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Abstract Cases of human infection with a novel H7N9
avian influenza virus (AIV) were first reported in March
2013, which caused 115 deaths within a single year. Beyond
that, other subtypes of H7 AIV were isolated from poultry in
eastern China during the same period, including H7N7 and
H7N2 AIV. In the present study, a subtype H3N2 AIV was
isolated from ducks from Anhui Province, China. Sequence
and phylogenetic analyses revealed that seven gene seg-
ments of this virus showed the highest sequence homology
with that of the H7 subtype influenza virus, which is pre-
sumed to be the reassortants of the H3 and H7 subtypes AIV.
The present study also reconfirmed that the reassortment
between the H7 subtype and waterfowl-originating AIVs
universally occurred in waterfowl. Animal inoculation tests
showed that the virus has low pathogenicity in chickens;
however, it could be replicated in the lungs of mice. The
emergence of this H3N2 isolate emphasizes the importance
of enhancing the surveillance of waterfowl-originating
AlVs, the identification of novel reassortant strains, and
characterization of their biological properties.
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Introduction

Waterfowl are well known as a nature reservoir pool for
avian influenza viruses (AIV), these birds usually do not
show any symptoms while carrying the viruses [1, 2].
Reassortment between influenza viruses is an important
route for increasing gene diversity and acquiring antigenic
shift, which in turn enables the influenza virus to acquire
the capacity to establish infection across various species,
thereby subsequently causing a pandemic [3].

H3 is one of the most epidemic subtypes of influenza
viruses that triggered the 1968 Hong Kong pandemic
through gene reassortment with the human H2N2 virus [4].
A triple-reassortant H3N2 influenza virus occurred in
swine populations in the mid-1990s, which eventually
became the prevalent strain in North America [5, 6]. In
2004, an equine-originating H3N8 influenza A virus was
transmitted to the canine population [7]. Subsequently, a
canine influenza epidemic caused by an avian-originating
H3 influenza virus was reported [8]. Domestic ducks serve
as an ideal environment for the reassortment of the H3
subtype influenza with other subtypes, which plays an
important role in the ecology of AIV and may potentially
be a threat to human health [9].

In the present study, we isolated a strain of H3N2 AIV
from a domestic duck during a routine surveillance in
Anhui Province, China. The molecular and biological
properties of the virus were systemically analyzed. The
results of the present study extends our understanding of
the genetic diversity of the H3 subtype AIV; it also raises
concern about the generation of novel viruses that may


http://dx.doi.org/10.1007/s11262-016-1323-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s11262-016-1323-0&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11262-016-1323-0&amp;domain=pdf

Virus Genes (2016) 52:568-572

569

cause interspecies transmission, as well as improve mea-
sures in responding to future pandemics.

Materials and methods
Virus isolation

In February 2014, a total of 111 oropharyngeal swabs were
collected from domestic chickens and ducks of a live
poultry market in Anhui Province, which were then kept in
phosphate buffered saline (PBS) supplemented with
2 x 10° U/L penicillin and 2 x 10° U/L streptomycin. The
samples were transported to the laboratory within 24 h (h).
The samples were centrifuged at 4000x g for 5 min, and
the supernatants were used to inoculate 10-day-old
embryonated specific pathogen-free (SPF) chicken eggs.
The presence of AIV was detected using hemagglutination
(HA) and hemagglutination inhibition (HI) assays, and then
confirmed by reverse transcription-polymerase chain reac-
tion (RT-PCR), RT-PCR was performed using specific
primers, F: 5-GTTAAAGCGATCATATTT-3, R: 5'-
CTTTGTCTGCAGCGTACCCACT-3'. Only a H3N2 virus
was isolated from oropharyngeal swabs of ostensibly
healthy ducks. The virus isolate was named A/duck/Anhui/
D293/2014. The 50 % egg infection dose (EIDsq) of the
virus was determined in 10-day-old embryonated eggs
using the method of Reed and Muench.

Genome sequence and phylogenetic analysis

Viral RNA was extracted from the allantoic fluid by using
the TRIzol LS reagent (Life Technologies, Rockville, MD,
USA) and then reverse transcribed with a 12-nucleotide
primer, 5'-AGCAAAAGCAGG-3'. PCR was conducted
using gene-specific primers for each viral gene [10], and
subsequently, the PCR products for all eight segments of
the virus were gel purified using a QIAquick PCR purifi-
cation kit (Qiagen, Valencia, CA, USA). Direct Sanger
sequencing was performed by the Beijing Genomics
Institute, China. Sequence data were compiled using the
SEQMAN program (DNASTAR, Madison, WI, USA).
Multiple sequence alignment and the phylogenetic and
molecular evolutionary analyses were conducted using the
neighbor-joining method, with 1000 bootstrap replicates
using the software, MEGA, version 6.0.

Pathogenicity in chickens

One group of 6 six-week-old chickens were intranasally
inoculated with 0.1 mL of 10° EIDs of the virus. Three of the
chickens were euthanized at day 4 post-inoculation (p.i.), and
their lung, trachea, spleen, kidney, brain, and intestine were

collected for viral titration. The lung tissues were also used in
histological examination. To monitor virus shedding, tracheal
and cloacal swabs were collected from the other three
chickens on days 2, 4, and 6 p.i., for virus titration in eggs.
Another group of 10 six-week-old SPF chickens were intra-
venously injected with 0.1 mL of a 1:10 dilution of bacteria-
free allantoic fluid containing the virus. Clinical signs of
disease or death of the chickens were monitored and used in
the calculation of intravenous pathogenicity index (IVPI).

Pathogenicity in mice

To determine the virulence of this isolate in mice, 6 six-
week-old female BALB/c mice were lightly anesthetized
and intranasally inoculated with 50 pL of the virus at an
EIDs, of 10°. Three of the mice were euthanized on day 3
p.i., and tissues samples including the lung, brain, spleen,
and kidney were collected for virus titration and
histopathological evaluation. The other three mice were
monitored daily for 14 days for weight loss and mortality.
Three mice inoculated with PBS were used as control.

Results

Phylogenetic analysis and molecular
characterization of the H3N2 virus

All eight gene segments of this domestic duck-origin H3N2
virus was sequenced and compared with the sequences of
representative influenza virus sequences retrieved from
GenBank for phylogenetic reconstruction. The phylogenetic
tree of the HA gene showed that the H3N2 strain clustered in
the Eurasian lineage of the H3 subtype AIV, with a highest
similarity to the A/duck/Zhejiang/D1-2/2013(H3N6) strain.
The N2 gene of this isolate shared the highest nucleotide
homology (97.5 %) with the HTN2 AIV A/duck/Wenzhou/
775/2013 strain (Fig. 1). The phylogenetic trees of internal
genes also belonged to the Eurasian lineage and were mainly
derived from the H7N7 and H7N3 AIVs. Polymerase basic
proteins 1 and 2 (PB1 and PB2) had the highest genetic
identities with the A/duck/Huzhou/4227/2013(H7N7) strain,
and polymerase acidic protein (PA) was highly similar to that
of the A/duck/Huzhou/4268/2013(H7N7) strain. The
nucleoprotein (NP) and matrix protein (M) showed the
highest identities with those of the A/duck/Zhejiang/2/
2011(H7N3) and  A/duck/Huzhou/3916/2013(H7N3)
strains, respectively. The nonstructural (NS) protein pos-
sessed the highest nucleotide homologies with that of the
A/mallard/Korea/NHG187/2008(H7N7) strain (Table 1,
Figure S1). The eight segments of this isolate showed the
highest sequence homology with different AIV subtypes
from domestic ducks and mallards in eastern China and
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Fig. 1 Phylogenetic relationships of HA and NA genes of isolate
A/duck/Anhui/D293/2014(H3N2). The phylogenetic tree was pre-
pared by the distance-based neighbor-joining method in software
MEGA 4.1. The reliability of the tree was assessed by bootstrap

Korea, indicating these areas were undergoing a high fre-
quency of reassortment involving the H7 subtype and
waterfowl-originating AIVs.

The HA gene of this H3N2 isolate harbored a sequence
motif, PEKQTR/GLF, at its cleavage site, which was
characteristic of low-pathogenic AIVs [11]. Amino acids
at the receptor binding site were well conserved, and the
mutations, Q226S and G228S, were not detected in the
HA protein, which suggested that this strain preferentially
recognizes an o-2,3-linked sialic acid [12, 13]. The H3N2
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virus has six potential N-glycosylation sites at positions
24, 38, 54, 181, 301, and 499 in the HA protein. No
mutations were observed in the NA and M2 proteins,
which are responsible for resistance to NA inhibitors
(oseltamivir and zanamivir) or amantadines [14]. The
mutations, E627K and D70IN, in the PB2, which is
responsible for the cross-species transmission of AIVs,
were not observed [15]. A previous study revealed that
the S42P and D92E substitutions in the NSI protein
enhance the resistance of AIVs to interferons (IFNs) [16].

Table 1 List of viruses with the highest sequence identity to each gene from A/Duck/Anhui/D293/2014(H3N2) using reference virus sequences

available in GenBank

Genes Positions

Virus with the highest percentage of nucleotide identity (subtype)

Accession numbers Homology(%)

PB2 1-2280 A/duck/Huzhou/4227/2013(H7N7)

PB1 12277 A/duck/Huzhou/4227/2013(H7N7)
PA 1-2151 A/duck/Huzhou/4268/2013(H7N7)
HA 1-1701 Alduck/Zhejiang/D1-2/2013(H3N6)

NP 1-1497
NA 1-1410
M 1-982
NS 1-838

A/duck/Zhejiang/2/2011(H7N3)
A/duck/Wenzhou/775/2013(H7N2)
A/duck/Huzhou/3916/2013(H7N3)
A/mallard/Korea/NHG187/2008(H7N7)

KP413912 99.7
KP413913 99.4
KP413931 99.8
KJ439855 99.6
JQ906577 98.9

KF259567 97.5
KP413761 99.6
KC609961 99.0
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However, this H3N2 virus harbored no mutation at resi-
dues 42 and 92 of the NS1 protein.

Pathogenicity in chickens

All the six chickens intravenously inoculated with H3N2
virus did not show any clinical signs or death during the
14-day observation period. The IVPI value for this H3N2
isolate was 0. The virus was detected in the intestines and
kidneys of the intranasally inoculated chickens on day 4
p.i. at low virus titer levels. The challenged chickens
showed no obvious histopathological lesions. Viral shed-
ding in tracheal swabs in all three chickens at days 4 and 6
p-i. showed low virus titer levels (Fig. 2). Cloacal swabs
indicated viral shedding in one chicken on day 6 p.i. All
three chickens demonstrated seroconversion in HI assays
performed at 14 days p.i.

Pathogenicity in mice

The H3N2 influenza virus commonly occurs in swine and
humans [17]. In the present study, we evaluated the
potential of the A/duck/Anhui/D293/2014(H3N2) strain in
infecting a mammalian host. All experimental mice
showed slightly ruffled fur from days 2 to 6 p.i. and
maintained the weight after a slight drop at day 6 p.i. Mice
in the mock group showed no weight loss or clinical signs
during the 14-day observation period. Low level of virus
replication was detected in all the three mice’s lungs
(<1.75 EIDsg/mL). The virus was not detected in the other
organs, including the brain, spleen, and kidney. The chal-
lenged mice showed no obvious lung histopathological
lesions on day 3 p.i.

@ Trachea
@l Cloaca
31 113

0/3 0/3

virus titer(logoEID50/ml)
[ V]

Fig. 2 Viral replication of A/duck/Anhui/D293/2014(H3N2) in
chickens. The viral titers found in tracheal and cloaca swabs were
determined on days 2, 4, and 6 p.i. The values shown are
means =+ standard deviations. Virus shedding were shown as virus
positive birds/test birds above each bar. The dashed line indicates the
lower limit of detection (Color figure online)

Discussion

H3 subtype influenza viruses extensively circulate among
various bird and mammalian species and thus pose a threat
to public health [4]. The antigenicity and biological char-
acteristics extensively vary between H3 subtype influenza
viruses from different host species. However, this contin-
ues to cause interspecies transmission over time [7, 8]. The
inherent high mutation rate of the influenza virus has
resulted in extensive changes in the biological character-
istics of the H3 AIV, thus prompting proactive research
investigations on this matter.

The H7 subtype can cause fowl plague in poultry and result
in a pandemic [18, 19]. In 2013, the novel avian-originating
H7N9 influenza A virus, which was first reported in eastern
China, has caused two outbreaks in the human population and
caused over a hundred deaths from 2013 to 2014 [20].
Simultaneously, several influenza virus subtypes, H7N7,
H7N3, and H7N2, were isolated from domestic chickens and
ducks across five provinces in eastern China [21, 22]. In the
present study, anovel H3N2 AIV, A/duck/Anhui/D293/2014,
was isolated from apparently healthy ducks from a live
poultry market in eastern China, which is a high-prevalence
area for influenza [23]. The NA gene of the virus showed the
highest homology with A/duck/Wenzhou/775/2013(H7N2),
which was isolated in 2013 in Wenzhou, Zhejiang Province
[21]. Allits polymerase genes were derived from H7N7 AIVs
that were isolated in 2013 from Zhejiang Province [22]. These
findings suggest that this H3N2 isolate was a natural recom-
binant virus of H7 and waterfowl-derived H3 subtype AIVs.
Although it has been proven to be a low-pathogenic AIV in
chickens and mice, the virus could replicate in these species at
low levels. It could therefore act as a donor for the exchange
of gene segments with that of the H7 subtype influenza virus,
which poses a huge potential risk based on its capacity to cross
the species barrier and subsequently infect humans. The high
frequency of reassortment events between H7 subtype and
waterfowl-originating AIV that have occurred in eastern
Chinaraises concern regarding the generation of a novel virus
that may cause a pandemic similar to the novel avian H7N9
influenza virus [20].

In summary, we have described an H3N2 AIV isolated
from a domestic duck from a live poultry market situated in
Anhui Province, eastern China. Its phylogenetic and
molecular characteristics, as well as virulence in chickens
and mice were examined. Our study emphasizes the need
to enhance surveillance efforts in monitoring the evolution
of AIVs in eastern China to effectively control further
spread of new viruses.

All the sequences obtained in this study have been
deposited in GenBank with the accession numbers
KT022352 to KT022359.
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