shantou/243/2000 (EF155053)
A/Pheasant/Shantou/5588/2004 (CY024338)
A/Chicken/Hong Kong/FY23/03 (AY664703)
A/Guangzhou/333/99 (AY043024)

99 L A/Chicken/Heilongjiang/35/00 (DQ064420)
A/Chicken/Hong Kong/739/94 (AF156397)
-A/Duck/Shantou/1605/01 (AF523402)
A/Chicken/Hubei/C1/2007 (EU365373)
A/Chicken/Shangai/F/98 (AY253754)
A/Chicekn/Guangxi/9/99 (DQ064418)
A/Chicken/Hong Kong/FY20/99 (AF222657)
A/Duck/Hong Kong/Y280/97 (AF156394)
A/Chicken/Beijing/L1/2005 (EU346935)

Ck/Bei @1-16)

0.01

values above 80 % are shown. The analysis was based on nucleotides
129-1,042 of the HA gene, and 231-1,297 of the NA gene. The
isolate characterized in this study is labeled with a black square. A
bar represents 0.01 substitutions per site whereas codes in the trees
represents the cross-immunity based genotypes

revealed that two residues are rare in this PDZ ligand: a
C-terminal isoleucine (I) residue and lysine (K) at the -4
position of the PDZ ligand [28]. Interestingly, there is a
distinct PDZ ligand in the isolate A/Chicken/Pakistan/CP/
2010, which carried KSEI. It has been shown that this ligand
determines the influenza virus pathogenicity for mice [18];
however, no such report is available that describes the role of
PDZ ligand of HON2 viruses in poultry.

Discussion
It has been shown that the HA and NA gene sequences have

drifted over the years [9, 33]. Based on the topology of the
trees, it is evident that the genetic nature of the HIN2
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(NS)

100 A/Turkey/California/189/66 (AF156485)
A/Duck/Shantou/1605/01 (AF523504)
A/Turkey/Israel/884/2005 (EF492341)
A/Chicken/Korea/99029/99 (AF508713)
A/Chicken/Korea/38349-P96323/96 (AF156481)
-A/Chicken/Korea/25232-006/96 (AF156482)
99 M A/Chicken/Pakistan/CP/2010
A/chicken/Iran/TH85/2006 (FJ205651)
A/Quail/Dubai/301/2000 (EF063538)
100  A/Chicken/Pakistan/NARC-143/2004 (EF688548)
A/Chicken/Pakistan/NARC-BM/2000 (EF688540)
A/Chicken/Hubei/C1/2007 (EU365375)
A/Duck/Hong/Kong/Y439/97 (AF156476)
A/Quail/Shantou/1780/2003 (EF155236)
A/Chukkar/Shantou/338/2002 (CY023540)
A/Quail/Shantou/2615/2003 (EF155239)
A/Pheasant/Shantou/5588/2004 (CY024340)
A/Wild Duck/Shantou/4804/01 (AF523514)
A/Quail/Shantou/243/2000 (EF155199)
A/Guangzhou/333/99 (AY043027)
A/Chicken/Heilongjiang/35/00 (DQ064474)
A/Chicken/Hong Kong/FY23/03 (AY664741)
A/Chicken/Hong Kong/739/94 (AF156478)
A/Chicken/Hong Kong/FY20/99 (AF222677)
A/Duck/Shantou/2143/00 (AF523508)
A/Chicken/Hong Kong/G9/97 (AF156472)
A/Duck/Hong Kong/Y280/97 (AF156475)
A/Chicken/Beijing/L1/2005 (EU532049)
A/Quail/Shantou/11195/2005 (EF155266)
A/Chicken/Guangxi/9/99 (DQ064472)
A/Chicken/Pakistan/2/99 (AJ291399)
-A/Hong Kong/1073/99 (NC004906)
A/Hong Kong/1074/97 (GU053182)
A/Quail/Hong Kong/G1/97 (AF156477)
A/Quail/Hong Kong/A17/99 (AF222672)

A/Quail/Hong Kong/AF157/92 (AF156479)

94

Korea

9

95

Ck/Bei (a1,2B1-16)

929

G1 (A0-3)

929

0.01

Fig. 2 Phylogenetic analysis of NS genes of representative influenza
A viruses and comparison with the NS gene of HON2 isolated and
reported in this study. Tree (unrooted) was constructed as described in
Fig. 1

viruses remains conserved at least between isolates obtained
in 2008 and 2010 (16 and this study) in different parts of the
country. Moreover, the HIN2 lineage-defining residues

were observed to be similar in the under study isolate,
A/Chicken/Pakistan/CP/2010. These include eight amino
acid residues in HA (N17, Y96, N179, T209, P262, C290,
H304 in HA1 and V91 in HA2) and seven amino acids (L 10,
T43, 577, 5153, T212, V307, G346) residues in NA protein.
Taken together, the pattern of nucleotide similarity indicates
that the A/Chicken/Pakistan/CP/2010 isolate retained sur-
face glycoproteins similar to the previously characterized
Pakistani isolates belong to HON2 G1-lineage. However, it
is necessary to sequence a large collection of HON?2 isolates
from naturally infected and vaccinated flocks, over a period
of several years to ascertain the nature of the viruses that are
both genetically and epidemiologically representative of
this subtype of influenza virus.

It has been demonstrated that amino acid sequences
connecting HA1/HA2 at the cleavage site and the glyco-
sylation sites not only play a central role in the switch of
low pathogenic to high pathogenic phenotype but also
facilitate interspecies transmission [5, 23]. The majority of
the described HON2 influenza viruses carry RSSR motif at
the cleavage site with no poly-basic residues, which reflects
the low pathogenic phenotype of HON2. This motif has also
been noted in the HIN2 viruses adapted to chickens in
recent years in Asia and the Middle East [1, 13, 22, 33].

It has been observed that glycosylation sites play a sig-
nificant role in increased virulence of influenza viruses,
either due to alteration in sialic acid activity or change in
antigenicity [16]. Comparison of glycosylation sites between
Gl-like HON2 viruses and A/Chicken/Pakistan/CP/2010
demonstrated the presence of eight conserved potential
glycosylation sites at **NSSK**, ®'NITK®, ®“*NGTI",
SONWSK®, “SNGTT'S, 2°NATA2™, 2*NGTC?®, and
402NRSG*. Among them, the **NSSK*® glycosylation site
has also been reported in A/Chicken/Hong Kong/G9/97 and
A/Chicken/India/2048/03, with unknown significance [21].
However, addition or loss of potential glycosylation may

Table 1 Sequence features of HON2 (A/Chicken/Pakistan/CP/2010) characterized in this study

Influenza Properties of HA and NA proteins
proteins
Hemagglutinin ~ HA receptor binding Glycosylation sites Cleavage site
(HA) sites
p'1o wiol 163 {9l 29NSTD? (442, 9/9°), NPSC?® (+++, 9/9), 'NGTC'® (+++, 9/9), KSSR
AYE LB 5, 6P YINVTH™ (44, 9/9), 2°NSTL?*? (44, 9/9), 3SNISK?® (++, 9/9),
YINGTY* (4, 7/9), PS'NGSC™* (-, 3/9)
Neuraminidase = Presence of NA stalk  Glycosylation sites Haemadsorbing sites
(NA) deletion
Nil at 38-39, 46-50,  “NSSK*® (+2, 8/9%), *INITK® (+++, 9/9), ®NGTI”® (++, 9/9), 3OIKKDSRAG?™,
62-64 8SNWSK™ (++, 9/9), " NGTT" (++, 9/9), 2°NATA>™ (-, 8/9), 400g 402Ny 403R

PANGTC?® (+++, 9/9), “>NRSG** (——, 9/9) 320

? Probability and strength for glycosylation at this site if crossing the threshold of 0.5 (+), 0.75 (++) or 0.75 as well as jury agreement (+++)

or non-glycosylated sites with threshold of less than 0.5 (—)

" Jury agreement, which indicates how many of the nine networks support the prediction
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contribute to increased virulence due to altered antigenicity
or sialidase activity [16].

The great wealth of reports demonstrating the continu-
ous circulation of HON2 viruses in Asian poultry highlights
the potential of these viruses to evolve rapidly, and attain
increased virulence [7, 8, 17, 27]. A recent report of
increased replication of poultry-origin HON2 viruses in a
mouse model provides further evidence of adaptation of
these viruses to mammals [15]. This situation is compli-
cated by backyard poultry practices, where apparent
absence of clinical symptoms may increase the chance of
human exposure and reassortment. These observations are
supported by isolation of HIN2 viruses from humans and
animals, predominantly from Southeast Asia [17]. Genetic
analysis of the Hong Kong HO9N2 isolates that caused
disease in human has shown high genetic similarity to
HON2 Pakistani isolate, A/Chicken/Pakistan/2/99. This
indicates that HON2 strains similar to those that caused
human infections in China also circulated in Pakistan
during the second half of the 1990s [9]. These HON2 have
not become established in human population and were
unable to cause widespread infections. All these develop-
ments have resulted in increasing concern about the human
health implications of HON2 subtype viruses. In summary,
we have reported the genetic analysis of a HIN2 avian
influenza isolate collected from broiler chicken in Pakistan
and found that the virus belonged to Gl-like sublineage.
These findings provide additional information regarding
the genetic homogeneity of HON2 avian influenza viruses
circulating in Pakistani poultry over the years. With the
possible threat of HON2 virus, continuous surveillance and
monitoring of the gene constellation would help to improve
the understanding of the evolution and the emergence of
influenza strains in the region.
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