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Virus Clade 2.3.4.4b Infections in Seals,
Russia, 2023

Appendix 1

Materials and Methods

Location, Ecology and Sample Collection

Tyuleniy Island is home to the hugest bird colony in the Far East and one of the hugest in
the world. 143 bird species were found on the island (1), the Common Murre predominates, with
over 145,000 individuals in 2019. Also, the photo (Figure 1; Appendix Figures 1-3) shows that

birds not only fly over the rookery of seals but also walk among them.

There is a continuous natural death of birds on the island. Natural bird mortality mainly
occurs in the central, inaccessible for seals part of the island. However, according to the descrip-
tion of Tyuleniy Island (2), there are abandoned structures (partially visible in Figure 1) and de-
bris occupying a large part of the island. This often results in the death of birds and marine mam-
mals as they climb into the structures and cannot get out, injuring themselves on the debris. In
addition, sick and, consequently, sedentary birds may be found among seals both on land and in
the water. Upon visual inspection of the coastal area of the island, dead birds were observed,

some of which were found among seals.

One sexually mature female of northern fur seal gives birth to one pup. The breeding sea-
son of the northern fur seal begins at the end of April and continues until the start of August. At
the end of April, the first adult male fur seals begin to arrive at the rookery on Tyuleniy Island.
According to long-term observations, the first female seals arrive at the rookery in early June,
and the last female seals come to the rookery in late July. Female fur seals come to the rookery
pregnant and give birth a few hours or days later.
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At the beginning of the outbreak, adult males aged 5-10 years were deceased, followed
by the death of pups (both males and females). The pups were 1 to 5 weeks old. Female mortality
was rarely recorded at rookeries. However, a large number of dead seals were found in the water,
but their sex and age were not assessed. We assume that these were predominantly females, as

unlike pups and males, they regularly leave the rookery to feed.

During the period of mass mortality of seals, a significant number of dead birds were ob-
served in the coastal area where seals rookeries are located. The northern fur seal is an unspecial-
ized predator, with a diet consisting of 50 species of fish from 7 families and 10 species of squid.
On rare occasions, it may eat birds and crustaceans. Thus, birds are not a standard part of seals'
diet, but they may be eaten if they are catchable or if the bird is dead. Additionally, the high
number of birds on the island naturally leads to a high amount of their feces, contact with which

may also result in infection.

The number of deceased animals was visually assessed during the island rounds by ecol-
ogists and volunteers. There are no rookeries of Steller's sea lions on Tyuleniy Island. It is not a
breeding site of this animals, and there is no counting of these animals on the island. Visually,
seven dead adult Steller's sea lions and three pups were found during the island walkover. No bi-
ologic material was collected from Steller sea lions. Thus, we found only 10 dead Steller's sea
lions, which is a negligible number compared to all deceased mammals. No samples were ob-

tained from them.

Samples were collected on August 10, 2023, from two young male northern fur seals (5
years old) at a rookery in the coastal zone of Tyuleniy Island. One animal was already found
dead, but without any signs of decomposition. The second animal was observed during death,

and sectional material was collected from it immediately after the animal was died.

During northern fur seals sample collection, the sectional material was frozen in liquid
nitrogen. After delivery to the biosafety level 3 laboratory, samples were homogenized, and
RNA isolation was performed using the RIBO-prep Total RNA/DNA isolation reagent kit (Am-
pliSens, Russia).
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Virus Detection

In all of these samples, AlV type A and HA of H5 subtype were detected using multiplex
real-time polymerase chain reaction (AmpliSens Influenza virus A HSN1-FRT PCR kit, Am-
pliSens, Russia). All viruses analyzed were isolated from 10-day-old chicken embryonating eggs
using chicken embryo inoculation. All viruses caused the death of chicken embryos within 2

days. Isolates were demonstrated to be H5 positive using Real-Time gPCR.

Genome Sequencing and Phylogenetic Analysis

Complete genome NGS sequencing was performed using the Illumina MiSeq platform
and associated reagent kits, also from Illumina, according to the manufacturer’s methodology.
RNA was extracted using the QlAamp Viral RNA Mini Kit (Qiagen, Germany). Whole-genome
amplification was performed using the modified protocol presented by Bin Zhou (3). DNA li-
braries were prepared using a Nextera DNA Flex Library Prep kit (Illumina, San Diego, CA,
USA). Sequencing of the DNA libraries was conducted with a reagent kit, version 3 (600-cycle),
on a MiSeq genome sequencer (Illumina). The consensus sequences were generated using Bow-

tie software.

Nucleotide sequences were deposited in the GISAID database (EPI_ISL_18554237,
EPI_ISL_19080209, and EPI_ISL_19080210 (Table). The multiple alignment was performed
using MUSCLE, and its editing, including translation of the nucleotide sequences to amino acid
sequences, was performed using the BioEdit and UGENE software. Initial Maximum-likelihood
phylogenies for each of the gene segments were generated with RAXML (4) using the general
time-reversible nucleotide substitution model. Final dendrograms were generated and visualized
with MEGAGS (5). Bootstrap support values were generated using 1,000 rapid bootstrap repli-

cates.

Intravenous Pathogenicity Index (IVPI)

All aspects of the present study were approved by the Committee on Biomedical Ethics at
the Federal Research Center of Fundamental and Translational Medicine (Novosibirsk, Russia).
Animal experiments were conducted in biosafety level 3 facilities. For the determination of 1\VVPI
of 9 viruses, 0.1 ml of 1:10 dilution of infectious allantoic fluids were inoculated intravenously
into ten 6-week-old specific pathogen free chickens. The IVPI was calculated according to the

OIE standard protocol (available at: http://www.oie.int/international-standard-setting/terrestrial-
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code/). Isolates with an IVPI >1.2 were determined to be HPAIV. The challenge study and all

experiments with live viruses were conducted in a biosafety level 3 facility.

Limitations.

The main limitations of our study are related to the available primary material. In our
work, we are limited to the field stage, which serves as the foundation of the entire study. Specif-
ically, sectional samples were taken from only two northern fur seals. Lung, liver, and small in-
testine samples were taken, but not brain and trachea. There was no biologic material from Stel-

ler sea lions.

No biologic material has been collected from birds on Tyuleniy Island. Thus, it is diffi-
cult to draw any conclusions about the evolution of HPAI viruses in the ecosystem of Tyuleniy
Island without extensive collection of samples from both marine mammals and birds, including

feces.
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Appendix 1 Figure 2. Birds and seals of Tyuleniy Island.
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Appendix 1 Figure 3. Birds and seals of Tyuleniy Island.
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Appendix 1 Figure 4. Maximume-likelihood phylogenetic tree of the NA segment. Red markers and red
font indicate NA of HPAI H5N virus strains from northern fur seals. Blue font indicates NA of HPAI vi-

ruses, isolated in Japan during winter/spring 2023.
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A/mallard/Italy/20VIR7139-73/2020 A / H5N8 PB2 14.11.2020 2.3.4.4b EPI ISL 654958
A/mute swan/Kazakhstan/1-267-20-B/2020 A / H5N8 PB2 23.09.2020 2.3.4.4b EPI ISL 614401
A/goose/Russia Omsk region/55-1/2020 A / HSN8 PB2 29.08.2020 2.3.4.4b EPI ISL 739685
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Appendix 1 Figure 5. Maximume-likelihood phylogenetic tree of the PB2 segment. Red markers and red
font indicate PB2 of HPAI H5N virus strains from northern fur seals. Blue font indicates PB2 of HPAI vi-

ruses, isolated in Japan during winter/spring 2023.
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74| ® A/Northern fur seal/Russia Tyuleniy/74/2023 A / H5SN1 PB1 10.08.2023 2.3.4.4b EPI ISL 18554237
e2 [|@ A/Northern fur seal/Russia Tyuleniy/74-2/2023 A / H5N1 PB1 10.08.2023 2.3.4.4b EPI ISL 19080209
99 || @ A/Northern fur seal/Russia Tyuleniy/75/2023 A / H5N1 PB1 10.08.2023 2.3.4.4b EPI ISL 19080210
o | A/carrion crow/Hokkaido/B081/2024 A / HSN1 PB1 26.01.2024 2.3.4.4b EPI ISL 18876663
Allarge-billed crow/Hokkaido/B080/2024 A / HSN1 PB1 22.01.2024 2.3.4.4b EPI ISL 18932042
Allarge-billed crow/Hokkaido/0103E089/2023 A / H5N1 PB1 30.03.2023 2.3.4.4b EPI ISL 17950253
Allarge-billed crow/Hokkaido/0103E088/2023 A / H5N1 PB1 30.03.2023 2.3.4.4b EPI ISL 17950087
&) Allarge-billed crow/Hokkaido/0112P083-2/2022 A / H5N1 PB1 05.12.2022 2.3.4.4b EPI ISL 16955765
LAIIarge-biIIed crow/Hokkaido/B052/2023 A / H5SN1 PB1 17.04.2023 2.3.4.4b EPI ISL 18007229
I A/goose/Magadan/2272-5/2022 A / H5N1 PB1 09.10.2022 2.3.4.4b EPI ISL 18071580
- A/chicken/Japan/TU20-2829/2022 A / H5N1 PB1 16.04.2022 2.3.4.4b EPI ISL 16831327
L—— Alchicken/iwate/22A5T/2023 A / H5N1 PB1 14.03.2023 2.3.4.4b EPI ISL 18284477
Alcrow/Hokkaido/0102M086/2022 A / H5N1 PB1 09.02.2022 2.3.4.4b EPI ISL 14064988
' | A/Bald Eagle/Alaska/USDA-013001-001/2022 A / HSN1 PB1 26.04.2022 2.3.4.4b EPI ISL 18132957
(- Altanuki/Hokkaido/1/2022 A / HSN1 PB1 01.04.2022 2.3.4.4b EPI ISL 14070455
Alemu/Japan/TU21-12/2022 A / H5N1 PB1 16.04.2022 2.3.4.4b EPI ISL 16831328
{— A/chicken/Japan/TU18-143144/2022 A / H5N1 PB1 08.04.2022 2.3.4.4b EPI ISL 16831325
97 | I Alcrow/Hokkaido/0101Q044/2022 (H5SN1) A / H5N1 PB1 20.01.2022 2.3.4.4b EPI ISL 14064697
goose /Sweden/SVA211111SZ0376/FB004497/M-2021 A / H5N1 PB1 08.11.2021 2.3.4.4b EPI ISL 7054529
— per swan/Tochigi 010/2023 A / H5N1 PB1 09.02.2023 2.3.4.4b EPI ISL 18066451
— A/buzzard/Germany-SH/AI06210/2021 A / HEN1 PB1 26.10.2021 2.3.4.4b EPI ISL 7753443
62[— Alturkey/V 065047/2021 A / HSN1 PB1 02.12.2021 2.3.4.4b EPI ISL 13370511
A/greylag goose/Denmark/24309-1.01/2021-10-27 A / H5N1 PB1 27.10.2021 2.3.4.4b EPI ISL 11798578
A/northem goshawk/Sweden/SVA220210SZ0305/FP000317/0-2022 A / H5N1 PB1 25.01.2022 2.3.4.4b EPI ISL 10943657
Eurasian Wigt 4/2020 A / H5N1 PB1 16.10.2020 2.3.4.4b EPI ISL 603134
A/bamacle goose/Denmark/17572-1.01/2021-03-01 A / H5N1 PB1 01.03.2021 2.3.4.4b EPI ISL 5449305
A/mute swan/England/053054/2021 A / H5N1 PB1 24.10.2021 2.3.4.4b EPI ISL 5804708
92 ibil g 2018 A / H12N5 PB1 29.09.2018 EPI ISL 395083
i i ibirsk region/3-1/2020 A / H5N8 PB1 20.09.2020 2.3.4.4b EPI ISL 739690

—— A/greylag

L4 A/duck/Bangladesh/17D747/2016 A / H3N5 PB1 18.12.2016 unassigned EPI ISL 333102
19/2019 A / H5N3 PB1 12.09.2019 EA nonGsGD EPI ISL 503347

% Alenvironment/Kamchatka/18/2016 A / HSN5 PB1 01.10.2016 2.3.4.4b EPI ISL 256301

qu 'turkey/ y-SH/AR495-L.02996/2017 A / HSNS PB1 23.01.2017 2.3.4.4b EPI ISL 436150
A/mute swan/Croatia/102/2016 A / H5NS PB1 27.12.2016 2.3.4.4b EPI ISL 240101

100 - Alteal/Egypt/MB-D-621C/2016 A / H7N9 PB1 11.02.2016 EPI ISL 387971
—(—A/mallard/Korea/A14~2/2017 A/ H5N3 PB1 10.10.2017 EA nonGsGD EPI ISL 369317
A/duck/Hubei/ZYSYG3/2015 A / HBN2 PB1 21.11.2015 EPI ISL 252817
A/mallard/Dagestan/1050/2018 A / H7N3 PB1 23.01.2018 EPI ISL 331289
19001282-001/2019 A / H5N1 PB1 23.01.2019 EA nonGsGD EPI ISL 819124

AlAnas platy 2988 0002/2021 A / H7N7 PB1 08.12.2021 EPI ISL 14392497
A/mallard/Novosibirsk region/3344k/2020 A / H4N6 PB1 29.08.2020 EPI ISL 1184523
Alduck/Bangladesh/44407/2020 A / HEN1 PB1 22.02.2020 EPI ISL 4073125
AJgull/Germany-SH/AI01498/2021 A / H5N4 PB1 17.02.2021 2.3.4.4b EPI ISL 5099372
Alperegrine falcon/Sweden/SVA210309SZ0403/FB000851/K-2021 A / H5N4 PB1 02.03.2021 2.3.4.4b EPI ISL 3098719
Alswan/Romania/10455 22VIR2749-4/2022 A / H5SN1 PB1 09.02.2022 2.3.4.4b EPI ISL 11922818
A/Caspian tem/Astrakhan/30/2022 A / H5N1 PB1 15.05.2022 2.3.4.4b EPI ISL 16020401
AlLittle egret/Israel/172/2022 A / H5SN1 PB1 18.01.2022 2.3.4.4b EPI ISL 13418526
llard 1ds/2/2015 A / H7N7 PB1 16.01.2015 EPI ISL 243612
f i/NH110165/2018 A / H12N2 PB1 01.11.2018 EPI ISL 499097

25891/2015 A / HAN6 PB1 10.07.2015 EPI ISL 257066
Alduck/Mongolia/837/2015 A / HIN1 PB1 01.09.2015 unassigned EPI ISL 368642
A/mallard/Tottori/31C/2019 A / H7N7 PB1 13.01.2019 EPI ISL 503006
Alturkey/Poland/23/2019 A / H5N8 PB1 30.12.2019 2.3.4.4b EPI ISL 402134
/turkey y-ST/AI00352/2020 A / H5N8 PB1 27.03.2020 2.3.4.4b EPI ISL 419314
A/duck/Hungary/1565 20VIR749-2/2020 A / H5N8 PB1 10.01.2020 2.3.4.4b EPI ISL 419239
= A/Mandarin duck/Korea/H242/2020 A / H5N8 PB1 21.10.2020 2.3.4.4b EPI ISL 631824
Algreen sandpiper/Kurgan/1043/2018 A / H3N8 PB1 26.08.2018 unassigned EPI ISL 355935
A/Duck ia/786/2017 A / H7N3 PB1 09.2017 (Day unknown) EPI ISL 327474
A/duck/Bangladesh/19D770/2017 A / H5N6 PB1 11.01.2017 2.3.4.4b EPI ISL 333133
—— A/mallard/Chany/313/2016 A / HIN1 PB1 10.10.2016 unassigned EPI ISL 250235
AJcommon teal/Korea/W547/2016 A / H5N8 PB1 15.12.2016 2.3.4.4b EPI ISL 266417
Alchicken/South Africa/115370/2017 A / HSN8 PB1 23.09.2017 2.3.4.4b EPI ISL 369363
AJchicken/Iran/17RS654-15/2017 A / HSN8 PB1 05.01.2017 2.3.4.4b EPI ISL 412988
Algadwall/Kurgan/2442/2016 A / H5N8 PB1 27.08.2016 2.3.4.4b EPI ISL 256298
A/duck/Samara/452/2018 A / HEN8 PB1 22.06.2018 2.3.4.4b EPI ISL 320659
Alswan/ltaly/17VIR537-2/2017 A / HGN8 PB1 19.01.2017 2.3.4.4b EPI ISL 255181
AJChicken/Egypt/AR553/2018 A / HSN8 PB1 04.04.2018 2.3.4.4b EPI ISL 344541
Alchicken/Irag/1/2020 A / HSN8 PB1 12.05.2020 2.3.4.4b EPI ISL 623074

100, A y-MV/AI02166/2020 A / HSN5S PB1 29.10.2020 2.3.4.4b EPI ISL 614399

AJgoose/Russia Novosibirsk region/1-12/2020 A / H5N8 PB1 15.09.2020 2.3.4.4b EPI ISL 739684
Algoose/Russia Omsk region/55-1/2020 A / HSN8 PB1 29.08.2020 2.3.4.4b EPI ISL 739685
A/greylag goose/Netherlands/20016879-001/2020 A / H5N8 PB1 01.11.2020 2.3.4.4b EPI ISL 632318
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Appendix 1 Figure 6. Maximume-likelihood phylogenetic tree of the PB1 segment. Red markers and red

font indicate PB1 of HPAI H5N virus strains from northern fur seals. Blue font indicates PB1 of HPAI vi-

ruses, isolated in Japan during winter/spring 2023.
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o1 | @ A/Northern fur seal/Russia Tyuleniy/74/2023 A / H5SN1 PA 10.08.2023 2.3.4.4b EPI ISL 18554237
@ A/Northern fur seal/Russia Tyuleniy/74-2/2023 A / H5N1 PA 10.08.2023 2.3.4.4b EPI ISL 19080209
@ A/Northern fur seal/Russia Tyuleniy/75/2023 A / H5N1 PA 10.08.2023 2.3.4.4b EPI ISL 19080210
Allarge-billed crow/Hokkaido/B080/2024 A / HSN1 PA 22.01.2024 2.3.4.4b EPI ISL 18932042
Alcarrion crow/Hokkaido/B081/2024 A / H5N1 PA 26.01.2024 2.3.4.4b EPI ISL 18876663
Algoose/Magadan/2272-5/2022 A / HSN1 PA 09.10.2022 2.3.4.4b EPI ISL 18071580
Allarge-billed crow/Hokkaido/0103E088/2023 A / HSN1 PA 30.03.2023 2.3.4.4b EPI ISL 17950087
Allarge-billed crow/Hokkaido/B052/2023 A / HSN1 PA 17.04.2023 2.3.4.4b EPI ISL 18007229
AJchicken/Hokkaido/22B3C/2022 A / HSN1 PA 07.11.2022 2.3.4.4b EPI ISL 18284462
Alcrow/Japan/TU-10/2023 A / H5N1 PA 03.01.2023 EPI ISL 17527094
Alcrow/Hokkaido/0101Q061/2022 A / H5N1 PA 14.02.2022 2.3.4.4b EPI ISL 14604371
A/Bald Eagle/BC/OTH-33-36/2022 (H5N1) A / H5N1 PA 03.02.2022 2.3.4.4b EPI ISL 15843373
AJEzo red fox/Hokkaido/1/2022 A / HSN1 PA 31.03.2022 2.3.4.4b EPI ISL 12174842
Alemu/Japan/TU21-12/2022 A / HSN1 PA 16.04.2022 2.3.4.4b EPI ISL 16831328
Alchicken/Japan/TU22-31/2022 A / H5N1 PA 18.04.2022 2.3.4.4b EPI ISL 16831329
Aljungle crow/Japan/0504F001/2022 A / H5N1 PA 19.04.2022 2.3.4.4b EPI ISL 16831229
Algreylag goose /Sweden/SVA211111SZ0376/FB004497/M-2021 A / H5N1 PA 08.11.2021 2.3.4.4b EPI ISL 7054529
Alduck/Israel/589/2021 A / H5N1 PA 18.11.2021 2.3.4.4b EPI ISL 13618384
AlLarus argentatus/Belgium/595 0008/2022 A / H5N1 PA 06.01.2022 2.3.4.4b EPI ISL 14389133
Algreylag goose /Sweden/SVA211118SZ0354/FB004497/1-2021 A / H5N1 PA 17.11.2021 2.3.4.4b EPI ISL 7055384
A/mute swan/Austria/21154984-002/2021 A / H5N1 PA 14.12.2021 2.3.4.4b EPI ISL 17785729
Alchicken/Tyumen/33-45V/2021 A / H5N1 PA 07.10.2021 2.3.4.4b EPI ISL 5463804
Alchicken/Senegal/21VIR1084-4/2021 A / H5N1 PA 23.12.2020 2.3.4.4b EPI ISL 2276069
99| Alchicken/Lesotho/352.3/2021 A / H5N1 PA 05.06.2021 2.3.4.4b EPI ISL 14769967
. A/mute swan/Slovakia/Pah6 21VIR1086-2/2021 A / H5N5 PA 15.01.2021 2.3.4.4b EPI ISL 1665262
'|jr A/bamacle goose/Denmark/17572-1.01/2021-03-01 A / HSN1 PA 01.03.2021 2.3.4.4b EPI ISL 5449305
Asswan/Netherlands/20017605-002/2020 A / HSN1 PA 09.11.2020 2.3.4.4b EPI ISL 1139101
o Alchicken/Nigeria/VRD21-109 21VIR2370-425/2021 A / H5N1 PA 01.03.2021 2.3.4.4b EPI ISL 4061485
_L Alpoultry/Benin/21-A-09-031-0/2021 A / H5N1 PA 01.09.2021 2.3.4.4b EPI ISL 14871339
iL— Alduck/Bangladesh/50268/2021 A / H4N6 PA 16.10.2021 EPI ISL 14883811
A/mallard/Novosibirsk region/3449k/2020 A / H4AN6 PA 29.08.2020 EPI ISL 1273442
— A/mallard/Novosibirsk region/3509k/2020 A / HSN8 PA 29.08.2020 2.3.4.4b EPI ISL 1240998
AJchicken/Russia Nowsibirsk region/3-1/2020 A / HSN8 PA 20.09.2020 2.3.4.4b EPI ISL 739690
A/Showeler/Chany Lake/62/2019 A / HIN1 PA 07.09.2019 unassigned EPI ISL 400286
{.iEA/magpielltalyl’MVIR‘l1656/2021 A/ H5N1 PA 16.12.2021 2.3.4.4b EPI ISL 8882211
A/swan/Romania/10986 22VIR2749-8/2022 A / H5N1 PA 07.03.2022 2.3.4.4b EPI ISL 11922822
region/3445k/2020 A / HIN1 PA 29.08.2020 unassigned EPI ISL 1184524
100 A/swan/Slovenia/2072 22VIR777-5/2021 A / HSN1 PA 30.12.2021 2.3.4.4b EPI ISL 11007532
A/mallard/Novosibirsk region/3513k/2020 A / H4N6 PA 29.08.2020 EPI ISL 1240999
b AlCaspian tem/Astrakhan/30/2022 A / H5N1 PA 15.05.2022 2.3.4.4b EPI ISL 16020401
57| A/swan/Romania/10455 22VIR2749-4/2022 A / H5N1 PA 09.02.2022 2.3.4.4b EPI ISL 11922818
AlLittle egret/Israel/172/2022 A / H5N1 PA 18.01.2022 2.3.4.4b EPI ISL 13418526
Alblack-necked crane/Zhaotong/ZT-12/2013 A / HIN2 PA 16.11.2013 unassigned EPI ISL 290104
A/swan/Hokkaido/481102/2017 A / H4N6 PA 28.11.2017 EPI ISL 370672
Alduck/Bangladesh/26980/2015 A / H7TN9 PA 10.12.2015 EPI ISL 257048
Alduck/ i 2017 A / H12N2 PA 31.10.2017 EPI ISL 370663
AJduck/Hubei/S2114/2012 A / H4AN8 PA 03.06.2012 EPI ISL 206829
AlGreylag goose/Hungary/320/2017 A / HSN8 PA 04.01.2017 2.3.4.4b EPI ISL 255212
Alwild bird/Iran/17RS654-24/2016 A / H5N8 PA 09.12.2016 2.3.4.4b EPI ISL 413011
Alduck/Egypt/VG1099/2018 A / HEN2 PA 31.12.2018 2.3.4.4b EPI ISL 346255
AlChicken/Egypt/Al20286/2019 A / H5N8 PA 23.04.2019 2.3.4.4b EPI ISL 400043
Alchicken/Luxor/186FL/2018 A / H5N8 PA 05.2018 (Day unknown) EPI ISL 505426
A/mute swan/Netherlands/20015931-001/2020 A / H5N8 PA 17.10.2020 2.3.4.4b EPI ISL 591075
100 r g ia Nowosibirsk region/1-12/2020 A / H5N8 PA 15.09.2020 2.3.4.4b EPI ISL 739684
7#ll — Ardomestic goose/Kazakhstan/1-248 2-20-B/2020 A / H5SN8 PA 20.09.2020 2.3.4.4b EPI ISL 615068
o AlTurkey/Sweden/SVA201114SZ0001/20KN303106/2020 A / HSN8 PA 13.11.2020 2.3.4.4b EPI ISL 647969
AJgoose/Russia Omsk region/55-1/2020 A / HSN8 PA 29.08.2020 2.3.4.4b EPI ISL 739685
100~ A per swan/T 010/2023 A / HSN1 PA 09.02.2023 2.3.4.4b EPI ISL 18066451
o L Alchicken/lwate/22A5T/2023 A | HSN1 PA 14.03.2023 2.3.4.4b EPI ISL 18284477
A/Bar-headed Goose/Qinghai/a210/2017 A / H5N8 PA 16.05.2017 2.3.4.4b EPI ISL 292498
i 103/2016 A / H5N8 PA 04.10.2016 2.3.4.4b EPI ISL 240677
Alchicken/South Africa/Villiers/2017 A / HSN8 PA 19.06.2017 2.3.4.4b EPI ISL 369336
Alguinea fowl/Nigeria/OG-GF 11T 19VIR8424-7/2019 H5N8 A / H5N8 PA 05.07.2019 2.3.4.4b EPI ISL 405278
A/Mandarin duck/Korea/H242/2020 A / HSN8 PA 21.10.2020 2.3.4.4b EPI ISL 631824
Alturkey/Poland/096/2020 A / H5N8 PA 28.01.2020 2.3.4.4b EPI ISL 525447
Alchicken/Germany-SN/AI00276/2020 A / HSN8 PA 12.03.2020 2.3.4.4b EPI ISL 415197

100

—
0.005

Appendix 1 Figure 7. Maximum-likelihood phylogenetic tree of the PA segment. Red markers and red
font indicate PA of HPAI H5N virus strains from northern fur seals. Blue font indicates PA of HPAI viruses,

isolated in Japan during winter/spring 2023.
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6 | @ A/Northern fur seal/Russia Tyuleniy/74/2023 A / H5N1 NP 10.08.2023 2.3.4.4b EPI ISL 18554237
@ A/Northern fur seal/Russia Tyuleniy/74-2/2023 A / H5N1 NP 10.08.2023 2.3.4.4b EPI ISL 19080209
@ A/Northern fur seal/Russia Tyuleniy/75/2023 A / HSN1 NP 10.08.2023 2.3.4.4b EPI ISL 19080210
94 | Alarge-billed crow/Hokkaido/B080/2024 A / H5N1 NP 22.01.2024 2.3.4.4b EPI ISL 18932042
Alcarrion crow/Hokkaido/B081/2024 A / HGEN1 NP 26.01.2024 2.3.4.4b EPI ISL 18876663
Algoose/Magadan/2272-5/2022 A / HSN1 NP 09.10.2022 2.3.4.4b EPI ISL 18071580
Allarge-billed crow/Hokkaido/0103E088/2023 A / HSN1 NP 30.03.2023 2.3.4.4b EPI ISL 17950087
Allarge-billed crow/Hokkaido/B101/2024 A / HSN1 NP 17.02.2024 2.3.4.4b EPI ISL 18968551
Alduck/Korea/D448-N1/2023 A / HGN1 NP 03.12.2023 2.3.4.4b EPI ISL 18819960
Alchicken/Japan/TU20-2829/2022 A / H5N1 NP 16.04.2022 2.3.4.4b EPI ISL 16831327
7 | Allarge-billed crow/Hokkaido/0112P083-2/2022 A / HSN1 NP 05.12.2022 2.3.4.4b EPI ISL 16955765
Allarge-billed crow/Hokkaido/B052/2023 A / H5N1 NP 17.04.2023 2.3.4.4b EPI ISL 18007229
Aljungle crow/Japan/0504F001/2022 A / HSN1 NP 19.04.2022 2.3.4.4b EPI ISL 16831229
Alcrow/Hokkaido/0101Q054/2022 A / HSN1 NP 03.02.2022 2.3.4.4b EPI ISL 14064698
+— Alcrow/Khabarovsk/776-56/2022 A / HSN1 NP 15.04.2022 2.3.4.4b EPI ISL 18074199
—— A/white-tailed eagle/Sweden/SVA211201SZ0380/FB004721/M-2021 A / HSN1 NP 26.11.2021 2.3.4.4b EPI ISL 7635907
— Alchicken/lwate/22A5T/2023 A / HSN1 NP 14.03.2023 2.3.4.4b EPI ISL 18284477
i‘ AJEzo red fox/Hokkaido/2/2023 A / HSN1 NP 12.04.2023 2.3.4.4b EPI ISL 17766057

A per swan/T 010/2023 A / H5N1 NP 09.02.2023 2.3.4.4b EPI ISL 18066451
— Al/crow/Hokkaido/0102L.010/2022 A / HSN1 NP 14.02.2022 2.3.4.4b EPI ISL 14064986
— Aljungle crow/Japan/0104B087/2022 A / H5N1 NP 28.04.2022 2.3.4.4b EPI| ISL 16831241
sb | A/chicken/Japan/TU16-1112/2022 A / HEN1 NP 12.02.2022 2.3.4.4b EPI ISL 16831310

—IAMhite-fronted goose/Japan/TU16-74/2022 A / H5N1 NP 12.02.2022 2.3.4.4b EPI ISL 16831077
9 AlAnser albifrons/Belgium/15465 0010/2021 A / H5N1 NP 21.11.2021 2.3.4.4b EPI ISL 9160206
* AJGoshawk/England/387180/2021 A / H5N1 NP 31.12.2021 2.3.4.4b EPI ISL 13370630
"t Alotter/Scotland/M100366/2022 A / HSN1 NP 01.01.2022 2.3.4.4b EPI ISL 14864642
Al/mute swan/Northem Ireland/17176/2021 A / HSN1 NP 25.11.2021 2.3.4.4b EPI ISL 13369778

Al i region/3-1/2020 A / HGN8 NP 20.09.2020 2.3.4.4b EPI ISL 739690
A/swan/Shandong/394/2019 A / H7N7 NP 12.01.2019 EPI ISL 12627438
A/mallard/Tottori/31C/2019 A / H7N7 NP 13.01.2019 EPI ISL 503006
A/Showeler/Omsk Region/15/2019 A / H4N6 NP 31.08.2019 EPI ISL 403726
A/Showeler/Omsk Region/111/2019 A / HIN2 NP 01.09.2019 unassigned EPI ISL 400288
A/mallard/Novosibirsk region/1894k/2019 A / H4N6 NP 08.09.2019 EPI ISL 400274
AlCaspian tem/Astrakhan/30/2022 A / HSN1 NP 15.05.2022 2.3.4.4b EPI ISL 16020401
A/mallard/Novosibirsk region/3541k/2020 A / H12N5 NP 29.08.2020 EPI ISL 1241001
A/Bar-headed Goose/Tibet/XZ901/2021 A / H5N1 NP 20.05.2021 2.3.4.4b EPI ISL 8215688
Alquail/Korea/H526/2021 A / HGN1 NP 08.11.2021 2.3.4.4b EPI ISL 6959593
Alduck/Hubei/SE220/2022 A / H5EN1 NP 10.01.2022 2.3.4.4b EPI ISL 12572659
A/mandarin duck/Korea/\WWA585/2021 A / H5N1 NP 26.10.2021 2.3.4.4b EPI ISL 6959592
A/duck/Guangdong/S4525/2021 A / H5N1 NP 08.12.2021 2.3.4.4b EPI ISL 12572655
100 A/Common Teal/Chany Lake/40/2019 A / H12N5 NP 07.09.2019 EPI ISL 400270

— Alchicken/Poland/054/2020 A / H5N8 NP 17.01.2020 2.3.4.4b EPI ISL 525444
t— A/turkey/Hungary/1020 20VIR749-1/2020 A / HSN8 NP 09.01.2020 2.3.4.4b EPI ISL 419220
in duck/Ki H242/2020 A / H5N8 NP 21.10.2020 2.3.4.4b EPI ISL 631824

L— A/turkey/Germany-ST/AI00352/2020 A / HGN8 NP 27.03.2020 2.3.4.4b EPI ISL 419314
teal/Toguchin/1153/2016 A / HEN1 NP 03.09.2016 EPI ISL 332677

o

A
84
- _{: Al/duck/Bangladesh/17D747/2016 A / H3NS NP 18.12.2016 unassigned EPI ISL 333102
i l—Almallard/Republic of Georgia/13/2011 A / HEN2 NP 26.11.2011 EPI ISL 189700
= A/Chi 14016059/2014 A / HBN2 NP 22.11.2014 EPI ISL 309930

28 AlAnas platyrhy 016 A / H3N1 NP 28.08.2016 unassigned EPI ISL 399510

A/mallard duck/Netherlands/24/2009 A / H6N1 NP 01.12.2009 EPI ISL 243650
Alchi ly/13VIR5091/2013 A / H7N7 NP 02.09.2013 EPI ISL 203004

6 Alchicken/Kagawa/4C-1/2018 A / H5N6 NP 10.01.2018 2.3.4.4b EPI ISL 335260

8
’—E\/duck/Korea/HleOW A/ H5N6 NP 22.12.2017 2.3.4.4b EPIISL 292413
L Albu: y-NRW; 79/2018 A / H5NG NP 05.2018 2.3.4.4b EPI ISL 313227

AlGreat Black-backed Gull/Netherlands/1/2017 A / H5N6 NP 18.12.2017 2.3.4.4b EPI ISL 289713
28T 19VIR8424-2/2019 A / H5N6 NP 30.06.2019 2.3.4.4b EPI ISL 503150

6

g
Awild bird/Iran/17RS654-24/2016 A / HSN8 NP 09.12.2016 2.3.4.4b EPI ISL 413011
A/Goose/Hungary/1030/2017 A / H5N8 NP 11.01.2017 2.3.4.4b EPI ISL 255194
Alduck/Samara/452/2018 A / HSN8 NP 22.06.2018 2.3.4.4b EPI ISL 320659
AlTurkey/Egypt/AI20285/2019 A / HSN8 NP 03.04.2019 2.3.4.4b EPI ISL 400027
A/Chicken/Egypt 2018 A / H5N8 NP 04.04.2018 2.3.4.4b EPI ISL 344541
Alduck/Egypt/F446/2017 A / HSN8 NP 06.04.2017 2.3.4.4b EPI ISL 268513

Alchicken/Irag/1/2020 A / H5N8 NP 12.05.2020 2.3.4.4b EPI ISL 623074
400, Alchicken/Russia Nowosibirsk region/1910-1/2020 A / HSN8 NP 22.09.2020 2.3.4.4b EPI ISL 739688

A/goose/Russia Omsk region/55-1/2020 A / H5N8 NP 29.08.2020 2.3.4.4b EPI ISL 739685
A/buzzard/Germany-MV/AI02166/2020 A / HSN5 NP 29.10.2020 2.3.4.4b EPI ISL 614399
Alchicken/England/030720/2020 A / HEN8 NP 02.11.2020 2.3.4.4b EPI ISL 626652

100 | A/bamacle goose/Germany-SH/AI02167/2020 A / H5N8 NP 28.10.2020 2.3.4.4b EPI ISL 614400
A/mute swan/Netherlands/20015931-001/2020 A / H5N8 NP 17.10.2020 2.3.4.4b EPI ISL 591075
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Appendix 1 Figure 8. Maximum-likelihood phylogenetic tree of the NP segment. Red markers and red
font indicate NP of HPAI H5N virus strains from northern fur seals. Blue font indicates NP of HPAI vi-

ruses, isolated in Japan during winter/spring 2023.
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L Allarge-billed crow/Hokkaido/0112P083-2/2022 A / H5N1 MP 05.12.2022 2.3.4.4b EPI ISL 16955765
Alslaty-backed gull/Hokkaido/0111M114/2022 A / HSN1 MP 16.11.2022 2.3.4.4b EPI ISL 16955798
i" A/Northern fur seal/Russia Tyuleniy/75/2023 A / H5SN1 MP 10.08.2023 2.3.4.4b EPI ISL 19080210
AlChionis albus/Fildes Peninsula King George Island/42/2023 A / HIN1 MP 22.05.2023 unassigned EPI ISL 19032103
A/murine/Hiroshima/TU10-B/2024 A / HSN1 MP 12.03.2024 2.3.4.4b EPI ISL 19074717

Allarge-billed crow/Hokkaido/B052/2023 A / HSN1 MP 17.04.2023 2.3.4.4b EPI ISL 18007229
5.

68 | °% 1 A/Eurasian wigeon/korea/23WS022-22/2023 A / HSN1 MP 27.11.2023 2.3.4.4b EPI ISL 18717640
Allarge-billed crow/Hokkaido/0103E088/2023 A / HSN1 MP 30.03.2023 2.3.4.4b EPI ISL 17950087
@ A/Northern fur seal/Russia Tyuleniy/74-2/2023 A / HSN1 MP 10.08.2023 2.3.4.4b EPI ISL 19080209
@ A/Northern fur seal/Russia Tyuleniy/74/2023 A / HSN1 MP 10.08.2023 2.3.4.4b EPI ISL 18554237
A/goose/Magadan/2272-5/2022 A / H5SN1 MP 09.10.2022 2.3.4.4b EPI ISL 18071580
50 | Allarge-billed crow/Hokkaido/B080/2024 A / HEN1 MP 22.01.2024 2.3.4.4b EPI ISL 18932042
Alcarrion crow/Hokkaido/B081/2024 A / HSN1 MP 26.01.2024 2.3.4.4b EPI ISL 18876663
A/Red Tailed Hawk/BC/AIVPHL-892/2023 A / HSN1 MP 16.01.2023 2.3.4.4b EPI ISL 18665576
A/Red Tailed Hawk/BC/AIVPHL-1236/2023 A / H5N1 MP 24.07.2023 2.3.4.4b EPI ISL 18665607
Alchicken/Oita/22A4T/2023 A / HSN2 MP 17.01.2023 2.3.4.4b EPI ISL 18284476
Alred-crowned crane/Hokkaido/20221120001/2022 A / HSN1 MP 20.11.2022 2.3.4.4b EPI ISL 16698576
A/American crow/Oregon/23-006741-001-original/2023 A / HSN1 MP 21.02.2023 2.3.4.4b EPI ISL 17964883
AVEzo red fox/Hokkaido/1/2022 A / HSN1 MP 31.03.2022 2.3.4.4b EPI ISL 12174842
Alwhite-fronted goose/Miyagi/0410D001/2022 A / HSN1 MP 04.10.2022 2.3.4.4b EPI ISL 15576616
Aiwood duck/BC/AIVPHL-332/2022 A / HSN1 MP 19.12.2022 2.3.4.4b EPI ISL 17051464
Alcanada goose/BC/AIVPHL-371/2023 A / HSN1 MP 16.01.2023 2.3.4.4b EPI ISL 17051482
Altanuki/Hokkaido/1/2022 A / HEN1 MP 01.04.2022 2.3.4.4b EPI ISL 14070455
I—— Alchicken/lwate/22A5T/2023 A / HSN1 MP 14.03.2023 2.3.4.4b EPI ISL 18284477
|—— A/Bald Eagle/Alaska/USDA-013831-001/2022 A / HSN1 MP 27.04.2022 2.3.4.4b EPI ISL 18132953
|—— Alturkey wilture/California/23-016937-001-original/2023 A / HSN1 MP 24.05.2023 2.3.4.4b EP| ISL 17964979
Alswan/Japan/0303B006/2022 A / HSN1 MP 18.03.2022 2.3.4.4b EPI ISL 16831103
A/Caspian tem/A 0/2022 A / H5SN1 MP 15.05.2022 2.3.4.4b EPI ISL 16020401
Albuzzard/ltaly/22VIR767-2/2022 A / HSN1 MP 24.01.2022 2.3.4.4b EPI ISL 14761373
Alchicken/Netherlands/21037750-001005/2021 A / HSN1 MP 31.10.2021 2.3.4.4b EPI ISL 5942524
Algoose/ireland/3869 22VIR2064-2/2022 A / HSN1 MP 14.02.2022 2.3.4.4b EPI ISL 11259284
AlLittle egret/Israel/172/2022 A / HSN1 MP 18.01.2022 2.3.4.4b EPI ISL 13418526
A/domestic duck/England/007588/2022 A / HSN1 MP 23.01.2022 2.3.4.4b EPI ISL 11406402
A/domestic duck/Poland/H1942-N/2021 A / HSN1 MP 07.11.2021 2.3.4.4b EPI ISL 6934175
Aleurasian teal/Netherlands/20016896-013/2020 A / HSN1 MP 02.11.2020 2.3.4.4b EPI ISL 632315
= » Algreylag goose/Netherlands/20016582-004/2020 A / H5SN1 MP 28.10.2020 2.3.4.4b EP| ISL 632314
|AIEurasian Wigeon/Netherlands/1/2020 A / HSN1 MP 16.10.2020 2.3.4.4b EPI ISL 603133
Albuzzard/Germany-MV/AI02166/2020 A / HSNS MP 29.10.2020 2.3.4.4b EPI ISL 614399
Aldomestic goose/Kazakhstan/1-248 2-20-B/2020 A / H5N8 MP 20.09.2020 2.3.4.4b EPI ISL 615068
A/mute swan/Netherlands/20015931-001/2020 A / HSN8 MP 17.10.2020 2.3.4.4b EPI ISL 591075
Alchicken/Irag/1/2020 A / HSN8 MP 12.05.2020 2.3.4.4b EPI ISL 623074
Algoose/Russia Omsk region/55-1/2020 A / HSN8 MP 29.08.2020 2.3.4.4b EPI ISL 739685
i A/duck/India/10CA01/2016 A / HSN8 MP 17.10.2016 2.3.4.4b EPI ISL 237553
A/swan/China/ST/2016 A / HSN8 MP 18.12.2016 2.3.4.4b EPI ISL 503037
Alchicken/Uganda/17RS115-15/2017 A / HSN8 MP 01.2017 2.3.4.4b EPI ISL 379227
Alduck/Egypt/F13666A/2017 A | HSN8 MP 26.01.2017 2.3.4.4b EPI ISL 387139
Alchi /17RS654-37/2017 A | HSN8 MP 09.01.2017 EPI ISL 412993
s6 | Aldomestic duck/Siberia/103/2016 A / HSN8 MP 04.10.2016 2.3.4.4b EPI ISL 240677
— 1 Alpigeon/Cameroon/17RS1661-4/2017 A / HSN8 MP 01.2017 (Day unknown) 2.3.4.4b EPI ISL 308809
76 s0 | Alpigeon/Saudi Arabia/KFU-HKU3600 2017/2017 A / HSN8 MP 12.2017 (Day unknown) 2.3.4.4b EPI ISL 505539
— A/Chicken/Riyadh/A15/2018 A / HSN8 MP 2017 (Month and day unknown) 2.3.4.4b EPI ISL 306915
Albamacle goose/Germany-SH/R11505/2016 A / HSNS MP 22.12.2016 2.2.1 EPI ISL 243050
A/mute swan/Croatia/42/2017 A / HSNS MP 20.01.2017 2.3.4.4b EPI ISL 243698
A/Bean goose/Hubei/CH-i122/2017 H5N8 A / HSN8 MP 24.02.2017 2.3.4.4b EPI ISL 266820
= Alduck/France/161587/2016 A / HSN8 MP 27.12.2016 2.3.4.4b EP| ISL 255627
_fA/great crested grebe/Uvs-Nuur Lake/341/2016 A / HSN8 MP 25.05.2016 2.3.4.4b EPI ISL 224580

S
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Appendix 1 Figure 9. Maximum-likelihood phylogenetic tree of the M segment. Red markers and red font
indicate M of HPAI H5N virus strains from northern fur seals. Blue font indicates M of HPAI viruses, iso-
lated in Japan during winter/spring 2023.
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a7 | Allarge-billed crow/Hokkaido/B080/2024 A / H5N1 NS 22.01.2024 2.3.4.4b EPI ISL 18932042
Alcarrion crow/Hokkaido/B081/2024 A / H5N1 NS 26.01.2024 2.3.4.4b EPI ISL 18876663
@ A/Northern fur seal/Russia Tyuleniy/75/2023 A / H5N1 NS 10.08.2023 2.3.4.4b EPI ISL 19080210
Allarge-billed crow/Hokkaido/B121/2024 A / H5N1 NS 17.03.2024 2.3.4.4b EPI ISL 19055088
Allarge-billed crow/Hokkaido/B114/2024 A / H5N1 NS 26.02.2024 2.3.4.4b EPI ISL 19033210
Allarge-billed crow/Hokkaido/0112Q104/2023 A / H5N1 NS 01.12.2023 2.3.4.4b EPI ISL 18740128
@ A/Northern fur seal/Russia Tyuleniy/74/2023 A / H5N1 NS 10.08.2023 2.3.4.4b EPI ISL 18554237
@ A/Northern fur seal/Russia Tyuleniy/74-2/2023 A / H5N1 NS 10.08.2023 2.3.4.4b EPI ISL 19080209
- Allarge-billed crow/Osaka/2702A030/2024 A / HSN1 NS 10.02.2024 2.3.4.4b EPI ISL 19033212
|- A/goshawk/Gifu/1/2023 A / H5N1 NS 31.08.2023 2.3.4.4b EPI ISL 18979788
[ Amlow fly/Kagoshima/23a738D/2023 A / HGEN1 NS 14.12.2023 2.3.4.4b EPI ISL 18969146
sb | Allarge-billed crow/Hokkaido/0103E089/2023 A / H5N1 NS 30.03.2023 2.3.4.4b EPI ISL 17950253
Allarge-billed crow/Hokkaido/0103E088/2023 A / H5N1 NS 30.03.2023 2.3.4.4b EPI ISL 17950087
Allarge-billed crow/Hokkaido/B067/2023 A / H5N1 NS 23.11.2023 2.3.4.4b EPI ISL 18591747
A/goose/Magadan/2272-5/2022 A / H5N1 NS 09.10.2022 2.3.4.4b EPI ISL 18071580
Allarge-billed crow/Hokkaido/0111Q100/2023 A / H5N1 NS 22.11.2023 2.3.4.4b EPI ISL 18640907
AJslaty-backed gull/Hokkaido/0111M111/2022 A / HGN1 NS 06.11.2022 2.3.4.4b EPI ISL 16698579
(— A/chicken/Hokkaido/I-1/2022 A / H5N1 NS 16.04.2022 2.3.4.4b EPI ISL 15072538
(— Allarge-billed crow/Hokkaido/0112P083-2/2022 A / HSN1 NS 05.12.2022 2.3.4.4b EPI ISL 16955765
L Allarge-billed crow/Hokkaido/B052/2023 A / H5N1 NS 17.04.2023 2.3.4.4b EPI ISL 18007229
A/Mallard/Netherlands/18/2022 A / H5N1 NS 01.10.2022 2.3.4.4b EPI ISL 15579543
—— A/whooper swan/Tochigi/0902C010/2023 A / H5SN1 NS 09.02.2023 2.3.4.4b EPI ISL 18066451
— Alchicken/lwate/22A5T/2023 A / H5N1 NS 14.03.2023 2.3.4.4b EPI ISL 18284477
o7 - A/Common eider/England/023549/2022 A / H5SN1 NS 03.03.2022 2.3.4.4b EPI ISL 13486831
&b | A/Bamacle goose/Scotland/075760/2021 A / HSN1 NS 04.12.2021 2.3.4.4b EPI ISL 13486748
—lA/chickenlEngland/M239112022 A/ H5N1 NS 06.04.2022 2.3.4.4b EPI ISL 13370922
Alcrow/Hokkaido/HU-1/2022 A / H5N1 NS 18.05.2022 2.3.4.4b EPI ISL 15072540
Alred fox/Alaska/22-016300-001-original/2022 A / HSN1 NS 10.05.2022 2.3.4.4b EPI ISL 17260669
A/mute swan/Poland/MB034-22 22VIR5675-12/2022 A / HSN1 NS 18.01.2022 2.3.4.4b EPI ISL 18245743
Algoose/France/22P004055/2022 A / H5N1 NS 24.01.2022 2.3.4.4b EPI ISL 18445705
A/bamacle goose/Sweden/SVA211111SZ0376/FB004496/2021 A / H5N1 NS 01.11.2021 2.3.4.4b EPI ISL 7053817
Alduck/Saratov/29-02V/2021 A / HSN1 NS 30.09.2021 2.3.4.4b EPI ISL 5463797
Albrent goose/Ireland/033257 22VIR1325-9/2021 A / HSN1 NS 16.11.2021 2.3.4.4b EPI ISL 11259282
Alcrow/Hokkaido/0103B065/2022 A / HSN1 NS 29.03.2022 2.3.4.4b EPI ISL 12174843
I— Aleurasian teal/Netherlands/20016896-013/2020 A / HSN1 NS 02.11.2020 2.3.4.4b EPI ISL 632315
A/Eurasian Wigeon/Netherlands/1/2020 A / H5N1 NS 16.10.2020 2.3.4.4b EPI ISL 603133
Alchicken/Netherlands/17013178-006010/2017 A / H10N7 NS 27.09.2017 EPI ISL 394155
8

®
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99

78

Alchicken/Germany/AR1386-L01302/2015 A / H7N7 NS 25.07.2015 EPI ISL 191942
A/Anas platyrhynchos/Belgium/10402 H195386/2017 A / HIN1 NS 19.11.2017 unassigned EPI ISL 502736
A/Mallard/Netherlands/31/2014 A / H4N3 NS 20.09.2014 EPI ISL 373086
Allittle curlew/Liaoning/dandong142/2019 A / H7N4 NS 26.04.2019 EPI ISL 445089
A/mallard/Novosibirsk region/962k/2018 A / H12N5 NS 29.09.2018 EPI ISL 337402
A/White-fronted goose (Anser albifrons)/South Korea/KNU2020-5/2020 A / H11N9 NS 21.01.2020 EPI ISL 6795224
A/Mallard(Anas platyrhynchos)/South Korea/KNU2021-17/2021 A / H3N8 NS 15.02.2021 unassigned EPI ISL 14835462
Alduck/Mongolia/876/2019 A / H3N8 NS 20.09.2019 unassigned EPI ISL 503358
A/mallard/South Korea/20X-20/2021 A / H7N9 NS 06.01.2021 EPI ISL 6781375
A/mallard/Novosibirsk region/963k/2018 A / H3N2 NS 29.09.2018 unassigned EPI ISL 337569
Alduck/Bangladesh/44478/2020 A / HION9 NS 22.02.2020 EPI ISL 4073124
A/Caspian tern/Astrakhan/30/2022 A / HSN1 NS 15.05.2022 2.3.4.4b EPI ISL 16020401
A/Mallard/Netherlands/12/2021 A / HSN2 NS 23.12.2021 EA nonGsGD EPI ISL 9012576
A/common teal/ltaly/21VIR49-88/2021 A / H7TN3 NS 07.01.2021 EPI ISL 7987329
A/mallard/Novosibirsk region/3445k/2020 A / HIN1 NS 29.08.2020 unassigned EPI ISL 1184524
A/mallard/Nowvosibirsk region/3449k/2020 A / H4N6 NS 29.08.2020 EPI ISL 1273442
A/Mallard/Netherlands/14016619/2014 A / H3N6 NS 03.12.2014 unassigned EPI ISL 291195
A/Common Teal/Chany Lake/29/2019 A / H14N3 NS 07.09.2019 EPI ISL 400267
A/Eurasian-teal/Egypt/P2-29/2017 A / HEN2 NS 19.11.2017 EPI ISL 341563
A/duck/Moscow/5712U/2019 A / H11N6 NS 21.10.2019 EPI ISL 697685
Alchicken/Iran/17RS654-01/2016 A / HSN8 NS 14.11.2016 2.3.4.4b EPI ISL 412984
A/Bar-headed Goose/Qinghai/A22/2016 A / H5N8 NS 13.05.2016 2.3.4.4b EPI ISL 292170
Alchicken/South Korea/AIV49/2017 A / H5N6 NS 11.2017 (Day unknown) 2.3.4.4b EPI ISL 372491
A/Northemn Goshawk/Tokyo/1301B003/2018 A / H5N6 NS 05.01.2018 2.3.4.4b EPI ISL 335463
A/Goose/Hungary/65817/2016 A / HSN8 NS 18.12.2016 2.3.4.4b EPI ISL 255174
Alteal/Egypt /823C/2016 A / H5EN8 NS 01.12.2016 2.3.4.4b EPI ISL 387138
A/Chicken/Egypt/AR553/2018 A / HSN8 NS 04.04.2018 2.3.4.4b EPI ISL 344541
Alchicken/Iraq/1/2020 A / H5N8 NS 12.05.2020 2.3.4.4b EPI ISL 623074
A/goose/Russia Nowosibirsk region/1-12/2020 A / H5N8 NS 15.09.2020 2.3.4.4b EPI ISL 739684
A/Eurasian Wigeon/Netherlands/7/2020 A / HSN8 NS 16.10.2020 2.3.4.4b EPI ISL 603136
Alchicken/Russia Nowosibirsk region/3-1/2020 A / H5N8 NS 20.09.2020 2.3.4.4b EPI ISL 739690
AJgoose/Russia Omsk region/55-1/2020 A / H5SN8 NS 29.08.2020 2.3.4.4b EPI ISL 739685
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Appendix 1 Figure 10. Maximum-likelihood phylogenetic tree of the NS segment. Red markers and red
font indicate NS of HPAI H5N virus strains from northern fur seals. Blue font indicates NS of HPAI vi-
ruses, isolated in Japan during winter/spring 2023.
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