Acta virologica 65: 104 - 110, 2020

doi: 10.4149/av_2020_113

Genomic characteristics and phylogenetic analysis of the first H1I2N2
influenza A virus identified from wild birds, China

J.LIUY, L.ZHOU? Z. LUQ? Y. ZOU*, J. LV}, T. WAN G

!School of Life Sciences, East China Normal University, Shanghai 200062, P. R. China; 2Shanghai Zoo, Shanghai 200335,
P.R. China;*School of Environment and Life Sciences, Kaili University, Kaili 556011, Guizhou, P. R. China; “Key Laboratory of
Agro-ecological Processes in Subtropical Regions, Chinese Academy of Sciences, Changsha 410125, Hunan, P. R. China;
*Institute of Eco-Chongming, East China Normal University, Shanghai 200062, P. R. China

Received May 28, 2019, revised July 7, 2019; accepted February 6, 2020

Summary.-Inthisreport,an HI2N2 influenza A virus was identified from a fecal sample in the falcated
teal, Anas falcata,located in the Dongting Lake wetland. Thisis the first report of HI2ZN2 IAV detected from
wild birds in China. Phylogenetic analysis showed that all eight segments of this H12N2 virus clustered
inthe Eurasian lineage. This strain was also shown to be closely related to those from duck-origin, goose
origin and wild bird origin. This suggested a transmission of influenza A virus along the East Asian-
Australian flyway. In addition, these results implied an interaction between wild birds and domestic
poultry and established the need of a long-term and systematic surveillance of wild bird populations.
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Introduction

Influenza A viruses (IAVs) are divided into various
subtypes on the basis of two surface glycoproteins: he-
magglutinin (HA) and neuraminidase (NA). These strains
cause influenza in birds and other mammals worldwide
(Webster et al., 1992). With the exception of H17N10 and
H18N11 discovered in bats, all 16 HA subtypes (H1-H16)
and nine NA subtypes (N1-N9) have been identified in
wild aquatic birds (Fouchier et al., 2005; Tong et al., 2013;
Zhu et al., 2013). Aquatic birds act as a natural reservoir
by carrying the gene pool for IAVs, especially low patho-
genic avian influenza virus (LPAIV) (Olsen et al., 2006).
Because many aquatic birds can harbor the IAVs without
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Abbreviations: HA = hemagglutinin; IAV(s) = influenza A
virus(es); NA = neuraminidase

any clinical signs, they are capable of disseminating the
viruses along their migratory routes (Alexander, 2007).

The Dongting Lake wetland in the Hunan Province,
China, is one of the most important overwintering
spots for migratory birds in China. Large populations of
aquatic birds, especially from the taxonomic the order
Anseriformes, stop in thislocation each winter (Zhang et
al., 2011). Moreover, numerous poultry farms are found
in the same area, which offer more chances for virus
reassortment between poultry and wild birds (Deng et
al.,2013).

In 1976, H12 viruses were first detected in Canada (Hin-
shaw and Webster, 1979). H12 subtype viruses are relatively
rare (Wille et al.,2018). The first HI2N2 subtype was isolat-
ed from mallards found in Wisconsin in 1977 according to
the GenBank database. Recently, only 11 viruses of HI2N2
subtypes have been deposited in GenBank and the GISAID
EpiFlu database. In 2015, the first HI2N2 subtype virus in
China was isolated from a duck farm (Zhang et al., 2017),
however this study provides the first report of an H1I2N2
virus detected from wild birds in China.
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Materials and Methods

A total of 921 fresh fecal samples were collected during an
active surveillance in Dongting Lake wetland in February 2015.
The samples were placed into 2 ml tubes containing 1 ml viral
transport medium. Samples were maintained at 4°C during
transport then stored at -80°C until further use.

The viral RNA was extracted using the MagMAX™ Pathogen
RNA/DNA kit (Applied Biosystems, Foster City, CA, USA) on
the Magmax-96 Express (Applied Biosystems) according to the
manufacturer's instructions. The viruses were confirmed by
real-time reverse transcription-PCR on an ABI 7500 (Applied
Biosystems) targeting the matrix gene (Hindiyeh et al., 2005).
Eight gene segments of each virus were amplified with Prime-
Script™ One-step RT-PCR kit Ver.2 kit (TaKaRa, Biotechnology
[Dalian] Co., Ltd, Dalian, China). The genome amplification
was performed with MightyAmp® DNA Polymerase Ver.3 kit
(TaKaRa, Biotechnology [Dalian] Co., Ltd, Dalian, China). PCR
products were purified with MinElute’ Gel Extraction Kit (Qia-
gen, Valencia, CA, USA) and sent to the sequencing company
for next-generation sequencing. Host species were identified
by using primers for the mitochondrial cytochrome-oxidase I
gene (Cheung et al.,2009).

The MEGA 7.0.26. was used to conduct sequence alignment
and phylogenetic analysis. The neighbor joining method with
the Kimura 2 parameter distance model was used with 1000
bootstrap replicates. Homology analyses of nucleic acids were
performed by BLAST. All of the reference sequences used in the
phylogenetic analysis were obtained from GenBank and the GI-
SAID EpiFlu database. Glycosylation sites and transmembrane
segments of the HA protein were identified using the NetNGlyc
1.0 Server (http://www.cbs.dtu.dk/services/NetNGlyc/).

Results

Thirty-eight IAVs from 921fecal samples were detected
inthis study. The H6N2, HON2, H1IN8 and H12N2 subtypes
were identified and an H12N2 IAV identified from the
falcated teal, Anas falcata, was named A/Anas falcata/

Dongting/D29/2015(H12N2) (Dongting-D29). The nucleo-
tide sequences obtained in this study have been deposited
in GenBank Acc. Nos. MK301256-MK301263.

The complete viral genome consists of eight gene
segments including PB2 (2280 bp), PB1 (2277 bp), PA
(2151 bp), HA (1705 bp), NP (1497 bp), NA (1467 bp), M
(1027 bp) and NS (838 bp). The genetic analysis showed
that multiple gene segments of Dongting-D29 shared
high homology with viruses isolated from wild bird
and poultry in the Eurasian region. The nucleic acid
sequence of the PB2 gene showed 99.6% identity with
A/Anseriformes/Anhui/L259/2014(HIN1). The nucleic
acid sequence of the PBI gene shared 99.3% identity
with A/goose/Hunan/S2466/2011(H4N8). The PA gene
showed 99.2% nucleotide similarity with A/duck/
Jiangxi/5461/2014(H7N3). The closest relative of the HA
gene was A/duck/Hokkaido/W26/2012(H12N1) (99.1%
nucleotide similarity). The nucleic acid sequences of the
NP and NA genes of the HI2N2 virus showed identity
of 99.9 and 99.6%, respectively, with the virus A/goose/
Zhejiang/1120085/2014(H1N2). The M segment was closely
related to A/duck/Mongolia/258/2011(H8N4), with 99.2%
nucleotide identity. The nucleic acid sequence of the
NS gene showed 98.8% identity with the virus A/duck/
Jiangxi/15846/2013(H10N3) (Table 1).

Phylogenetic analysis showed that all eight segments
of Dongting-D29 clustered in the Eurasian lineage (Fig. 1
and Fig. S1). As seen from the phylogenetic tree, the HA
genes of H12 subtype viruses were divided into Eurasian
and North American lineages and the HA of Dongting-D29
belonged to Eurasian lineage. The HA gene was very close-
ly related to A/Environment/Jiangxi/08488/2015(H12N2)
(JX-H12N2) which was reported the first H12N2 subtype
virusisolated from the Jiangxi province, China and to H12
viruses that were circulating in eastern Asia from 2009
to 2015. When compared with HI2N2 subtype viruses
isolated from Norway and Switzerland, the HA gene of
Dongting-D29 was more closely related to H12N7 and
H12N8in the Dongting Lake region, Hunan province. Ho-
wever, the phylogenetic tree of the NA gene was clustered

Table 1. Homology analyses of Dongting-D29 with isolates in GenBank

Gene GenBank ID Virus Homology (%)
PB2 KU881717.1 A/Anseriformes/Anhui/L259/2014(HIN1) 99.6

PBI KU161073.1 A/goose/Hunan/S2466/2011(H4N8) 99.3

PA KP417016.1 A/duck/Jiangxi/5461/2014(H7N3) 99.2

HA LC339667.1 A/duck/Hokkaido/W26/2012(H12N1) 99.1

NP KY971153.1 A/goose/Zhejiang/1120085/2014(HIN2) 99.9

NA KY971182.1 A/goose/Zhejiang/1120085/2014(HIN2) 99.6

M LC349338.1 A/duck/Mongolia/258/2011(H8N4) 99.2

NS KP285481.1 A/duck/Jiangxi/15846/2013(H10N3) 98.8
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Fig.1Continued

Eurasian lineage

North American lineage

into five lineages, including Eurasian, North American I,
North American II, human and swine lineages. The NA
gene of Dongting-D29 fell into the Eurasian lineage. The
NA gene phylogeny indicated that Dongting-D29 was more
closely related to H6N2, HON2 subtype viruses circulating
in the Anhui province than to JX-H12N2. In addition, the
NA gene of Dongting-D29 was in a separate subgroup from
the H5N?2 virus, which caused the epidemic outbreak of
1997-1998 in Italy (Fig. 1) (Capua et al., 1999). This result
indicated that Dongting-D29 had a different ancestor from
the H5N2 virus.

Based on the deduced amino acid sequence of the HA
gene, the HA cleavage sites of Dongting-D29 with a single
basic amino acid (R) was PQAQDR{GLE. This observation
suggested that this was alow-pathogenic avian influenza
virus (Alexander, 2000). The Q226 and G228 (H3 number-
ing)residue of the HA gene indicated that this strain would
preferentially bind to a-2,3-linked sialic acid receptors,
which are dominant in avian species (Matrosovich et al.,
2000). Six potential N-glycosylation sites in the HA gene
(28,140, 151,152, 302 and 309) were detected in this study
according to the Asn-X-Ser/Thr glycosylation site motifs.
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Fig.1

Phylogenetic tree of the HA and NA genes of the HI2N2 IAV
The phylogenetic trees were generated using MEGA 7.0.26 software, and the bootstrap value was tested by 1000 replications. The H12N2
virus characterized is highlighted by a dot. The H12N2 virus isolated in the Jiangxi province is highlighted by a triangle. The H12 virus
originating in the Dongting Lake wetland isolated in 2011 is highlighted by a diamond. The HPAI H5N2 virus, which caused the epidemic
outbreak of 1997-1998 in Italy, is highligted by a square. The Scale bar shows nucleotide substitutions per site.

Five potential N-glycosylation sites in the NA gene (61,
69,70,146 and 234) were detected in this study. There were
nodeletionsinthe NA gene stalk region,and no mutations
(E119A, H274Y, N294S, N2 numbering) were found in the
NA protein which suggested the susceptibility to the NA
inhibitors oseltamivir and zanamivir (Aoki et al., 2007).

Theaminoacids Eand D at positions 627 and 701 of the PB2
protein indicated an avian origin (Ping et al., 2010). The
mutation P13 and V473 in the PBI protein suggested the
increased polymerase activity, replication efficiency and
virulence in mammals (Gabriel et al.,2005; Xu et al.,2012).
In the PA protein, L672 was found to increase airborne
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Table 2. Specific amino acid residues analysis of Dongting-D29 with JX-H12N2

Protein Mutation site Dongting-D29 JX-HI12N2 Possible function
PQAQDRIGLF PQAQDRIGLF  Low pathogenic influenza virus.
HA® Q226L Q Q Binding a-2,3-linked sialic acid receptor.
G228S G G
E119A E E
NA# H274Y H H Resistance to oseltamivir and zanamivir.
N294S N -
PB2 E627K E E Molecular marker of IAVs replicated in avian cell.
D701N D D
PB1 L13P P P Increased polymerase activity and virulence in mammals.
L473V \Y% A% Increased polymerase activity and replication efficiency.
PA F672L L L Increased airborne transmissibility between chickens.
N30D D D C e
M1 Increased pathogenesis in mice.
T215A A A
M2 S3IN S Resistance to amantadine and rimantadine.
NS1 P42S S - Increased pathogenesis in mammal.

“H3 numbering; *N2 numbering; (-) Not mentioned in the article (Zhang et al., 2017).

transmissibility between chickens (Zhong et al., 2014).
The M1 mutations D30 and A215 were detected which
can increase pathogenesis in mice but no substitutions
associated with resistance to adamantine were found in
the M2 protein (Fan et al.,2009; Hay et al.,1985). NS1 had a
mutation S42 related to increased pathogenesis in mam-
mals (Jiaoet al.,2008). The primary amino acid mutations
of Dongting-D29 with JX-H12N2 are shown in Table 2.

Discussion

The Dongting Lake wetland is located along the East
Asian-Australasian Flyway which harbors a great abun-
dance of migratory birds. Many of these birds carry the
IAVs as they travel between overwintering and breeding
sites along the migration flyway (Zhanget al.,2011). In the
same area,alarge population of domestic ducks normally
breeds around the lake (Zhang et al.,2012). This combina-
tion of features makes the Dongting Lake wetland anideal
location for cocirculation of IAVs of different subtypes
and origins. Not surprisingly, the genomic analysis of
Dongting-D29 showed that the PA, HA, M and NS genes
were similar to those from duck-origin. The PB1, NP and
NA genes were closely related to goose-origin. The PB2
gene was similar to wild bird IAV.

Previous studies have shown that H3, H4, H5, H6, H9,
H10, H11 and H12 subtype viruses have been isolated
from domestic duck (Deng et al., 2013), while H1, H5, H6,
H7, H9, H12 subtype viruses originate from wild birds in
thisregion (Shietal.,2014; Wang et al.,2014). The phyloge-
netic tree data shown that the HA gene of Dongting-D29

was very closely related to H1I2N7 and H12N8 isolated in
the Dongting Lake region. However, the first HI2ZN2 [IAV
was detected from wild birds in this study, indicating
increased diversity of LPAIV circulating locally. Addition-
ally, the similarity between Dongting-D29 and JX-HI12N2
in gene sequences and amino acid mutations maybe be-
cause the sampling sites along the same flyway were not
far from each other which increased the chances for virus
transmission between poultry and wild birds.

Long-term surveillance of IAVs in wild birds in Europe
and North America has occurred since 1998 and 1976,
respectively (Munster et al.,2006; Olsen et al.,2006). How-
ever, little systematic surveillance has been conducted
in wild birds in China. Based on the sequence record in
GenBank and in the GISAID EpiFlu database, all 10 of
the eleven subtype HI12N2 viruses have been reported in
the past 15 years. These data may suggest the result of
increased surveillance globally. Therefore, increased and
continual surveillance should be implemented in order
to understand the ecology and evolution of IAV in this
region, and to promote the study of correlation between
wild bird migration and virus transmission.
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Fig. S1

Phylogenetic tree of the NS gene of the H12N2 AIV
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The phylogenetic trees were generated using MEGA 7.0.26 software, and the bootstrap value was tested by 1000 replications. The H12N2

virus characterized is highlighted by a dot. The Scale bar shows nucleotide substitutions per site.



