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Highly Pathogenic Avian Influenza A Virus
in Wild Migratory Birds, Qinghai Lake,
China, 2022

Appendix

Methods

Sample collection

Feces from healthy birds, cloacal swabs, and carcass organs were collected for viral
isolation. Fresh and well-separated droppings were sampled, and fecal swabs were obtained
using sterile swabs. Each sample was placed in a vial containing 2 mL of viral transport medium,
stored at 2-8°C, and shipped to the laboratory within 12 h for further analysis. The tissue

samples were collected from the laboratory.
Virus isolation and sequencing

Before inoculation, swabs were thoroughly mixed with the viral transport medium, and
centrifuged at 8000 rpm and 4°C for 10 min until further use. Tissues and organs were
homogenized in 1 mL cold PBS under sterile conditions. The solid debris in the swab and tissue
samples were then pelleted by centrifugation at 8000 rpm and 4°C for 10 min. The precipitate
was discarded, and antimicrobial agents were added to the processed supernatant, resulting in a
final concentration of 100U/ml for penicillin, 0.1mg/ml for streptomycin, and 0.25 p g/ml for

amphotericin B.
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Treated samples were inoculated into the allantoic cavities of 10-day-old specific
pathogen-free embryonated eggs. After incubation at 37°C for 48—72 h, the allantoic fluid of
inoculated eggs was collected and tested for the presence of HA-titer using 1% chicken red blood
cells. HA-titer-positive samples were then confirmed for AIVs through reverse transcription
PCR, as previously described (1). Using next-generation sequencing combined with Sanger
sequencing, we performed whole-genome sequencing of 25 H5N1, 1 H2N3, 2 H3N8, 3 H4NG, 2
H12N5, 5 H1I0N5, 5 H10N9, 6 H10N7, 1H10N8 and 3 H10N1 strains, isolated between 2022
and 2023, as previously described (2). Whole-genome sequences of 25 strains of Qinghai Lake
H5N1 influenza and other subtype LPAIVs isolates were determined and deposited in the Global
Initiative on Sharing All Influenza Data (GISAID) (accession nos. EP119004930, EP119004931,
EP119004932, EP119004933, EP119004934, EP119004935, EP119004936, EP119004937,
EP119004938, EP119004939, EP119004940, EP119004941, EP119004942, EP119004943,
EP119004944, EP119004945, EP119004946, EP119004947, EP119004948, EP119004949,
EP119004950, EP119004951, EP119004952,EP119004953, EP119004954, EP119004955,
EP119004956, EP119004957, EP119004958, EP119004959, EP119004960, EP119004961,
EP119004962, EP119004963, EP119214809, EP119214810, EP119214811, EP119214812,
EP119214813, EP119214814, EP119214815, EP119214816, EP119214817, EP119214818,
EP119214961, EP119214969, EP119214962, EP119214963, EP119214964, EP119214965,
EP119214966, EP119214967, EP119214968).

Genetic analysis

All sequence data of the influenza A virus available from the GISAID and GenBank
databases were obtained and combined into one database on August 18, 2023. Analysis datasets
were generated by querying each nucleotide sequence of the QH-H5N1 virus against a combined
database using the BLASTN program with default parameters. Sequences of the top 1000 hits
were collected, including all QH-H5N1-related viruses and the closest virus. Identical sequences

and sequences without a clear subtype or collection date were excluded from each segmented
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dataset. These formed new subsets of data used for further phylogenetic analyses. Alignment of
each gene fragment in the dataset was achieved using the Mafft software (v7.508), and redundant

non-CDS base pairs were deleted after alignment.

The best model for tree construction was selected using IQTREE (v1.6.12)’s MF (Model
Finder) model, and the bootstrap value was set to 1000 for the final ML tree drawing using the
best model. Optimal nucleotide substitution model for each gene was as follows: PB2,
GTR+F+1+G4; PB1, GTR+F+1+G4; PA, GTR+F+R3; HA, GTR+F+G4; NP, TVM+F+I+G4;
N1, TVM+F+1+G4; M, GTR+F+1+R3; NS, GTR+F+G4.

Animal experiments

Experiments using live HP H5 viruses were conducted in a biosafety level 3 facility at the
Wuhan Institute of Virology (WIV), CAS. All animal experiment procedures were approved in
advance by the ethics committees of Wuhan Institute of Virology, Chinese Academy of

Sciences.

During our routine surveillance of AIV in Qinghai Lake, different clades of H5 strains,
including 2.3.4.4b H5N1, 2.3.2.1c H5N1, 2.3.4.4a H5NG, and 2.3.4.4b H5N8 were isolated. In
this study, several representative stains were selected for subsequent animal pathogenetic
experiment. These strains were A/Bar-headed goose/Qinghai/SHK-1/2022 (H5N1) (clade
2.3.4.4b), A/Bar-headed goose/Qinghai/225-2/2022 (H5N1) (clade 2.3.4.4b), A/Great black-
headed Gull/Qinghai/Y06/2015 (H5N1) (clade 2.3.2.1c), A/Bar-headed
goose/Qinghai/X402/2015 (H5N6) (clade 2.3.4.4), and A/Bar-headed Goose/QH-B44/2016
(H5NS8) (clade 2.3.4.4b). Animal experiments were performed as previously described (3).
Briefly, five strains of the virus were diluted to 10° EIDso/20 pL, and ten 6-week-old SPF
BALB/c mice were intranasally infected with 20 pL of each viral strains under anesthesia. On
the third day after infection, three mice from each group were randomly euthanized, and the

brain, spleen, lung, and nasal turbinate bones were collected for virus titration. The remaining
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seven mice were weighed daily until day 14 and euthanized. The virus titer in each organ was
determined using chicken embryo eggs, and the replication titer of the organs was calculated

according to the Reed—Muench method (4).
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Appendix Table 1. Surveillance for AIV viruses in Qinghai Lake, 2019-2023

Collection date Sampling sites Host Sample type  Sample size Influenza A positive  Subtype
5/13 Hada Shoal Bar-headed goose Feces 301 8 H2N3
Egg Island Bar-headed goose Feces 257 NA NA
Rescue center Bar-headed goose Feces 126 NA NA
Sheng River estuary Bar-headed goose Feces 130 NA NA
5/15 Egg Island Bar-headed goose Feces 69 NA NA
7/1 Egg Island Bar-headed goose Feces 39 NA NA
2019 Sheng River estuary Bar-headed goose Feces 221 NA NA
712 Hada Shoal Bar-headed goose Feces 67 NA NA
713 Rescue center Bar-headed goose Feces 38 NA NA
714 Black horse river Bar-headed goose Feces 135 NA NA
Buha River estuary Bar-headed goose Feces 279 NA NA
Subtotals 1662 8
7117 Hada Shoal Bar-headed goose Feces 200 NA NA
7118 Buha River estuary Bar-headed goose Feces 173 NA NA
2020 7119 Sheng River estuary Bar-headed goose Feces 258 NA NA
712 Black horse River Bar-headed goose Feces 45 NA NA
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Collection date Sampling sites Host Sample type  Sample size  Influenza A positive  Subtype
8/11 Haixin Mountains Bar-headed goose Swabs 2 NA NA
Haixin Mountains Bar-headed goose Feces 68 NA NA
8/12 Hada Shoal Bar-headed goose Feces 223 NA NA
8/13 Buha River estuary Bar-headed goose Feces 121 NA NA
Sheng River estuary Bar-headed goose Feces 157 NA NA
Subtotals 1247 0 NA
5/13 Sheng River estuary Bar-headed goose Feces 206 NA NA
5/14 Hada Shoal Bar-headed goose Feces 205 NA NA
5/15 Black horse River Bar-headed goose Feces 105 NA NA
5/16 Egg Island Bar-headed goose Feces 146 NA NA
6/17 Egg Island Common Cormorant Feces 97 NA NA
6/18 Hada Shoal Bar-headed goose Feces 221 NA NA
Buha River estuary Common Cormorant Feces 84 NA NA
2021 6/19 Hada Shoal Bar-headed goose Feces 195 NA NA
7129 Hada Shoal Bar-headed goose Feces 29 NA NA
7/30 Rescue center Bar-headed goose Feces 49 NA NA
Sheng River estuary Bar-headed goose Feces 133 NA NA
7/31 Jiangxi ditch Bar-headed goose Feces 80 NA NA
Ruddy Shelduck Feces 350 1 H7N3
Subtotals 1900 1
6/18 Sheng River estuary Bar-headed goose Feces 160 8 H5N1
Bar-headed goose Swabs 3 NA NA
6/19 Black horse River Ruddy Shelduck Feces 55 NA NA
Jiangxi ditch Ruddy Shelduck Feces 210 2 H10N7
Bar-headed goose Feces 61 1 H10N7
6/20 Hada Shoal Brown-headed gull Swabs 3 1 H2N3
Hada Shoal Brown-headed gull Feces 120 2 H3N8
6/21 Hada Shoal Brown-headed gull Feces 120 3 H10N7
2022 7120 Sheng River estuary Ruddy Shelduck Feces 211 NA NA
7122 Hada Shoal Bar-headed goose Feces 61 NA NA
Hada Shoal Ruddy Shelduck Feces 69 2 H5N1
7123 Black horse River Brown-headed gull Feces 48 NA NA
Bar-headed goose Feces 30 NA NA
Jiangxi ditch Ruddy Shelduck Feces 210 NA NA
Bar-headed goose Feces 33 3 H5N1
7124 Egg Island Brown-headed gull Feces 68 NA NA
Subtotals 1462 22 NA
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Collection date Sampling sites Host Sample type  Sample size  Influenza A positive  Subtype
5/14 Hada Shoal Ruddy Shelduck Feces 375 NA NA
5/15 Hada Shoal Ruddy Shelduck Feces 75 NA NA
Bar-headed goose Feces 8 NA NA
Snipe Feces 99 NA NA
5/16 Hada Shoal Bar-headed goose Feces 255 NA NA
5/16 Sheng River estuary Bar-headed goose Feces 86 NA NA
5/18 Egg Island Bar-headed goose Feces 73 NA NA
Common Cormorant Feces 13 NA NA
6/15 Hada Shoal Bar-headed goose Feces 290 NA NA
6/16 Hada Shoal Ruddy Shelduck Feces 345 NA NA
Sheng River estuary Bar-headed goose Feces 290 NA NA
6/17 Na Ren Wetland Bar-headed goose Feces 350 NA NA
7119 Hada Shoal Bar-headed goose Feces 200 NA NA
2028 Sheng River estuary Bar-headed goose Feces 212 NA NA
7120 Sheng River estuary Bar-headed goose Feces 162 NA NA
Na Ren Wetland Bar-headed goose Feces 73 NA NA

7121 Jiangxi ditch Ruddy Shelduck Feces 394 3 H4N6

4 H10N1

3 H10N5

5 H10N9

2 H12N5
Black horse River Bar-headed goose Feces 90 NA NA
9/17 Hada Shoal Ruddy Shelduck Feces 37 NA NA
Sheng River estuary Bar-headed goose Feces 36 NA NA
9/18 Jiangxi ditch Ruddy Shelduck Feces 18 NA NA
Subtotals 3481 17 NA
Total 9752 48 NA
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Appendix Table 2. Detailed information of tissue samples collected from wild birds in Qinghai Lake

Influenza A
Number Host Sites Time Tissue sampled positive
1 Brown-headed Hada Shoal 2022/7/21 Heart, liver, lung, intestine, brain H5N1
gull
2 Brown-headed Hada Shoal 2022/7/21 Heart, liver, lung, kidney, intestine, brain H5N1
gull
3 Crested grebe Egg Island 2022/7/21 Heart, liver, lung, kidney, intestine, brain H5N1
4 Crested grebe Egg Island 2022/7/21 Heart, lung H5N1
5 Brown-headed Hada Shoal 2022/7/22 Heart, liver, lung, kidney, intestine, brain H5N1
gull
6 Brown-headed Hada Shoal 202217122 Heart, liver, lung, kidney, intestine, brain H5N1
gull
7 Brown-headed Sheng River 2022/7120 Heart, liver, lung, intestine, brain H5N1
gull estuary
8 Crested grebe Garila 2022/7/15 Heart, liver, lung, kidney, intestine, brain H5N1
9 Crested grebe Garila 2022/7/15 Heart, liver, lung, brain H5N1
10 Crested grebe Garila 2022/7/15 Heart, liver, lung, intestine, brain H5N1
11 Brown-headed Black horse River  2022/7/23 Heart, liver, lung, intestine, brain H5N1
gull
12 Brown-headed Black horse River  2022/7/23 Heart, liver, lung, brain H5N1
gull
13 Brown-headed Hada Shoal 2023/5/15 Heart, liver, lung, kidney, spleen, brain NA
gull
14 Bar-headed goose Sheng River 2023/5/16 Heart, liver, lung, kidney, intestine, brain, NA
estuary spleen
15 Yellow-bellied Tit Sheng River 2023/5/16 Heart, liver, lung, intestine, brain NA
estuary
16 Cormorant Egg Island 2023/5/18 Heart, liver, lung, intestine, brain NA
17 Cormorant Egg Island 2023/5/18 Heart, liver, lung, intestine, kidney, brain NA
18 Cormorant Egg Island 2023/5/18 Heart, liver, lung, intestine, kidney, brain NA
19 Sparrow Hada Shoal 2023/6/16 Heatrt, liver, lung, intestine, kidney, brain NA
20 Wild duck Hada Shoal 2023/6/16 Heart, liver, lung, intestine, kidney, brain NA
21 Bar-headed goose Sheng River 2023/7/19 Heatrt, liver, lung, intestine, kidney, brain NA
estuary
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Appendix Table 3. Amino acid residues of Qinghai H5N1 viruses associated with increased human-type receptor binding or

promoting the replication, virulence, and transmission of avian influenza viruses in mammalian hosts.

Protein  Amino acid

G1f

G2t

Phenotypic consequences

HA* Cleavage

PB2

PB1

PA

NP

NS1

site
T160A
1495V
A676T
L89V
G309D
R477G
T339K
AB55V
D3V
D622G
S37A
V63l

N383D
S515T
K470R
N30D
T215A
P42S
1106M

PLREKRRKR/G PLREKRRKR/G

- » OO < < X 06 0O < 4 < >

nw » U X1/ 4 O

M

< r» OO < < X 0 0O << 4 < >»

nw » U X1/ 4 O

M

Feature of HPAIV (5)

Increases virus binding to the human receptor (a-2, 6) (6, 7)

Increases virulence and replication in mammals (8).

Increases polymerase activity in mammals (8, 9)

Enhances viral polymerase activity (10)

Enhances viral polymerase activity, virulence in mice (11)
Increases polymerase activity in human cells (12)
Increases viral polymerase activity, viral replication and virulence in
mammalian cells (13)

Increases polymerase activity in human cells (14, 15)

Increases virus infectivity and virulence increase (16)

Increases viral replication and viral virulence in mice (17)

Increases virulence and decreased antiviral response in mice (18)

Increases viral virulence in mice by enhanced CPSF30 binding (19)

*The numbering of HA is relative to A/New York/392/2004(H3N2).

tGenotype 1 and 2 of Qinghai H5N1 viruses isolated in 2022.
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9

EPI12572662|A/goose/Hunan/SE284/2022|H5N1|HA|2022-01-05
EPI17606851|A/Korean/native-chicken/Korea/H127/2022|H5N 1|HA|2022-02-06
EPI17606863|A/duck/Korea/H232/2022|H5N 1|HA|2022-03-02
EPI15647837|A/duck/Korea/H125/2022|H5N 1|HA|2022-02-05
EPI17606854|A/chicken/Korea/H130/2022|H5N 1|HA[2022-02-07
EPI17606861|A/duck/Korea/H196/2022|H5N 1|HA|2022-02-18
EPI15647834|A/duck/Korea/H493/2022|H5N 1|HA[2022-10-17
EPI13352702|A/whooper swan/Shanxi/608/2021|H5N1|HA[2021-12-17
EPI13352706|A/whooper swan/Henan/8/2021|H5N1|HA|2021-12-17
EPI13352704|A/whooper swan/Shanxi/20/2021|H5N1|HA|2021-12-17
EP119004948|A/Bar-headed goose/Qinghai/06-225-2/2022|H5N 1|HA|2022-06-18
EP119004951|A/Bar-headed goose/Qinghai/06-SHK-3/2022|H5N 1]HA|2022-06-18
EP119004952|A/Bar-headed goose/Qinghai/06-SHK-4/2022|H5N1|HA|2022-06-18
EP119004950|A/Bar-headed goose/Qinghai/06-SHK-2/2022|H5N1|HA|2022-06-18
EPI119004943|A/Brown-headed gull/Qinghai/11-ZZ-X/2022|H5N1|HA|2022-07-23
EPI119004941|A/Brown-headed gull/Qinghai/07-ZZ-X/2022|H5N1|HA|2022-07-20
EP119004938|A/Brown-headed gull/Qinghai/06-ZZ-F/2022|H5N 1|HA|2022-07-22
EPI119004933|A/Brown-headed gull/Qinghai/01-ZZ-G/2022|H5N 1|HA|2022-07-21
EP119004931|A/Crested grebe/Qinghai/03-ZZ-S/2022|H5N 1|HA|2022-07-21
EP119004937|A/Bar-headed goose/Qinghai/07-JXG-2/2022|H5N 1|HA|2022-07-22
EP119004932|A/Brown-headed gull/Qinghai/05-2Z-C/2022|H5N 1|HA|2022-07-22
- EP119004946|A/Brown-headed gull/Qinghai/12-ZZ-N/2022|H5N1|HA|2022-07-23
— EP119004936|A/Bar-headed goose/Qinghai/07-JXG-1/2022|H5N1|HA|2022-07-22
EP119004947|A/Brown-headed gull/Qinghai/06-01-SZ/2022|H5N 1|HA|2022-06-20
EPI19004942|A/Crested grebe/Qinghai/10-ZZ-C/2022|H5N 1|HA|2022-07-15
'l EP119004939|A/Crested grebe/Qinghai/04-ZZ-F/2022|H5N 1|HA|2022-07-15
| |' EP119004938|A/Bar-headed goose/Qinghai/07-JXG-3/2022|H5N 1|HA|2022-07-22
EPI119004944|A/Crested grebe/Qinghai/09-ZZ-F/2022|H5N1|HA|2022-07-15
EP119004930|A/Ruddy Shelduck/Qinghai/07-HDT-1/2022|HA|H5N 1|HA[2022-07-22
EP119004931|A/Ruddy Shelduck/Qinghai/07-HDT-2/2022|HA|H5N 1|HA|2022-07-22
EPI119004934|A/Brown-headed gull/Qinghai/02-ZZ-C/2022|H5N 1|HA|2022-07-21
— EPI11633614|A/Cygnus columbianus/Hubei/121/2021|H5N1|HA[2021-12-20
EPI119004954|A/Bar-headed goose/Qinghai/06-SHK-6/2022|H5N 1|HA|2022-06-18
h EPI8769033|A/turkey/Tyumen/81-96V/2021|H5N1|HA|2021-10-30
EPI8769034|A/chicken/Tyumen/81-97V/2021|H5N 1|HA|2021-10-30
104 EPI119004945|A/Crested grebe/Qinghai/08-ZZ-F/2022|H5N1|HA|2022-07-15
+ EPI8769018|A/chicken/Tyumen/47-79V/2021|H5N1|HA|2021-10-12
y EPI19004949|A/Bar-headed goose/Qinghai/06-SHK-1/2022|H5N1|HA|2022-06-18
92 EPI19004953|A/Bar-headed goose/Qinghai/06-SHK-5/2022|H5N1|HA|2022-06-18
EPI11211731|A/duck/Bangladesh/19D1818/2021|H5N 1|HA|2021-12-22
100 I' EPI13243698|A/duck/Bangladesh/19D1819/2021|H5N1|HA|2021-12-22
EPI14886367|A/duck/Bangladesh/51602/2021|H5N1|HA|2021-12-19
EPI13243350|A/duck/Bangladesh/19D1874/2022|H5N1|HA|2022-03-09
EPI11633613|A/Cygnus columbianus/Hubei/117/2021|H5N1|HA|2021-12-20
EPI111633709|A/Cygnus columbianus/Hubei/128/2021|H5N1|HA|2021-12-20
EPI16831325|A/chicken/Japan/TU18-143144/2022|H5N 1|HA|2022-04-08
EPI16831326|A/chicken/Japan/TU19-107108/2022|H5N 1|HA|2022-04-15
EPI16831241|A/jungle crow/Japan/0104B087/2022|H5N1|HA|2022-04-28
EPI16831026|A/swan/Japan/03021001T/2022|H5N 1|HA|2022-02-08
EPI16831092|A/jungle crow/Japan/03031003/2022|H5N1|HA|2022-03-04
100 | EPI116831077|A/white-fronted goose/Japan/TU16-74/2022|H5N1|HA|2022-02-12
EPI14064988|A/crow/Hokkaido/0102M086/2022|H5N1|HA|2022-02-09
EPI15843373|A/Bald Eagle/BC/OTH-33-36/2022|H5N 1|HA|2022-02-03
EPI14064699|A/crow/Hokkaido/0102F046/2022|H5N 1|HA|2022-02-07
EPI16831664|A/emu/Japan/TU24-1920/2022|H5N 1|HA|2022-05-12
EPI16831327|A/chicken/Japan/TU20-2829/2022|H5N1|HA|2022-04-16
EPI16618960|A/chicken/Magadan/14-1V/2022|H5N 1|HA[2022-10-12
EPI17950087|A/large-billed crow/Hokkaido/0103E088/2023|H5N 1|HA|2023-03-30
EPI18071580|A/goose/Magadan/2272-5/2022|H5N 1|HA[2022-10-09
EP116955798|A/slaty-backed gull/Hokkaido/0111M114/2022|H5N1|HA|2022-11-16
EPI14061485|A/chicken/Nigeria/lVRD21-109-21VIR2370-425/2021|H5N 1|HA|2021-03-01
EPI17414610|A/avian/Nigeria/VRD-21-181-21VIR7423-2/2021|H5N 1|HA|2021-03-23
EPI17414608|A/avian/Nigeria/VRD-21-140-21VIR7423-19/2021|H5N 1|HA|2021-03-12
EPI17414664|A/poultry/Nigeria/VRD-21-135-21VIR7423-18/2021|H5N 1|HA|2021-03-10

EPI4061481|A/chicken/Nigeria/VRD21-43-21VIR2288-4/2021|H5N8|HA|2021-02-10
EP117414602|A/avian/Nigeria/lVRD-21-031-21RS744-65/2021|H5N8|HA|2021-02-02
EP14061482|A/chicken/Nigeria/VRD21-035B-21VIR2288-1/2021|H5N8|HA|2021-02-05
EP14061490|A/chicken/Nigeria/VRD21-88-21VIR2288-8/2021|H5N8|HA|2021-02-25
EPI12932683|A/chicken/Kazakhstan/1-20-B-Talg-67/2020|HSN8|HA|2020-10-09
EP12932609|A/duck/Kazakhstan/12-20-B-Talg-11/2020|H5N8|HA|2020-09-15
EPI603136|A/Eurasian Wigeon/Netherlands/7/2020|H5N8|HA|2020-10-16
EPI710505|A/turkey/England/038115/2020|H5N8|HA|2020-12-02

EPI2234812|A/anser anser/Spain/297-1-21VIR1230-5/2021|H5N8|HA|2021-01-27
EPI1641394|A/chicken/Netherlands/20017639-001/2020|H5N8|HA|2020-11-10

100

EPI11123357|A/brent goose/England/233339/2020|H5N8|HA|2020-11-08
EP15058432|A/barnacle goose/Germany-SH/AI02190/2020|H5N8|HA|2020-11-02
EP1614400|A/barnacle goose/Germany-SH/AI02167/2020|H5N8|HA|2020-10-28

~ EPI1139107|A/muscovy duck/Netherlands/20018067-001/2020|H5N8|HA|2020-11-12

) EPLISL_644123)Aturkey/Omsk/0003/2020|HSN8]HA|2020-08-13
EPI1114737|Alchicken/Kostroma/304-01/2020|H5N8|HA|2020-10-17

EPI336932|A/chicken/Voronezh/1504/2018|H5N8|clade2.3.4.4b @
EPI1419363|A/chicken/Bulgaria/Plovdiv/295/2018|H5N8|clade2.3.4.4b @

EPI304404|A/Fujian-Sanyuan/21099/2017|H5N6|clade2.3.4.4b @
EPI237553|A/duck/India/10CA01/2016|H5N8|clade2.3.4.4b @

EPI333130|A/goose/Bangladesh/19D855/2017|H5N6|clade2.3.4.4b @

EPI157609|A/breeder duck/Korea/Gochang1/2014|H5N8|clade2.3.4.4b @

H5N1 circulated
in Eurasia in
2020-2023

HS5N8 circulated
in Eurasia in
2020-2021

0.02

Clade
2.3.4.4b

Appendix Figure 1. Maximum-likelihood phylogenetic trees for hemagglutinin gene segments of Qinghai

Lake H5N1, China, 2022. Blue circle, the branch of clade 2.3.4, clade 2.3.4.4a, and c-h; red spot, the

branch of clade 2.3.4.4b viruses; red text, virus strain names of Qinghai Lake H5N1. The scale bar

represents nucleotide substitutions per site.
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EP119004932|/A/Brown-headed guilQinghail05-22-C/2022|H5N1[2022-07-22
EPI19004937|A/Bar-headed goose/Qinghail07-JXG-2/2022{H5EN1|2022-07-22
EPI19004936|/A/Bar-headed goose/Qinghail07-JXG-1/2022/H5N1{2022-07-22
EPI19004941/A/Brown-headed guiliQinghail07-22-X/2022|H5N1|2022-07-20)
EPI19004942|A/Crested grebe/Qinghai/10-22-C/2022JH5N1|2022-07-15
EPI19004943|A/Brown-headed gulliQinghai/11-22-X/2022jH5N1|2022-07-23
EPI19004940|/Bar-headed goose/Qinghai/07-JXG-3/2022]H5N1|2022-07-22
EPI19004939)A/Crested grebe/Qinghail04-2Z-F/2022|HEN12022-07-15
EPI19004938|A/Brown-headed gull/Qinghal/06-22-F/2022|H5N1[2022-07-22
EPI19004933/A/Brown-headed gulliQinghai/01-22-G/2022|H5N1|2022-07-21
EPI19004934|A/Brown-headed gulliQinghall02-22-C/2022|H5N1|2022-07-21
EPI19004930]A/Ruddy Shelduck/Qinghail07-HDT-1/2022{H5N1|2022-07-22
EPI19004931|A/Ruddy Shelduck/Qinghail07-HDT-2/2022/H5N1|2022-07-22
EPI19004931|A/Crested grebe/Qinghail03-22-S/2022|H5N1{2022-07-21

EPI rested grebe/Qinghai09-22-F/2022|HEN1|2022-07-15

EPI19 |A/Brown-headed guilQinghai/12-2Z-N/

EPI19004947|A/Brown-headed guilQinghal/06-01-S2/2022{H5N1|202:
EPI19004948|A/Bar-headed goose/Qinghaif0B-225-2/2022|H5N1]2022-06-18

9

EPY /Bar-headed goose/Qinghai/06-SHK-1/2022|H5N 1{2022-06-18 o :
EPI /i goose/Qingh HK-8/2022JH5N1[2022-06-18 = 5
EPI19004954|A/Bar-headed goose/Qinghail06-SHK-6/2022/H5N 112022-06-18 g_ >
EPI19004950|A/Bar-headed goose/Qinghai/06-SHK-212022/H5N112022-06-18 o =
EPI19004951|A/Bar-headed goose/Qinghal/06-SHK-3/2022|HSN1[2022-06-18 [l
EP119004952|A/Bar-headed goose/Qinghall06-SHK-4/2022|H5N 1]2022-06-18 W W
EP11900 headed goose/Qinghai/D6-SHK-412022/H5N 112022-06-18 ~ Z
EPI19004958|A/Bar-headed goose/Qinghai/06-JXG-1/2022|H10N7|2022-06-19 D —

14 K22- { |PB2]: 1107 g.-

EPI ( swan/Toyama/161 |HSN1|PB2[2022-11-26 <

€PI |A/Spotbiled 12022-1121 =

- 100 = EPI7414669A1 HSN1IPB2(2022-10-09 =

EPI 1 12022-10-10 «

biled JHSN1|PB212023-01-06
|HON1|PB212023-02-10
L L L 0205
_wgl—_[_ EPI JHSN1[PB22022-10-17
PN IHEN1|PB2/2022-02-06
P g |PB2[2022-01-05

IVdT PAIQ-P[iAs UBIsEIng

0.007

Appendix Figure 2. Maximum-likelihood phylogenetic trees of the coding sequences of polymerase basic
protein 2 segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue,

Qinghai Lake H10N7 strain. The scale bar represents nucleotide substitutions per site.
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EPI19004940|A/Bar-headed goose/Qinghai/07-JXG-3/2022|PB1|H5N1
EPI119004932|A/Brown-headed gull/Qinghai/05-2Z-C/2022|PB1|H5N1
EPI19004942|A/Crested grebe/Qinghai/10-2Z-C/2022|PB1]H5N1
EPI19004941|A/Brown-headed gull/Qinghai/07-ZZ-, X/2022[PB1\H5N1
EP119004939|A/Crested grebe/Qinghai/04-ZZ-F/2022|PB1|H5|
EPI119004938|A/Brown-headed gull/Qinghai/06-ZZ- F/2022[PB1[H5N1
EP119004933|A/Brown-headed gull/Qinghai/01-2Z-G/2022|PB1|H5N1
EPI119004936|A/Bar-headed goose/Qinghai/07-JXG-1/2022|PB1|H5N1
EPI19004937|A/Bar-headed goose/Qinghai/07-JXG-2/2022|PB1[H5N1
EPI119004930|A/Ruddy Shelduck/Qinghai/07-HDT-1/2022|PB1|H5N1
EP119004934|A/Brown-headed gull/Qinghai/02-ZZ-C/2022|PB1|H5N1
EPI119004944|A/Crested grebe/Qinghai/09-ZZ-F/2022|PB1|H5N1
EPI19004935|A/Ruddy Shelduck/Qinghai/07-HDT-2/2022|PB1|H5N1
EPI119004931|A/Crested grebe/Qinghai/03-ZZ-S/2022|PB1|H5N1
EP119004946|A/Brown-headed gull/Qinghai/12-ZZ-N/2022|PB1|H5N1
EP119004947|A/Brown-headed/Qinghai/06-01-S2/2022|PB1|H5N 1
EPI19004943|A/Brown-headed gull/Qinghai/11-ZZ-X/2022|PB1|H5N1
EPI19004952|A/Bar-headed goose/Qinghai/06-SHK-4/2022|PB1|H5N1
EPI119004953|A/Bar-headed goose/Qinghai/06-SHK-5/2022|PB1|H5N1
EP119004958|A/Bar-headed goose/Qinghai/06-JXG-1/2022|PB1|H10N7
EPI19004951|A/Bar-headed goose/Qinghai/06-SHK-3/2022|PB1|H5N 1
EPI19004950|A/Bar-headed goose/Qinghai/06-SHK-2/2022|PB1|H5N 1
EPI19004945|A/Crested grebe/Qinghai/08-ZZ-F/2022|PB1|H5N 1
EPI119004948|A/Bar-headed goose/Qinghai/06-225-2/2022|PB1|H5N1
EP119004949|A/Bar-headed goose/Qinghai/06-SHK-1/2022|PB1|H5N1
EPI19004954|A/Bar-headed goose/Qinghai/06-SHK-6/2022|PB1|H5N 1
92 EPI15647837 1125/2022| H5N1|PB1]2022-02-05
EPI12572662\A/goose/Hunan/SEZ&4/2022| H5N1|PB1|2022 -01-05
10/2023| H5N1|PB1]2023-02-10
EPI17414669]A/FaIco peregrinus/Beijing/1/2022| H5N1|PB1|2022-10-09
EPI11633613|A/Cygnus columbianus/Hubei/117/2021| H5N1|PB1]2021-12-20
EPI13243698|A/duck/Bangladesh/19D1819/2021| H5N1|PB1]2021-12-22
EPI12174842]|A/Ez0 red fox/Hokkaido/1/2022| H5N1|PB1|2022-03-31
100 EP112174843|A/crow/Hokkaido/0103B065/2022| H5N1|PB1[2022-03-29
B EP115072540|A/crow/Hokkaido/HU-1/2022] HSN1|PB1]2022-05-18
EPI17267420|A {U-E010/2022| H5N1|PB1]2022-11-06
EPI15576616|A/Wh1(e -fronted goose/Miyagi/0410D001/2022| H5N1|PB1]2022-10-04
_E EPI17766057|A/EZO red fox/Hokkaido/2/2023| H5N1|PB1|2023-04-12
EPI /e i 1501B001/2022| H5N1|PB1]2022-10-21
EPI16831229|AIJunge croleapanlO504F00112022| H5N1|PB1|2022 04-19
EPI16831328|A/emu/Japan/TU21-12/2022| H5N1|PB1|2022-04-
— EPI7635907|AIthte -tailed eagle/Sweden/SVA21 1201SZOBSO/FBOO4721/M -2021| H5N1|PB1]2021-11-26
100 EPI7952125] '21039824-002/2021| H5N1|PB1|2021-11-25
[~ L— EPI11725094|A/buzzard/Germany-SHIAI07099/2021| H5N1|PB1|2021 11-09
— EPI14604371\A/crow/Hokkaldo/01010061/2022| H5N1|PB1]20:
EP117950087|Aflarge-billed croleokkaldo/0103EO&B/2023| H5N1|PB1|2023 03-30
1 EPI18007229|A/large-billed crow/Hokkaido/B052/2023| H5N1|PB1]2023-04-17
100 EPI16831327IAIch|cken/Japan/TU20 2829/2022| H5N1|PB1]2022-04-16
Japan/TU18-143144/2022| H5N1|PB1|2022 -04-08
| — EPI5463793IAIchlcken/Tyumen127 31V/2021| H5N1|PB1|2021-10-06
1/2022| H5N1|PB1]2022-01-14
b EPI16838580]A/pellcan/RusslaIQ32 D121/2021| H5N1|PB1 |2021 -06-29
EPI14061485|A/chicken/Nigeria/VRD21-109|21VIR2370-425/2021| H5N1|PB1]2021-03-01

10/
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Appendix Figure 3. Maximum-likelihood phylogenetic trees of the coding sequences of polymerase basic
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protein 1 segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue,

Qinghai Lake H10N7 strain. The scale bar represents nucleotide substitutions per site.
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EP117949961|A/large-billed crow/Kanagawa/1403C006/2023|H5N 1|PA|2023-03-10
EP118007232|A/large-billed crow/Niigata/1503B017/2023|H5N 1|PA|2023-03-24
EPI17638141|A/chicken/Hokkaido/HU-B102/2023|H5N1|PA|2023-03-27
EPI17527102|A/crow/Japan/TU-18/2023|H5N1|PA|2023-01-28
EP118066457|A/large-billed crow/Fukuoka/4002A005/2023|H5N1|PA|2023-02-06
EPI1 7527086|AIcrowIJapaanU 02/2022]H5N1 |PA[2022-12-26
EPI H5N1|PA|2023-02-17
r EPI14835466;A/Ma\Iard Anas plalymynohos/south Korea/KNU2021-45/2021|H1N1|PA|2021-03-15
EPI14835573|A/Mallard Anas platyrhynchos/South Korea/KNU2021-48/2021|H7N7|PA|2021-03-15
— EF’I 1 6886883|AIAn5er albifrons/South Korea/20/2021|H6N1|PA|2021-12-13
12021-41/2021|HIN2|PA|2021-03-08

nas U.
L EPI14835601|A/Wh|!e -fronted Goose Anser albifrons/South Korea/KNU2021-18/2021|HEN2|PA|2021-02-16
EPI19004960|A/Bar-headed goose/Qinghai/06-JXG-3/2022|PA|H10N7
iEP\19004957[AIBr0Wn—headed gull/Qinghai/06-HDT-3/2022|PA|H10N7 | Q

2

1 Epit 9004959|A/Bar-headed goose/Qinghai/06-JXG-2/2022|PA|H10N7

EPI19004948|A/Bar-headed goose/Qinghai/06-225-2/2022|PA|H5N1
EPI17606828|AIduckIKorea/H608/2021 |H5N1|PAJ2021-12-13

_E EPI I 9/2022|HEN2|PA|2022-08-07
EP11483557 Anas K KNU2021-52/2021|H8N4|PA|2021-09-06

E EPI9988763|NduckIBangFadeshM 7D1735/2021]H1N3|PA|2021-08-19

S

EP19988761|A/duck/Bangladesh/17D1737/2021]H1N3|PA|2021-08-19
EPI9988765|AIduck/BangIadesh/1 9D1742/2021|HEN1|PA[2021-09-01
116 1519/2021|H3N8|PA|2021-10-10
EPH3295078|Nduck/Cambod\a/14K241D3 C/2021|H5N8|PA[2021-10-15
EPI13295169|A/duck/Cambodialf4K241D4/2021|H5SN8|PA|2021-10-15
EPI113295077|A/duck/C: 1PPOreu241D3C/. 15N8|PA|2021-09-16
EPI4072140|A/spot-billed duck/South Korea/JB32-105/2019|H4N2|PA|2019-11-20
EP1499244|A/common teal/Shanghai/NH110923/2019|H1N1|PA]2019-11-09
EPI1184538|A/gadwall/Amur region/74b/2020|H3N8|PA|2020-09-02
EP114835661|A/Bean Goose Anser fabalis/South Korea/KNU2021-50/2021|H5N8|PA|2021-04-06
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€20T-120T ul eiseiny
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Appendix Figure 4. Maximum-likelihood phylogenetic trees of the coding sequences of polymerase
acidic protein segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue,

Qinghai Lake H10N7 strain. The scale bar represents nucleotide substitutions per site.
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EPI |A/Spot-billed 22-730. 1]HA[2022-11-17
EPI1594; 22 15N 1|HA[2022-11-07
EPI15944663]A/$po led duckKorealk22- 856-2/2022|H5N 1|HA[2022-11-17
—‘_| EPI tbilled 22-862-1/2022|H5N1]HA|2022-11-17
117949987|Altundra swan/Toyama/ 1611 W

01/2022|H5N1|HA|2022-11-26
23-01-18

H5N1|HA|2023-03-10

L Eni
EPI17309165|A/eastern_buzzard/Tochigil0901B015/2023(H5N1[HAI20:
_'_— EPI17949961|Allarg 1403C
EPI ian_Jay/Tochigi 112023{HSN11HA2023-02:20

EPI17638141 |A/ch|cken/Hokka|do/HU B102/2023|H5N1|HA|2023-03-27
EPI17638143| |HSN1|HA|2023-04-02
EP|18007231|A/Iarge -billed crow/Aknﬂ/0503F012/2023]H5N1|HA|2023 -03-15
EPI16955767|A/mute swan/Chiba/121; 200112022|H5N1 |HA|2022-12-17

pee EPI174146$9|NFaIco peregnnus/Beumgn12022[H5N1|HA|2022 10-09
— EPI17527103|NchwIJapan/TU 19/2023|H5N1|HA|2023-01-28
15N1|HA[2022-11-23

; [ cEhlteetes7) 022|H5N1|HA[2022-08-25
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Appendix Figure 5. Maximum-likelihood phylogenetic trees of the coding sequences of hemagglutinin
segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue, Qinghai Lake

H10N7 strain. The scale bar represents nucleotide substitutions per site.

15 of

19

= T e S

#

€20T-0C0T Ul eIseIng ur paje[noIn [NSH

S5 o
S
N m Y
TE&
S8 q
[Nl =y
._.-—.0
B e
=3
@
o

Qyee



EPI19004939|A/Crested grebe/Qinghail04-2Z-F/2022|HEN1[2022-07-15
EPI19004937|A/Bar-headed goose/Qinghai/07-JXG-2/2022|H5N1/2022-07-22
EPI119004932|A/Brown-headed gull/Qinghai/05-2Z-C/2022|H5N1|2022-07-22
e ' headed gullQinghail06-2Z-F/2022IHN1 2
EPI19004941|A/Brown-headed gullQinghail07-2Z-X/2022|H5N1[2022-07-20
EPI19004933|A/Brown-headed gull/Qinghai/01-2Z-G/2022|H5N1|2022-07-21
EPI19004936|A/Bar-headed goose/Qinghail07-JXG-1/2022|HEN1[2022-07-22
EPI19004940|A/Bar-headed goose/Qinghail07-JXG-3/2022|HSN1[2022-07-22
EPI19004942|A/Crested grebe/Qinghai/10-ZZ-C/2022|H5N 1]2022-07-15
EPI |ACrested grebe/Qinghail09-ZZ-F/2022|H5N1[2022-07-16
100 L £p119004946]A/Brown-headed gull/Qinghai/12-2Z-N/2022|H5N1[2022-07-23
EPI19004947|A/Brown-headed gull Qinghail06-01-52/2022|HSN1[2022-06-20
EPI19004930|A/Ruddy Shelduck/Qinghail07-HDT-1/2022H5N1]2022-07-22
EPI19004935|A/Ruddy Shelduck/Qinghail07-HDT-2/2022]H5N1[2022-07-22

EPI19004934), headed gull/Qinghai/0: -Ci | 1]2022-07-21
EPI19004931|A/Crested grebe/Qinghail03-2Z-5/2022]H5N1|2022-07-21
EPI ! headed goose/Qingh: HK- il 1]2022-06-18
|EP\ |A/Bar-headed goose/Qinghail06-SHK- |HSN1[2022-06-18
EPI19004949|A/Bar-headed /Qinghail06-SHK- |HSN1]2022-06-18
™ EPI |A/Bar-headed goose/Qinghail06-SHK-2/2022|H5N1[2022-06-18
EPI19004951|A/Bar-headed goose/Qinghai/06-SHK-3/2022|H5N 1|2022-06-18
L— EPI19004943|A/Brown-headed gullQinghai/11-ZZ-X/2022|H5N1[2022-07-23
— EPI19004945|A/Crested grebe/Qinghai/08-ZZ-F/2022|H5N1|2022-07-15
100f ., | headed goose/Qinghai/06-22: |H5N1[2022-06-18
EPI |A/Bar-headed Qingh: HK- |HSN1]2022-06-18
EPI19004958|A/Bar-headed goose/Qinghai/06-JXG-1/2022|H10N7[2022-06-19
EPI1 | P 1[HS5N1|NP|2021-12-17 T
o1 EPI12572662/A/goose/Hunan/SE284/2022_H5N1_IHSN1|NP|2022-01-05 = §
EPI15647837), 1 | NP 02-05 = —
EPI1 I native 1 |HEN1|NP|2022-02-06 |E= T
EPI11633614|A/Cygnus columbianus/Hubei/121/2021|HSN1INP|2021-12-20 = %
EPI17414669) i j |HSN1INP[2022-10-09 z
—_
(]
=
)
o
a
N
w
.Jk
N
[on
<
=.
=
=1
w
g
les]
f=1
by |
o
4.
()
=
=
?.
o
=.
=
(=9
| vy
=
. —

Appendix Figure 6. Maximum-likelihood phylogenetic trees of the coding sequences of nucleoprotein
segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue, Qinghai Lake

H10N7 strain. The scale bar represents nucleotide substitutions per site.
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Appendix Figure 7. Maximum-likelihood phylogenetic trees of the coding sequences of neuraminidase
segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue, Qinghai Lake

H10N7 strain. The scale bar represents nucleotide substitutions per site.
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Appendix Figure 8. Maximum-likelihood phylogenetic trees of the coding sequences of matrix protein
segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue, Qinghai Lake

H10N7 strain. The scale bar represents nucleotide substitutions per site.
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Appendix Figure 9. Maximum-likelihood phylogenetic trees of the coding sequences of nonstructural
protein segments. Node labels indicate bootstrap values. Red, Qinghai Lake H5N1 strains; blue, Qinghai

Lake H10N7 strain. The scale bar represents nucleotide substitutions per site.
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