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Abstract:

BACKGROUND: The HON2 subtype of avian influenza
viruses (AlVs) has been isolated in multiple avian speciesin
many European, Asian, African and American countries. Since
the first outbreak of HON2 virusin Iran in 1998, this virus has
widely circulated throughout the country, resulting in major
economic losses in chicken flocks. Several amino acidsin the
virus ribonucleoprotein (RNP) complex including the nucleo-
protein (NP) and polymerase (PB2, PB1 and PA) proteins are
associated with host rangeand virulence. OBJECTIVES: Ouram
was to understand the molecular characterization of RNP
complex proteinsof Iranian HIN2 subtypeisolates. METHODS:
Thefull length nucleotide sequences of RNP complex genes of
twostrainsdesignatedasCk/IR/ZMT-101/98 and Ck/IR/EBGV-
88/10 were amplified and sequenced. RESULTS: The phylo-
genetic analysis revealed that both strains were located in
different sub-lineages. However, based on the genetic similari-
ties, PB1, PA and NP genes of Ck/IR/EBGV-88/10 strain had a
close relationship with a H7N3 subtype strain, isolated from
Pakistan. M ost positionsof RNPproteinscontained amino acids
typical of avian determinants of host range. The results showed
that the Iranian RNP complex genes have undergone genetic
reassortment. CONCLUSIONS: Continuous AIV monitoring in
poultry industry would help to obtain more information about
genetic variation of HON2 viruses and possible emergence of
virulent and/or pandemic viruses.

Introduction

After the first description of HON2 subtype of
avian influenza virus (AlV) from turkeys in
Wisconsin in 1966, infection of poultry with this
subtype widely occurred in many countries in the
mid-1990s. Since 1998, there have been reports of
HONZ2 infections in the Middle East and Asia, often
causi ngwidespread outbreaksincommercial chicken-
s. Subsequently, vaccination was used to bring the
disease under control in several countries (Naeem et
a., 1999; Vasfi Marandi and Bozorgmehri Fard,
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2002). However, HIN2 infection has become
endemic among commercia poultry in numerous
countries (Alexander, 2007).

In 1999, HON2 infection of humanswas reported
from two children with mild upper respiratory tracts
infectionsin Hong Kong. Thesetwo isolatesarevery
closely related to aHON2 virusisolated from aquail
in Hong Kong. Genetic analysis revealed that the
internal genes of these viruses were similar to those
of human and avian H5N1 subtype isolated in 1997
(Linetal.,2000). Furthermore, inapreviousstudy, it
has been shown that HON2 virusesfrom Hong Kong
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live bird markets have receptor specificity similar to
that of human H3N2 viruses (Matrosovich et a.,
2001). These findings highlight the public health
concern and the necessity for more comprehensive
surveillance of HIN2 subtypevirusesamong poultry
and human populations.

The ribonucleoprotein (RNP) complex consists of
nucleoprotein (NP), polymerase (PB2, PB1 and PA)
proteins and vird RNAs. The RNP complex genes are
known to play arole in the pathogenicity of influenza
virus and harbor host-associated genetic signatures.
Several mutations in these genes support better replic-
aion of AlVsin mammalian hosts (Chen et d., 2006;
Katz et a., 2000; Manzoor et a., 2009; Naffakh et d.,
2008; Shaw et d., 2002; Taubenberger et d., 2005).
Therefore, it is important to monitor mutations in the
genes of RNP complex to detect mutations associated
withvirulence, host rangeandinterspeciestransmission.

Since the first isolation of HON2 virusin Iranin
1998, infection has become widespread in com-
mercial poultry industry of thecountry. Althoughthis
virusisclassifiedaslow pathogenicAlV,ithascaused
severemortality rate of 65% in somebroiler farmsas
a result of co-infection with other respiratory
pathogens (Vasfi Marandi and Bozorgmehri Fard,
2002). Degspite the extensive use of vaccination
against the disease (Vasfi Marandi et al., 2002),
severe outbreaks have continued to occur in
vaccinated flocks. Hence, it is important to know
whether the HON2 circulating virus has undergone
further significant genetic evolution despite the
application of this control policy. Most of the
domestic studies have focused on the surface
glycoproteins since they undergo frequent antigenic
variation and play a crucial role in the virulence of
AlVs. Incontrast, therehasbeen limited information
about the internal genes of these viruses. To our
knowledge, the data of molecular characterization
and phylogenetic analysis of RNP complex genes of
HON2 viruses from Iran is not fully reported.
Sequence analysis and phylogenetic study were
carried out by comparing thefour segmentsrelatedto
RNP complex genes of HON2 with those of HON2
viruses obtained from GenBank.

M aterialsand M ethods

Virus Isolation: Two lranian HON2 AlVs were
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used inthisstudy, Ck/IR/ZMT-101/98 asareference
virus and Ck/IR/EBGV-88/10 which was isolated
from broiler chickens in HON2 vaccinated poultry
flocks in Tehran province in February 2010. The
broiler chickens were 35 days old and they showed
severe respiratory symptoms with 45% rate of
mortality. Virusisolation was performed in allantoic
cavity of 10 days old embryonated chicken eggs
(ECE). Confirmation of Haemagglutination (HA)
and Neuraminidase (NA) subtypes were conducted
by two sets of specific primersfor H9 and N2 in RT-
PCR (Leeet a., 2001; Qiu et al., 2009). Infectious
alantoic fluids were harvested from ECEs and kept
in-70for further use.

RNA Extraction and RT-PCR: Viral RNA was
extracted from infectious alantoic fluids using
RNX™.-plus solution (Cinnagen, Iran) according to
the manufacturer's instructions. The RNA was
reverse transcribed by RevertAid™ first strand
cDNA synthesiskit (Fermentas, Canada) and Uni12
primer, 5-AGCAAAAGCAGG-3' (Hoffmannetal .,
2001). PCR was carried out using Pfu DNA
polymerase (Fermentas, Canada) and universal
primersof influenzavirus (Hoffmann et al., 2001).

Gene Sequencing and Phylogenetic Analysis:
PCR productswere purified withthe GeneJET ™ gel
extractionkit (Fermentas, Canada) and subsequently
clonedinto ClonJET ™ PCR cloning kit (Fermentas,
Canada). Sequencing was performed by a DNA
service company (Source BioScience Co., UK) in
both directions. Internal primers were designed for
each of the polymerase genes (primer sequences are
availableon request).

The sequences were compiled and aligned using
BioEdit Package, version7.1.3.0. The Blast analysis
was used to retrieve the homologous sequences for
theanalyzed sequences. Unrooted phylogenetictrees
were constructed by the neighbor joining method
using MEGA software, version 5.0 (Tamura et al.,
2011). The robustness of the trees was evaluated by
1000 bootstrap replicates.

Accession Number s of Nucleotide Sequences:
The eight full-length nucleotide sequences for RNP
complex including PB2, PB1, PA and NP genes of
both Iranian isolates were deposited in GenBank
under accession numbers: JX465619, JX465620,
JX465621, JX465622, JX465623, JX465624,
JX 465627 and JX 465628.
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Table 1. Nucleotide sequence identity of RNP complex genes between Iranian isolates and representative viruses. @ Apbreviations: Aq,
aquatic; Ck, chicken; DK, duck; Qa, quail; Pa, Parakeet; Ty, Turkey; AE, Arabian Emirates, BJ, Beijing; CH, Chiba; DU, Dubai; EG, Egypt;
GD, Guangdong; HK,HongKong; IL, Israel; IN, India; 1Q, Irag; IR, Iran; JO, Jordan; KR, Korea; KW, Kuwait; NC, Nanchang; PK, Pakistan;
SA, Saudi Arabig; ST, Shantou; SH, Shanghai; W1, Wisconsin. O The highest percentage of homology are showninbold.

HON2 H7N3
Viruses Gene Ck/SA/CP CK/AE/R6 Ck/PK/2/ Ck/PK/U CkIPK/U HK/1073/ Q@HK/ DK/HK/Y Pa/CH/L/9 Ck/PK/NA
7/98® 6/02 99  DL-01/06 DL-01/08 99 GlU97  280/97 7 RC-100/04
PB2 g96® 90.0 88.8 90.1 89.7 89.1 89.1 86.1 89.3 90.0
%I'TR_/ PB1 996 98.6 91.4 926 92.4 915 91.6 917 91.6 927
10108 PA 9.1 95.9 90.0 94.2 93.4 89.7 90.0 89.0 9.0 93.9
NP 99.6 93.1 94.2 935 93.0 93.9 94.4 91.6 945 92.9
PB2  89.1 93.6 86.6 9.9 9.1 86.8 86.7 86.0 875 90.0
Eg/G' '\?//_ PB1 927 92.0 90.2 98.2 9.8 90.2 90.2 89.6 90.2 96.0
8g/l0 A 927 94.0 88.0 9.5 97.2 87.9 88.1 87.3 88.0 9438
NP 922.1 94.1 95.1 98.1 98.2 94.9 95.0 88.9 95.3 947
In the NP trees, the new isolate, Ck/IR/EBGV-
Results 88/10, was grouped in G1 sub-lineage with isolates

Phylogenetic Analysis: Figure 1 shows the
phylogenetic relationship of RNP complex genes of
HON2 subtype of AlVs. Phylogenetic analysis of
RNPcomplex genesreveal edthat HON2virusesfrom
poultry in Iran have undergone reassortment to
generate novel genotypes. In the PB2 phylogenetic
tree, Ck/IR/ZMT-101/98 isolate with other Iranian
and the Middle Eastern isolates fell into domestic
duck gene pool (Dk1), while Ck/IR/EBGV-88/10
isolateisrelated to Pakistani isolates (with morethan
96.1% of similarity) and hasformed agroup froman
unknown avian source.

The Nucleotide sequence analysis of PB1 genes
showed that Ck/IR/ZMT-101/98 and Ck/IR/EBGV-
88/10 shared closest relationship with HON2 isol ates
from Ck/SA/CP7/98 and Ck/PK/UDL-01/06,
respectively (Table 1). In the PB1 gene tree, the
studied isolates were categorized in two different
unknown groups. It was of note that Ck/IR/EBGV-
88/10 showed evidence of reassortment with other
highly pathogenic avian influenza (HPAI). It was
96.0% similar to Ck/PK/NARC-100/04, a H7N3
subtypeisolated from Pakistan (Table 1).

The PA genes of Ck/IR/ZMT-101/98 and
Ck/IRIEBGV-88/10 strains fell into two separate
groups, without any known source for these genes.
Besides, the HON2 | ranian strains shared 97 to 99 %
similarity with other isolates such as Ck/PK/UDL-
01/08 and Ck/SA/CP7/98 strains (Table 1).
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from Pakistan and shared a common ancestor with
QalHK/G1/97 isolatewhich had contributed internal
genesof H5N1 virusfrom human and avian isol ates;
however, Ck/IR/ZMT-101/98 fell into Dk sub-
lineage with other Middle Eastern isolates. It was
most homologous to Saudi Arabian isolate,
Ck/SA/CP7/98, another HON2 virus of Dk sub-
lineage.

Analysis and Comparison of Nucleotide and
Deduced AminoAcid Sequencesof RNP Complex
Genes: The deduced amino acid sequences of RNP
complex genes were aligned and compared with
those of other HON2 reference viruses. Most of the
numerous residues of host associated genetic
signatures are located in the RNP complex genes
(Table 2). Some positions within the RNP complex
genes have been shown to be specific to host species
while others can influence virulence in host species.
The analysis of these positions revealed that both
viruses possessed thetypical avian residue at each of
these locations except positions 13in PB1 (L>Pin
both strains), 356 in PA protein (L - Rin Ck/ IR/
EBGV-88/10) and residues 136 (L » M in Ck/IR/
ZMT-101/98) and 372 (D » Ein Ck/IR/EBGV-88/
10) inthe NP protein, which showed the human host
signatures. The proline at position 13 of PB1 is
common within HIN2 viruses.

PB1-F2isasmall protein of up to 90 amino acids
that is encoded by an additional open reading frame
(ORF) overlapping the PB1 genes. In the present
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Table2. Molecular host adaptationand virulencemarkersof RNPcomplex genesin HON2 virusesisolated frompoultry inlran. @ pominant

amino acid residues are shown in thistable. ®Virulence markersare shownin bold.

Aminoacid presentin Iranian

Predicted aminoacid®

Protein Aminoacid isolates Reference
position Ck/IRIZMT- Ck/IR/EBGV- Avian residue Mammalian
101/98 88/10 residue
a1 A A A S (Naffakhetal., 2008)
81 T T T M (Shaw et al., 2002)
199 A A A S (Naffakhetal., 2008)
2560 D D D G (Manzoor et al., 2009)
271 T T T A (Naffakhetal., 2008)
333 T T T | (Naffakhetal., 2008)
355 R R K Q (Katz et al., 2000)
475 L L L M (Naffakh et al., 2008)
PB2 482 K K K R (Naffakhetal., 2008)
567 D D D N (Taubenberger et al., 2005)
588 \Y, A A | (Naffakhetal., 2008)
613 \% \% \Y; T (Naffakhetal., 2008)
627 E E E K (Naffakh et al., 2008)
661 A A A T (Shaw etal., 2002)
674 A A A T (Naffakhetal., 2008)
701 D D D N (Naffakhetal., 2008)
702 K K K R (Shaw et al., 2002)
714 S S S R (Naffakh et al., 2008)
13 P P L P (Naffakhetal., 2008)
327 R R R K (Naffakhetal., 2008)
336 \Y, \Y \Y | (Naffakhetal., 2008)
PB1 375 N N N S (Taubenberger et al., 2005)
538 D D D G (Naffakh et al., 2008)
578 K K K Q (Naffakhetal., 2008)
614 E E E G (Naffakhetal., 2008)
678 S S S N (Naffakhetal., 2008)
73 K K K R (Chenetdl., 2006)
76 \% Y \Y; A (Chenetal., 2006)
PB1-F2 79 R R R Q (Chenetal., 2006)
82 L L L S (Chenetal., 2006)
87 E E E G (Chenetal., 2006)
28 P P | L (Naffakhetal., 2008)
55 D D D N (Naffakh et al., 2008)
57 R R R Q (Naffakhetal., 2008)
65 P S S LY (Naffakhetal., 2008)
100 \Y, | \Y A (Shaw et al., 2002)
133 E E E G (Naffakhetal., 2008)
225 S S S C (Naffakh et al., 2008)
241 C C C Y (Shaw et al., 2002)
PA 268 L L L I (Naffakhetal., 2008)
312 K K K R (Shaw et al., 2002)
356 K R K R (Naffakhetal., 2008)
382 E E E D (Naffakhetal., 2008)
400 S S QIT/ L (Shaw et al., 2002)
404 A A A S (Naffakhetal., 2008)
409 S S S N (Naffakh et al., 2008)
552 T T T S (Naffakhetal., 2008)
556 Q Q Q R (Naffakhetal., 2008)
615 K K K N (Naffakhetal., 2008)
16 G G G D (Naffakhetal., 2008)
31 R R R K (Shaw et al., 2002)
33 Vv \Y, \Y | (Naffakhetal., 2008)
34 G G D N (Naffakhetal., 2008)
61 | | I L (Naffakhetal., 2008)
100 R R R \Y (Naffakhetal., 2008)
109 I I | \Y (Naffakh et al., 2008)
127 E E E D (Shaw etal., 2002)
136 M I L M (Shaw et al., 2002)
214 R R R K (Naffakhetal., 2008)
NP 283 L L L P (Naffakh et al., 2008)
293 R R R K (Naffakh et al., 2008)
305 R R R K (Naffakhetal., 2008)
313 F F F Y (Naffakhetal., 2008)
319 N N N K (Naffakhetal., 2008)
357 Q Q Q K (Naffakhetal., 2008)
372 E D E D (Naffakh et al., 2008)
375 D D D GIE (Shaw et al., 2002)
422 R R R K (Naffakhetal., 2008)
442 T T T A (Naffakhetal., 2008)
455 D D D E (Naffakhetal., 2008)
480 D D D N (Naffakh et al., 2008)
162
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Figure 1. Phylogenetic analysisof the (a) PB2, (b) PB1, (c) PA and (d) NPgenesof IranianinfluenzaA viruses. The phylogenetictreeswere
generated by the distance-based neighbor-joining method with MEGA 5.0 program. The nucleotide sequences used for the phylogenetic
analysisareasfollows: PB2 (53-2289), PB1 (46-2230), PA (25-2166) and NP (46-1491). Numbers near the nodes show the percentage of
the bootstrap values of 1000 replicates. Viruses characterized in this study are marked with square and H7N3 are indicated by triangle.

Abbreviationscanbefoundintable 1.

study, the deduced amino acid sequences of both
analyzed HON2 viruses have 90 amino acids similar
to Qa/HK/G1/97. None of the tested strains showed
serineat position 66 of the PB1-F2 protein; however,
viruses with an N66S mutation in PB1-F2 caused
increased virulencein mice.

1JVM (2013), 7(3): 159-168

Both of the studied HIN2 viruses displayed
glutamic acid at position 627 of the PB2 protein that
issimilar to avian viruses. A PB2 D701N also could
serve as a marker of increased influenza virus
virulence in mammals. The current Iranian strains
carried D701 in PB2 protein.
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Figure 1. continued.

Discussion

HON2 viruses have circulated widely in Iran and
are associated with disease in commercial poultry.
Recent studies have shown that HON2 viruses from
Iran have been ableto bind to a:2,6-linked sialic acid
receptors on human respiratory cells, suggesting the
possibility that HON2 has the potential to cause a
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human pandemic (Homayounimehr et al., 2010).
Thereisalsoevidenceof seropositivity against HON2
virusamong poultry workersinlran (Alizadeh et al.,
2009). Furthermore, it has been reported that
transmission of HON2 from avian to human can
occur, which increased the concern about their
pandemic potential to humans(Linet al., 2000). The
molecular mechanisms by which HON2 influenza
viruses transmit from avian to humans are not fully
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understood. Numerous substitutionsin RNP complex
have been recognized as an important contributor to
ater thehost rangeandvirulenceof AlVs. Therefore,
understanding the genetic characteristic of RNP
complex genes can provide insight into genotypic
signaturesof pathogenicity and themonitoring of the
pandemic potential of AlVs. Inthe present study, the
geneticbasisunderlyingthevirulenceand host range
of RNP complex genes of two HINZ2 influenza
virusesin chickenshave been reported.

Previous studies have identified two distinct
lineagesinHION2influenzavirusesof NorthAmerica
and Eurasian lineages. Subsequently, the Eurasian
lineage has been classified into two major sub-
lineages including the G1 sub-lineage, represented
by Qa/HK/G1/97; and the Y280 sub-lineage, re-
presented by Dk/HK/Y 280/97 (Guan et al., 2000; Xu
et al., 2007). In the long-term influenza virus
surveillance in China, ribonucleoprotein complex
genes had more diversified sources than surface
genes. Inadditionto G1andY 280 sub-lineages, there
have been different sub-lineages, including duck
(Dk1, Dk2 and Dk3), aguatic birds, G§/Gd-like and
H5N1/01-like sub-lineages (Xu et a., 2007). In the
present study, the phylogenetic analysis of RNP
complex genes revedled that these genes have
undergone genetic reassortment. The polymerase
complex (PB2, PB1 and PA) of Ck/IR/EBGV-88-10
fell intounknown avian groups, whilethe NPgene of
this strain was similar to those of other Middle
Eastern strains, which drived from the G1 sub-
lineage. The PB1 and PA genes of Ck/IR/ZMT-
101/98 clustered into an unknown source and PB2
and NPgenesof thisisolateformed agroupwith other
Iranian and Middle Eastern isolates which likely
derived from ducks in China (Dk1 and Dk sub-
lineages, respectively) (Xuet a., 2007).

A recent large evolutionary study (Fusaro et al.,
2011) demonstrated that HON2 influenza viruses
consisted of four distinct and co-circulating groups
(A to D) in the Middle Eastern and Central Asian
countriesfrom1998t02010. Group D and B included
virusesfrom Iranisolated in the years between 1998
and 2007, and 2008-2009, respectively. TheHA, NA
and M genesof thefour genetic groups, aswell asthe
NP gene of group B, fell into the G1 sub-lineage,
whilethe remaining geneswere clustered with other
distinct sub-lineages, and did not show any re-
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lationship with the previoudly identified G1 and
Y 280 sub-lineages. Our findingswerein accordance
with this research since they reveadled that RNP
complex genes showed no clear geographic sub-
lineages.

In the current study, PB1, PA and NP genes of
Ck/IR/EBGV-88-10wereclosaly related (94.7-96%)
to a HPAI virus, Ck/PK/NARC-100/04 (H7N3). It
was of note that this virus from Pakistan shared an
out-group relationship with Ck/IR/EBGV-88/10 and
other Middle Eastern strains, suggesting that these
viruses were derived from the same gene poal.
Previousstudies(lgbal etal ., 2009) showedthat some
HON2 virusesisolated in Pakistan have acquired the
NSgenefromHPAI subtypesH5andH7. Onthebasis
of thesimilarity indicesand phylogenetic analysis of
RNP complex genes, it can be argued that the HON2
viruses from Iran have undergone genetic
reassortment with other AlVs.

Although HA playsacritical rolein virulence or
pathogenicity of AlIVsin birds, its pathogenicity is
considered asamultigenictrait; itisdetermined by a
complete set of genes within a particular influenza
virusstrainin aspecific host (Perdue, 2008). Among
thevirulenceand host range determinants, numerous
substitutions have been identified on the RNP
complex genes.

Regarding polymerase complex, the PB2 protein
has been recognized as an important contributor to
viral pathogenicity. The genetic analysis of PB2
revealed that both isolates carried glutamic acid at
position 627. Within PB2, amino acid at position 627
is aways glutamic acid in avian isolates, whereas
nearly all humanisolatescarry lysineat thisposition.
A PB2 E627K mutation in H5N1 subtype strain
caused a lethal, systemic infection in mice, but
became non pathogenic for mammalsiif the residue
remained aglutamic acid (Steel et a., 2009). More-
over, D701IN mutation is also associated with
increased virulence of AlV within the PB2 subunit.
Both of the studied isolates detected aspartic acid at
position 701 of PB2foundinAlVsisolatedfrombirds
(Gaoetal., 2009).

In PB1and PA genes, theother two proteinsof the
polymerase complex have also been shown to have
roles in determination of host range. The studied
Iranian isolates showed the typical avian residue at
each of these positions except position 13 in PB1
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whichiscommon among HON2 viruses.

Full lengthPB1-F2 proteins(=79aminoacids) are
expressed by nearly all avian influenza viruses and
tend to becometruncated followingintroductioninto
mammalian hosts (McAuley et al., 2010). The PB1-
F2 protein of Iranian isolates was expressed in full
length. Theexpressionof full lengthPB1-F2hasbeen
associated with increased virulence and patho-
genicity of influenzaAvirus. Inaddition, viruseswith
an N66S mutation caused increased disease severity,
lung titers and cytokine production in mice
(Conenello et a., 2007), but viruses with S66 were
rare and thus not present in the HON2 viruses of this
study.

Nucleoprotein (NP) plays an essential rolein the
structural organization of the RNP complex and is
required for the transcription and replication of the
viral genome. It interactswith awidevariety of viral
and cellular macromolecules, including PB2, PB1,
M1 and cellular polypeptides for viral transcription
and nuclear transportation controls (Portela and
Digard, 2002). Thephylogeneticandgeneticanalysis
of the swine, avian and human influenza viruses
confirmedthehighly conserved natureof theNPgene
within host specific lineages, hence suggesting its
role in determining species specificity (Thippamom
et a., 2010). Among the 22 residues associated with
host range, 20 residues were identical in the studied
isolates and showed the avian host signature. The
exceptions were L136M in Ck/IR/ZMT-101/98 and
D372EinCk/IR/EBGV-88/10strains. Whether these
changes result in increased replication efficiency in
mammalian cells is unclear and remains to be
determined.

Thereassortment of viral gene segmentsisone of
the mechanisms of influenza virus evolution. In a
recent panorama phylogenetic analysis, it has been
reported that internal genes of HON2 viruses are
closely related to H3, H4, H5, H7, H10 and H14
subtypes of influenzaviruses (Dong et al., 2011). In
addition, thefirst human HON2 virusesaresimilar to
strain Qa/HK/G1/97 that shares internal genes with
H5N1 viruses responsible for 1997 Hong Kong
H5N1virus(Linetal., 2000). Thesefindingssuggest
that HONZ2 viruses have undergone extensive
reassortments to generate multiple reassortants and
genotypes(Dong et al., 2011; Fusaroet al., 2011).

In this study, the complete sequence analysis of
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RNP complex genes of HIN2 subtype of AlVs
isolated from chickensin Iran has been reported for
the first time. These results demonstrate that RNP
complex genes are derived from different sub-
lineages, suggesting genetic reassortment of the
Iranian viruses with other AlVs. In addition to the
widespread occurrence of the HON2 viruses, out-
breaks of highly pathogenic HS5N1 subtype in wild
birds and backyard chickens in 2006 and 2008,
respectively, in North of Iran (Fereidouni et al.,
2010), highlight the need for continuous monitoring
of A1V swhichareconsideredtohavepotential for the
evolution of thisvirus.

Acknowledgments

This study was supported by a grant (No.
7508001/6/6) from the Research Council of Tehran
University.

References
1. Alexander, D.J. (2007) Summary of avian influenza

activity in Europe, Asia, Africa, and Australasia,
2002-2006. Avian Dis. 51: 161-166.

2. Alizadeh, E., Hosseini, S.E., Kheiri, M.T., Mazaheri,
V., Bashar, R., Tabatabaeian, M. (2009) Avian
influenza (HON2) among poultry workers in Iran.
Iran JMicrobiol. 1: 3-6.

3. Chen, GW., Chang, S.C., Mok, C.K., Lo, Y.L., Kung,
Y.N., Huang, J.H., Shih, Y.H., Wang, J.Y., Chiang, C.,
Chen, C.J,, Shih, S.R. (2006) Genomic signatures of
human versus avian influenza A viruses. Emerg
Infect Dis. 12: 1353-1360.

4. Conenello, GM., Zamarin, D., Perrone, L.A.,
Tumpey, T., Palese, P. (2007) A single mutation in the
PB1-F2 of H5N1 (HK/97) and 1918 influenza A
viruses contributes to increased virulence. PL0oS
Pathog. 3: 1414-1421.

5. Dong, G, Xu, C., Wang, C., Wu, B., Luo, J., Zhang,
H., Nolte, D.L., Deliberto, T.J., Duan, M., Ji, G, He,
H. (2011) Reassortant HINZ2 influenza viruses
containing H5N1-like PB1 genes isolated from
black-billed magpiesin Southern China. PloS one. 6:
€25808.

6. Fereidouni, S.R., Werner, O., Starick, E., Beer, M.,
Harder, T.C., Aghakhan, M., Modirrousta, H., Amini,
H., Moghaddam, M.K., Bozorghmehrifard, M.H.,

1JVM (2013), 7(3): 159-168



Vasfi Marandi, M.

Akhavizadegan, M.A., Gaidet, N., Newman, S.H.,
Hammoumi, S., Cattoli, G., Globig, A., Hoffmann,
B., Sehati, M.E., Masoodi, S., Dodman, T.,
Hagemeijer, W., Mousakhani, S., Mettenleiter, T.C.
(2010) Avian influenzavirus monitoring in wintering
waterbirdsin Iran, 2003-2007. Virol J. 7: 43.

7. Fusaro, A., Monne, |., Salviato, A., Valastro, V.,
Schivo, A., Amarin, N.M., Gonzalez, C., Ismail,
M.M.,Al-Ankari, A.R., Al-Blowi, M.H., Khan, O.A.,
Maken Ali, A.S., Hedayati, A., Garcia Garcia, J.,
Ziay, GM., Shoushtari, A., Al Qahtani, K.N., Capua,
I., Holmes, E.C., Cattoli, G. (2011) Phylogeography
and evolutionary history of reassortant HON2 viruses
with potential human health implications. JVirol. 85:
8413-8421.

8. Gao,Y.,Zhang,Y., Shinya K., Deng, G, Jiang, Y., Li,
Z.,Guan, Y., Tian, G, Li, Y., Shi, J,, Liu, L., Zeng, X.,
Bu, Z., Xia, X., Kawaoka, Y., Chen, H. (2009)
I dentification of amino acidsin HA and PB2 critical
for the transmission of H5N1 avian influenza viruses
inamammalian host. PL oS Pathog. 5: €1000709.

9. Guan, Y., Shortridge, K.F., Krauss, S., Chin, PS.,
Dyrting, K.C., Ellis, T.M., Webster, R.G,, Peiris, M.
(2000) HONZ2 influenza viruses possessing H5N1-
likeinternal genomes continue to circulatein poultry
in southeastern China. JVirol. 74: 9372-9380.

10. Hoffmann, E., Stech, J., Guan, Y., Webster, R.G,,
Perez, D.R. (2001) Universal primer set for the full-
length amplification of all influenzaA viruses. Arch
Virol. 146: 2275-2289.

11. Homayounimehr, A.R., Dadras, H., Shoushtari, A.,
Pourbakhsh, S.A. (2010) Sequence and phylogenetic
analysis of the haemagglutinin genes of HIN2 avian
influenzaviruses isolated from commercial chickens
inlran. Trop Anim Health Prod. 42: 1291-1297.

12.1gbal, M., Yaqub, T., Reddy, K., McCauley, J.W.
(2009) Novel genotypes of HIN2 influenzaA viruses
isolated from poultry in Pakistan containing NS
genes similar to highly pathogenic H7N3 and H5N1
viruses. PloSone. 4: e5788.

13.Katz, JM., Lu, X., Tumpey, T.M., Smith, C.B., Shaw,
M.W., Subbarao, K. (2000) Molecular correlates of
influenza A H5N1 virus pathogenesis in mice. J
Virol. 74: 10807-10810.

14.Lee, M.S,, Chang, P.C., Shien, J.H., Cheng, M.C.,
Shieh, H.K. (2001) Identification and subtyping of
avian influenza viruses by reverse transcription-
PCR. JVirol Methods. 97: 13-22.

1JVM (2013), 7(3): 159-168

Iranian Journal of Veterinary Medicine

15.Lin, Y.P, Shaw, M., Gregory, V., Cameron, K., Lim,
W., Klimov, A., Subbarao, K., Guan, Y., Krauss, S.,
Shortridge, K., Webster, R., Cox, N., Hay, A. (2000)
Avian-to-human transmission of HIN2 subtype
influenza A viruses: relationship between HON2 and
H5N1 human isolates. Proc Natl Acad Sci. 97: 9654-
9658.

16. Manzoor, R., Sakoda, Y., Nomura, N., Tsuda, Y.,
Ozaki, H., Okamatsu, M., Kida, H. (2009) PB2
protein of ahighly pathogenic avian influenza virus
strain  A/chicken/Yamaguchi/7/2004  (H5N1)
determinesitsreplication potential in pigs. JVirol.
83: 1572-1578.

17. Matrosovich, M.N., Krauss, S., Webster, R.G. (2001)
HON2 influenza A viruses from poultry in Asia have
human virus-like receptor specificity. Virology. 281:
156-162.

18.McAuley, J.L., Chipuk, J.E., Boyd, K.L., Van De
Velde, N., Green, D.R., McCullers, JA. (2010) PB1-
F2 proteins from H5N1 and 20 century pandemic
influenza viruses cause immunopathology. PL0oS
Pathog. 6: €1001014.

19. Naeem, K., Ullah, A., Manvell, R.J., Alexander, D.J.
(1999) Avian influenza A subtype HON2 in poultry in
Pakistan. Vet Rec. 145: 560.

20. Naffakh, N., Tomoiu, A., Rameix-Welti, M.A., van
der Werf, S. (2008) Host restriction of avian
influenza viruses at the level of the ribon-
ucleoproteins. Ann Rev Microbiol. 62: 403-424.

21.Perdue, M.L. (2008) Molecular determinants of
pathogenicity for avian influenzaviruses In: Avian
influenza. Swayne, D.E. (ed.). Blackwell Publishing
Ltd London, UK. p. 23-42.

22. Portela, A., Digard, P. (2002) The influenza virus
nucleoprotein: a multifunctional RNA-binding
protein pivotal to virus replication. JGen Virol. 83:
723-734.

23.Qiu, B.F, Liu,W.J,, Peng, D.X.,Hu, S.L., Tang, Y.H.,
Liu, X.F. (2009) A reverse transcription-PCR for
subtyping of the neuraminidase of avian influenza
viruses. JVirol Methods. 155: 193-198.

24. Shaw, M., Cooper, L., Xu, X., Thompson, W.,
Krauss, S., Guan, Y., Zhou, N., Klimov, A., Cox, N.,
Webster, R., Lim, W., Shortridge, K., Subbarao, K.
(2002) Molecular changes associated with the
transmission of avian influenzaa H5N1 and HON2
virusesto humans. JMed Virol. 66: 107-114.

25. Steel, J., Lowen, A.C., Mubareka, S., Palese, P.

167



Genetic and phylogenetic analysis of the...

(2009) Transmission of influenza virus in a mam-
malian host isincreased by PB2 amino acids 627K or
627E/701N. PLoS Pathog. 5: €1000252.

26. Tamura, K., Peterson, D., Peterson, N., Stecher, G,,
Nei, M., Kumar, S. (2011) MEGAS5: molecular
evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol. 28: 2731-2739.

27. Taubenberger, JK., Reid, A.H., Lourens, R.M.,
Wang, R., Jin, G, Fanning, T.G. (2005) Characteriz-
ation of the 1918 influenza virus polymerase genes.
Nature. 437: 889-893.

28. Thippamom, N., Sreta, D., Kitikoon, P.,, Thana-
wongnuwech, R., Poovorawan, Y., Theamboonlers,
A., Suwannakarn, K., Parchariyanon, S., Damrong-
watanapokin, S., Amonsin, A. (2010) Genetic vari-
ations of nucleoprotein gene of influenza A viruses
isolated from swinein Thailand. Virol J. 7: 185.

29. Vasfi Marandi, M., Bozorgmehri Fard, M.H. (2002)
Isolation of HION2 Subtype of Avian Influenza
Viruses during an Outbreak in Chickensin Iran. Iran
Biomed J. 6: 13-17.

30.Vasfi Marandi, M., Bozorgmehri Fard, M.H.,
Hashemzadeh, M. (2002) Efficacy of inactivated
HON2 avian influenza vaccine against non-highly
pathogenic A/ Chicken/ lran/ ZMT-173/ 1999
infection. Arch Razi Inst. 53: 23-31.

31. Xu, K.M., Li, K.S.,, Smith, GJ,, Li, JW.,, Tai, H.,
Zhang, J.X., Webster, R.G,, Peiris, J.S., Chen, H.,
Guan, Y. (2007a) Evolution and molecular epidemio-
logy of HON2 influenza A viruses from quail in
southern China, 2000 to 2005. J Virol. 81: 2635-
2645.

32.Xu, K.M., Smith, GJ,, Bahl, J., Duan, L., Tai, H.,
Vijaykrishna, D., Wang, J., Zhang, J.X., Li, K.S,,
Fan, X.H., Webster, R.G., Chen, H., Peiris, J.S,,
Guan, Y. (2007b) The genesis and evolution of HON2
influenza viruses in poultry from southern China,
2000t0 2005. JVirol. 81: 10389-10401.

168

Vasfi Marandi, M.

1JVM (2013), 7(3): 159-168



Abstractsin Persian Language

VORA=VFA ¥ o ot eV 0,53 IFAY ¢l ol oo dloro

S ISLTHIND sla yog 29 (o559 2 930S 99 5 5o 05 S olud 9 S5 5T

\ v \ . # i v

Gogmp aibih asljlwnda B 53 6 4e8) 5 g dases (i e Aoy Ghge oLy s

Ol <05 <0l g5 ol Sl 0 0SCi5 5 ¢ ) s (5L slowm 09,5 ()
Wl e YT et aTol&eals ¢ s p gk 5 (SKials 0l (¥

(VWA sl caiguany) V0 1 ooled GByady « WAY slo fags VA allie cidly 50)

LR

eSS ) (g3xe disel cladiw] ol 0053,)5 jsubo (clnalS )3 (e3lasBl S5 (sla) yd ogo 5 ol ABly bS5 a5
bl e 5 5 Slsas o b Lo e (PA s PBT (PB2) (51500l s NP (510 5530 oL 65 (RNP) (55558555
b 15555453 CK/IR/EBGV-88/10 5 CK/IR/ZMT-101/98 ylsic 4 43 30055 RNP uSliaS 5155155 Jls5 oo
Sl o Suts aemlis wloly 05,5 o ),8 Caliste (ladind 1) 0 4o gu 53 1 431> s S olud 3JUT 1ol . p3, 5
aield goolSl ST by luwsS L jleadlax HTN3 cos G L (S5 bLs ) CK/IR/EBGV-88/10 4, 5. NP s PA (PB1
RNPdleu) 4@bw'wu|ﬁ :G’J‘L&)d)ﬁs‘d&’%ﬁ .)yRNP u@gx)dugxﬁduowmLJQJ')AWTM‘JIJIJL;:L-H
S5 £ 955 b dlasly 53 ey 0l Ml 35Ty jskaio dy 5o i 13 ATV pylie il Silodd (S (=L L ol =]

MBMDAAS&SAS@AQlgg)bdmu»gﬁgéw‘)%gH9N2 L;Lmu.:9).35

92k 035932 92 5350 HONZ 5. (13315157 o 5 305 1 sulS slnly

Email: mvmarand@ut.acir +AN(Y) Z 7YX s +AAN) #FAXX0N 21251 ) g5 20 (G

241



