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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 H5N6 and all experiments with live H5N6 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 (CEEs) 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 H5N6 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/EID/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 virusinfected 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 SRD06 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. EPI1718935-EPI1719038.
Chicken Test
Intravenous Pathogenicity Index (IVPI)

The pathogenicity of the representative A(H5N6) virus was determined in chicken by
means of the IVPI test in accordance with the IVPI 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 107.0 EID50/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 106.0 EID50/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(H5N6) 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 101.0 to 106.0 EID50 of the virus in a volume of
50 µL. 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 106.0 EID50 of the A(H5N6) virus in a volume of
50 µL. 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(H5N6) 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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Appendix Table 1. The closest relatives to WS/XJ/1/2020(H5N6) in the GISAID database.
Homology of
13 H5N6
Segment
Position
viruses (%)
Closest relatives
HA
29–1729
99.5–100
A/Env/Guangdong/C17285752-QY/2017(H5N6)
NA
19–1409
99.9–100
A/Env/Guangdong/C17285752-QY/2017(H5N6)
PB2
28–2307
99.9–100
A/Duck/Guangdong/PO17281256/MZH/2017(H5N6)
PB1
25–2298
99.8–100
A/Env/Guangdong/Foshan/C182750085/2018(H5N6)
PA
25–2175
100
A/Env/Guangdong/Jieyang/C18289059/2018(H5N6)
NP
46–1542
99.9–100
A/Env/Guangdong/C17285753/QY/2017(H5N6)
M
26–1007
99.9–100
A/Env/Guangdong/C17285752/QY/2017(H5N6)
NS
27–855
99.8–100
A/chicken/Nghe_An/01VTC/2018(H5N6)

Segment ID
(EPI_ISL)
340844
278026
340789
340824
340825
340845
340844
389022

Homology (%)
98.8
99.3
98.9
98.7
99.4
98.6
99.2
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.

Page 5 of 14

Page 6 of 14

Page 7 of 14

Page 8 of 14

Page 9 of 14

Page 10 of 14

Page 11 of 14

Page 12 of 14

Appendix Figure. Phylogenetic analysis of SW/XJ/2020(H5N6). The neighbor joining trees of
SW/XJ/2020(H5N6) 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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