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Abstract HON2 avian influenza viruses (AIVs) have been
recorded in Eurasian for several years. Since 2004-2005,
the disease has become endemic in Iraq, causing serious
economic losses in the poultry industry. The hemagglutinin
(HA) and neuraminidase (NA), two out of eight protein-
coding genes, play an important role during the early stage
of infection and hinder virus assembling. Little is known
about the genetic information of the HON2 viruses cur-
rently circulating in Iraq; thus, gene sequences of six AIVS
of the HON2 subtype have been detected and analyzed in
the period of 2014-2015 from different outbreaks of broiler
flocks in five provinces situated in the middle and southern
parts of Iraq. Genetic comparison of the partial sequences
of HA gene indicated that all Iraqi viruses are related to
each other and could be divided into two subgroups.
Viruses of the first and the second subgroups demonstrated
a high similar identity with Pakistani and Iranian viruses,
respectively. The nucleotide sequences of the NA protein
of the all studied Iraqi viruses were very similar
(95.2-100% identity), and shared high nucleotide sequence
identity with Iranian, Pakistani, and Lebanese strains. All
six recent viruses possessed histidine, alanine, and leucine
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at positions 183, 190, and 226, respectively, which are the
key residues in receptor-binding sites. The Iraqi viruses
were closely related to viruses of G1-like lineage isolated
from poultry flocks of Iran and Pakistan, suggesting that
possible epidemiological links could be derived from a
common origin. Further investigations are required and
should include the viral isolation and full-length molecular
characterization of HON2 AIVs in this area.
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Introduction

HON?2 avian influenza (AI) virus has been reported widely
around the world since its first detection in the USA in
1966 and is classified in type A influenza virus [1]. Type A
influenza viruses are members of the Orthomyxoviridae
family, being capable of causing infection in a variety of
hosts, including birds and mammals [2]. The negative-
sense RNA genome of influenza A virus consists of eight
segments which encode 10 to 12 proteins, including two
surface glycoproteins, hemagglutinin (HA), neuraminidase
(NA), nucleoprotein (NP), three polymerase proteins (PA,
PB1, PB2), two matrix (M1, M2), and non-structural pro-
teins (NS1, NS2) [3, 4]. There are 18 HA and 11 NA
subtypes, and the viruses are classified into subtypes based
on their two surface glycoproteins: HA and NA. Sixteen
HA (H1-H16) and nine NA (N1-N9) subtypes have been
isolated from wild birds, in particular, the aquatic ones,
which are the major natural reservoir [5, 6]. H5, H7, and
H9 subtypes are considered as the most common avian
subtypes [7]. The HA surface glycoprotein of influenza
viruses plays an indispensable role in the initial stages of
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infection and is responsible for the virus binding to the cell
receptor named sialic acid; sialic acid is present on the host
cell surface and promotes fusion of viral and endosomal
membranes and eventually facilitates viral entry into the
host cell [8]. The NA surface glycoprotein of influenza
viruses hinders virus assembling by cleaving the o-ke-
tosodic linkage between sialic acid and the adjacent sugar
residue [9]. Two distinct lineages of HON2 influenza
viruses exist: North American and Eurasian lineages. The
Eurasian lineage is composed of at least three sub-lineages.
This lineage is divided into three major sub-lineages rep-
resented by their prototype strains: A/chicken/Korea/
38349-p96323/96 (Korean-like), A/duck/Hong Kong/
Y280/97 (Y280-like), and A/quail/Hong Kong/G1/97 (G1-
like) [10]. Throughout the second half of the 1990s, out-
breaks resulting from H9N2 subtypes were reported in
many countries, namely Germany, Italy, Ireland, South
Africa, USA, Korea, China, and the Middle Eastern
countries such as Saudi Arabia and Iran [5]. The HON2
subtype is classified as low pathogenic Al (LPAI), and
generally, the affected chickens show mild to severe res-
piratory signs, edema of the head and the face, and declines
in egg production accompanied with soft-shelled or mis-
shapen eggs. The high morbidity and mortality rates in
poultry flocks have been reported, particularly in combi-
nation with other respiratory pathogens [11]. Furthermore,
the HON2 viruses have led to occasional respiratory ill-
nesses in humans and have been accounted for as a global
concern in human societies [2]. AIV infection in Iraq has
brought about remarkable economic losses to the poultry
industry, especially in broiler flocks during the past decade,
and is still continuing [12]. The genetic and antigenic
evolution of HIN2 viruses in some countries, particularly
those neighboring Iraq, has been well documented, and
Iraq is located in a critical region of H9 AI outbreaks.
However, information is limited on the genetic properties
of HON2 viruses now circulating in Iraq; therefore, gene
sequences of six AIVS of the HON2 subtype have been
detected and analyzed in the course of 2014-2015 from
different outbreaks of broiler flocks in five provinces sit-
uated in the middle and southern parts of Iraq. The current
research is aimed at describing the changes having occur-
red in avian (HON2) viruses in recent years and preparing
beneficial guidance on the control of HOIN2 AIVs and
vaccine candidate selection.

Materials and methods
Sampling

From September 2014 to June 2015, Samples were col-
lected from 80 broiler chicken farms in five provinces
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representing central and southern parts of Iraq (Al-Basra,
Wasit, An-Najaf, Al-Muthanna, and Al-Qadisyia; Fig. 1).
Each farm had one flock with 10,000 birds. Five tra-
cheas(pooled together) per flock were collected in a sterile
phosphate buffered saline from three to 4 weeks old broiler
flocks suffered from respiratory syndrome such as cough-
ing, gasping, rales, and excessive lacrimation in all of the
affected broiler flocks. In addition, non-characteristic
generalized clinical signs, namely ruffled feathers, hud-
dling, depression, decreased activity, and diarrhea were
observed. All the infected flocks have been vaccinated with
oily inactivated vaccine of Al subtype HON2.

RNA extraction and cDNA synthesis

Total RNA was extracted directly from tracheas, using
CinnaPure RNA extraction kit (SinaClon, Iran) according
to the manufacturer’s instructions. The cDNA was syn-
thesized by the reverse transcription (RT) reaction that was
performed with a mixture of 5 pLL of extracted RNA and
1 uL of influenza universal primer, Unil2: 5-AGC AAA
AGC AGG-3' and incubated at 65 °C for 5 min and 5 °C
for 1 min. Then, 14 pL. of master mix consisting of
7.25 uL of DEPC-treated water (SinaClon, Iran), 4 uL
Buffer 5x, 2 pL. ANTP mix (SinaClon, Iran), 0.5 pL
Revert Aid Reverse Transcriptase (Thermo Fisher Scien-
tific, USA), and 0.25 pL Ribolock Rnase inhibitor (Thermo
Fisher Scientific, USA) was added to each tube. And the
mixture was heated at 25 °C for 5 min, at 42 °C for
60 min, and at 95 °C for 5 min. Finally, it cooled down to
4 °C for 1 min and was stored at —20 °C until it was used.
The preliminary RNA extraction and cDNA synthesis were
performed in Iraq, and the other molecular characteriza-
tions were conducted at the central lab of the Veterinary
Faculty of Tehran University, Iran.

Real-time PCR

Real-time PCR was performed as a screening test to detect
the presence of influenza virus genome in the pooled
samples as the first step for primary screening, and in the
next step, the positives tested separately for a precise
finding of positive samples. The amplification was per-
formed using an amplification kit (Bioneer, South Korea)
with the forward primer 5-ATGGGGTTTGCTGCC-3/,
reverse primer 5'-TTATATACAAATGTTGCAYCTG-3,
and Tagman probe FAM -5-TTCTGGGCCATGTC
CAATGG-3'-TAMRA as described by Monne et al. [13].

PCR reaction for amplification of HA and NA gene

A part of 776 bps and 314 bps of the HA and NA genes was
subsequently amplified by RT-PCR, using one pair of
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Fig. 1 Area of origin of HON2
AlVs from broiler flocks in Iraq
during 2014-2015. The names
of the provinces are indicated in
boldface and the names of
HON2 AIVs (QMG-1 to QMG-
6) are indicated in non-boldface
and 10, 20, 21, 15, and 14
denote the numbers of tested
flocks in Wasit, Al- Qadisyia,
An-Najaf, Al-Muthanna, and
Al-Basra, respectively
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specific primers for each gene as described previously by
Hoffman et al. [14], HAF1:5-AGCAAAAGGAGGGG-3',
HAR1:-5-GTGYCCATACCATGGRGC-3’, NA2-1:5'-
TCCGTTTCATTTGGGAACC-3’, and NA2-2:-5-CTGA
CAATGGRCTAATGTG-3’. The amplification was
implemented in a final volume of 25 pL, containing 5 pL.
of cDNA, 12.5 pL of SinaClon 2x PCR master mix (Si-
naClon, Iran), 1 pL (10 pIM) of each primer, and 5.5 pL of
distilled water. The amplification program of HA gene was
as follows: 95 °C for 4 min, 35 cycles of 94 °C for 1 min,
48 °C for 1 min, and 72 °C for 1 min followed by 72 °C
for 10 min. In addition, the amplification program of the
NA gene was 94 °C for 3 min, 35 cycles of 94 °C for 30 s,
47 °C for 30 s, and 72 °C for 30 s followed by 72 °C for
10 min. The PCR products were assessed via gel elec-
trophoresis on 1.5% agarose gel, followed by staining with
GelRed™ (Biotium, USA) and visualized under UV light.

Phylogenetic analysis

The PCR products were purified by the PCR AccuPrep® PCR
purification kit (Bioneer Co., Korea). Sequencing was carried

out with the same primers (both directions) that were
employed for amplification of HA and NA genes (Bioneer
Co., Korea). Chromatograms were evaluated by CromasPro
(CromasPro version 1.5). To determine the genetic diversity
of these viruses, all data related to the nucleotide sequence of
HA and NA genes of the present study were edited via the
CLC Sequence Viewer software (version 7.6.1). The phylo-
genetic analysis was performed by the MEGAS software.
Furthermore, distance-based neighbor-joining trees were
constructed, using the Tamura—Neimodel available in
MEGAS program [15]. The robustness of the phylogenetic
trees was assessed by 1000 bootstrap replicates. Bootstrap
values lower than 60 were omitted. The MEGAS was
deployed for determining and comparing the percentage of
sequence similarity/difference of the six Iraqi HON2 viruses in
the present study with those of other sequences of AIV
belonging to the main HIN2 lineages, i.e., Asian and Euro-
pean countries, which were extracted from Gene Bank data-
base as shown in Table 1. The sequences of HA and NA of
HON?2 subtype in this study were submitted to the Gene Bank
database, and the accession numbers were (KX944335-—
KX944340) and (KX944341-KX944346), respectively.
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Table 1 Avian influenza

viruses of HON2 subtype used Viruses Abbreviations Location
g’;dl;hylogeneﬁc analysis in this ¢ Alchicken/Hong Kong/G9/1997 G9/77 Hong Kong
2 A/Hong Kong/1073/99 G1 G1/99 Hong Kong
3 A/Duck/Hong Kong/Y280/97 Y280 Hong Kong
4 A/chicken/Iran/121/2009 Iran-121 Iran
5 A/chicken/Iran/B326/2005 Iran-B326 Iran
6 A/chicken/Iran/Markazi/2013 Markazi-13 Iran
7 A/chicken Iran Ahwaz/2/2006 Ahwaz Iran
8 Al/chicken/IraqEKI114/2008 Iraq EKI14 Iraq
9 Al/chicken/Israel/1040/2007 1s-2007 Israel
10 A/watercoot Haryana/5844/2005 IND-2005 India
11 A/chicken/Pakistan/294-199/2010 Pak-294 Pakistan
12 A/chicken/Pakistan/UDL-01/2005 P.UDL-01 Pakistan
13 A/chicken/G-Karachi/2003 Karachi-03 Pakistan
14 A/chicken/Pakistan/UDL-02/2008 P.UDL-02 Pakistan
15 Al/chicken/Saudi Arabia/582/2005 Saudi-582 Saudi Arabia
16 Alchicken/Saudi Arabia/CP7/1998 Saudi-98 Saudi Arabia
17 A/Turkey/Wisconsin 1/1966 Wisconsin-66 USA
18 A/shorebird/Delaware/249/2006 Shorebird-06 USA
19 A/houbara/United Arab Emirates/78/2006 UAE-06 UAE
20 A/quail/Lebanon/272/2010 Leb-2010 Lebanon
21 Al/parakeet/Narita/92A/98 Narita-98 Japan
22 Alchicken/Iraq/Najat/QMG-1/2015 QMG-1 Study
23 A/chicken/Iraq/Najaf/QMG-2/2015 QMG-2 Study
24 A/chicken/Iraq/Qadisyia/QMG-3/2015 QMG-3 Study
25 A/chicken/Iraq/Wasit/QMG-4/2015 QMG-4 Study
26 A/chicken/Irag/Muthana/QMG-5/2014 QMG-5 Study
27 A/chicken/Iraq/Basra/QMG-6/2014 QMG-6 Study
Table 2 Subgroups of HON2 Subgroup Iraqi HON2 virus Area of origin

AlVs detected in the Iraqi

provinces, 2014-2015 First subgroup

Second subgroup

A/chicken/Irag/Muthana/QMG-5/2014 Al-Muthana
Al/chicken/Iraq/Basra/QMG-6/2014 Al-Basra
A/chicken/Iraq/Najat/QMG-1/2015 An-Najaf
A/chicken/Iraq/Najat/QMG-2/2015 An-Najaf
A/chicken/Iraq/Qadisyia/QMG-3/2015 Al-Qadisyia
A/chicken/Iraq/Wasit/QMG-4/2015 Wasit

Results
Virus detection

During the period of 2014-2015, six HON2 AIVs (QMG-1
to QMG-6) were detected in five Iraqi provinces (Table 2),
one virus from every province except for An-Najaf pro-
vince which has two representative viruses from different
farms. Subsequently, these viruses were analysis for
genetic studies in the present study.
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Phylogenetic analysis
HA gene

Genetic comparison of the partial sequences of HA gene of
the Iraqi HON2 viruses demonstrated that all the viruses
were related to each other and could be divided into two
subgroups (Table 2) based on the degree of similarity;
moreover, the viruses in the subgroups exhibited high
percentages of identity, i.e., 99% and 98.7-100%, in the



Virus Genes (2017) 53:205-214

209

first and the second subgroups, respectively. Our study
revealed that the HA gene of all Iraqi viruses shared a close
relationship with gene sequences of other HIN2 isolates
from the Middle Eastern strains, in particular, those of Iraq’s
neighbors (Iran, Kuwait, Saudi Arabia, and Jordan). In
addition to the strains from non-neighboring countries,
including two UAE strains (UAE-06 and UAE-05) and Israel
(IS-2007) strain, the viruses of the second subgroup showed
high identity of 96.7-97.2% and 95-95.5% among Iranian
strains (Iran-121 and Iran-B326), respectively. Interestingly,
all strains from Pakistan shared high nucleotide sequence
identity (Pak-294, P.UDL-01, P.UDL-02, and Karachi-03)
among viruses of both subgroups, especially those of the first
subgroup which shared the highest identity of 97-97.6% and
95.2-95.8% with Pak-294 and P.UDL-02, respectively. The
results indicated that sequences identity among these six
Iraqi viruses showed different percentages of similarity with
a previous Iraqi isolate (Iraq EKI14); additionally, the
viruses belonging to the first subgroup exhibited a range of
minimum identity (89.9%), while those belonging to the
second subgroup displayed a range of maximum identity
(96.3%). The scores of similarity among nucleotide
sequences were calculated by pairwise alignments of simi-
larity which supported the phylogenetic results. Tree anal-
ysis of the HA gene demonstrated that all viruses in the
present study belonged to the G1 lineage (Fig. 2) and shared
86.7-88.6% identity with the A/Hong Kong/1073/99 G1
ancestor (Table 3).

NA gene

In this study, 314 base pairs of NA gene were sequenced. The
nucleotide sequences of the NA protein of the all studied Iraqi
viruses were very similar (95.2-100% identity), and shared the
highest identities of 94.3-100%, 93.9-98%, and 93.1-98%
with the Iranian (Ir-121), Pakistani (P.UDL-1), and Lebanese
(Leb-2010) strains, respectively. The phylogenetic tree (Fig. 3)
revealed that all viruses in the present study belonged to a single
lineage (G1) and shared 91.8-96.8% identity with the A/Quail/
Hong Kong/G1/97 ancestor (Table 4).

HA receptor-binding sites

All the six recent Iraqi viruses from this study possessed
NO98, W153, T155, H183, A190, L194, Y195, and L1226,
respectively, which are the key residues in receptor-binding
sites (numbered according to H3). The left edge (amino
acid residues at position 234-239) of the binding pocket
motif was NGLIGR. Two kinds of right edge (amino acid
residues at position 148—152) of the binding pocket motif
(GTSKA and GTSKS) in Iraqi viruses have been detected
in this study (Table 5).

Discussion

During the past 12 years, AIVs of HON2 subtype have been
the leading cause of high economic losses in poultry in
various provinces of Iraq [16]. As a response to these
outbreaks, several investigations have been carried out on
AlVs in Iraqi broiler flocks, and the presence of H9 subtype
has been proved, being responsible for high mortality rates
of 20-90% and 30-70% [17, 18]. However, little is known
about the genetic information of the Iraqi HON2 viruses;
therefore, this study provides the genetic data for the HON2
viruses that are currently circulating in the poultry popu-
lation in Iraq. In the present study, we described the
detection of six HON2 viruses from different chicken flocks
in Al-Basra, Wasit, An-Najaf, Al-Muthanna, and Al-
Qadisyia province, and this result indicated the endemic
situation of HOIN2 AIVs with broad geographical distri-
bution in central and southern parts of Iraq which repre-
sents another risk factor to the poultry industry in Iraq,
especially with the presence of other respiratory pathogens
like IBV, NDV, and MG, as well as the low biosecurity
level in some commercial sectors. The main aspect of this
study is the sequencing of the HA and NA genes from six
Iraqi HON2 strains. It is interesting to know that these six
strains, in addition to the previous isolate (Iraq EKI14),
clustered within a broad grouping that included G1-like
lineage in the HIN2 subtype, and fell together into a dis-
tinct cluster along with Iran, Pakistan, UAE, Israel, India,
and Saudi Arabia’s isolates, indicating a close relationship.
These results are basically in agreement with those of the
previous studies which suggested that the viruses from
Pakistan, Iran, Germany, and Saudi Arabia all showed very
close relationships and that they might have a common
origin [5]. Despite the disappearance of A/quail/Hong
Kong/G1/97 HIN2 prototype virus from Hong Kong due to
withdrawal of quail from live poultry markets in this part of
china being followed by the first isolation of this prototype,
G1 viruses, however, continue to be detected in South Asia
and Middle-East countries [5, 19]. The presence of the
Middle Eastern isolates on this lineage may be owing to a
close geographical relationship among these countries that
had given the impression that the outbreaks seen in these
countries resulted from a major epizootic caused by the
spread of a single virus. Genetic comparison of the
nucleotide sequences of the HA gene of Iraqi viruses
confirmed that these Iraqi viruses are genetically related to
and divided into two subgroups based on the degree of
similarity. This finding was in accordance with that of
Langeroudi et al. who reported different ranges of identity
among some Iranian HON2 isolates extended from the
minimum (91.1%) to the maximum identity (99.11%) [20].
Previous studies suggested that HON2 group was not
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Fig. 2 Phylogenetic relationships of HA genes from HON2 viruses
diagnosed in Iraq during 2014-2015, Middle Eastern, and Eurasian
countries. The nucleotide ranges of segments that were used for
drawing phylogenic trees are as follows: HA (1-776). Trees were
generated by the neighbor-joining method with the MEGA 5
software. The reliability of the trees was assessed by bootstrap

homogenous so that the viruses may be distributed into
some subgroups, associated with the time of their isolation
[21, 22]. A recent study has shown that the HA sequences
of the Egyptian HON2 viruses segregate into three sub-
groups, and this segregation is not correlated with the time
of occurrence, region, or host species and seems to reflect a
star-like diversification of these sequences [23]. Genetic
diversity was demonstrated in all gene segments of AIVs,
but most notably in the HA gene [24]. Molecular analysis
of NA nucleotide sequences proved that current Iraq HON2
viruses are closely connected to each other with a high
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analysis with 1000 replications. Numbers above branches indicate
neighbor-joining bootstrap values. The length of the horizontal lines
is proportional to the minimum number of nucleotide differences
required to join nodes. The vertical lines are for spacing branches and
labels. The viruses characterized in this study are indicated in a black
triangle

identity (94.3-100%). These findings are in agreement with
those of Naguib et al. [23] who stated that the NA gene
sequences of the Egyptian HON2 viruses similarly reveal a
shallow sub-clustering. In contrast, the antigenic sites of
NA in the Iranian HIN2 isolates have varied in a yearly
manner and can be divided into two main subgroups [25].
Nevertheless, some exceptions are seen in the Iranian
HON2 isolates (A/chicken/Iran/RZ53/2008/H9N2) which
were placed in the first subgroup, including viruses isolated
from 1998 to 2004 [21]. These variations in the range of
similarity may be attributed to the accumulation of
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Table 3 Identity (%) among the nucleotide sequences of the HA of six HON2 viruses of Iraq with other countries and prototype isolates from

different lineages as they have appeared in phylogenetic tree in Fig. 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Name of
strain
99.2 98.7 98.7 881 879 962 924 947 972 955 902 902 922 85 88.1 83.8 1 QMG-1
989 989 875 899 962 91.6 942 968 95 89.5 895 913 85 88.1 839 2 QMG-2
100 88.1 879 963 921 947 96.7 955 90.1 904 922 86 88.6 84.8 3 QMG-3
88.1 879 963 921 947 9677 955 90.1 904 922 86 88.6 84.8 4 QMG-4
99 90.2 909 91.1 89.8 91.6 97.6 958 90.6 856 869 846 5 QMG-5
899 905 90.8 895 913 97 952 90.6 84.8 86.7 84.2 6 QMG-6
93.8 965 979 976 918 921 928 869 895 854 7 Iraq EKI14
955 937 96 92.8 933 953 88.6 91.1 876 8 Saudi-582
96 98.2 93 932 947 88.1 91.1 86.9 9 UA E-06
96.8 914 91.1 923 868 89 85.6 10 Iran-121
93.5 937 949 88.8 916 856 11 Iran-B326
97.3 91.8 869 88.6 852 12 PaK-294
925 87.1 884 86.1 13 p.UDL-02
88 90.9 86.9 14 1s-2007
88.4 97.18 15 G9/77
88.4 16 G1/99
17 Y280

QMG-1 to QMG-6 represent Iraq viruses; other viruses represent abbreviations of the reference strains which are mentioned in Table 1. The

highest homologies are in boldface

mutation among the viruses circulating within the poultry
reservoirs [26]. Genetic comparisons of the nucleotide
sequences of the HA and NA genes in the Iraqi viruses with
the corresponding gene of the HON2 viruses isolated in
Iran, Pakistan, Lebanon, and Israel showed that these
viruses are genetically related to each other. Recently, Ye
et al. [27] have demonstrated that the Israeli (Is- 2007)
HON?2 isolate, which has shown more than 90% nucleotide
identity with HA and NA gene sequences of the Iraqi
HON?2 viruses in the present study, clustered together with
HON2 viruses isolated in Iran and Pakistan during the
period of 2005-2008. It has been observed that HA gene
sequence of the Iranian isolate (Ck/IR/ZMT-101/98) shared
a common ancestor along with the Pakistani isolates; in
addition, all the Pakistani isolates were closely related to
HON2 viruses isolated from Iran between 2004 and 2007
[19, 28]. In other study, Norouzian et al. [25] suggested
that the NA gene sequences of the Iranian and the Pakistani
HON2 isolates are not different in regard to the progenitor.
They concluded that the origin of the isolates circulating in
poultry farms of Iran may be traced back to Pakistan. The
phylogeny-based analysis of geographical association
identifies avian populations from Pakistan and Iran as two
possible sources of the HON2 viruses in Central Asia and
the Middle East [29]. Interestingly, the phylogenetic anal-
ysis of NA genes showed a 93.1-95.6% identity between
all the Iraqi viruses and Ahwaz strain. These results may be

attributed to the geographical location of Ahwaz province
which is situated close to the Iraqi border. In addition to the
presence of marshes in this Iranian province, which are
closely related to the marsh of southern Iraqi provinces, the
presence of migratory birds coming from Russia and China
staying for several months in these marshes contributes to
the transmission of the disease to poultry farms of Iraq and
Iran. It is well documented that the migratory water birds
are responsible for the distribution of different AIV sub-
types to humans and animals all over the world [30, 31].
The receptor-binding site motif of HA is critical for cellular
receptor specificity and determining virus host range [32].
In this study, the key residues in the receptor-binding sites
of HA protein were studied, with a comparative approach
to the previous AIVs. All HA proteins of Iraqi HON2
viruses possessed H, A, and L at positions 183, 190, and
226 in the receptor-binding sites, respectively. A similar
result was reported by Igbal et al. [19] that all UDL viruses
from Pakistan in 2005-2008 possessed H, A, and L at
positions 183, 190, and 226. The current study revealed
that the six recent HON2 viruses with previous Iraqi strain
(A/chicken/IraqEKI14/2008) possessed amino acid L.226 at
the left edge of binding pocket (NGLIGR), indicating its
potential to infect humans. The substitution of Gln to Leu
at residue 226 in HA allows HIN2 viruses to replicate
more efficiently in human airway epithelial cells cultured
in vitro [33]. Two kinds of motif GTSKA and GTSKS were
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Fig. 3 Phylogenetic
relationships of NA genes from
HON?2 viruses isolated in Iraq
during 2014-2015, Middle
Eastern, and Eurasian countries.
The nucleotide ranges of
segments that were used for
drawing phylogenic trees are as
follows: NA (1-314). Trees
were generated by the neighbor-
joining method with the MEGA
5 software. The reliability of the
trees was assessed by bootstrap
analysis with 1000 replications.
Numbers above branches
indicate neighbor-joining
bootstrap values. The length of
the horizontal lines is
proportional to the minimum
number of nucleotide
differences required to join
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detected in this study and this result in accordance with that
of Langeroudi et al. [20] who reported new motif in this
region in viruses that were isolated after 2006 (THS85,
TH186, TH286, TH386). Remarkably, the residue at
position 190 within the receptor-binding sites has been
recorded to influence the affinity to the sialyl-o2,
6-galactose linkage. The binding affinity is at the weakest
level with A at position 190. Also, it is at the intermediate
level with T, and at the highest level with V at the same
position [34]. It can be predicted that the Iraqi viruses have
a weaker affinity binding to a human-like receptor, but it
seems that the potential of Iraqi AIVs to infect human
should be considered. Our analysis indicated that the
presence of HON2 in Iraq is an expected event because of
its endemic circulation in the neighboring countries.
Although vaccination campaigns were implemented in
several Asian countries, to date HIN2 is still evolving,
spreading, and causing severe problems to the poultry
industry. It is, however, difficult to determine the time and
the mechanism of introduction of this subtype in Iraq. The
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AJduck/HongKong/Y439/1997(KF 188267)

remarkable similarity between the Iraqi viruses and those
from Iran and Pakistan indicates possible epidemiological
links and the fact that these viruses could stem from a
common origin. Especially in recent years, the Iraqi poultry
and poultry products have not met the standards of the Iraqi
markets; consequently, Iraq has been forced to import these
products from the neighboring countries such as Iran,
Turkey, and Saudi Arabia, which may have facilitated virus
transmission to and from Iraq to these countries. The trade
in poultry and poultry products seems to play the major
role in the spread of HIN2 viruses among Central Asian
and Middle Eastern countries [29]. Finally, HIN2 viruses
from Iraq, Iran, and Pakistan share a common ancestor.
Indeed, it is not easy to predict the time of virus existence
due to a gap of sequence data for Iraq. From 2008 up to
now, there have been single available HA gene data of an
HON?2 virus detected in a chicken in Iraq. The present study
highlights the need to continue monitoring AIV in Iraq
poultry farms and to confirm the role of migratory birds to
disseminate AIV in Iraq marshes throughout the years.
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Table 4 Identity (%) among the nucleotide sequences of the NA of six HON2 viruses of Iraq with other countries and prototype isolates from
different lineages as they have appeared in phylogenetic tree in Fig. 3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Name of
strain
100 943 948 96 96 98 964 972 956 100 972 956 98 97.6 972 96.8 914 1 QMG-1
943 948 96 96 98 964 972 956 100 972 956 98 97.6 972 96.8 914 2QMG-2
99.6 952 952 931 931 922 931 943 931 913 939 92,6 922 91.8 923 3 QMG-3
95.6 956 935 935 927 935 948 935 917 944 93.1 9277 922 9277 4QMG4
100 948 94 94 93.5 96 948 944 956 944 94 93.5 923 5QMG-5
948 94 94 93.5 96 948 944 956 944 94 935 923 6 QMG-6
952 952 952 98 97.6 943 972 956 952 948 90.1 7 Leb-2010
95.6 984 964 96 96.8 97.6 98 96.8 964 927 8IND-5
96 97.2 96 952 96.8 988 100 98.8 93.5 9 Saudi-98
95.6 952 968 96.8 972 96 95.6 935 10 Ahwaz
972 956 98 97.6 972 96.8 914 11 Iran 121
95.2 98 964 964 956 90.9 12 Isra 1040
96.8 964 952 948 909 13 P.UDL-02
98 96.8 964 91.8 14 P.UDL-01
98.8 97.6 922 15 Pak-294
98.8 93.5 16 Narita-98
93.1 17 Quail-G1
18 Y280

QMG-1 to QMG-6 represent Iraq viruses; other viruses represent abbreviations of the reference strains which are mentioned in Table 1. The

highest homologies are in boldface

Table 5 Comparison of amino acid residues in several key sites of HA protein

Virus strain HA

Receptor-binding site

Left edge of binding pocket Right edge of binding pocket

98 153 155 183 190 194 195 224-229 134-138
A/chicken/Iragq/Najaf/QMG-1/2015 N W T H A L Y NGLIGR GTSKS
A/chicken/Iraq/Najaf/QMG-2/2015 N wW T H A L Y NGLIGR GTSKA
Alchicken/Iraq/Qadisyia/QMG3/2015 N W T H A L Y NGLIGR GTSKA
A/chicken/Irag/Wasit/QMG-4/2015 N wW T H A L Y  NGLIGR GTSKA
Alchicken/Irag/Muthana/QMG-5/2014 N W T H A L Y  NGLIGR GTSKS
A/chicken/Iraq/Basra/QMG-6/2014 N W T H A L Y  NGLIGR GTSKS
A/chicken/IraqgEKI14/2008 N W T H E L Y NGLIGR GTSKS
A/Quail/Hong Kong/G1/97 N W T H E L Y NGLIGR GTSKS
A/Duck/Hong Kong/Y280/97 N W T N T L Y NGLIGR GTSKS

Numbering according to H3

Obtaining further information on genetic changes could
lead to the prediction and control the rapid spread of HON2
virus in the field. In conclusion, quarantine and control
measures seem to be very critical for controlling the HON2
circulation in the Middle Eastern countries, including Iraq.
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