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Hs5N6 avian influenza viruses (AlVs) may pose a potential human risk as suggested by the first
documented naturally-acquired human HgNG6 virus infection in 2014. Here, we report the first cases
' of fatal H5N6 avian influenza virus (AlIV) infection in a domestic cat and wild birds. These cases
. followed human H5NG6 infections in China and preceded an H5N6 outbreak in chickens. The extensive
: migration routes of wild birds may contribute to the geographic spread of H5N6 AlVs and pose a risk
© to humans and susceptible domesticated animals, and the H5N6 AIVs may spread from southern
© China to northern China by wild birds. Additional surveillance is required to better understand the
. threat of zoonotic transmission of AlVs.

On May 7, 2014, China formally confirmed the first human infection with an H5N6 avian influenza virus
(AIV)'2 The patient, a 49-year-old male in Sichuan province, was hospitalized with severe pneumonia
and died. Notably, the identification of the first human case of H5N6 virus infection coincided with
: reports of human infections with H7N9 and HION8 AIVs in China®~>. H7N9 and H10N8 AIVs have also
: been shown to infect some animals, including feral dogs® and tree sparrows’, suggesting that mammals
. and wild birds may play a role in the ongoing circulation of novel AIVs that sporadically infect humans
in China. Here, we report the first cases of fatal H5N6 AIV infection in a domestic cat and wild birds.

Results

Phylogenetic Analysis. The lung specimen from the deceased cat and all lung specimens from three
. deceased swan geese were positive for HSN6 AIV. No other influenza virus subtypes were detected. The
- viral genomes of each isolate were sequenced to assess the molecular and epidemiological characteristics
. of these H5NG6 strains. The PB2, PB1, PA, HA, NP, NA, M, and NS segments of A/cat/Sichuan/SC18/2014

(H5N6) show 99.5%, 99.5%, 99.3%, 99.4%, 97.3%, 98.9%, 99.9%, and 99.6% nucleotide sequence iden-

tity to the corresponding segments of A/swan goose/Jilin/JL01/2014 (H5N6). Phylogenetic analysis of
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Qéiﬁ;//zs(i)‘ﬁ“g“{/sm) PB2 AlSichuan/26221/2014(H5N6) EPI533585 99.9
PB1 A/Sichuan/26221/2014(H5N6) EPI533586 100.0
PA A/fSichuan/26221/2014(H5N6) EPI533587 99.9
HA A/Sichuan/26221/2014(H5N6) EPI533583 100.0
NP A/Sichuan/26221/2014(H5N6) EPI533588 99.9
NA A/Sichuan/26221/2014(H5NG6) EPI533584 99.8
M A/fSichuan/26221/2014(H5N6) EPI533589 99.9
NS A/Sichuan/26221/2014(H5N6) EPI533590 100.0

Alswan goose/Jilin/ g, A/Sichuan/26221/2014(H5N6) EPI533585 99.6

JLO1/2014 (H5N6)
PB1 A/Sichuan/26221/2014(H5N6) EPI533586 99.5
PA A/Sichuan/26221/2014(H5N6) EPI533587 99.4
HA A/Sichuan/26221/2014(H5N6) EPI533583 99.4
NP A/Sichuan/26221/2014(H5NG6) EPI533588 97.4
NA A/fSichuan/26221/2014(H5N6) EPI533584 99.1
M A/Sichuan/26221/2014(H5N6) EPI533589 99.8
NS A/Sichuan/26221/2014(H5N6) EPI533590 99.6

Table 1. Levels of nucleotide sequence identity between A/cat/Sichuan/SC18/2014 (H5N6) or A/swan
goose/Jilin/JL01/2014 (H5N6) and A/Sichuan/26221/2014 (H5N6). "PB2, basic polymerase 2; PB1, basic
polymerase 1; PA, acidic polymerase; HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; M, matrix;
NS, nonstructural protein.

the HA gene sequences indicated that the HA segments of each isolate were derived from the Asian
H5N1 clade 2.3.4.6 HA lineage (Fig. 1). Collectively, the gene segments of A/cat/Sichuan/SC18/2014
and A/swan goose/Jilin/JL01/2014 were most closely related to a human H5N6 influenza isolate named
A/Sichuan/26221/2014 (Table 1). Phylogenetic analyses suggest that the newly isolated H5N6 viruses
possess high nucleotide sequence identity to H5N6 AIV subtypes previously isolated in southern China
(Fig. 1 and Figure S1-S7). We speculate that the H5N6 virus may have emerged in Sichuan province in
early 2014, and subsequently spread to Jilin provinces through the migration of wild birds.

Analysis of molecular features associated with AlV virulence, transmissibility, and antiviral
resistance. We next analyzed whether these H5N6 strains possessed key molecular features associated
with increased virulence in mammals, mammalian transmissibility, and antiviral resistance (Table 2). The
H5NG6 viruses displayed some molecular markers associated with increased virulence and transmission
in mammals. A/cat/Sichuan/SC18/2014 (H5N6) and A/swan goose/Jilin/JL01/2014 (H5N6) possessed
an alanine at position 160 which is associated with H5 transmissibility in ferrets, and an aspartic acid
residue at M1 position 30, an alanine residue at M1 position 215, and a serine residue at NS1 position
42 which are associated with increased virulence in mice (Table 2). Several studies have suggested that
NA stalk truncation enhances H5N1 virulence in mice and increases replication and virulence of AIVs in
chicken eggs and poultry®°. A deletion of amino acids 59-69 of the NA stalk has been reported in some
H5NG6 viruses, although no such stalk deletion was found in A/cat/Sichuan/SC18/2014 (H5N6) and A/
swan goose/Jilin/JL01/2014 (H5N6). Molecular markers of oseltamivir- and amandatide-resistance were
also not present in the NA and M1 protein sequences of the H5N6 viruses, indicating that they should
be still sensitive to influenza antiviral drugs.

Discussion

In this study, we provide the first evidence of fatal H5N6 AIV infection in domestic cats and wild birds.
The extensive migration routes of wild birds may contribute to the geographic spread of H5N6 AIVs
and pose a risk to humans and susceptible domesticated animals. Based on our phylogenetic analy-
sis, we speculated that the H5N6 AIVs may spread from southern China to northern China by wild
birds. This hypothesis is supported by the recent outbreak of HSN6 AIV among chickens in Harbin city,
Heilongjiang province, China, which affected 20,550 chickens of which 17,790 died'!. The H5N6-infected
swan geese were identified in Baicheng, China which is adjacent to inner Mongolia. The middle migra-
tory flyway of China includes inner Mongolia to the north and Sichuan province to the south'?. Wild
birds in or near Baicheng could migrate to Sichuan province via this path. Additionally, documentation

SCIENTIFIC REPORTS | 5:10704 | DOI: 10.1038/srep10704 2



www.nature.com/scientificreports/

Alchicken/Wonosobo/BBVW 601/2007
100 2.1

A {erinci/BPPV 7

Alchicken/Yunnan/447/2005

" Alduck/Guangxi/13/2004

Albar-headed goose/Tib:

| Alchicken/Korea/ES/2003

25

Alcrow/Kyoto/53/2004
Algoose/Guangdong/1/96
7 8([ AIHK/156/97

A/HKI/483/97
gg A/duck/Hunan/127/2005
Alduck/Hunan/70/2004

2.3.1

Alchicken/Shantou/810/2005
g9 Alduck/Guangdong/23/2004
93 Alduck/Guangxi/89/2006

23.2

48 Alduck/Vietnam/568/2005

9 Alchicken/Guiyang/3055/2005
233

98
+ AlduckiGuiyang/3242/2005
Alchicken/Vietnam/NCVD-279/09
&{ANletnamlHN31432M12008
i Alchicken/Vietnam/NCVD-281/2009 2.3.4.2
100 \ANietnam/HN3625012010
90 { Alchicken/Vietnam/NCVD-404/2010

234.1

A/Hunan/1/2009

Alchicken/Sichuan/g81/2005
@ Alenvironment/Zhenjiang/C13/2013(H5N6)

100
Albar-headed goose/Qinghai/3/2005
8

100/ @ Alduck/Potsdam/2216/1984(H5N6) 2.2
@ Alduck/Potsdam/2216-4/1984(H5N6)
Alduck/Eastern China/1111/2011

3 @ Alchicken/Sichuan/NCJPL1/2014(H5N6)

@ A/duck/Sichuan/NCJPL7/2014(H5N6)
@ A/duck/Sichuan/NCXJ16/2014(H5N6)

100 | @ A/Sichuan/26221/2014(H5N6)

97| A Alcat/Sichuan/SC18/2014(H5N6)

A Alswan gooseNilin/JL01/2014(H5N6)

@ Alchicken/Shenzhen/1845/2013(H5N6)

@ Alblack chicken/Jiangxi/10129/2014(H5N6)

@ Alduck/Zhejiang/6D2/2013(H5N6)

@ Alchicken/Zhejiang/6C2/2013(H5N6)

Albreeder duck/Korea/Gochang1/2014

Alwild duck/Shandong/628/2011 2.3.4.5

Alduck/Jiangsu/m234/2012

@ A/duck/Jiangxi/NCDZT1126/2014(H5N6)

@ A/duck/Jiangxi/NCDZT1123/2014(H5N6)

@ A/duck/Guangdong/GD01/2014(H5N6)

75| @ AlduckiJiangxi/95/2014(H5N6)

6 @ Alenvironment/Shenzhen/25-24/2013(H5N6)
A/Baikal Teal/Korea/Donglim3/2014

45
@ A/mallard/Sweden/40/2002(H5N6)

100
@ Alenvironment/Maryland/2318/2006(H5N6)
100

9; @ A/mallard/California/1418/2013(H5N6)

@ A/mallard/California/1500P/2013(H5N6)
—
0.05

Figure 1. Phylogenetic tree of the hemagglutinin (HA) genes of influenza A (H5N6) viruses, China, 2014.
Triangles indicate viruses characterized in this study. Other H5N6 viruses are indicated in circles. Horizontal
branch lengths are proportional to genetic distances. Scale bar indicates nucleotide substitutions per site.
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Table 2. Analysis of molecular features associated with AIV virulence, transmissibility, and antiviral
resistance in H5N6 AIV isolates from a domestic cat and swan goose* *Single letters refer to the amino acid
(aa) found in the noted gene at a specific site. TSites are numbered from M, the start codon.

of H5N6 infection of domestic cats raises the possibility that cats could play a role in the mammalian
adaptation or perhaps transmission of novel avian influenza viruses. Therefore, continuous epidemio-
logical monitoring of different animal species such as cats, dogs, and wild birds should be performed to
effectively reduce the threat of zoonotic transmission of influenza strains like the newly emergent H5N6
avian influenza virus.

Methods

Ethics statement. The protocol of the study was conducted in accordance with guidelines of ani-
mal welfare of World Organization for Animal Health. All experimental protocol were approved by the
Review Board Military Veterinary Research Institute of the Academy of Military Medical Sciences.

Facilities. Studies with H5N6 AIVs were conducted in a biosecurity level 3 laboratory approved by the
Military Veterinary Research Institute of the Academy of Military Medical Sciences.

Sample Collection. During May-June 2014, seventy feces specimens from wild birds and one lung
specimen from a dead domestic cat were collected in areas with close-proximity to the residence of the
patient infected with H5N6 AIV in Nanchong city, Sichuan province, southwest China. The domestic cat
is suspected of having succumbed to AIV infection based on flu-like clinical signs and necropsy findings.
Additionally, lung specimens were collected following the sudden and unexplained deaths of three swan
geese in Baicheng city, Jilin province, northeast China. No additional information was available. We
screened all specimens by RT-PCR for evidence of influenza virus infection.

Virus Isolation. We inoculated the allantoic cavities of 10-day-old specific pathogen-free embryo-
nated chicken eggs with material from the H5N6 AIV-positive lung specimen from the domestic cat
and one swan goose. After 60 hours incubation at 37°C, we recovered two virus isolates, named A/cat/
Sichuan/SC18/2014 (H5N6) and A/swan goose/Jilin/JL01/2014 (H5NS).

RNA isolation, PCR amplification, and Sequencing. Viral RNA was isolated from the allantoic
fluid of inoculated eggs using the RNeasy Mini kit (QIAGEN, Germantown, MD) according to the man-
ufacturer’s protocol. Reverse transcription of viral RNA and subsequent PCR were performed using
primers specific for each gene segment (sequences available upon request). PCR products were purified
using the QIAquick PCR purification kit (QIAGEN, Germantown, MD) according to the manufacturer’s
protocol. Viral gene segments were sequenced by the Beijing Genomics Institute (Beijing, China). The
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GenBank accession numbers of A/cat/Sichuan/SC18/2014 (H5N6) and A/swan goose/Jilin/JL01/2014
(H5N6) are KM873635 to KM873650, respectively.

Phylogenetic Analysis. To investigate the molecular and epidemiological characteristics and to
determine the profile of genetic diversity, phylogenetic trees were constructed using molecular evolu-
tionary genetics analysis MEGA 6 (http://www.megasoftware.net/mega.php) with the neighbor-joining
(NJ) method to calculate distance. Bootstrap values were estimated for 1,000 replicates.
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