Article

Chinese Science Bulletin

Molecular Virology

September 2012 Vol.57 No.27: 3586—3594
doi: 10.1007/s11434-012-5312-y

Molecular characterization of H3N2 and H4N6 subtypes avian
influenza viruses isolated from mallards in Poyang Lake, China

in 2010

ZHU Na', ZHAO JiuRu', LI YongDong®, DING ChangQing’, XIA Han', TANG Shuang',
ZHANG Zhong', YU JingFeng', CHEN Jing', FAN ZhaoJun', KOU Zheng'" & LI TianXian"*

! State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Acadenty of Sciences, Wuhan 430071, China;
2 Ningbo Municipal Center for Disease Control and Prevention, Ningbo 315010, China;

* College of Biology, Beijing Forestry University, Beijing 100083, China

Received February 10, 2012; accepted May 14, 2012; published online July 10, 2012

Poyang Lake is the largest inland freshwater lake in China and contains many species of wild birds and waterfowls. We conducted
a survey of avian influenza viruses in nine semi-artificial waterfowl farms in Poyang Lake during January to March of 2010. Out
of 1036 cloacal swabs collected, three H3N2 and one H4N6 influenza viruses were isolated from healthy mallards. All the
isolates were genetically and phylogenetically characterized. The analysis of putative HA cleavage sites showed that all the four
isolates possessed the molecular characteristics (QTRGL for H3N2 viruses, PEKASR for H4N6 virus) of lowly pathogenic avian
influenza (LPAI) virus. The phylogenetic analysis of the viral genomes showed that all four virus isolates clustered in the Eura-
sian clade of influenza viruses. The M gene of the viruses possessed the highest homology with highly pathogenic H5SN1 influenza
viruses. In addition, co-infection of H3N2 and H4NG6 in the same farm was observed. And interestingly, we isolated two subtypes
viruses (H3N2 and H4N6) and their progeny virus (H3N2) with evidence of genome reassortment from the same farm, in which
the PBI and PB2 gene segments of H4N6 replaced those of the H3N2 strain. The results of animal infection experiments showed
that all the four isolated viruses were lowly pathogenic to chickens and not pathogenic to mice, which was consistent with the

results of genetic analysis.
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Influenza A virus (IAV), a member of the Orthomyxoviri-
dae family of viruses, can be further categorized into dif-
ferent subtypes based on the antigenicity of the surface
glycoproteins, the hemagglutinin (HA) and neuraminidase
(NA). Until now 16 HA subtypes and nine NA subtypes have
been identified [1]. IAVs have a wide range of host species,
including humans, pigs, horses, marine mammals, and a
variety of birds [2,3]. All IAV subtypes have been isolated
from waterfowls [1,4,5], with waterfowls as their main nat-
ural hosts.
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Different subtypes of avian influenza virus have spread
worldwide, especially the rapid spread of the highly patho-
genic H5N1 avian influenza that poses a high risk to the
health of humans and birds. In 2005, the outbreak of highly
pathogenic H5N1 avian influenza at Qinghai Lake caused
the death of more than 6000 wild migratory birds [2,6], fol-
lowed by outbreaks of avian flu in Europe, other Asian
countries, and some African countries. In recent years, avi-
an flu outbreaks in wild birds and domestic fowls have oc-
curred frequently in mainland China [7-11].

Poyang Lake is the largest inland freshwater lake in
China. Located in Central China, it is an important migra-
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tory bird stopover point and wintering ground, during
which times, a large number of wild birds (including 108
species of waterfowl) can be found at the lake. The poultry
industry for both domestic fowl and waterfowl are high-
ly developed around Poyang Lake. The semi-artificial
mode of poultry production is widely adopted by the
local farmers, and a large number of wild bird species
are farmed. The frequent contact between the wild birds
and the domestic fowl has facilitated the spread of avian
influenza viruses [12—-15]. Therefore, enhanced moni-
toring of the wild birds and domestic fowls has become
extremely important. In this study, we carried out an
epidemiological investigation in nine waterfowl farms
around Poyang Lake, in an attempt to provide the basis for
the implementation of more effective prevention and control
of avian influenza virus.

1 Materials and methods
1.1 Sample collection

During January to March of 2010, 1036 cloacal swab sam-
ples were collected from three species of waterfowls (grey-
lag goose (Anser anser, n=316), mallard (Anas platyrhyn-
chos, n=422), spot-billed duck (Anas poecilorhyncha, n=
298)) in nine semi-artificial waterfowl farms located around
Poyang Lake. All samples were immediately placed 2.0
mL plastic screw-capped tubes containing transfer solu-
tion, and then stored in liquid nitrogen while being
transported to the laboratory. The transport medium
consisted of phosphate-buffered saline (PBS)/Glycerol
(50%), containing antibiotics (2x10° U/L penicillin G,
2x10° U/L polymyxin B, 0.5x10° U/L nystatin, 200 mg/L
streptomycin, 250 mg/L gentamicin, 60 mg/L Ofloxacin
HCI, and 200 mg/L sulfamethoxazole) [16,17].

1.2 Identification of IAV

(i) RNA extraction and cDNA synthesis. For cloacal
swabs, RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA), according to the manufacturer.
Transport medium (250 pL) was used to extract RNA, and
then RNA was eluted using 30 pL diethylpyrocarbonate
(DEPC)-treated H,O. Next, 6 uL of the eluate containing
RNA was reverse transcribed into cDNA using AMV re-
verse transcriptase (Promega, Madison, WI, USA) and 500
ng Unitl2 primer in 40 pL reaction system according to the
protocol, the primer for reverse transcription of viral RNA
genome was 5'-AGCAAAAGCAGC-3' [18]. The reverse
transcription reaction was performed at 37°C for 55 min,
and cDNA was stored at —20°C.

(i1) Real-time quantitative PCR. IAV was detected us-
ing a real-time quantitative polymerase chain reaction (PCR)
assay targeting the matrix (M) gene, as described in a pre-
vious report [19]: 5-CTTCTAACCGAGGTCGAAACG-3'
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for forward primer, 5'-AGGGCATTTTGGACAAAGCG-
TCTA-3" for reverse primer, 5-FAM-TTTGTGTTCA-
CGCTCACCGTGCC-TAMRA-3' for probe. In brief, each
reaction mixture included 2.5 pL. of 10x Ex Taq Buffer, 3
pL 2.5 mmol/L. dNTP, 3.5 pL 25 mmol/L MgCl,, 0.5 pL of
each primer (20 umol/L), 1 uL 10 umol/L TagMan probe,
0.25 uLL Ex Tag, 1 pL BSA (0.05%), 1 pL cDNA and add
DEPC H,0 to 25 pL. Cycling conditions in Lightcycler 2.0
(Roche, Mannheim, Germany) were as follows: 95°C for 10
min, and 45 cycles of 95°C for 20 s and 60°C for 1 min.
When samples gained the threshold cycle (Ct) value, they
were regarded as M gene positive in this study. A positive
control and negative control were also placed in parallel in
the real-time PCR. And the resulting Ct value of the posi-
tive control was approximately 30.

1.3 Virus isolation

Real-time quantitative PCR positive samples were subse-
quently processed for virus isolation. Virus isolation from
the samples was carried out using 10-d-old specific-
pathogen-free (SPF) embryonated chicken eggs (Merial,
Beijing, China). Prior to inoculation into eggs, the samples
in PBS were centrifuged at 3000xg for 5 min at 4°C. Su-
pernatants were supplemented with penicillin G (40000
IU/mL), streptomycin sulfate (8000 IU/mL) and were kept
overnight at 4°C. The sample supernatant was inoculated
into the allantoic cavity of each egg (2-3 eggs per sample).
After incubation at 37°C for 24—72 h, the allantoic fluid was
harvested and TAV was detected using hemagglutination
assays with rooster erythrocytes. All allantoic fluids con-
taining virus stocks were stored at —70°C.

1.4 Nucleotide sequencing and phylogenetic analysis

As previously described, total RNA extracted from allantoic
fluids was transcribed into cDNA using the Unitl2 primer
(5'-AGCRAAAGCAGG-3") and the cDNA samples were
used as template for PCR to amplify the full length of all
genes using the primer sets [18]. The PCR products were
routinely processed with 1% agarose gel electrophoresis and
pieces of gel containing DNA bands of expected sizes were
cut out and purified using a gel extraction kit (Axygen, Un-
ion City, CA, USA). The purified PCR products were se-
quenced using an ABI PRISM 370 DNA sequencer (Ap-
plied Biosystems, Carlsbad, CA, USA). All sequences have
been deposited in GenBank under accession numbers:
CY098243—CY(098274. For phylogenetic analysis, nucleo-
tide sequences of H3N2 and H4N6 representing different
geographic locations, host species and Eurasian/North Amer-
ican lineages were included. All sequence data were edited
using BioEdit (version 5.0) and phylogenetic trees were gen-
erated using the neighbor-joining (NJ) method supported by
1000 bootstrap replicates in MEGA (version 4.0).
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1.5 Animal experiment

To determine the pathogenicity of the four isolates, four
groups of ten SPF White Leghorn chickens (Merial) aged
six weeks were intravenously inoculated with 0.2 mL of a
1:10 dilution of allantoic fluid that contained virus (10°
EIDsy) and observed for clinical signs of disease and mor-
tality for 14 d [20]. On the 3rd day of post infection (p.i.),
three chickens of each group were sacrificed and tissue
samples from lung were collected for detection of virus by
real-time quantitative PCR as previously described. Control
groups of chickens were inoculated with PBS.

In order to evaluate the isolates replication ability in
BALB/c mice (Experiment Animal Center of Hubei Control
Disease Center, Wuhan, China), four groups of ten 6-week-
old female BALB/c mice were infected intranasally with
each virus in a volume 50 pL of 10° EIDsy, under anesthesia
[21]. On day 3, three mice of each group were sacrificed
and the organs were collected for detection of virus by re-
al-time quantitative PCR as previously described. The re-
maining inoculated mice were monitored daily for mortality
and clinical signs of disease. Control groups of mice were
inoculated with PBS.

2 Results

2.1 Virus isolation

Among the 1036 samples, 49 samples were M gene positive
by real-time quantitative PCR. And four avian influenza
viruses were isolated from the 49 positive cloacal swabs
samples based on embryonated chicken eggs (Table 1). The
whole genomes of all the isolated viruses were sequenced to
analysis the genetic character of the viruses.

Among the four isolates, the HA and NA genes of three
isolates showed high similarity with each other (99.0%—
99.5%) and had highest similarity (94%—-95%) with those of
A/white-backed munia/Hong Kong/4519/2009(H3N2), so
these three viruses were shown to belong to subtype H3N2
and were designated as A/Mallard/Jiangxi/1-4/2010(H3N2)
(ML/JX/1-4/10), A/Mallard/Jiangxi/1-19/2010(H3N2) (ML/
JX/1-19/10), A/Mallard/Jiangxi/2-5/2010(H3N2) (ML/JX/
2-5/10). The HA and NA genes of the other one virus had
the highest similarity (98%—99%) with A/avian/Japan/
8KI0185/2008(H4N6), therefore, the isolate was shown to

Table 1 Samples from wild birds in the study
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belong to subtype H4N6 and was designated as A/Mallard/
Jiangxi/1-15/2010(H4N6) (ML/JX/1-15/10).

Besides, among the four isolates, ML/JX/1-4/10(H3N2),
ML/JX/1-15/10(H4N6), and ML/JX/1-19/10(H3N2) isolat-
ed from the same farm, and ML/JX/2-5/10(H3N2) was from
another one farm.

2.2 Genetic analysis

All the H3N2 viruses shared the same amino acid sequence
(QTRGL) at the HA1-HA2 cleavage site, and the H4N6
virus possessed PEKASR at the cleavage site. The cleavage
site sequences of all viruses were characteristic of LPAI
viruses. In all the four viruses, the receptor binding pocket
of the HA1 retain amino acid residues 226-Gln and 228-Gly
that preferentially bind to a-2,3-NeuAcGal linkages of avi-
an cell-surface receptors [22] and other amino acid residues
relevant to receptor binding were identical to those of most
avian influenza viruses of the same subtype. All viruses had
His at position 274 of the neuraminidase protein, which
were predicted to be sensitive to oseltamivir. All viruses did
not have mutations of amino acids (Leu26, Val27, Ala30,
Ser31) in the transmembrane region of the M2 protein,
which had been shown to be associated with amantadine
resistance [23]. In NS1, the four isolates do not contain the
five amino acid deletions and D92 at position 92 has re-
mained unaltered, which are both related to virulence in
mammalian species [24]. All four isolates contained ESEV
residues at the C-terminus of NS1 and none contained the
E627K mutation in PB2 gene.

2.3 Phylogenetic analysis

Phylogenetic analysis indicated that all the eight gene seg-
ments of the four viruses clustered in the Eurasian lineage.
As shown in Figure 1, the HA and NA genes of H3N2
strains from Poyang Lake were grouped into the Eurasian
lineage, and three H3N2 isolates had a relatively close ge-
netic relationship with each other, clustered closely with
those of A/white-backed munia/Hong Kong/4519/2009
(H3N2). As for the H4N6 strain, the results from phyloge-
netic analysis indicated that the HA and NA genes belonged
to the lineage of avian viruses isolated in the Eurasian re-
gion, clustered closely with those of A/avian/Japan/
8KI0185/2008(H4N6) (Figure 2). The phylogenetic analysis

No. PCR positive (n)

No. Al isolates (n) Prevalence (%)

Species No. sampled (n)
Anser anser 316
Anas poecilorhyncha 298
Anas platyrhynchos 422
Total 1036

6
4
39
49

0 0
0 0
4 0.9
4 0.4
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Figure 1 Phylogenetic trees of HA and NA genes of subtype H3N2 strains isolated from Jiangxi Province, China. Trees were generated by using neighbor-
joinning analysis in MEGA (version 4.0). Numbers below branches indicate bootstrap value percent from 1000 replicates. (a) H3 (nucleotide 30 to 1717 bp);
(b) N2 (nucleotide 5 to 1414 bp). The scale bar shows the mutation rate between each two sequences. The genes studied in this paper are represented by the

solid triangles.

results were consistent with those of similarity analysis.
Phylogenetically, all the internal genes were divided into
American and FEurasian lineages, the FEurasian lineage
formed two groups: I and II, and all the six internal genes of
the four viruses belonged to the Eurasian lineage. Phyloge-
netic analysis of the PA, NP and NS genes showed that
ML/JX/1-15/10(H4N6) formed an independent branch in-
group I, whereas ML/JX/1-4/10(H3N2), ML/JX/1-19/10

(H3N2), and ML/JX/2-5/10(H3N2) clustered together in
group II (Figure 3).

Phylogenetic analysis of the M gene showed that all the
four viral isolates were in the Group I clade, among which
ML/JX/1-4/10(H3N2), ML/JX/1-19/10(H3N2), and ML/JX/
2-5/10(H3N2) had a close genetic relationship, whereas
their genetic relationship with ML/JX/1-15/10(H4N6) was
relatively distant. It was noteworthy that the M genes of
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Figure 2 Phylogenetic trees of HA and NA genes of subtype H4NG strains isolated from Jiangxi Province, China. Trees were generated by using neigh-
bor-joinning analysis in MEGA (version 4.0). Numbers below branches indicate bootstrap value percent from 1000 replicates. (a) H4 (nucleotide 20 to 1709
bp); (b) N6 (nucleotide 19 to 1423 bp). The scale bar shows the mutation rate between each two sequences. The genes studied in this paper are represented

by the solid triangles.

four viral isolates shared the highest level of similarity with

the M genes from highly pathogenic H5N1 influenza viruses.

ML/JX/1-4/10(H3N2), ML/JX/1-19/10(H3N2), and ML/JX/
2-5/10(H3N2) shared the highest similarity (99%) with
A/mute  swan/Aktau/1460/2006(H5N1); ML/IJX/1-15/10
(H4ANG6) shared the highest similarity (95%) with A/chicken/
Jilin/hk/2004(H5N1) (Figure 4).

In the phylogenetic trees of PB2 and PBI genes, it
showed that ML/JX/1-4/10(H3N2) and ML/JX/1-15/10
(H4ANG6) formed a group, whereas ML/JX/1-19/10(H3N2)
and ML/JX/2-5/10(H3N2) formed a separate cluster (Figure
5). It was clear that genome reassortment occurred in
ML/JX/1-4/10(H3N2), such as the PB2 and PBI genes of

H4NG6 subtype replaced the corresponding gene segments of
H3N2.

2.4 Animal experiment

To determine the pathogenicity of the isolates, four groups
of chickens were inoculated and observed for clinical signs
of disease and mortality for 14 d. Three inoculated chickens
of each group were sacrificed and tissue samples from lung
were collected on day 3 after inoculation for virus detection.
None of the chickens showed any clinical signs of disease
within 14 d and none died during the observed period. The
virus detection by the real-time quantitative PCR indicated
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Figure 3 Phylogenetic trees of PA, NP and NS genes of strains isolated from Jiangxi Province, China. Trees were generated by using neighbor-joinning
analysis in MEGA (version 4.0). Numbers below branches indicate bootstrap value percent from 1000 replicates. (a) PA (nucleotide 8 to 2194 bp); (b) NP

(nucleotide 31 to 1471 bp); (c) NS (nucleotide 8 to 851 bp). The scale bar shows the mutation rate between each two sequences. The genes studied in this
paper are represented by the solid triangles.
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Figure 4 Phylogenetic trees of M gene of strains isolated from Jiangxi Province, China. Trees were generated by using neighbor-joinning analysis in
MEGA (version 4.0). Numbers below branches indicate bootstrap value percent from 1000 replicates. Analysis was based on nucleotide 31 to 1012 bp. The
scale bar shows the mutation rate between each two sequences. The genes studied in this paper are represented by the solid triangles.

viral shedding in all lung samples on day 3 p.i. (Table 2).
These results suggested that the isolates were lowly patho-
genic to chickens, which was consistent with the results of
genetic analysis.

We use BALB/c mice as a model to evaluate the ability
of replication in the mammalian hosts of the isolated viruses.
Four groups of ten 6-week-old female BALB/c mice were
infected intranasally with the virus in a volume 50 uL of 10°
EIDs, under anesthesia. Three of ten inoculated mice were
sacrificed on days 3 and 5 p.i. and their lungs, brain, spleen,
and kidneys were collected for virus detection. No viral
shedding was detected in any of the organs of the inoculated
mice on days 3 or 5 after inoculation, and all the inoculated
mice stayed healthy and kept gaining weight during the ob-
servation period. These results suggested that all the isolates
were not pathogenic to mice.

3 Discussion

Poyang Lake is the largest inland freshwater lake in China
and is located in the middle and lower reaches of the Yangtze
River. This lake is rich in biodiversity and is the largest
wintering ground for migratory birds in Asia. The special
ecological environment of Poyang Lake has brought favor-
able conditions for the migration of wild birds, but also pro-
vides opportunities for the spread and genetic recombina-

tion of influenza viruses. Given the special nature of local
ecological environment and the genetic diversity of influ-
enza virus, it is particularly important to monitor the possi-
ble spread of influenza viruses among wild birds and do-
mestic fowls.

During January to March of 2010, 1036 cloacal swab
samples were collected from three species of wild water-
fowls in nine semi-artificial waterfowl farms around Poyang
Lake. Forty-nine positive samples were detected by real-
time quantitative PCR, and four influenza virus strains
[ML/JX/1-4/10(H3N2), ML/JX/1-19/10(H3N2), ML/JX/2-
5/10(H3N2), and ML/JX/1-15/10(H4N6)] were isolated.
The four viral isolates identified in the present study were
detected from two different farms around Poyang Lake. In
fact, ML/JX/1-4/10(H3N2), ML/JX/1-15/10(H4N6), and
ML/JX/1-19/10(H3N2) came from the same farm, suggest-
ing the existence of the co-infection of different subtypes
(H4AN6 and H3N2). The genetic analysis showed that all the
four isolated viruses possessed the molecular characteristics
of LPAI viruses. And the results of animal infection exper-
iments showed that all the four isolated viruses were lowly
pathogenic to chickens and not pathogenic to mice, which
was consistent with the results of genetic analysis.

Phylogenetic analysis indicated that all the eight gene
segments of the four viruses clustered in the Eurasian line-
age. Besides the phylogenetic analysis results showed that
the HA, NA, NS, M, NP, and PA gene segments of ML/JX/1-
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Figure 5 Phylogenetic trees of PB2 and PBI genes of strains isolated from Jiangxi Province, China. Trees were generated by using neighbor-joinning
analysis in MEGA (version 4.0). Numbers below branches indicate bootstrap value percent from 1000 replicates. (a) PB2 (nucleotide 35 to 2242 bp); (b)
PBI (nucleotide 30 to 2303 bp). The scale bar shows the mutation rate between each two sequences. The genes studied in this paper are represented by the

solid triangles.

Table2  Replication of the viruses in chickens

Viruses name No. of chickens shedding viruses/ Virus copies in lung No. of death/
No. of chickens sacrificed (mean log;, copies/uL+SD) No. of inoculation
ML/JX/1-4/10 3/3 5.93+0.006 0/10
ML/JX/1-15/10 3/3 5.64+0.06 0/10
ML/JX/1-19/10 3/3 4.98+0.07 0/10
ML/JX/2-5/10 3/3 5.44+0.03 0/10
Control group 0/3 0 0/10
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4/10(H3N2) originated from ML/JX/1-19/10(H3N2) or
ML/JX/2-5/10(H3N2). However, the gene segments of PBI
and PB2 originated from ML/JX/1-15/10(H4N6), suggest-
ing that ML/JX/1-4/10(H3N2) was produced after genomic
reassortment of influenza viruses of two subtypes, in which
the PB1 and PB2 gene segments of H4N6 replaced those of
the H3N2 strain. Furthermore, the phylogenetic analysis of
M gene showed that these four isolates were genetically
close to two highly pathogenic HSN1 strains (A/chicken/
Jilin/hk/2004(HS5N1) and A/mute swan/Aktau/1460/2006
(H5N1)), indicating the M gene segment might be derived
from highly pathogenic H5N1 viruses by reassortment. Ge-
nomic reassortants may be closely related with the local
mode of feeding (scattered-feeding). Since the domestic
fowls and wild birds are living in the same waters, genetic
recombination among influenza viruses is likely.

All the samples in this study were obtained from
semi-artificial wild waterfowl. The high density industrial
poultry areas around Poyang Lake, especially the loose
backyard poultry, increase the contacts among domestic
poultry and wild birds, which may contribute to genome
reassortment. Therefore, enhanced surveillance of the wild
birds and domestic fowls, especially in communities with
close association with humans, will be important to act as
surveillance for public health.
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