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Abstract Avian influenza is a highly contagious respiratory
disease of poultry caused by influenza A viruses, family
Orthomyxoviridae. HIN2 avian influenza outbreaks are a ma-
jor problem of the poultry industry in Iran. To determine the
genetic differences between field viruses and the vaccine
strain, the genomes of four strains isolated in 2011 from vac-
cinated broiler flocks with a history of respiratory illness were
sequenced. Genetic and serological comparisons were made.
Sequence analysis of the hemagglutinin (HA) and neuramin-
idase (NA) genes indicated that the isolated strains shared
nucleotide homologies of 91.6-93.9 and 90.2-91.7 % with
the vaccine strain, respectively. Phylogenetic analyses of HA
and NA genes showed that all strains isolated in this study fell
into the same group and belonged to the influenza A virus (A)/
quail/Hong Kong/G1/97 HIN2 sublineage. Several amino
acids have changed at the antigenic sites in HA in the field
viruses. Extra potential glycosylation sites were observed in
the HA and NA proteins expressed by the current isolates
relative to those in the vaccine strain. The deduced amino acid
sequence at the cleavage site of HA in recent isolates is the
KSSR/GLF motif, whereas it is RSSR/GLF in the vaccine
strain. A serological analysis revealed that the currently circu-
lating strains are antigenically distinct from the vaccine strain.
These results suggest that the commercial vaccine is insuffi-
ciently genetically and antigenically similar to the viruses cur-
rently circulating in the region. These findings confirm that it
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is important to monitor the genetic and antigenic variations in
HON2 influenza viruses when selecting a vaccine strain.
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Introduction

Avian influenza (Al) is a highly contagious respiratory disease
of poultry caused by influenza A viruses of the family
Orthomyxoviridae. A total of 18 hemagglutinin (HA) and 11
neuraminidase (NA) subtypes have so far been identified
(Tong et al. 2013). Since 1998, HON2 avian influenza out-
breaks have been one of the major problems of the Iranian
poultry industry (Nilli and Assasi 2003; Bashashati et al.
2013). These highly contagious viruses have spread in poultry
flocks throughout the different provinces of the country, so a
vaccination strategy using an inactivated HON2 vaccine based
on strain A/chicken (Ck)/Iran/1221/1998 was adopted to con-
trol Al disease in Iran (Vasfi Marandi and Bozorgmehri Fard
2002). Despite this vaccination program, outbreaks have con-
tinued to occur in several broiler flocks, with great economic
losses from both mortality and weight loss. Previous studies
have reported that many substitutions have occurred in the HA
and NA genes of the Iranian HON2 viruses in recent years
(Bashashati et al. 2013; Norouzian et al. 2014), which might
affect the pathogenicity and antigenicity of these avian influ-
enza viruses. Therefore, it is important to investigate whether
the circulating HON2 viruses have undergone further signifi-
cant genetic and antigenic changes with the advent of vacci-
nation. Antigenic and phylogenetic analysis can also be effec-
tive approaches to vaccine development (Park et al. 2011; Lee
and Song 2013). Therefore, we characterized four HON2
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viruses recently isolated from commercial farms and the vac-
cine strain both antigenically and phylogenetically.

Material and methods

Three hundred twenty tissue samples were collected from 25
broiler chicken farms in northeast Iran (Ir) between January
and December 2011. The tissue samples usually included the
trachea and lungs. All the samples were collected from Ross
broiler chickens with a history of respiratory symptoms, such
as coughing, sneezing, and ocular and nasal discharge. The
chickens showed symptoms between 25 and 40 days of age.
The lesions typically included congestion and inflammation of
the trachea and lungs. These flocks had satisfactory levels of
biosecurity, achieved with segregation, cleaning, and disinfec-
tion. They were free of other respiratory diseases, including
infection bronchitis, Newcastle disease, and mycoplasmosis.
Microbiological test results were often negative for bacterial
pathogens, but secondary bacterial pathogens were sometimes
isolated, such as Escherichia coli. The morbidity was high,
and the mortality rate was 10-15 %. The maternal antibodies
in the 1-day-old chickens had a hemagglutination inhibition
(HI) titer of 2*-2°, and the vaccination program was per-
formed with an inactivated oil-emulsion vaccine against
HON2 influenza virus administered to 7—10-day-old chickens,
when their maternal antibodies are low. Virus was isolated in
10-day-old specific pathogen-free (SPF)-embryonated chick-
en eggs. The virus subtypes were determined with standard HI
and neuraminidase inhibition (NI) tests, as described previ-
ously (Alexander and Spackman 1981). The four viruses iso-
lated in this study are shown in Table 1. The A/Ck/Ir/1221/98
HON?2 virus, the strain selected for vaccine production in Iran
since 1998, was included in the molecular and phylogenetic
analyses. Antigenic characterization was performed with
polyclonal antibodies raised in 5-week-old SPF chickens in-
oculated with A/Ck/Ir/1221/98.

Viral RNA was extracted directly from the allantoic fluid
with the High Pure Viral Nucleic Acid Kit (Roche Diagnos-
tics, Mannheim, Germany), according to the manufacturer’s
instructions. Reverse transcription (RT) followed by PCR was

performed with specific primers, as described previously
(Hoffmann et al. 2001), in a 50-pl reaction mixture containing
10 pl of 5% reaction buffer, 1 ul of mixed dNTPs, 1 ul of
AMV reverse transcriptase (Titan One Tube RT-PCR System;
Roche Diagnostics), 2 ul of each primer, 4 pl of RNA tem-
plate, 2.5 ul of dithiothreitol, and 27.5 ul of distilled water.
The PCR cycling parameters were 94 °C for 2 min and 40 cy-
cles 0of 94 °C for 1 min, 51 °C for 1 min, and 68 °C for 1 min,
followed by a final extension at 68 °C for 10 min. The PCR
products were purified with the High Pure PCR Product Pu-
rification Kit (Roche Diagnostics). The PCR products were
separated electrophoretically on low-melting point agarose,
and the distinct bands were excised from the gel and purified
for sequencing (by MWG-Biotech AG, Germany). The nucle-
otide and deduced amino acid sequences of the HA and NA
genes of the newly isolated strains were edited with BioEdit
version 7 (Hall 1999) and were aligned with ClustalW. A
phylogenetic analysis was performed with the MEGA 5 pro-
gram (Tamura et al. 2011). The evolutionary relationships
based on the HA and NA nucleotide sequences were deter-
mined by comparing the Iranian isolates and selected HON2
viruses isolated in several other countries with established
Eurasian HON2 lineages: the G1-like sublineage, Y280-like
sublineage, and Korean-like sublineage, represented by proto-
type viruses A/quail/Hong Kong/G1/97, A/duck/Hong
Kong/Y280/97, and A/chicken/Korea/38349-p96323/96, re-
spectively (Xu et al. 2007). The current vaccine strain was
also included in the analysis. Phylogenetic trees were con-
structed using the neighbor-joining method with maximum
composite likelihood. The internal branching probabilities
were determined with a bootstrap analysis of 1000 replicates
and indicated by percentage values on each branch.

Potential glycosylation sites were predicted as NXS/T mo-
tifs, in which X is any amino acid except proline. To investi-
gate the amino acid variations in the vaccine and field viruses,
a multisequence alignment of derived HA protein sequences
was constructed. The antigenic sites in the HON2 viruses were
identified based on the results of previous studies (Kaverin
et al. 2004; Okamatsu et al. 2008; Wan et al. 2014). Identifi-
cation of the amino acids in the H9 antigenic sites revealed
different distributions of antigenic areas among the other

Table 1 Currently circulating
influenza viruses isolated in this
study, their amino acid identities,
and HI titers compared with those

of A/Ck/1221/1998

Isolate Abbreviation HI titer Amino acid identity
HA NA
A/chicken/Iran/1221/1998 A/Ck/Ir/1221/98 256 100 100
Al/chicken/Iran/186/2011 A/Ck/Ir/186/2011 64 93.9 90.2
A/chicken/Iran/187/2011 A/Ck/Ir/187/2011 64 93.5 91.7
A/chicken/Iran/189/2011 A/CKk/Ir/189/2011 64 91.6 91
A/chicken/Iran/191/2011 A/CK/r/191/2011 64 93.5 91.3

HI hemagglutination inhibition, /74 hemagglutinin, N4 neuraminidase
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subtypes. There are at least two antigenic sites in the H9 HA
molecule (Kaverin et al. 2004), and Okamatsu (2008) defined
at least five antigenic sites in the HA protein of HON2. The
substitution of some critical amino acids is also related to the
antigenicity of the virus (Wan et al. 2014). In total, multiple
amino acids at positions 72, 98, 124, 127, 131, 141, 143, 147,
148, 153, 155, 164, 165, 167, 168, 170, 182, 183, 196, 197,
200, 201, 206, 207, 212, and 234 (H9 numbering) are related
to the antigenicity of the HIN2 viruses (Kaverin et al. 2004;
Okamatsu et al. 2008; Wan et al. 2014).

Accession numbers The nucleotide sequences determined in
this study have been deposited in the GenBank database under
accession numbers KF800938-KF800947.

Results

The sequenced parts of the HA genes contained 1720 nucle-
otides, and those of the NA genes included 1410 nucleotides.
The amino acid sequences of the HA proteins of the currently
circulating isolates shared 91.6-93.9 % homology with that of
the vaccine strain, and the NA proteins shared 90.2-91.7 %
homology with the vaccine strain NA protein. The deduced
amino acid sequences at the cleavage site of HA contained the
KSSR/GLF motif in all the isolates and an RSSR/GLF motif
in the vaccine strain. Seven potential glycosylation sites were
identified in each HA protein of the currently circulating
strains, at positions 29-31 (NST), 105-107 (NGT), 141-143
(NVT), 298-300 (NST), 305-307 (NIS), 492-494 (NGT),
and 551-553 (NGS) (H9 numbering), which differed from
the 1998 vaccine strain, which had no glycosylation site at
positions 551-553. Amino acid substitutions and variations
were also observed in the NA protein sequences. The viral
strains isolated in 2011 had lost the glycosylation site (NTT)
at positions 70—72 and had the new glycosylation site (NSS) at
positions 44—46 due to substitution of proline (P) to serine (S).
Furthermore, one new glycosylation site (NSS) was present at
positions 313-315 in A/Ck/Ir/189/2011, arising from a muta-
tion of aspartic acid (D) to asparagine (N) (Table 2).

The amino acids of the hemadsorption (HB) site in the
NA were examined at three locations within the mole-
cule. Amino acids at positions 366-373 and 431-433
were IKKDSRAG and PQE, respectively. The HB site
at positions 399-404 was DSDNLS in the vaccine strain,
but DSDNRS in all the strains isolated in this study.
There were no deletions in the stalk region of NA in
any isolate.

A phylogenetic analysis of the HA gene indicated that all
the Iranian isolates belonged to the A/quail/Hong Kong/G1/
97-like virus sublineage (Fig. 1a). The strains isolated in the
present study were closely related to other Iranian strains that
were dominant in 2009-2011. They were also closely related
to HIN2 viruses from Pakistan, with identities of 94.3-97 %.
The Iranian isolates clustered into three groups: (a) strains
isolated in 1998-2005, (b) strains isolated in 2004-2009,
and (c) strains isolated in 20102011, together with the new
strains isolated in the present study (Fig. 1a). None of the
sequences clustered within the Y280-like or Korean-like
sublineage.

A phylogenetic analysis of the NA gene showed that all
the NA genes of the Iranian HON2 viruses fell into the G1-
like sublineage (Fig. 2b). In turn, these Iranian viruses
clustered into three groups: the first group included viruses
isolated in 1998-2006, the second group included strains
isolated in 2008-2009, and the third group comprised
strains isolated in 2010-2011 and the currently circulating
strains. Interestingly, the current strains and the strains iso-
lated in Pakistan clustered in the same group, as they did in
the HA gene analysis.

The HIN2 viruses included in the present study were com-
pared antigenically with the vaccine strain. The chicken poly-
clonal hyperimmune serum raised against the vaccine strain
(A/Ck/1r/1221/98) showed fourfold reductions in cross-
reactivity to the field viruses in the HI test (Table 1).

A comparison of the amino acid sequences of the HA pro-
teins showed that five amino acid substitutions have occurred
in the antigenic sites at positions D/N153G, L168S, S183D,
T206N, and L234Q in the newly isolated viruses, and one
amino acid substitution (V212I) has occurred in A/Ck/Ir/
189/2011 (Fig. 2a).

Table 2 Comparison of the

potential glycosylation sites in the Isolate Potential glycosylation sites

NA proteins of the currently

circulating isolates and the 44-46 61-63 69-71 70-72 146-148 313-315 402404

vaccine strain
A/Ck/r/1221/98 - NIT NNT NTT NGT - NLS
A/Ck/Ir/186/2011 NSS NIT NGT - NGT - NRS
A/Ck/r/187/2011 NSS NIT NGT - NGT - NRS
A/Ck/r/189/2011 NSS NIT NGT - NGT NSS NRS
A/Ck/Mr/191/2011 NSS NIT NGT - NGT - NRS

The different amino acids are shown in boldface
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Fig. 1 a Phylogenetic relationships between the HA genes from the
HON2 viruses isolated in Iran in 1998-2011 and other representative
avian influenza viruses (AIVs) of this subtype. The strains isolated in
this study are indicated by . b Phylogenetic relationships between the
NA genes from the HON2 viruses isolated in Iran in 1998-2011 and other

Discussion

The phylogenetic analysis performed in this study demon-
strates that the current Iranian and Pakistan isolates cluster in
the same group, indicating that they might have originated
from a common source. These results are consistent with those
of previous studies that reported that recent isolates from Iran
and Pakistan were very closely related and might have a com-
mon origin (Bashashati et al. 2013; Norouzian et al. 2014). In
our phylogenetic analysis, the vaccine strain and the viruses
isolated in 2011 clustered in different groups and displayed
amino acid homologies in the HA and NA genes 0f91.6-93.9
and 90.2-91.7 %, respectively. These results demonstrate that
the currently circulating strains have nonnegligible genetic
differences relative to the vaccine strain used in Iran. Identifi-
cation of the antigenic sites of H9 is important for monitoring
antigenic variants and for developing effective vaccines. Six
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amino acid substitutions, at positions 153, 168, 183, 206, 212,
and 234, may reflect the antigenic drift observed in the 2011
field strains relative to the vaccine strain in Iran. It is remark-
able that an inactivated HON2 vaccine that has been used
extensively to control Al might be responsible for the muta-
tions observed in HA in the Iranian HON2 viruses, resulting
from the pressure on the chicken immune system exerted by
the vaccination program. However, recent research suggests
that selection by other factors, such as the specificity and
avidity of the HA receptor and epistatic interactions within
HA and between NA and other Al virus gene products, can
select for changes in the globular region of HA, altering its
antigenicity (Hensley et al. 2011; Kryazhimskiy et al. 2011).
In this study, the HI test showed that these viruses are antigen-
ically different from the vaccine strain. The field strains in the
cross-HI studies showed fourfold reductions in inhibition, so
the current vaccine seed strain might be ineffective (Li et al.
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Fig. 2 a Multiple alignment of HA amino acid sequences in the vaccine and field strains. b Multiple alignment of NA amino acid sequences in the

vaccine and field strains
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2005). For better protection, the match between the vaccine
strain and the predominant circulating viruses must be maxi-
mized. Our results are consistent with those of other studies in
which HIN2 viruses were phylogenetically characterized and
their antigenic diversity was examined with the HI test (Park
et al. 2011; Xue et al. 2014). In contrast, the HON2 viruses
isolated from chickens in Bangladesh in 2008-2011 were an-
tigenically homogeneous. A phylogenetic analysis of the HA
and NA genes of these isolates displayed monophyletic clus-
ters with >95 % mutual homology (Shanmuganatham et al.
2013). Antigenic drift has been studied almost extensively in
HA, although NA has also been shown to undergo antigenic
drift (Sandbulte et al. 2011). NA-specific antibodies can re-
duce viral replication and disease severity in chickens (Web-
ster et al. 1988). Despite this correlation with immunity, the
antigenic drift of NA is not routinely examined. Sandbulte
(2011) demonstrated that a single-point mutation in the NA
protein was primarily responsible for the lack of inhibition
exerted by a polyclonal antibody specific for earlier strains.
These data emphasize the importance of antigenic drift when
sequence changes occur in NA. The high variation in the
amino acid sequences of NA (with a 9.8-8.3 % diversity)
demonstrated in the present study may predispose the protein
to antigenic change. It is recommended that an NI assay is
used to antigenically characterize the NA protein (Sandbulte
etal. 2011).

Analysis of the HA cleavage site showed that the strains
isolated in 2011 contained a motif (KSSR/GLF) that differed
from those previously reported in Iran in 1998-2008, when all
the HIN2 viruses and the vaccine strain retained the con-
served amino acid motif (RSSR/GLF) at the cleavage site
(Homayounimehr et al. 2010; Moosakhani et al. 2010). The
significance of this mutation for viral stability and pathoge-
nicity warrants further study.

Glycosylation plays an important role in the viral life
cycle. Glycans on the globular head of the HA can
mask or modify antigenic sites recognized by neutraliz-
ing antibodies, thereby promoting virus survival in the
face of vaccination or infection (Tate et al. 2014). In the
present study, new glycosylation sites including NGS in
HA and NSS in NA were detected in the currently cir-
culating HON2 strains. However, a more comprehensive
analysis is required to determine whether they affect the
antigenic sites on the virus.

Hemadsorption (HB) sites enhance the catalytic efficiency
of NA. Changes in NA, as well as changes in the receptor-
binding specificity of HA, are required for the emergence of
pandemic influenza viruses (Uhlendorff et al. 2009). In this
study, the amino acid arginine (R) was observed at residue 403
in the vaccine strain instead of leucine (L). The biological
significance of this substitution in the HB site is unknown.

In summary, we have reported that the HON2 influenza
viruses currently circulating in Iran are closely related to

@ Springer

strains isolated in Pakistan and might have originated from a
common source. Our analyses reveal that the currently circu-
lating strains and the vaccine strain are phylogenetically and
antigenically distinguishable. These differences may reduce
the efficacy of the commercially available vaccine in
protecting the immunized hosts from infection with these
new HIN2 viruses. We recommend surveillance of these
new influenza strains and suggest that antigenic drift must
be considered during the selection of influenza vaccine
strains.
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