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Outbreaks of Highly Pathogenic
Avian Influenza (H5N6) Virus
Subclade 2.3.4.4h in Swans,
Xinjiang, Western China, 2020

Yanbing Li, Minghui Li, Yulei Li, Jingman Tian, Xiaoli Bai, Cen Yang, Jianzhong Shi,
Ridengcaicike Ai, Weidong Chen, Wentao Zhang, Jie Li, Yufei Kong, Yuntao Guan, Hualan Chen

In January 2020, the subclade 2.3.4.4h of highly patho-
genic avian influenza (H5NG6) virus infected migratory
whooper swans and mute swans in Xinjiang, western
China. The virus is lethal to chickens and ducks but has
low pathogenicity in mice. Antigenically, this subclade is
similar to the H5N1 vaccine seed virus Re-11.

he H5 highly pathogenic avian influenza viruses

(HPAIVs) of clade 2.3.4.4 are of great concern
because of their global spread and circulation. Am-
ple evidence indicates that clade 2.3.4.4 H5 viruses
derived neuraminidase (NA) gene from other low-
pathogenicity avian influenza viruses (LPAIVs) co-
circulating in migratory birds, and new subtypes of
H5N2, H5N5, H5N6, and H5N8 HPAIVs have been
detected in wild bird species and poultry globally
(1,2). To date, H5 viruses of clade 2.3.4.4 have evolved
into 8 subclades (2.3.4.4a to 2.3.4.4h) according to the
World Health Organization’s (WHO) nomenclature
system (1). Among them, H5NG6 is the only subtype
that has caused human infections. As of August 2019,
a total of 24 human cases have been reported to WHO;
the mortality rate is 67% (3,4).

H5NG6 virus of subclade 2.3.4.4a was first detect-
ed in poultry in Laos in 2013, then spread to Vietnam
and China and caused numerous cases in these ar-
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eas. H5NS virus of subclade 2.3.4.4b caused disease
outbreaks in wild birds and poultry in Korea in 2014,
then spread to North America through bird migra-
tion and established a new subclade, 2.3.2.4c. When
the H5NS8 virus of subclade 2.3.4.4b landed in Europe
and Africa, it reassorted with the local LPAIV and
produced H5N6 with a novel internal gene cassette
in 2017 (5). Simultaneously, the H5NG6 viruses of sub-
clades 2.3.4.4d, 2.3.4.4e, 2.3.4.4f, 2.3.4.4g, and 2.3.4.4h
established in poultry and wild birds in Southeast
Asia (1,6-8). Among the 8 subclades of 2.3.4.4, only 3
(H5N6 2.3.4.4b, 2.3.4.4e, and 2.3.4.4f) had been previ-
ously detected in swans (1).

Since 2004, different vaccines have been devel-
oped and widely administered among poultry flocks
in China and other countries for H5 avian influenza
control, and the vaccine seed viruses used in China
have been updated regularly to ensure antigenic
match between the vaccine strain and the prevalent
strains (9,10). After the H7N9 HPAIVs emerged in
China in 2017, an H5/H7 combined inactivated vac-
cine was developed and used in poultry (11,12). Cur-
rently, the vaccine seed virus Re-11 is being used to
control the clade 2.3.4.4 viruses (10). In our study,
we analyzed the genetic evolution, antigenicity, and
pathogenicity of the H5N6 HPAIVs isolated from
migratory whooper swans (Cygnus cygnus) and
mute swans (C. olor) in Xinjiang, western China, in
January 2020.

The Study

The first sick whooper swan was found on December
29, 2019, in Sala Village, Samuyuzi Township, Yin-
ing City, Xinjiang Uyghur Autonomous Region. The
bird died on January 1, 2020. By January 17, deaths
had been reported in 58 swans in 6 locations (Table 1;
Figure 1, panel A). We received 5 batches of clinical
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Table 1. Avian influenza (H5N6) outbreaks among migratory whooper swans (Cygnus cygnus) and mute swans (C. olor), Xinjiang

Province, China, January 2020

Bird information

No. swanst

Time Location description Flock size* Total Dead
2019 Dec 29 to 2020 Jan 5 Small lake in Yining County, lli Kazak City >100 100 10
2020 Jan 1-6 Natural park in Yining County, lli Kazak City >2,300 40 (270) 6 (3)
2020 Jan 1-8 Natural park in Bole County, Botorla City 160 55 6
2020 Jan 8-10 Natural park in Hejing County, Bayingola City 1150 150 1
2020 Jan 12-14 Wetland in Manas County, Changji City 2,000 800 13
2020 Jan 17-20 Water reservoir in Maguan Chu County, Shihezi City 1,000 150 19

*Estimated number of total migratory birds at that location.

TNumbers are whooper swans, except numbers in parentheses, which are mute swans.

samples from 13 dead birds (11 whooper swans and
2 mute swans), and 13 H5N6 viruses were isolated.
The hemagglutinin (HA) subtypes were identified by
a hemagglutinin-inhibition test with a panel of H1-
H16 subtype antisera, whereas the NA subtypes were
detected by reverse transcription PCR with a panel of
N1-N9 subtype-specific primers (11).

To trace the origin of the viruses and understand
their genetic relationship, we sequenced the genome
of the 13 viruses and performed comparative phylo-
genetic analysis with the representative H5 HPAIVs
that were recommended by WHO (1). All 13 H5N6
viruses possess high identity with each other (99.5%-
100%); 7 of 8 segments are closely related to the H5N6
virus isolated from environmental samples in Guang-
dong Province in 2017, whereas the other 1, nonstruc-

Outbreak duration

© 2019 Dec 29-2020 Jan 5
© 2020 Jan 1-6

© 2020 Jan 1-8

©2020 Jan 8-10

© 2020 Jan 12-14

© 2020 Jan 17-20

tural protein gene, is closest to A/chicken/Nghe
An/01VTC/2018(H5N6) (Appendix Table 1, https://
wwwnc.cde.gov/EID/article/26/12/20-1201-App1.
pdf). The HA gene has the typical highly pathogenic
amino acid sequence -RRKR- in its cleavage site, and a
few mammalian adaptation mutations were detected
in the genome (Table 2) (13). In the maximum clade
credibility tree, the HA genes of the 13 H5N6 viruses
are grouped into subclade 2.3.4.4h with the HA genes
of the strains recently found in Vietnam, China, and
Russia (1) (Figure 1, panel B). The neighbor-joining
phylogenic trees of the 8 gene segments are shown in
Appendix Figure 1.

The hemagglutinin-inhibition test was performed
with polyclonal antiserum generated from the SW/
XJ/1/2020(H5N6) and the currently used H5N1
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Figure 1. Geography and phylogeny of avian influenza (H5N6) outbreaks among migratory whooper swans (Cygnus cygnus) and
mute swans (C. olor), Xinjiang Province, China, January 2020. A) Disease outbreak sites are marked with red drops, and dates of the
outbreaks are indicated. Inset map shows islands in the South China Sea. B) Phylogenetic tree of the hemagglutinin (HA) genes of H5
viruses. The HA gene maximum clade credibility tree of the H5 viruses was constructed by using the BEAST 1.8.4 software package
(https://beast-dev.github.io/beast-mecmc). Node bars indicate 95% highest posterior density of the node height. Each branch is colored
by posterior probability: the 13 H5N6 viruses reported in this study are shown in red and the HA donor of the H5N1 vaccine Re-11 in
green. The time to the most recent common ancestor is labeled at the bottom of the tree, which was estimated by using the Bayesian
Markov chain Monte Carlo method in the BEAST 1.8.4 software package.
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Table 2. Virulence related molecular markers detected in the WS/XJ/1/2020 (H5N6) virus detected among migratory whooper swans
(Cygnus cygnus) and mute swans (C. olor), Xinjiang Province, China, January 2020

Protein Amino acid/motif

Phenotypic consequences

Hemagglutinin Cleavage site motif: -RRKR™ G-

Polybasic cleavage motif sequence required for high pathogenicity

of avian influenza viruses in chickens

Neuraminidase Stalk deletion 58—-68

Increased virulence in mice

Polymerase acidic 515T Increased polymerase activity in mammalian cells
protein
Matrix protein 1 30D Increased virulence in mice

215A Increased virulence in mice
Nonstructural 80-84 deletion Increased virulence in mice
protein 1 42S Increased virulence in mice

98F Increased virulence in mice

101M Increased virulence in mice

222-225 ESEV (PDZ domain)

Increased virulence in mice

inactivated vaccine Re-11, which carries the HA gene
from A/duck/Guizhou/S4184/2017(H5N6) virus (10).
We found that the SW/X]/1/2020(H5NG6) cross-reacted
well with Re-11 antisera, and vice versa (Appendix Ta-
ble 2), yielding a cross-reactivity R value of 0.26.

We conducted an intravenous pathogenic-
ity index test in chickens with the index virus, WS/
XJ/1/2020(H5N6), by following the protocol of the
World Organisation for Animal Health (OIE) (14).
Ten 6-week-old specific-pathogen-free chickens were
inoculated with 0.2 mL of virus intravenously, and all
the birds died within 3 days postinoculation, yielding
an intravenous pathogenicity index test value of 2.59.

We tested the virulence and transmission of the
WS/X]J/1/2020(H5N6) in ducks as previously de-
scribed (2). Eight 3-week-old specific-pathogen-free
ducks were intranasally inoculated with 10° 50% egg
infective dose (EID,) WS/X]/1/2020(H5N6), and 3
uninfected ducks were put in the same cage 24 hours
later for monitoring transmission. Three virus-inoc-
ulated ducks were euthanized on day 3 postinocula-
tion, and high titers of virus were detected in the test-
ed organs (Figure 2, panel A). Virus was also detected
in the oropharyngeal and cloacal swabs of the surviv-
ing virus-inoculated ducks and the contact ducks on
days 3 and 5 postinoculation (Figure 2, panel B). All
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Figure 2. Replication and virulence of the WS/XJ/1/2020(H5N6) isolate in ducks and mice in a laboratory test performed after H5N6
avian influenza (H5N6) outbreaks among migratory whooper swans (Cygnus cygnus), Xinjiang Province, China, January 2020. A)

Viral titer in organs of ducks that were euthanized on day 3 postinoculation. B) Viral titers in oropharyngeal and cloacal swabs from all
surviving ducks were collected on days 3 and 5 postinoculation. C) Lethality of the virus in ducks. D) Viral titer in organs of mice that
were euthanized on day 3 postinoculation. E) Bodyweight change of mice after inoculation with different doses of the virus. F) MLD, of
the virus. Viral titers in panels A, B, and D are shown as the mean + SD. The dashed lines indicate the lower limit of detection. EID,

50% egg infective dose; MLD,;, 50% mouse lethal dose.
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5 virus-inoculated ducks and 3 contact ducks died
within 7 days postinoculation (Figure 2, panel C).
The replication and 50% mouse lethal dose
(MLD,) of the WS/X]/1/2020(H5N6) were evaluat-
ed in BALB/c mice as previously reported (2). Three
mice were intranasally inoculated with 10° EID,;
of WS/X]J/1/2020(H5N6) in a volume of 50 uL and
were euthanized on day 3 postinoculation to assess
virus replication in organs, and we found the virus
in the brain of 1 mouse, the spleens of 2 mice, and
the nasal turbinates and lungs of all 3 mice, but not
in the kidneys of any mouse (Figure 2, panel D). To
test the MLD,, groups of five 6-week-old mice were
intranasally inoculated with 10" to 10° EID,, of WS/
XJ/1/2020(H5N6) in a volume of 50 pL and were
monitored for bodyweight loss and death for 14 days.
Only 1 of 5 mice that received the highest dose of 10°
EID,; died on day 8 postinoculation; all other mice
survived the 14-day observation period, yielding an
MLD,, value of 6.38 log,  EID, (Figure 2, panel E, F).

Conclusions

A total of 58 swans died from H5N6 virus infection in
6 wild bird habitats in Xinjiang in January 2020, and
we isolated 13 similar HSN6 HPAIVs from the swan
specimens. These viruses bear the HAs of subclade
2.3.4.4h, which were previously detected in other bird
species but not in swans.

The WS/X]J/1/2020(H5N6) is highly pathogenic
to chickens and ducks, and antigenically close to the
H5NT1 vaccine seed virus Re-11. Although the virus
is low pathogenic in mice, it bears multiple residues
that can increase its virulence in mammals, and thus
might pose a potential threat to public health.

Wild birds carry and spread the H5 HPAIV, as
evidenced by the dissemination of the clade 2.2 vi-
ruses from Asia to Europe and Africa in 2005, and
the intercontinental distribution of the clade 2.3.4.4b
viruses in 2014 (5,15). The prospect of these H5N6
viruses detected in swans being distributed widely
by wild birds is worrisome. Therefore, with the mi-
gratory season coming, surveillance and preventive
measures should be implemented in poultry raised
on the migration routes of wild birds.

Acknowledgments

We thank the researchers who submitted HSN6 HPAIVs
sequences to GISAID. The sequence data from this study
were deposited in GISAID with the accession numbers
EPI1718935-9038.

This study was supported by the National Key R&D
Program of China (grant no. 2016YFD0500201), the
National Natural Science Foundation of China (grant no.

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 26, No. 12, December 2020

Avian Influenza (H5NG) in Swans, Xinjiang, China

31521005), the Natural Science Foundation of the
Heilongjiang Province of China (grant no. ZD2018007), the
Central Public-interest Scientific Institution Basal Research
Fund for Chinese Academy of Agricultural Sciences (grant
no. 1610302017001), and the China Agriculture Research
System (grant no. CARS-41-G12).

About the Author

Dr. Li is a veterinary epidemiologist and virologist at
Harbin Veterinary Research Institute, Chinese Academy
of Agricultural Sciences, China. Her research focuses on
the molecular epidemiology and pathogenicity of avian
influenza viruses.

References

1. World Health Organization. Antigenic and genetic
characteristics of zoonotic influenza A viruses and
development of candidate vaccine viruses for pandemic
preparedness. 2020 [cited 2020 Mar 10]. https:/ /www.who.
int/influenza/vaccines/ virus/202002_zoonotic_vaccine
virusupdate.pdf

2. CuiY, LiY, LiM, Zhao L, Wang D, Tian ], et al. Evolution
and extensive reassortment of H5 influenza viruses isolated
from wild birds in China over the past decade. Emerg
Microbes Infect. 2020,9:1793-803. https:/ /doi.org/10.1080/
22221751.2020.1797542

3. YangL, Zhao X, Li X, Bo H, Li D, Liu ], et al. Case report for
human infection with a highly pathogenic avian influenza
A(H5NG6) virus in Beijing, China 2019. Biosafety and Health.
2020;2:49-52. https:/ /doi.org/10.1016/j.bsheal.2020.02.003

4. YangL, Zhu W, Li X, Bo H, Zhang Y, Zou S, et al. Genesis
and dissemination of highly pathogenic H5N6 avian
influenza viruses. J Virol. 2017;91:e02199. https:/ / doi.org/
10.1128/JV1.02199-16

5. Poen M]J, Venkatesh D, Bestebroer TM, Vuong O, Scheuer RD,
Oude Munnink BB, et al. Co-circulation of genetically
distinct highly pathogenic avian influenza A clade 2.3.4.4
(H5N®6) viruses in wild waterfowl and poultry in Europe and
East Asia, 2017-18. Virus Evol. 2019;5:vez004. https:/ / doi.
org/10.1093/ve/vez004

6. YuZ GaoX,WangT,LiY, LiY, XuY, etal. Fatal H5N6
avian influenza virus infection in a domestic cat and wild
birds in China. Sci Rep. 2015;5:10704. https:/ /doi.org/
10.1038/srep10704

7. Tsunekuni R, Yaguchi Y, Kashima Y, Yamashita K,
Takemae N, Mine J, et al. Spatial transmission of H5N6 highly
pathogenic avian influenza viruses among wild birds in
Ibaraki Prefecture, Japan, 2016-2017. Arch Virol. 2018;
163:1195-207. https:/ / doi.org/10.1007/s00705-018-3752-7

8. Hiono T, Okamatsu M, Matsuno K, Haga A, Iwata R,
Nguyen LT, et al. Characterization of H5N6 highly
pathogenic avian influenza viruses isolated from wild and
captive birds in the winter season of 2016-2017 in Northern
Japan. Microbiol Immunol. 2017;61:387-97. https:/ / doi.org/
10.1111/1348-0421.12506

9. LiC, Bu Z, Chen H. Avian influenza vaccines against
H5NT1 ‘bird flu’. Trends Biotechnol. 2014;32:147-56.
https://doi.org/10.1016/j.tibtech.2014.01.001

10. Zeng X, Chen X, Ma S, Wu J, Bao H, Pan S, et al. Protective

efficacy of an H5/H7 trivalent inactivated vaccine produced
from Re-11, Re-12, and H7-Re2 strains against challenge

2959



DISPATCHES

11.

12.

13.

2960

with different H5 and H7 viruses in chickens. ] Integr 14. World Organisation for Animal Health. Avian influenza
Agric. 2020;19:2294-300. https:/ /doi.org/10.1016/S52095- ((infection with avian influenza viruses). In: Manual of
3119(20)63301-9 diagnostic tests and vaccines for terrestrial animals. 2019

Shi ], Deng G, Ma S, Zeng X, Yin X, Li M, et al. Rapid [cited Mar 10]. https:/ /www.oie.int/fileadmin/Home/eng/
evolution of H7N9 highly pathogenic viruses that emerged Health_standards/tahm/3.03.04_ALpdf

in China in 2017. Cell Host Microbe. 2018;24:558-568.¢7. 15. ChenH, LiY, Li Z, Shi ], Shinya K, Deng G, et al. Properties
https:/ /doi.org/10.1016/j.chom.2018.08.006 and dissemination of H5N1 viruses isolated during an

Zeng X, Tian G, Shi ], Deng G, Li C, Chen H. Vaccination of influenza outbreak in migratory waterfowl in western China. J
poultry successfully eliminated human infection with H7N9 Virol. 2006;80:5976-83. https:/ / doi.org/10.1128/]JV1.00110-06

virus in China. Sci China Life Sci. 2018;61:1465-73.

https:/ /doi.org/10.1007/5s11427-018-9420-1
Suttie A, Deng YM, Greenhill AR, Dussart P, Horwood PF,
Karlsson EA. Inventory of molecular markers affecting biologi-

Address for correspondence: Hualan Chen, Harbin Veterinary
Research Institute, Chinese Academy of Agricultural Sciences,

cal characteristics of avian influenza A viruses. Virus Genes. No. 678 Haping Rd, Harbin, Heilongjiang, 150069, China; email:
2019;55:739-68. https:/ / doi.org/10.1007 /s11262-019-01700-z chenhualan@caas.cn

October 2020

Bacterial Infections

Operating Protocols of a Community
Treatment Center for Isolation of
Patients with Coronavirus Disease,
South Korea

Community Treatment Centers for
Isolation of Asymptomatic and Mildly
Symptomatic Patients with Coronavirus
Disease, South Korea

Clinical Course of Asymptomatic and
Mildly Symptomatic Patients with
Coronavirus Disease Admitted to
Community Treatment Centers

Nationwide External Quality
Assessment of SARS-CoV-2 Molecular
Testing, South Korea

Impact of Social Distancing Measures
on Coronavirus Disease Healthcare
Demand, Central Texas, USA

Multicenter Prevalence Study
Comparing Molecular and Toxin Assays
for Clostridioides difficile Surveillance,
Switzerland

Effectiveness of 23-Valent
Pneumococcal Polysaccharide Vaccine
against Invasive Pneumococcal
Disease in Adults, Japan, 2013-2017

Sequential Acquisition of Human
Papillomavirus Infection at Genital and
Anal Sites, Liuzhou, China

Association between Shiga Toxin-
Producing Escherichia coli 0157:H7 stx
Gene Subtype and Disease Severity,
England, 2009-2019

e Rapid, Sensitive, Full-Genome
Sequencing of Severe Acute
Respiratory Syndrome Coronavirus 2

e Basic Reproduction Number of
Chikungunya Virus Transmitted by
Aedes Mosquitoes

e Deaths Associated with Pneumonic
Plague, 1946-2017

e Emerging Sand Fly-Borne Phlebovirus
in China

e Drug Resistance Spread in 6
Metropolitan Regions, Germany,
2001-2018

e Human Adenovirus B7-Associated
Urethritis after Suspected Sexual
Transmission, Japan

e Polyester Vascular Graft Material and
Risk for Intracavitary Thoracic Vascular
Graft Infection

e Silent Circulation of Rift Valley Fever in
Humans, Botswana, 2013-2014

e Limitations of Ribotyping
as Genotyping Method for
Corynebacterium ulcerans

» Effect of Nonpharmaceutical
Interventions on Transmission of
Severe Acute Respiratory Syndrome
Coronavirus 2, South Korea, 2020 e Seoul Orthohantavirus in Wild Black

Rats, Senegal, 2012-2013

e Main Routes of Entry and Genomic
Diversity of SARS-CoV-2, Uganda e Contact Tracing during Coronavirus
Disease Outbreak, South Korea, 2020
¢ High Proportion of Asymptomatic . . .
SARS-CoV-2 Infections in 9 Long-Term  * Pooling Upper Respiratory Specimens
Care Facilities, Pasadena, California, Eoyr RR:;'C_jrihr/rI]issR_fgggnmg of COVID-19
USA, April 2020

e Coronavirus Disease among Persons

* Tickborne Relapsing Fever, Jerusalem, with Sickle Cell Disease, United States,
Israel, 2004-2018 March 20-May 21, 2020

 Seawater-Associated Highly Pathogenic o Eliminating Spiked Bovine Spongiform
Francisella hispaniensis Infections Encephalopathy Agent Activity from
Causing Multiple Organ Failure Heparin

EMERGING
INFECTIOUS DISEASES

To revisit the October 2020 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/26/10/table-of-contents

Emerging Infectious Diseases « www.cdc.gov/eid ¢ Vol. 26, No. 12, December 2020



Article DOI: https://doi.org/10.3201/eid2612.201201

Outbreaks of Highly Pathogenic Avian
Influenza (H5N6) Virus Subclade 2.3.4.4h in
Swans, Xinjiang, Western China, 2020

Appendix

Biosafety Statement and Facility

The diagnosis of HSN6 and all experiments with live H5SN6 viruses were conducted in
the enhanced animal biosafety level 3 (ABSL3+) facility in the HVRI of the CAAS, which is
approved for such use by the Ministry of Agriculture and Rural Affairs of China. All animal
studies were approved by the Review Board of the HVRI, CAAS.

Animal Testing

All experiments using animals were carried out in strict accordance with the
recommendations in the Guide for the Care and Use of Laboratory Animals of the Ministry of
Science and Technology of the People’s Republic of China. All protocols were approved by the
Committee on the Ethics of Animal Experiments of the HVRI of the CAAS.

SPF Eggs

SPF embryonated chicken eggs (CEESs) were obtained from Harbin Weike Biotechnology

Development Company, Harbin, China.

Chickens and Ducks

Six-week-old specific-pathogen-free (SPF) chickens (White Leghorn) and 3-week-old
SPF ducks (Shaoxin shelduck, a local bred) were obtained from the Experimental Animal
Division of HVRI and housed in ventilated isolators (maximum 8 birds per isolator) in the
enhanced animal biosafety level 3 (ABSL3+) facility at the HVRI of the CAAS.
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Mice

Five-week-old female BALB/c mice were purchased from Vital River Laboratories
(Beijing, China) and housed in ventilated cages (maximum 8 mice per cage) in the enhanced
animal biosafety level 3 (ABSL3+) facility at the Harbin Veterinary Research Institute (HVRI)
of the Chinese Academy of Agricultural Sciences (CAAS).

Virus Isolation and Identification

The 13 H5NG6 viruses used in this study were isolated from samples of dead wild birds
sent to the National Avian Influenza Reference Laboratory for the diagnosis of suspected cases
of influenza A virus infection in January, 2020 (Table 1,
https://wwwnc.cdc.gov/ElD/article/26/12/20-1201-T1.htm. The samples were inoculated in 9-11
days SPF CEEs, identification of the HA subtype in the allantoic fluid of HA positive chicken
eggs was performed using the hemagglutinin inhibition (HI) test with a panel of H1-H16
reference sera, while the NA subtype was verified by RT-PCR analysis using a panel of N1-N9
subtype primers (1,2).

Genome Sequencing and Phylogenetic Analysis

The RNA of influenza A(H5N6) viruses were extracted from the allantoic fluid of virus-
infected chicken eggs by using the QIAmp viral RNA mini kit (Qiagen, Hilden, Germany).
Reverse transcription PCR was performed with a set of gene-specific primers, and the products
were sequenced by using an Applied Biosystems DNA analyzer. Primer sequences are available
upon request. The nucleotide sequences were edited by using the Seqman module of the
DNAStar package. Phylogenetic analysis was performed by employing the neighbor-joining
method by using the Mega 6.0.6 ClustalW software package. The tree topology was evaluated by
1,000 bootstrap analyses, and a 97% sequence identity cutoff was used to categorize the groups
of each gene segment in the phylogenetic trees (3).

A Bayesian time-resolved phylogenetic tree was also created for the hemagglutinin gene
of group 1 and 2 viruses using BEAST 1.8.4 (4). The SRDO6 nt substitution model, the
uncorrelated relaxed clock with a log-normal distribution, and the Skygrid flexible effective
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population-size tree prior were selected for the analysis. A Markov Chain Monte Carlo (MCMC)
chain was run for 30,000,000 steps, with sampling every 3,000 steps. The first 10% of the
samples were discarded as burn-in. The above MCMC settings were chosen to achieve a post
burn-in effective sample size of at least 200 in all parameters, as recommended by the BEAST

program.

The data were evaluated by using the Akaike information criterion in Tracer 1.6 (5). The
sequences of 13 H5N6 isolates were deposited in the Global Initiative on Sharing Avian
Influenza Data database (http://www.gisaid.org) under accession nos. EP11718935-EP11719038.

Chicken Test

Intravenous Pathogenicity Index (IVPI)

The pathogenicity of the representative A(H5N6) virus was determined in chicken by
means of the IVVPI test in accordance with the IVVPI protocol of the World Organisation for
Animal Health (6). Ten 6-week-old SPF chickens were inoculated with 0.2 mL of a 1:10 dilution
of 109 EIDso/mL of the virus through the intravenous route, examine the chickens for clinical

signs at intervals of 24 hours over a ten-day period (6,7).

Duck Test

Eight ducks of 3-week-old were intranasally inoculated with 0.1 mL of 108° EIDso/mL of
WS/XJ/1/2020(H5N6). At 24 h p.i., three naive ducks from the same flock were co-housed with
the infected ducks to monitor the transmission of the A(H5N6) virus (contact group). The ducks

were observed for clinical signs daily over 14 days.

Three birds in the infection group were euthanized randomly on day 3 p.i., and the brain,
lungs, kidneys, spleen, bursa, thymus, trachea, cecal tonsil, and pancreas were collected for
titrating the virus present in these organs in SPF CEEs. Oropharynxgeal and cloacal swabs were
collected from the infection and contact groups on days 3, 5, 7, and 9 p.i. and used for titrating
the virus in SPF CEEs. On days 14 p.i., serum samples were collected from the surviving birds

for detecting homologous hemagglutination-inhibiting antibodies (6,8).
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Mouse Test

To investigate the virulence of WS/XJ/1/2020(H5N®6) in mice, six groups of 6-week-old
female BALB/c mice (five mice per group) were lightly anesthetized with dry ice. The mice
were then separately inoculated intranasally with 10 to 10%° EIDs of the virus in a volume of
50 pL. The control group (five mice) was mock-infected with phosphate-buffered saline. Each
group was monitored daily for weight loss and mortality for 14 days. In addition, another group
of three mice was inoculated intranasally with 10%° E1Dso of the A(H5N6) virus in a volume of
50 pL. These mice were euthanized by dry ice on day 3 p.i., and the brain, lungs, kidneys,

spleen, and nasal turbinate were collected for virus titration (6).

Antigenic Analysis

The HI assay was used to antigenically characterize the A(H5NG6) viruses isolated in
swan in Xinjiang, western China in 2020 with the current vaccine candidate, Re-11,
A/duck/Guizhou/S4184/2017(H5N6). Antisera were generated in 6-week-old white Leghorn SPF
chickens, chickens were subcutaneously vaccinated once with 2.0 ml Freund’s-adjuvanted
inactivated whole virus vaccines (HA content, 9log2). Sera from vaccinated chickens were
collected 4 weeks after vaccination (9). The HI test was performed using a 1% SPF chicken red
blood cell suspension as previously described (10). The HI titer was expressed as the reciprocal

of the highest serum dilution in which hemagglutination was inhibited.
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PubMed
Appendix Table 1. The closest relatives to WS/XJ/1/2020(H5N6) in the GISAID database.
Homology of
13 H5N6 Segment ID
Segment Position viruses (%) Closest relatives (EPL_ISL) Homology (%)
HA 29-1729 99.5-100 A/Env/Guangdong/C17285752-QY/2017(H5N6) 340844 98.8
NA 19-1409 99.9-100 A/Env/Guangdong/C17285752-QY/2017(H5N6) 278026 99.3
PB2 28-2307 99.9-100 A/Duck/Guangdong/P0O17281256/MZH/2017(H5N6) 340789 98.9
PB1 25-2298 99.8-100 A/Env/Guangdong/Foshan/C182750085/2018(H5N6) 340824 98.7
PA 25-2175 100 A/Env/Guangdong/Jieyang/C18289059/2018(H5N6) 340825 99.4
NP 46-1542 99.9-100 A/Env/Guangdong/C17285753/QY/2017(H5N6) 340845 98.6
M 26-1007 99.9-100 A/Env/Guangdong/C17285752/QY/2017(H5N6) 340844 99.2
NS 27-855 99.8-100 Al/chicken/Nghe An/01VTC/2018(H5N6) 389022 99.4

Appendix Table 2. Antigenic analysis by chicken sera for clade 2.3.4.4 H5 HPAIV.

Cross-reactive HI antibody titers of chicken antiserum

Virus H5N1 vaccine seed virus Re-11 WS/XJ/1/2020(H5N6)
H5N1 vaccine seed virus Re-11* 512 256
WS/XJ/1/2020(H5N6) 128 1024

*H5 vaccine seed virus Re-11 bears the HA gene from DK/GZ/S4184/17 (H5N6) virus.
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Adduck/Ne |Iu.-rls\.mls 17017236-001- oos:onums)
1800327:

Alper

A/glwl Hmk backed gull Netherlands/ 11201 &(HSNG)
A nd/AVP 18 UO3254’ZU|51I{5\6)
i soous England/ AV 38 1OPpool HSNE)
Ahn)anl”\klher nds’ 8‘1)04241{![]1’1013015 6)
Adblack-headed Gull Netherlands 29/20 17(HS!

peacoc lJN..nlmhmlulnnmRMnosﬂnla(llsm)
Aeurasian wigeon/Netherlands/1/2018(HSNG)
EMC-1/2018(HSN6)

— Aknulllrd\clllc‘rlunda 1801 Sﬂﬁ 017 ZUIK(EISN(u)
— A 9 2017:2017(H3)
— M\f . 7 | n\mn IS(HS\G)

015(HSNG)

Alchicken/Laos! u-qoommw 1536)
Alchicken/Shenzhen'2269/20 13115’
A2 Y1 k!nEPlDI‘G(HS‘\S)
so0se/Guangdon, 014(HS!
mucwunggunmsznwusm;
Alcopsychus saularis Guangdong SWE/2014(HSNG)
Achicken/Dongguan 3363201 3(HSN6)
‘l.rdu-.k!(:umg ng/GDO1/20 14(HSN
Algoose/Eastem China/S0513/2013(HSNG)
Jenvironment Jilin/ CC02/201 4 HSNG)
Aduck W I FB222015(HSNG)
Algoose! Stantow 763 2014(11535
Alchickes hen/1061/201 3(HSNG)
"Ngouse Hunan/ 116 WING)

Alduck/Eastern China/S0908/2014(115N6)
Achicken Vietnam NCVD- 15459 2015(H15N6)
3 503227201 (115N6)

Agreen pheasant/ 0/2015(HSN6)
‘A/peacock/Hunan/ |z10|5;1|ms:
comtmon phessaniHunan/ 11201 S(HSNS)
rtpclonukllw\lml 2015(HSN6)
/20151

Apeacoc 's)
Algadwall Ningxia/ S.‘»‘I 20|51I{$\6)
A'northern shoveler/Ningxia 483-28/2015(HSN6)

A,Gu;mgxhn 39715/2014(H3NG)
o duck Walan WHYFO22015(H15N6)

LYSY]
L Atturtledove Wahan/ HKBJ43/2015(HSNG)
NG)

i 14(H5N
nment/Jiangxi/ 10170/ 20 14(HSNG)
mms,d\msmmom(uwm
A/migratory waterfowl/ Tl hr.nlml'wrnul A(HSNG)
Afnusoovy duck/Quang Nin m:mu

Alduck/Viet Nam/HU1-2361/20 14(H5N6)
o et CY D A3GTI0NSNG)
‘Leqv r@nm:\lltﬁms%u@ 72096/2014(H5N6)
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0.005

lang/12/2020(115N6)
in jiamg/132020(HENG)

Adwhooper swan

n| 020(HENG)
|angrmnzoms\m
injiang/8/2020(
.mgmzumu li\s)
x...ys/zom(m\sj

Ahwhooper swan/

182750024
Yangjiang PO

") HSNG)

x Lm '(:uau
Aleny cmm,g Foshan/C1 Rz?wuus 10 1 8(115\6)

Alchicken/Nghe An
\buangx l!ﬂ%?ﬂl?(ﬂihﬂ
/Zhaoging/C172790995/ 201 T(HSNG)
r\/cn\fﬁmrwg crrmusverHQ 2017(HSNG)

Alcommon gull Saratov/1676/2018(HSN6)
Alchicken "'{‘f ANOIVICZ0IBHENG
27VIC2018(HSNG)

3
amhhﬁmgmm; mmslzs
Aenv/Guangdong C17272335/'SHG/2017(HSNG)

Ashicken Yangzhou 6 01S(11NG)
1827
\'ch»cken”sud\oujl ZU]‘?(HS\G)
mviromsnt Xuzhouw 401 zom(mm)
giong ENI727S40S FSIUZ0

1gdong/C17285752/QY)
mmgdwnb iC Imisszm mm T(HSNG)

S(HSN6)

Alchicken’
en/V |=mmvHU9-=u2r2al S(HSNG)
6

Alchicken/ VietnanyHU9-847/2018(HSNG)

uck/Long Anmlwu*mlw]:ﬁhﬁ)
2 % H5N6)

72893?7'20“1!{5'\[6)

Almuscos

Aenw/Guangdong
A/Gua

ommon pheasant’
e\)xlmcldilww\’l 2016(HSN6)
uch

835/,
Adduck L BM?sxmmns\s;
oy dmu\ etnam/LBM 75520 14(HSN6)
¢ falcon HE/4955/201S(H5NG)

Nﬁlumg;hw’W’TlSr 24N
AlcickenSouth Kor 17(H5NG)

umu\n.m...mmnmmus\a)
VHYF02201511516)

Aleny/Guangdong Huizhow C 2017(HSN6)
Alenv/Guangdong/ nmz;xzs;lmmmum;
863577/ 201 7(H5NG)

i /F
Alenw GuangdongFoshan C' e30070 mmusum
/Foshan/C1’
5061154 201 8(HSNG)

an/'C NG)

Al i \Q\H”lms{}li\ﬁ)
leiver pasgacFimac A IGHE)

m QN-2624/2016(HSNG)
n\ 2522201 S(HSNG)
2015(H5N6)

2014( H.’yNG)

icken
"Aluck/ Dongguan 3685

Alchicken/Laos:
Jchicken/Shenzh;

/552

Aduckl n;

ut Sichuan
Alenvironment/Chonggin
AlensironmntXinjiang 00318 201 (115X6)

A duck Quang Ninh/4e111/2013(HSNG)

,udmmv..mr(\ruzmnlsums.
Agoose Eastern China/S0513201 3(HSN6)
72014(H5N6;

gdong GDO1/2014(
Dongeumn 3363 01ICHSNG)

NG)
Nl on T YR 2013(HSNG)
/LPQO01/201 4FISNG)
013(HSNG)

n/1061/2013(H5N6)

AlchickenShen
Almiromment Guangdong 1Y 137201415\
n pheasant/Hunan/10°201 S(H5NG)
Apeacock/Hunan/12/201 S(HSNG)
‘Alcommon pheasant/Hunan/11/201 S(HSNG)
psasock Hunan |3 201S(HSNG

2015(HSNG)

6 HSNG)
/NCIPLI1/2014(HSNG)

Sichu
mhma‘sclmuli(ﬂwsy
huan’

NCXI1S2014(H5NG)
{CLL1/2014(H3N6)
S 720962014G15NG)

ek
am/HU 12361201 4(H3NG)
VDI14-A367 2014(HSNG)

ph m
Almigratory waterfowl/Hubei/Chenhu1306/2014(HSNG)

10160/ 2014(HSNG)
Jiangxi/10170/2014(H5NG)

[ A
Aleurasi
Aduck/ Vietnam/| LBMTGU'ZUI‘(HS\G)
Alduck/Netherlands/17017236-001- aunal?(l[

ian cagle owl/Korea 96020 16(HSNG)

cacock/Netl
‘Albird Netherlands 1701 7775-135-039 zm'ﬂ(m’\s)

.\Jlsl-.:k headed Gull/N nlmhnds 29'20”("3\5]
5NG)
/i I Pp 00lEP 1120 18(H5N6)
. k-ba ds /17201 §(HSNG)
A puchmd duckfhngland AVE IBMTZS(WIS(HSNE)
herlands/18012508-017/201 8(HSN&)
mNeu.almdumC 1‘2019(1[5\'6)

ne faleon/Netherlands/ 18003274-001/20 I8(H5N
(RU9-18-102421 zul'l(Hs\é)
)

120151

Jeurasian wigeon Netherland:
ken/Greece/39 2017201 T(HSNG)
Adtufted duck/Shimane/3211TY001/2017(HSNG)

P ana3201601506)
/K

Alwhooper sw

7/2016(H5NG)
3121002201 6(HSNG)
)

Almuscovy duck/Viemam/HU7-23201 7(HSN6)
Agoose/Yangzhou’ wss'ﬂ wlo(ﬂsm)
Algrevlag goo
mNUI’lU]S{H}\ﬂ]
2015(HS?

Alpave mem

N6)
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0.005

Aeny/Guangdong/Zhaoging/C172790995/201 T(HSN6)

Aenviroment Xuzhou/461/201(HSNG)
Alchicken/Yangzhou/f6/ 201 8(HSNG)
chicken Nuzhow 470201 7(HSN6)
Alenviroment/Xuzhou 4018/2018(
N1

(H5NG)
G /s 1 12017(1SN6)
E Fo I
Aicken Suzhou§| 2019(115N6)

— Alenv/ ‘(mlnxd.nng Fm}un’ IXZTsﬂﬂZ“ZO]ﬁ(HiN(»)

Alwhooper swan/Xinjiang/12/2020(HSN6)
Awhooper swan/Xin jiang/13/2020(F

Al

[SNG)

nx/IWZOZIK!H i6)

yv wooper swan/Xinjlang/3202(115N6)
Awhooper swan/Xinjiang/2/2020(115N6)
Alwhooper swan ng/12020(11SNG)
[ Aduck/Guangdong PO17281256 MEIV 201 T(HSNG)
Alenv/Guangdong/C17281 1482
| en Gumgdong‘(‘l'ﬂ?%s?llllulol'l(

A/muscovy duck/Long An/ Aldwzolﬁ(ilms)
A/Guangxi/32797/2018(H5NG)
Alchicken/Vietnam/HU9-842/2018{HSN6)

18061
A/Guangdong/185F020 2018(HSNG)
i 1 WS

1906/20 18(HS
ngdmpl!7272182 HG2017(HSNG)

/C182753007/2018(H5N6)

Alehicken/Nghe An/02V'TC/2018(HSNG;

Guangdong Dongguan/ C172863577/20 17(HSN6)

iGumglony CITTZS3SSHG 201 (HSNG)

Jm'zollﬁls

01 5(H S| )
/D- IS AS9/2018(HSNG)

Altundra swan/Twale/9/201 6(HSNG)
Alwater/Aichi/W4/2016(HSNG)
Ablack swan/ Aichi 23121002 20 16(HSN6)
/ /KU-27/201G(HSN6)
ai G(HSNG)
N ehickenMiyaaki2 1 12016(115N6)
Alteal Tottori/ 2016(HSNG)

A'whooper swan/Fukushima/3/20 16(HSN6)
Atundra swan/Niigata/ 12201 6(HSNG)
Aeurasian eagle owl/Korea/960/2016(HSNG)
‘greylag goose/Hunan/1/2017(H3N6)

01 SZSGXIK005-G

vy duck/Vietnam/ HU7-17/201 7(H5N6)
- AGmphmlWlSznlklliNﬁ)

Adsilver pheasant/Hunan 3/ 201 6(HSNG)

Aswhooper swan/Hunan/4/2016(H5NG)

Alcommeon pheasant |una...mmsmsus)

V2016015

an HIN-2506:201 S(HENG)
' BMslmmqu:Na)
duck/Vietnam/LBMS0S/ 201 S(HSN6)
Nam/QN-2624/201 6(H3NG)
am/HN-2522201 5(H5N6)

Adchicken/ Vietnam/HU4-42/201 S(HSNG)
Aduck/Guangzhow 41227201 4(HSNG)
A/duck/Vietnam/LBM758/2014(H5NG)
Amuscovy dum‘mlmm 'Lrwms 2014(HSNG)
LPQOO1/2014(HSNG)

Alchicken/Laos
Alpeacock/Hunan/12/2015(HSNG)
A/peacock/Hunan/15/2015(H5NG)
Alcommon pheasant/Hunan'1 1/2015(HSNG)
A/green pheasant Hunan/10/201 S(H5N6)
Apsacock/Hinau V20 YE5NE)
Algadwall Ningxia/d85-31/201 5(H5N6)
Aleurasian wigeon/Nin u416-l2'20|5t|l$N6)
cken Zhejiang/727026/2014(HSNG)
‘goose Zhejiang 727110/ 2014(HSNG)
Aenvironment/Jilin/CC02/20 14(HSNG)
Aduck/Hunan'12.07 Y YGK108-P/2013(HSNG)

AlgooseShantow 1763/2014(HSNG)

/2464 2013(115NG)

‘Alcanada E AVSE IMJPpooll:P'

Aleurasian wigeon/Nether]

Aperegrine falcon/HK/4955/201 S(HSN6)
:A‘dmkﬁlluhe 'SYF24/201 5(H5N6)
AlcatSichuan'SCI 2014(HSN6)
Alenvironment/Sichuan/NCLL1/20 14(H3N6)
/chick ichuan/ LJPLl 20I4(“5N6)

(HS
Al waterfowl/Hubei chmmnmszol«(runm
,\’dncuhanyu 10160/2014(HSN6)
Al h

inh/4c11 IrZﬂlJ(H}\b)
-2361/2014(115N6)
D14-A367/2014(HSN6)

A etnam:
Algoose/Hunan/1 16201 4(H5NG)
Alduck/Eastem China/SO908/2014(HSNG)

Alchicken/Shenzhen/1061/201 3(HSN6)

Algoose/Estern C

Aduduclnmgdm;grﬂbol ‘2014(115\6)
E cken Dongguan’ nsmmzulsws)

Donggn 013(HSNG)
\v..nanm BI01(3NG)

na sosm.zulz(usm)
JE: /503

VP
‘Alblack-headed Gull/Netherlands/29/201 7(}! 5 Nb)

Afbird Netherlands/ 1 7017775-035-039/201 (HSNG)
Alcommon pochard Germa
Algreat black-backed gu

Neerands/2013CHSNG)

2018(H5N6)
Alduck Netherlands/ |7017216-00| -005/2017(HSNG)

_| |_.

/18003274-
Amallard Netherlands/1 $012508-0172018(H3NG)

/39 2017201 T(HSN6)

white-fronted goose/Miyagi/1/2016(H

Alcommon teal Shanghai/ JDS76

Almute swan/Hyogo/28011T\002
A

r Korea/WS41/, NG)
— Alchicken/Kumamoto/45/2016(H5N6)
)

Y/ ARD9-1 8- Louzlrml'f(nst)

15(HSNG)
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Alwhooper swa ang/12/2020(H5N6)
[ Alwhooper swan/Xinjiang/13/2020(HSNG)
injiang/112020(HSNG)

A/mute swan/Xinjiang/S/2020(H5NG)

[ A/mute swan/Xinjiang/4/2020(H5NG)

ml | A/whooper swan/Xinjiang/2/2020(H5N6)

| Amhoaper 6)
Alwhooper swan/Xi 6)

A\.mv/(h.\angdwg,’(I7285752Q\"20I7(H5N6)

Alfiangsu/1/2018(HSNG)

AlenviGuangdong Fosh m’rsunmmm(nsm

AlenviG

N:l:vfﬁ\ungdnny‘Cl?ZBS‘lS'!fQ\'2GI'I(H5\G)

20201

- W Gumgdmgcnomzl,\'wmrﬂ(mm)

T(HSNG)

‘\,rlncken mhm.nrzuwmst)

ehicken'Y angzhou/f6/201 8(H1SNG)
Alenv/Guangdong/Zhaoging/C172790995/201 (HSNG)

1 (HSNG)
AlenviGuangdong /Foshan/C172750528/2017(HSNG)
*18061

72752325/ FSH/201 T(H5NG)
/C172863577/.

A/Guangxi/31906/201 8(HSNG)

Alenv/Guangdong/Huizhow/C1 7280804201 7(HSN6)

/Guangdang/C1 2/SHG/2017(HSNG)
Alenv/Guangdong/C17059359/Y F/20 1 7(HSN6)
Alcommongull/Saratov/ 1676/ 2018(H5NG)
AmuscovydueldLong AwAL{70 20IS(H1SNG)
18289059/
Aduck/Guangdong/PO17281388/MZH/201 (HSNG)
[ Avenv/Guangdong C 17281141 SMZH2017(HSNG)
Alenv/Guangdong/Jicyang/C17289387/201 T(HSNG)
Alduck/Guangdong/PO1T07260017/GZH/201 Z(HSNG)
Alenv/Guangdong/C17272335/SHG/201 T(HSNG)
A/Guangxi/1 3486201 7(H5N6)
Aenvironment Jiangxi/45084/2016(SN6)

Amuseovy duck/ VietnamHU7-23/201 7(H5N6)
iyagi/l 2016(115N6)

SEA-2

Adwhooper swan Fukushima/3/2016(HSNG)
Algreylag goose/Hunan/1/2013(HSNG)
Alduck/Guangdong 01,01 SZSGXIKI05-G 2016(H5N6)

L Aduck/Guangzhow018/2014(H5NG)
Alperegrine falconHK/4955/201 SHSNG)
A/muscovy duck/Vietnam/LBM755/2014(H5N6)
A/Guangzhou/39715/20 1 4(H5NG)
== Alchicken/Vietnam/NCVD-15A59/201 S(HSNG)
Alduck/Japan/AQ-HE72/201 5(HSN6)
Alducl/Guangdong/ GDO1/20 14(HSNe
@nuwcuan;mm 1/2014(H5N6)
Alehicken/Dongguan/3363/2013(HSNG)
L Aduck/Dongguan 2685/ 2013(H3NG)
| A/ducHunan/12.07 YYGK108-P2013(HSNG)
Algoose/Shantow'1763/201 4(HSNG)
Aehicken/Laos/LPQOO1/2014(H3NG)
AVgreen pheasant/Hunan/10/2015(H5N6)
Alpeacock/Hunan'1 5201 5(HSNG)
Jpeacock/Hunan/12/2015(H3NG)
l/common pheasant/Hunan' 117201 5(HSNG)
A/gadwall Ningxia/483-31/201 S(HSNG)
'3 e

Alcommon teal/Ningxia/474-9/2015{H3NG)
L AenvirommentSilinCC022014(H56)
Algoose/Zhejiang/727110:2014(H5NG)
LBMS122015(H5NG)
Avmuscovy duck/ Vietnam/LBMS23/2015(HSNG)
Alchicken Vietnam/NCVD-15A35/2015(H3N6)
Alduck/Viet Nam/FIN-2522/201 5(HSNG)
Alchicken/ Vietnam/HU4-42/2015(H5NG)
Asilver pheasant/Hunan/3/2016(H5N6)
Alwhooper swan/Hunan/42016(HSNG)
Alcommon pheasant/Hunan/2/20 16(HSN6)
Alpeacock/Hunan/1/2016(HSNG)
Alduck/Viet Nam/QN-2624/2016(HSNG)
Adturtledove/ Wuhan/HKBJ43 2015(HSN6)
A/duck/Wubhan WHY F02/201 S(HSNG)
A/duck/Hubei ZYSYF24/2015(H5NG)
" Achicken'Shenzhen/ 1061/201 3(HSNG)

Algoose/Hunan/116/2014(HSN6)
— _E—_.vducl;‘Enlwn China/S0908/2014(H5NG)
Alduck/Wuhan/ JXYFB22/2015(H5N6)

ia decaoeto/Jiangxi/G6/2016(HSNG)
AlcatSichuan/SC18/2014(HSNG)
Alehicken/Sichuan/NCIPL1/2014(HSNG)

Alduck/Sichuan NCXJ15/201 4(HSN6)
Alenvironment/Chonggjing /72096201 4(HSNG)
Alenvironment/Xinjiang/00318/201 4(HSNG) SEA-1

Aimuscovy duck/Quang Ninh/del11/2013(HSN6)
,_r_L_\'d.udov.cmamfﬂm -23612014(HSNG)
Alpheasant/Vietnam mzou(m\c)

Aduck/Jiangxi/10160/2014(H:
L Amigratory wamfw|rnuha.‘mkmm1:0&201:4st5)

E

Algoose/Eastem China/S0313/2013(HSNG)
Adcanada /AVSE
Ablack-headed HHING)

Netherlands/17017236-001-005/20 1 T(HSNG)
% 1800424

Aleurasian wigeon/Netherlands/1/2018(HSNG)

Alehicken/Netherlands EMC-1/201 8(HSNG)

Alperigrine falcon/Netherlands/18003274.001/2018(HSNG)
Alchicken/Greece/39 2017/ 2u|7(nssass

3/2015(HSNG)

gy SYGS/201 S(HING)
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Alwhooper swa ing/12/202011SN6)

Afwhooper swan/Xinjiang/1 32020(H5N6)

A/whooper swan/! ng/11/2020(H5NG)

0.005 Aswhooper swan/Xinjiang/10/2020(HSNG)
Alwhooper swan/Xinjiang/9/2020(H5NG)

Aiwhooper swan/Xinjiang/8/2020(11SN6)

Aiwhooper swan/Xinjiang/T(2020(H5NG)
Aiwhooper swan/Xin jiang/6/2020(HSNG)

Almute swan/Xinjiang/S2020(H5NG)

6)
\jiang/2/2020(HSNG)

Adwhooper swan/X

| | Adwhooper s
Awhooper swan/Xinjiang/32020(H5NG)
Alenv/Gy Zhaoqing/C1 (115N6)

Adchicken/Y angzhowf6/2018(HSNG)

Alchicken/Yangzhowf14/2018(H5N6)
Alenv/Guangdong/C1 7285T57/QY 201 7(H5NG)
Alenv/G /EN1 SIFSH2017(HSNG)
Alenv/Guangdong/C1 72811415 MZIU201 T(HSNG)
Alduck/ Guangdong/PO1 7281388 MZH/ 201 7(HSN6)

i 172893881201 7(HSNG)
y 172 SN6)
Alduck/GuangdongY angiiang/PO1 8284009/ 2013(HSNG)
ngdong/C17281 1482 MZH/201 7(HSNG)

s »

Alenvy

Aliangsw/32888/2018(HSNG)

AlenviGuangdong/C1 72790853 ZHQ/201 (HSNG)

Alenv/Guangdong/Huizhou C18280077/201 §(HSN6)
A HSNG)

Aenv/G S 18061
Aenv/G izhow/C 18280031
Alenv/Guangdong/Foshan/C 172750328/ 201 [(HSN6)
A/Guangdong/ 188F020/2018(HSN6)
Alchicken/Nghe AnO1VTC/2018(HSNG)
Alcommon gull/Saratow/ 1676/2018(115N6)

1

/201 7(HSNG
1728635771201 (HSNG)

Adenv/Guangdong/C17285753/QY /201 (HSNG)
Alchicken/Nghe An02VTC/2018(HSNG)
Aerane/Kagoshima/KU-27/2016(HSNG)
Ablack swan/ Aichi/2312T00212016(H5NG)
Alchicken/Miyazaki/21/20 16(HSN6)
Altundra swan Twate/9/2016(HSNG)
curasian sagle owl/Korea/960/201 6(HSNG)
Alswhite-fronted goose/Miyagi/l 2016(HSNG)
Adenvis R G

d
Almuscovy duck/Vietnam/LBM755/2014(H5N6)
Aduck/Viemam/LBM75220 14(HSNG)
Alperegrine falconHK /4955201 5(HSN6) SEA-2
AlchickenVietmam/HU4-421201 S(HSNG)
Almuscovy duck/Viet Nam/HN-2506/201 S(HSN6)
Alduck/Viet Nam/HN-2522/201 S(HSN6)
Alchicken/Vietmam/NCVD-15A35/2015(HSN6)
Alpeacock/Hunan/ 1/2016(HSN6)
Alwhooper swan/Hunan/4/201 6(HSNG)
Adsilver pheasant/Hunan'3/2016(HSNG)
Afduck/Nha Trang/194/201 (HSNG)
Alduck/Viet Nam/QN-2624/2016(H5NG)
duck/ Vietnam/LBMS09/201 S(HSN6)
ctnam/LBME12/201(HSNG)
015(HSN6)

Alduck/ Wuhan/WHY F02/201 S(HSNG)

Alchicken/Vietam/NCVD-15A59/201 S(H5N6)

Alduck Eastern Chi 2014(HSNG)
Algoose/Eastern China/S0513/201 3(H5N6)
Alduck/Guangdong/GDO1/2014(HSNG)
Alenvironment/Guangdong/JY 13720 14(HI5N6)
Asstreptopelia decaocto!Jiangxi/G6/2016{HSNG)
Alchicken/Dongguan/3363/2013(HSNG)

A/duck/Dongguan 2635201 3(HSN6)
_I_r ‘duck/Dongguan/3069/ 20 3(HSNG)
Alchicken/Shenzhen/433/2013(H5NG)
AlGuangzhow39715/201 4(H5NG)
Alehicken/Laos/LPQOU1/2014(HSNG)
—— Wenvironment/Yunnan/y N25/201 5(H5N6)
A/goose/Shantow/1 763/2014(HSN6)
L AvduckHunan' 1207 YYGK108-P/2013(HSNG)
i ilin/CCO2/2014(H!

Almuscovy duck/Vietnam/HU7-232017(HSNG)
Algreylag goose/Hunan'112017(H3N6)
Algoose/Hunan/116:20 14(HSN6)
A/duck/Wuhan/JXY FB22/201 S(HSNG)
Alduck/Eastern China/S0908/2014(H5N6)
Alehicken/Shenzhen/1061/2013(H3N6)
duck/G 01.01 SZSGXIKO0S-G
A/goose/China/GS42-7.5eq/2016(HSNG)
Alpeacock/Hunan/13/2015(H3N6)
Alpeacock/Hunan/15:2015(H5NG)
Alpeacock/Hunan/12/201 5(HSNG)
Alcommon pheasant/Hunan/11/2015(HSNG)
Algreen - 15(HSNG)
| Aleurasian wigeon/Ningxia/d76-12/201 S(HSN6)
Jaris/O -

ps gdong
Aduck/Sichuan/NCXJ15/2014(HSNG)
AlenvironmentSichuan NCLL1/2014(HSNG)
Alchicken/Sichuan/NCIPL1/20 1 4(HSNG)
AleauSichuan/SC18/2014(H5N6)
Aduck/Sichuan NCIPL72014H5NG)
luck/Jiangxi/101 60201 4(HSNG}

avironment/Jiangxi/ 101707201 4(HSNG) SEA-1
Alenvironment Chongging /72096201 4(H5NG)

v henhul A
Adenvironment/Xinjiang 00318/2014H3NG)
Adduck/Viet Nam/HU1-2361/2014(HSN6)
Alpheasant/Vietnam/NCVD14-A367/2014(H5N6)
Almuscovy duck/Quang N 1/2013(H5N6)
2 YSYGS/201 S(HSNG)
Ablack-headed Gull Netherlands/29/201 7(HSNG)
A/bird/Netherlands/1 7017775-035-039/20 1 7(HSN6)

Aleanada goose/England/AVS8 180PpoolEP1 2018(HSN6)
/pochard duck/England/AVP 18 003254201 8(HSNG)
Alduck/Netherlands/1 7017236-001-005/201 1(HSN6)
A/mute swan/England/ AVP 15 001986/201 7(H5N6)

A/common pochard/Germany-BY/AR09-18-L02421/201 T(HSN6) ER
- Alchicken/Netherlands EMC-1/2018(HSNG)

) 18012508-01

Aeurasian wigeon/Netherlands/ | 2018(11SN6)
Algreat black-backed gull/Netherlands/ 1120 18(HSNG)

Afperigrin falcon/N
Alchicken/Greece/39 2017/2017(HSNG)
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0.005

Alwhooper swa ng/12/2020(115N6)
Afwhooper swan/Xinjiang/132020(HSNG)
Afwhooper swan/Xinjiang/11/2020(HSN6)
ooper swan N
Aswhooper swan.
Adwhooper swan/Xinji
ANy S g AN RN €}

/S/2020H5N )
o/4/2020115N6)
nE(l*Z[miEIl‘\l’l?

rslmll’\ll\jﬂn"1)’W2|[]l*\5)
8138 2017(H5N6G)
1ZH2017(H5N6)
/SHG201 7(H5NG)
A/goose/Guangdong 1’()]7”725410"5 GZH/2017(HSNG)
AlJiangsu/1/2018(H5NG)
A/common gull/Saratov/1676/2018(HSNG)
MOungrSTITINRSNG
scovy duck/Long An/Al470/ ZOIR(IIS\G)

l—  A/Guangsi/13486/2017(HSN6)
Alenv/Guangdong Huizhow C18280031/20 18(HSNG
— Aenv/Guangdong /C17272382/SHG2017(15N6)
Alenv/Guangdong/Foshan/C1827502002018(HSNG)
‘env/Guangdong/Shenzhen/C180611
Juangdong/Foshan/C172750528/201 /(H5NG)
A/Guangdong/ |88F020/2018(H5N6)
AlenvGuangdong C17059521/YF/201 7(HSNG)
AlenviGuangdong/C17285752/QY /201 [HSNG)
Aduck/Guangdong Y angjiang/ POIS284009 201 8(HSNG)
Alchicken'Suzhow1/201 % HSNG)
Alduck/Guangdong/PO17281 256/ MZH/201 7(H3NG)
Guangdong/Zhaoging C172790995/201 T(HSNG)
Alenv/Guangdong/C 172790591 ZHQ/ 201 7(HSN6)
Alenv/Guangdong/zhanjiang €1 8277209/ 20 18(HSNG)
1/ZYSYF24/201 S(HSNG)
¥

atus/Jiangxi JA1/2016(11N6)
62693201 S(HSNG)
ASS/2015(HSNG)
N0
etnam/HU4-42/201 (HSN6)
fsilver pheasant/Hunan/3/2016(HSNG)
whooper
I Apeacock/Hunan'1 zolb(uj\n)
Adduck/Vietnam/LBM81 2201 S(HSNG)
ck/Viet Nam/QN-2624/201 6(HSNG)
AlduckVietnany L BMS06/201 S(HSNG)
ha Trang, ms‘mnmsxz.)
4401F 005201 7(HSNG)
aido/X13/20 17(HSN6)
‘Alchicken/Miyazaki/21 2016(HS5M
Alerane/Kagoshima/KU-27/2016(HSNG)
\mm swan/Aichi/23 121002/2016(15NG)
omori/4/2016(H5N6)
chi/W4/2016(HSN6)
Aeurasian eagle owl/Korea 960/ 2016(H3NG)
A \\}mwr swanTwate/S/2016(H5NG)
goose/Miyagi/l
Altundra swan’ h.m 92016(H5N6G)
uangdong 01 SGXIKOUS-G /2016(HSN6)
Almuscovy mm Vietnam/HU7-23/201 7(HSN6)

‘greylag goose/Hunan/1/ 201 T(H5NG)
Aehicken Ganzhow GZ50201S(HSNG)
/D-15A59/2015(H5N6)
1sN6)

3M758/2014(HS N6)
Amuscovy duck/Vietnan/LEMT55/201 (HSNG)
Alpeacock/Hunan/13/201 S(HSNG)
peacock/Hunan/15/2015(H5NG)
Acommaon pheasant/Hunan/11/201(HSNG)
Algreen pheasantHunan/10/201 S(HSNG)
Alpeacock/Hunan/12/2015(HSNG)
AVgadwall/Ningxia/485-3112015(H5N6)
Alenvironment Jilin/CC02/2014(H5N6)
Achicken Dongguan 3363 201 (HSNG)
Algoose/Easter China/S0513/201 3(HSN6)
Alchicken/Shenzhen/1061/2013(HSN6)
Aturtledove Whan HKBJ43201 S(HSNG)
/201 S(HSNG)

Adduck/Wuhan/ WHYF02/201
AlGuangzhow39715/201 4(HSNG)
Aduck/Hunan/12.07 Y YGK 108-P/201 3(HSNG)
cken/Laos/LPQOO1/2014(HSNG)
Algoose/Hunan/1 :5 zn 14(HSNG)
Avduck/Eastern China/SU908/201 4(HSN
Eastern China/S0322/20 14(HS)

Aenvironment Jiangxi/10170/2014(HSNG)
chickenSichuan/NCJPL 1/ 2014(HSN6)
J15/2014(H5NG)
2014(HSNG)
Alenvironment/Sichuan/NCLL1/2014(HSN6)
Aduck SichunNCXJI6201 HHSNG)

G6/2016(HSNG)
Y 137201 4(H5N

Aleanada goose/England/AVSS 180PpoolEP 1/2018(HSNG)

Alpochard duck/England/ AV 18 003254/ 2018(HSNG)
Adork i etertaedal 701736001 MSOIHINS)
12508-01
Abickheaded Gl Netherlands/29 2017(H5NG)
Adbird Netherlands/| 7017775-035-039,201 7(HSNG)
A/mute swan/England/AVP 18 001986201 7(HSNG)
Abuzzard/Netherlands/18004242-002 201 8(HSN6)
Alcommon pochard Germany-13Y/AR09-18-L02421 mm(ﬁsr\o)
Alperigrine
AVeurasian wigeon/Netherlands/ 1120 18(H3NG)
2018{HSNG)

_|

AlchickenNetherlands/ EMC
|_|: Alehicken/Greece/30 2017/201 7(HSN6)
tufled duck: Shimane 3211 TY001 201 7(HSNG)

Alp 2018(HSNG)

SEA-2

SEA-1

ER

Appendix Figure. Phylogenetic analysis of SW/XJ/2020(H5N6). The neighbor joining trees of
SW/XJ/2020(H5N®6) virus genes were built by using the Mega 6.0.6 ClustalW software package.
Segments shown are: hemagglutinin (HA) (A); neuraminidase (NA) (B); polymerase basic (PB2) (C);
polymerase basic (PB1) (D); polymerase (PA) (E); nucleoprotein (NP) (F); matrix (M) (G); Nonstructural
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protein (NS) (H). The unrooted trees were based on nucleotide positions 29 to 1701 for HA, 29 to 1409
for N6 NA, 28 to 2307 for PB2, 25 to 2298 for PB1, 25 to 2175 for PA, 46 to 1542 for NP, 26 to 1007 for
M, and 27 to 855 for NS. The 13 H5N6 from the swans in this study are shown in red and bold, the HA

donor of Re-11 vaccine candidate is shown in green and bold in panel A. SEA, Southeast Asia; ER,

Europe.
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