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Highly Pathogenic Avian
Influenza A(H5N1) Virus-Induced
Mass Death of Wild Birds,
Caspian Sea, Russia, 2022

Ivan Sobolev, Alimurad Gadzhiev, Kirill Sharshov, Olesia Ohlopkova, Kristina Stolbunova,
Artem Fadeev, Nikita Dubovitskiy, Alexandra Glushchenko, Victor Irza, Maxim Perkovsky,
Kirill Litvinov, Natalia Meshcheriakova, Guy Petherbridge, Alexander Shestopalov

In May 2022, we observed a substantial die-off of wild
migratory waterbirds on Maliy Zhemchuzhniy Island
in the Caspian Sea, Russia. The deaths were caused
by highly pathogenic avian influenza A(H5N1) clade
2.3.4.4.b virus. Continued surveillance of influenza vi-
ruses in wild bird populations is needed to predict virus
spread over long distances.

he coastal and estuarine wetlands of the north-

ern Caspian Sea, which borders southeast Russia,
provide support for millions of waterfowl and shore-
birds during nesting, molting, migration, and winter-
ing periods (1,2); >300 species of birds are found in
this region. The area is crossed by several migration
flyways (Figure 1), of which the Black Sea/Mediter-
ranean Flyway is the main migratory route (3). The
region plays a critical role in the reproduction of colo-
nial nesting birds, such as pelicans, cormorants, her-
ons, gulls, and terns.

Maliy Zhemchuzhniy Island is located in the
northern part of the Caspian Sea (Figure 1). Monitor-
ing data on waterbirds has shown the high ecologic
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importance of this area, not only during the nesting
period but also during bird migration. The island
has had >150 species of birds registered since 2016. A
breeding colony of Caspian gulls is located on the is-
land, along with colonies of Great black-headed gulls
and Caspian terns, which are all listed in the Red Data
Book of Russia. We investigated mass deaths of wild
migratory waterbirds on Maliy Zhemchuzhniy Island
that occurred in May 2022. The study was approved
by the Committee on Biomedical Ethics at the Federal
Research Center of Fundamental and Translational
Medicine in Novosibirsk, Russia (protocol nos. 2013-
23,2019-3, and 2021-10).

The Study

On April 28, 2022, near the end of the egg incuba-
tion period, we had counted a total of 26,769 Great
black-headed gull nests, 7,340 Caspian gull nests,
and 5,267 Caspian tern nests on Maliy Zhemchu-
zhniy Island. In May, 1 week later, we detected
mass deaths of waterbirds on the island compris-
ing 25,157 Great black-headed gulls, 3,507 Caspian
gulls, 5,641 Caspian terns, and 14 Dalmatian peli-
cans (Appendix 1 Figure 1, https://wwwnc.cdc.
gov/EID/article/29/12/23-0330-Appl.pdf). Near-
ly all gull and tern chicks died during the nesting
period. The mass death event began during hatch-
ing of Great black-headed gulls. We only found the
corpses of chicks (with down but without feathers)
that were similar in age. We assume that not all
of the chicks actually died from disease; death of
adult birds likely led to the deaths of chicks in their
nests. The Caspian terns were still incubating eggs
at that time; consequently, the death of adult terns
led to the death of egg clutches in their nests. We
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Figure 1. Major bird migration flyways (A) and sampling area of birds (B) in study of highly pathogenic avian influenza A(H5N1)
virus—induced mass death of wild birds, Caspian Sea, Russia, 2022. Map of migration routes was provided online by the East Asian—
Australasian Flyway Partnership (https://www.eaaflyway.net/the-flyway). Yellow shading in panel A indicates the location of the Caspian
Sea; red rectangles in both panels indicate sampling location of dead birds on Maliy Zhemchuzhniy Island.

did not observe live chicks on the island during the
remaining 2022 nesting season.

In May 2022, we collected 10 samples from de-
ceased Caspian terns on the island. All samples test-
ed positive for H5Nx avian influenza virus (AIV) by
real-time PCR. We characterized 5 isolates by using
complete genome sequencing, phylogenetic analysis,
and intravenous pathogenicity index testing (Table).
We identified all 5 isolates as highly pathogenic avian
influenza (HPALI) viruses, according to the amino acid
sequence of the hemagglutinin (HA) polybasic pro-
teolytic cleavage site (PLREKRRKR/G) (Appendix 1
Figure 2) and according to intravenous pathogenic-
ity index values of 2.92-2.93 (reference values were
for chickens) (Appendix). We determined the HPAI
neuraminidase (NA) subtype was N1 by using se-
quence analysis.

The A/goose/Guangdong/1/96 (Gs/GD)
strain, which was isolated in 1996 from a domestic
goose, is considered the ancestor of AIV carrying
the highly pathogenic H5 HA subtype (4,5). The
Gs/GD lineage of HPAI H5N1 viruses evolved into
several sublineages that subsequently reassorted
with low pathogenicity avian influenza (LPAI) vi-
ruses, leading to the formation of H5Nx reassortant
variants (6,7). Viruses of the Gs/GD lineage ini-

tially circulated in southern China. However, dur-
ing 2004-2005, they began spreading throughout
Asia, Europe, the Middle East, and Africa (8). An
increased number of available sequences led to the
creation of the H5 virus classification and identifica-
tion of 10 clades (4,8-13). Subsequently, clade 2 was
split into 5 subclades, each containing numerous
genetic subgroups. Clade 2.3.4.4 is dominant and
has been divided into several genetic subgroups,
including 2.3.4.4.b, which, in turn, diverged into
2 sublineage branches, Bl and B2 (14). Accord-
ing to phylogenetic analysis of HA segments, we
found the Caspian Sea strains (the AIV strains iso-
lated from dead birds in the Caspian Sea region)
belonged to HPAI H5N1 clade 2.3.4.4.b (Figure 2).
Furthermore, we found the HPAI H5N1 virus iso-
lates from Maliy Zhemchuzhniy Island belonged to
the B2 sublineage because isoleucine was present at
position 548 in HA (14).

The polymerase basic (PB) 1, polymerase acidic
(PA), HA, nucleoprotein (NP), NA, and matrix (M)
protein gene segments of the Caspian Sea strains
were phylogenetically related to H5N1 viruses pre-
viously identified in wild birds in Israel in January
2022. However, all 8 gene segments were similar to
those of strains from Romania isolated in February

Table. Sequenced viruses isolated from Caspian terns on Maliy Zhemchuzhniy Island in study of highly pathogenic avian influenza
A(H5N1) virus—induced mass death of wild birds, Caspian Sea, Russia, 2022*

Isolate Location Sample type  Collection date IVPI GISAID no.

A/Caspian_tern/Astrakhan/30/2022 45°02'N, 48°19'E Intestine 2022 May 15 2.92 EPI_ISL_16020401
AlCaspian_tern/Astrakhan/32/2022 45°02'N, 48°19'E Intestine 2022 May 15 2.92 EPI_ISL_16020402
AlCaspian_tern/Astrakhan/34/2022 45°02'N, 48°19'E Intestine 2022 May 15 2.93 EPI_ISL_16020403
A/Caspian_tern/Astrakhan/36/2022 45°02'N, 48°19'E Liver 2022 May 15 2.93 EPI_ISL_16020404
AlCaspian_tern/Astrakhan/38/2022 45°02' N, 48°19'E Liver 2022 May 15 2.92 EPI_ISL_16020405

*Nucleotide sequences were deposited in the GISAID database (https://www.gisaid.org). IVPI, intravenous pathogenicity index.
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2022 (Appendix 1 Figures 3-9). The phylogenetic re-
lationships of PB2 and nonstructural (NS) gene seg-
ments between AIV strains from Israel and Romania
remains unclear, because no sequences were avail-
able for the segments from Israel in the GISAID Epi-
Flu database (https://www.gisaid.org).

Conclusions

On the basis of virus phylogeny and chronology of
virus detection, we hypothesize that the HPAI vi-
rus found in the Caspian Sea region was present
in birds migrating to their wintering sites during
autumn 2021 and was detected in Israel during the
winter months of 2022. During spring migration in
2022, the virus strain spread from the Middle East

Alchicken/Saratov/245-14V/2022 A/H5N1 HA EPI ISL 16618956 15.09.2022

Alchicken

Alchicken/Ryazan/224-1V/2022 A/lHSN1 HA EPI ISL 13876272 28.05.2022
Alchicken/Chelyabinsk/241-5V/2022 A/HSN1 HA EPI ISL 16618925 28.07.2022
Alchicken/Kursk/230-15V/2022 A/H5N1 HA EPI ISL 14857059 16.06.2022
Alcommon buzzard/Denmark/08287-1.01/2022 A/H5N1 HA EPI ISL 16115054 30.08.2022
A/Northern Gannet/Netherlands/2/2022 A/HSN1 HA EPI ISL 15267023 13.07.2022
Alchicken/Tyumen/47- 85vl2021 A/H5N1 HA EP ISL 8769019 12 10. 2021
[ATLittle egret/Israel 8.01.

A/swan/Romama/10455 22VIR2749-4/2022 A/H5N1 HA EPI ISL 11922818 09.02.2022)
@ A/Caspian tem/Astrakhan/30/2022 A/H5N1 HA 15.05.2022

@ AIC

Aseagull/italy/21VIR9432-2/2021 A/H5N1 HA EPI ISL 7733621 11.11.2021
Alturkey/Italy/21VIR11506/2022 A/H5N1 HA EPI ISL 14760902 20.12.2021

Alturkey/Polal

@ A/Caspian tem/Astrakhan/32/2022 A/H5N1 HA 15.05.2022
@ A/Caspian tem/Astrakhan/36/2022 A/H5N1 HA 15.05.2022
@ A/Caspian tem/Astrakhan/38/2022 A/H5N1 HA 15.05.2022
b7~ A/buzzard/Germany-SH/AI06210/2021 A/H5N1 HA EPI ISL 7753443 26.10.2021

Adturkey/Stawropol/211-18V/2022 A/H5N1 HA EPI ISL 13692626 01.02.2022
Algreylag goose/Denmark/24309-1.01/2021-10-27 A/H5N1 HA EPI ISL 11798578 27.10.2021
A/dalmatian pelican/Astrakhan/213-2V/2022 A/H5N1 HA EPI ISL 13692638 14.03.2022
Albamacle goose/Denmark/17572-1.01/2021-03-01 A/H5N1 HA EPI ISL 5449305 01.03.2021
A/greylag goose/Nelhenandslzom 6582-004/2020 A/H5N1 HA EPI ISL 632314 28.10.2020

to nesting areas, leading to wild bird deaths on
Maliy Zhemchuzhniy Island. Because of the lack of
some genetic data on closely related viruses, it re-
mains unclear whether the Caspian Sea strains were
transmitted through Europe (Romania) from Israel
or directly from Israel.

The HPAI H5N1 viruses detected during the
mass death of birds on Maliy Zhemchuzhniy Island
evolved from sequential reassortment of multiple ge-
netic variants of LPAI and HPAI viruses (Appendix 1
Figures 3-9). The new variants probably acquired M
and HA gene segments from viruses (Egyptian-like)
detected in Siberia and Kazakhstan in 2020 (15). PB2,
PB1, PA, NP, and NA gene segments from HPAI vi-
ruses likely emerged as a result of reassortment with

/Rostov-on-Don/6-3V/2022 A/H5N1 HA EPI ISL 16618959 17.08.2022
B2

aspian tem/Astrakhan/34/2022 A/H5N1 HA 15.05.2022

ind/H1910-T3/2021 A/H5N1 HA EPI ISL 6929958 01.11.2021

Europe

BB,

1 A/H5N1 HA EPI ISL 11725869 02.11.2021

B

A/mute swan/EngIand1053054/2021 A/H5N1 HA EPI ISL 5804708 24.10.2021
Aleurasian teal/Netherlands/20016896-013/2020 A/H5N1 HA EPI ISL 632315 02.11.2020
A/Euraslan ngeon/Ne(herlandsM/ZUZD AJ/H5N1 HA EPI ISL 603133 16.10.2020

B1

ig

2020 A/H5N1 HA EPI ISL 603135 16.10.2020
020 A/HSN1 HA EPI ISL 603134 16.10.2020

79
A/Eurasian Wigeon/N

Allittle grebe/Egypt/10560P/2016 A/H5N8 HA
AJdomestic duck/Siberia/50K/2016 A/H5N8 HA

AJguinea fowl/Nigeria/OG.

A/duck/Hungary/1565

D01/2014 A/H5N6 HA EPI ISL 162467 03.2014

005 A/H5N1 HA EPI ISL 138867 01.2005

—_
001

Alchicken/Russia No\loslblrsk region/3-1/2020 A/H5N8 HA EPI ISL 739690 20.09.2020

A/bamacle goose/Germany-SH/AI02167/2020 A/HSN8 HA EPI ISL 614400 28.10.2020
A/mute swan/Netherlands/20015931-001/2020 A/H5N8 HA EPI ISL 591075 17.10.2020

AJgoose/Russian Federation/Kurgan/1345-25/2020 A/H5N8 HA EPI ISL 626651 20.08.2020

Alchicken/Netherlands/20017639-001/2020 A/H5N8 HA EPI ISL 641394 10.11.2020
A/bamacle goose/Denmark/14138-1/2020-11-04 A/H5N8 HA EPI ISL 644824 04.11.2020
A A/goose/Russia Novosibirsk region/1-12/2020 A/H5N8 HA EPI ISL 739684 15.09.2020
Aldomestic goose/Kazakhstan/1-242 2-20-B/2020 A/H5N8 HA EPI ISL 615073 19.09.2020
98, A A/chicken/Russia Novosibirsk region/1910-1/2020 A/H5N8 HA EPI ISL 739688 22.09.2020
A Alchicken/Russia Novosibirsk region/1910-2/2020 A/H5N8 HA EPI ISL 739689 22.09.2020
A A/goose/Russia Omsk region/55-1/2020 A/H5N8 HA EPI ISL 739685 29.08.2020
AJperegrine falcon/Denmark/13776-1/2020-10-30 A/H5N5 HA EPI ISL 644737 30.10.2020
A/mute swan/Kazakhstan/1-267-20-B/2020 A/H5N8 HA EPI ISL 614401 23.09.2020
— A/buzzard/Germany-MV/AI02166/2020 A/HSN5 HA EPI ISL 614399 29.10.2020
Alduck/Russian Federation/Saratov/1578-2/2020 A/H5N8 HA EPI ISL 626649 18.09.2020
_E Aldomestic goose/Kazakhstan/1-261 2-20-B/2020 A/H5N8 HA EPI ISL 615065 22.09.2020
Alchicken/Russia Novosibirsk region/3-15/2020 A/HSN8 HA EPI ISL 739691 20.09.2020
L— A/chicken/Russia Novosibirsk region/3-29/2020 A/H5N8 HA EPI ISL 739692 20.09.2020
L—— A/chicken/Irag/1/2020 A/H5N8 HA EPI ISL 623074 12.05.2020
16/2018 A/H5N8 HA EPI ISL 379744 2018
T Alchicken/Egypt/M14081D/2017 A/H5N8 HA EPI ISL 389751 10.05.2017
AJpainted stork/India/10CA03/2016 A/H5N8 HA EPI ISL 237554 20.10.2016
AJchicken/Niger/17RS167-1/2017 A/H5N1 HA EPI ISL 348284 07.01.2017

Alchicken/Zimbabwe/Al4935/2017 A/HSN8 HA EPI ISL 387133 25.05.2017

Alchicken/South Africa/499723/2018 A/H5N8 HA EPI ISL 505432 06.06.2018

-GF 11T 19VIR8424-7/2019 H5N8 A/H5N8 HA EPI ISL 405278 05.07.2019
Alturkey/Poland/027/2020 A/H5N8 HA EPI ISL 525442 09.01.2020

97, Afturkey/Poland/23/2019 A/H5N8 HA EPI ISL 402134 30.12.2019

1 A/duck/Vietnam/QuangBinh/DH130723/2017 A/H5N6 HA EPI ISL 304956 23.07.2017

2.3.4.4b

letherlands/7/2020 A/H5N8 HA EPI ISL 603136 16.10.2020

EPI ISL 388773 28.12.2016
EPI ISL 240678 10.10.2016

20VIR749-2/2020 A/H5N8 HA EPI ISL 419239 10.0‘1 .2020

2344

A/duck/Hunan/HN239/2015 A/H5N6 HA EPI ISL 255742 13.09.2015

1234

Figure 2. Phylogenetic analysis of viruses isolated from 5 dead Caspian terns in study of highly pathogenic avian influenza A(H5N1)
virus—induced mass death of wild birds, Caspian Sea, Russia, 2022. Maximum-likelihood phylogenetic tree was constructed for
hemagglutinin gene segments. Black circles indicate highly pathogenic avian influenza (HPAI) A H5N1 virus strains isolated from the

Caspian Sea region; black triangles indicate Egyptian-like HPAI vi

irus strains from Russia isolated in 2020; red box indicates HPAI

strains from Israel and Romania that were closely related to viruses from the Caspian Sea. Viruses belonging to clade 2.3.4.4b and
B1 or B2 sublineages and those with hemagglutinin genes found in Europe are indicated. Sequences were obtained from the GISAID
EpiFlu database (https://www.gisaid.org); identification numbers are provided. Scale bar indicates nucleotide substitutions per site.
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LPALI viruses during 2020-2021; NS segments likely
emerged from LPAI viruses detected during 2021-
2022. NS sequences closely related to those of strains
isolated in the Caspian Sea regions and Romania were
found in LPAI viruses predominantly circulating in
Asia during 2019-2021 (Appendix 1 Figure 9). HPAI
viruses with such NS sequences have been identified
only in Romania and the Caspian Sea.

Gene segments of HPAI H5N1 viruses from the
Caspian Sea were closely related to virus segments
found in different parts of Eurasia. Specifically, PB1,
PA, HA, NA, and M protein gene segments were
predominantly related to those in Europe, whereas
related NP and NS segments were more prevalent
in Asia. In addition, the PA segment from the Cas-
pian Sea strains was also identified in Africa, and
PB2 was related to PB2 of viruses detected in the
Far East (Japan, Korea, and China), Siberia (Novo-
sibirsk region), Bangladesh, and Europe (Italy, Slo-
venia, and Czech Republic). Three major flyways
pass through the Caspian Sea region: the Black Sea/
Mediterranean Flyway, the West Asian-East African
Flyway, and the Central Asian Flyway. However,
we found that gene segments of HPAI viruses from
the Caspian Sea were related to variants identified in
the Far East, indicating widespread distribution and
exchange of influenza virus genes well beyond the
major flyways. Therefore, continued surveillance
and monitoring of AlVs (primarily HPAI viruses) in
wild bird populations will be needed worldwide to
track and predict the spread of these viruses over
long distances.
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Highly Pathogenic Avian Influenza A(H5N1)
Virus—Induced Mass Death of Wild Birds,
Caspian Sea, Russia, 2022

Appendix 1

Additional Materials and Methods

Sampling Area

The Caspian Sea region is a crucial area for avian influenza virus (AIV) surveillance in
Eurasia, because it is situated at the convergence of 3 major bird migratory routes: the Central
Asian Flyway, East Africa/West Asia Flyway, and Black Sea/Mediterranean Flyway (Figure 1,
main text). Thus, the main migratory pathways of birds from Europe, Africa, and Asia intersect
here (/-3). Because of the abundance of saltwater bays, lagoons, river deltas, and lake systems,
the western coast of the Caspian Sea provides a highly favorable route for the seasonal
migrations of numerous bird species in Eurasia (4,5). The ecologic characteristics of those
unique habitats enable wild waterfowl and shorebirds to utilize numerous wetlands in the
Caspian Sea region for both wintering and nesting. Moreover, this region also provides potential

stopover sites for birds that migrate further into Europe or Africa.

Reconstructive analysis of the flight routes of wild birds in general, and gulls (Laridae) in
particular, was performed as previously described (5) according to data from the Bird Ringing
Center of Russia (https://sev-in.ru/en/bird-ringing-and-scientificinformation-cente) (Appendix 1
Figures 10). As a result, it has been shown that flight routes passing through the Caspian Sea
region cover not only the territory of Eurasia but also parts of Africa. They also pass through
countries in Europe and the Middle East. Those results enables us to assume that the influenza
virus spreads through avian spring migration to the Caspian Sea, either directly from Israel and

the Levant or through Europe (likely via Romania, as indicated by phylogenetic analysis). In
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addition, analysis of flight routes and migration corridors (notable for their diverse destinations)
indicates the significance of the Caspian region in the spread of avian influenza virus and early

detection of new variants.

Maliy Zhemchuzhniy Island is located in the northern part of the Caspian Sea near the
maritime boundary of the Republic of Kalmykia and the Astrakhan region (latitude 45°02' N,
longitude 48°19" E). This flat, low-lying island, composed of sand and clam shells, was formed
during a regression of the Caspian Sea in the 1930s on the site of an underwater shoal. It is
constantly exposed to wind and waves, which cause changes in its configuration, and areas are
either completely or partially lacking terrestrial vegetation. During 2016-2022, the size of the
island remained relatively constant. In 2021, the island was estimated to be 26.33 ha and had a

length of =2 km and maximum width of 0.3 km.

Samples

In May 2022, we collected 10 samples from Caspian terns on the island during a mass
die-off of wild birds. In all of those samples, the matrix protein gene segment of AIV A and the
hemagglutinin gene segment of the HSNx subtype were detected by using multiplex real-time
PCR (AmpliSens Influenza virus A HSN1-FRT PCR kit; InterLabService Ltd,
https://en.interlabservice.ru). All analyzed viruses were isolated from 10-day-old chicken
embryonated eggs by using chicken embryo inoculation. All viruses caused the death of chicken

embryos within 2 days. Isolates were shown to be H5 positive by using real-time PCR.

Genome Sequencing and Phylogenetic Analysis

Next-generation sequencing of complete genomes was performed by using the Illumina
MiSeq platform (https://www.illumina.com) and associated reagent kits according to the
manufacturer's methodology. RNA was extracted by using the QlAamp Viral RNA Mini Kit
(https://www.qiagen.com). Whole-genome amplification was performed by using a modified
protocol (6). DNA libraries were prepared by using a Nextera DNA Flex Library Prep kit
(Illumina) and sequenced by using MiSeq Reagent Kit v3 (600-cycle) (Illumina). Consensus

sequences were generated by using Bowtie software (https://www.bowtiepro.com).

Nucleotide sequences were deposited in the GISAID database under accession nos.
EPI ISL 16020401—405. Multiple alignments were performed by using MUSCLE

(https://www.ebi.ac.uk/Tools/msa/muscle); editing, which included translating the nucleotide
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sequences into amino acid sequences, was performed by using BioEdit
(https://bioedit.software.informer.com) and UGENE (http://www.ugene.net) software. Initial
maximum-likelihood phylogenies for each of the gene segments were generated with RAXML
(7) by using the general time-reversible nucleotide substitution model. Final dendrograms were
generated and visualized by using MEGAS (8). Bootstrap support values were generated by
using 1,000 rapid bootstrap replicates.

Intravenous Pathogenicity Index

For determining intravenous pathogenicity index (IVPI) values for 9 viruses, 0.1 mL of a
1:10 dilution of infectious allantoic fluid was intravenously inoculated into ten 6-week-old
specific pathogen-free chickens. The IVPI was calculated according to the OIE standard protocol
(https://www.woah.org/fileadmin/Home/eng/Health standards/tahm/3.03.04 Al.pdf). Virus
isolates with an IVPI value >1.2 were considered highly pathogenic avian influenza A viruses.
The challenge study and all experiments with live viruses were conducted in a Biosafety Level 3

facility.
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A/goose/Guangdong/08/2005 ICGECPKYVKSNKLVLATGLRNSEIRAANNNNNCLECAIAGFIEGCGWQCGMVDGCGWYGYHH
A/Caspian tern/Astrakhan/30/2022 IGECPKYVKSNKLVLATGLRNSEBNNSNNANCLFCATAGFIEGGWQCMVDGWYGYHH
A/Caspian tern/Astrakhan/32/2022 IGECPKYVKSNKLVLATGLRNSERININNINCLFCAIAGFIEGGWQGMVDGWYGYHH
A/Caspian tern/Astrakhan/34/2022 IGECPKYVKSNKLVLATGLRNSERARNNNNNCLEFCAIACGFIEGCGWQGMVDGWYGYHH
A/Caspian tern/Astrakhan/36/2022 IGECPKYVKSNKLVLATGLRNSEINNNSNNNNCLECAIACFIEGCGWQCMVDGWYGYHH
A/Caspian tern/Astrakhan/38/2022 IGECPKYVKSNKLVLATGLRNSIHANNSNINNCLFCGATIACGFIEGGWQGMVDGWYGYHH

Appendix 1 Figure 2. Amino acid sequences of polybasic cleavage site within hemagglutinin from
viruses isolated from dead Caspian terns on Maliy Zhemchuzhniy Island, Caspian Sea, Russia in May
2022. We identified all 5 strains as highly pathogenic avian influenza viruses according to the amino acid
sequence of the hemagglutinin proteolytic cleavage site. Black boxes indicate the PLREKRRKR/G

cleavage site. Sequences were aligned with an H5N1 highly pathogenic avian influenza virus strain from
a goose.

Page 5 of 15



@ A/Caspian tem/Astrakhan/36/2022 A/H5N8 NA 2022-05-15

Ve @ A/Caspian tem/Astrakhan/38/2022 A/H5NS NA 2022-05-15

@ A/Caspian tem/Astrakhan/34/2022 A/H5N8 NA 2022-05-15

@ A/Caspian tem/Astrakhan/30/2022 A/HSN8 NA 2022-05-15

@ A/Caspian tem/Astrakhan/32/2022 A/H5NS NA 2022-05-15
8p| | A/swan/Romania/ 10455 22VIR2749-4/2022 A/HSN1 NA EPIISL 11922818 09.02.2022

86

A e 022 A N1 NA EP! 3418 0
Albean goose/Sweden/SVA211111520372/FB004482/2021 A/H5N1 NA EPI ISL 7049600 05.11.2021
Albamacle goose/Gemany-SH/AIDB005/2021 A/HSN1 NA EPI ISL 7753251 19.10.2021
Algoose/Tyumen/33-52V/2021 A/HSN1 NA EPI ISL 5463805 07.10.2021
L Alchicken/Netherlands/21038165-006010/2021 A/H5N1 NA EPI ISL 6101848 07.11.2021
| A/swan/Romania/ 10656 22VIR2749-6/2022 A/H5N1 NA EP! ISL 11922820 22.02.2022
L Afturkey/lsrael/564/2021 A/HSN1 NA EPI ISL 12917757 29.10.2021
Aturkey/Germany-MV/AI08035/2021 AJHSN1T NA EPI ISL 7753290 20.10.2021
| A/Buteo buteo/Belgium/2606 0008/2022 A/HSN1 NA EPI ISL 14391865 20.02.2022
A/duck/Czech Republic/3306-1/2022 A/H5N1 NA EPIISL 12324302 09.02.2022
Alblack-headed gull/England/388256/2022 A/H5N1 NA EPI ISL 11561593 03.02.2022
IiAichickenlEngIand10573144'2021 A/H5N1 NA EPI ISL 9029956 14.11.2021
A/Whooper swan/Scotland/056219/2021 A/H5N1 NA EPI ISL 9029962 09.11.2021 HPAI
Algrey heron/Czech Republic/23608/2021 A/HSNT NA EPI ISL 8515481 28.11.2021
£Al|umeylEngland105525112021 A/H5N1 NA EPI ISL 8814146 06.11.2021
Alswan/Romania/ 10678 22VIR2749-7/2022 A/H5N1 NA EPI ISL 11922821 23.02.2022 Europe
L Alchicken/Tyumen/27-31V/2021 A/HSN1 NA EPI ISL 5463793 06.10.2021 ;
a6 hAmucknsraeusasafzozw AH5N1 NA EPI ISL 13618384 18.11.2021 Middle East

®

Alturkey/Poland/H1944-N/2021 A/HSN1 NA EPI ISL 6935584 08.11.2021
Alchicken/ltaly/21VIR9133-20/2021 A/HSN1 NA EPI ISL 7733617 04.11.2021
Adturkey/Italy/21VIR11506/2022 A/H5N1 NA EPI ISL 14760902 20.12.2021
Alchicken/Saratow29-08V/2021 A/HSN1 NA EPI ISL 5463800 30.09.2021
Algoose/Netherlands/21038413-002/2021 A/H5N1 NA EPI ISL 6675755 08.11.2021
Aldomestic duck/Scotland/054469/2021 A/H5N1T NA EPI ISL 9012700 01.11.2021
AlMallard/Netherlands/2/2022 A/HSN1 NA EPI ISL 10993074 14.02.2022
I—NGI’eat white pelican/Israel/123/2022 A/H5N1 NA EPI ISL 13609610 12.01.2022
Alcommon kestel/lsrael/49-2/2022 A/HSN1 NA EPI ISL 13658359 02.01.2022
L— A/mute 1ds/21038479-002/2021 A/H5N1 NA EPI ISL 6761020 09.11.2021
A/Eurasian Wigeon/Netherlands/1/2020 A/HSN1 NA EPI ISL 603133 16.10.2020
AEurasian Wigeon/Netherlands/5/2020 A/HSN1 NA EP! ISL 603135 16.10.2020
A/Showeler/Chany Lake/62/2019 A/HIN1 NA EPI ISL 400286 07.09.2019
A/mallard/Nowsibirsk region/3445k/2020 A/HINT NA EPI ISL 1184524 29.08.2020
A/shoveler/Novosibirsk region/998k/2018 A/H2NT NA EPI ISL 338361 01.10.2018
AlduckiMoscow/5743/2019 A/HIN1 NA EPI ISL 697686 15.10.2019
AfteallToguchin/1153/2016 A/HBN1 NA EPI ISL 332677 03.09.2016
Alduck/Moscow/4970-MA/2013 A/HINT NA EPI ISL 4061406 10.2013 LPAI
Algadwall/Chany/315/2016 A/HIN1 NA EPI ISL 250236 10.10.2016 =t
Alteal/Russia Primorje/330/2016 A/HIN1 NA EPI ISL 240676 11.04.2016
Alteal/Russia Primorje/18-1101/2018 A/HIN1 NA EPI ISL 339039 21.04.2018 .
A/Spot-billed Duck/Russia Primorje/173/2019 A/HBN1 NA EPI ISL 403721 17.10.2019 Eurasia
A/Common Teal/Buryatia/73i/2019 A/HEN1T NA EPI ISL 403713 01,09.2019
A/mallard/Russia Primorje/94T/2020 A/H1N1 NA EPI ISL 1184531 03.10.2020
Alduck/Moscow/3554/2008 A/H3N1 NA EPI ISL 283457 13.10.2008
100  A/European teal/Novosibirsk/203/2011 AHSN1 NA EPI ISL 145815 03.00.2011
1 A/European tealiNovosibirsk/261/2011 A/HBN1 NA EPI ISL 145817 03.08.2011
Albean goose/Tyva/10/2009 A/HSN1 NA EPI ISL 32668 22.06.2009
Algrebe/Tyva/2/2010 A/HSN1 NA EPI ISL 84604 22.06.2010
Adblack-headed gull/Tyva/115/2009 A/H5N1 NA EPI ISL 31936 09.06.2009
Alchicken/Primorje/1/2008 A/H5N1 NA EPI ISL 63010 10.04.2008
100 r Alrook/Chany/32/2015 A/HSN1 NA EPI ISL 193362 07.05.2015
1 AfrookiDovolnoe/50/2015 A/HSN1 NA EPI ISL 193363 07.05.2015
Alduck/Kurgan/08/2005 AIHSN1 NA EPIISL 10138 2005
Alchicken/Krasnodar/01/2006 A/HSN1 NA EPI ISL 10361 2006
Alchicken/Suzdalka/06/05 A/H5N1 NA EPI ISL 11385 2005
77 |~ Afduck/Novosibirsk/56/2005 A/HSN1 NA EPI ISL 9769 2005
Alchicken/Kurgan/3/2005 A/H5SN1 NA EPI ISL 9967 2005
Alchicken/Moscow/2/2007 A/HSN1 NA EPI ISL 11823 13.02.2007
Alchicken/Rostow/22-1/2007 A/HSN1 NA EPI ISL 14423 2007
Alduck/Tuva/01/2006 A/H5NT NA EPI ISL 10436 2006
Alcommon gull/Chany/P/2006 A/HSN1 NA EPI ISL 64343 18.07.2006
Alduck/Omsk/1822/2006 A/HSN1 NA EPI ISL 64356 07.2006

0.02

Appendix 1 Figure 3. Phylogenetic analysis of neuraminidase gene segments of avian influenza viruses.
Trees were constructed by using the maximum-likelihood method. Closed circles indicate the highly
pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on Maliy Zhemchuzhniy
Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from Israel and Romania
closely related to the Caspian Sea strains. Sequences were obtained from the GISAID EpiFlu database
(https://www.gisaid.org). Scale bar indicates nucleotide substitutions per site. HPAI, high pathogenicity

avian influenza; LPAI, low pathogenicity avian influenza.
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N @ A/Caspian term/Astrakhan/38/2022 A/H5N1 PB2 15.05.2022
' | @ A/Caspian tem/Astrakhan/36/2022 A/H5N1 PB2 15.05.2022

100 || @ A/Caspian '30/2022 A/H5N1 PB2 15.05.202,
100 @ A/Caspian tem/Astrakhan/34/2022 A/H5N1 PB2 15.05.2022
15.05.2022

A/swan/Romania/10455 22VIR2749-4/2022 A/H5N1 PB2 EPI ISL 11922818 09.02.2022
|— A/Cygnus columbianus/Hubei/121/2021 AJHSNT PB2 EPI ISL 11633614 20.12.2021
Adturkey/Italy/21VIR8480-1/2021 A/HSN1 PB2 EPI ISL 7887337 11.10.2021
i A/mallard/Novosibirsk region/3445k/2020 A/HIN1 PB2 EPI ISL 1184524 29.08.2020 %
Alturkey/ltaly/IZSLT 22VIR366-3/2022 AIHSN1 PB2 EPI ISL 14761272 04.01.2022
100, Alseagull/Slovenia/2075 22VIRT77-7/2021 A/HSN1 PB2 EPI ISL 11007534 30.12.2021
Alswan/Slovenia/2072 22VIR777-5/2021 A/HSN1 PB2 EPI ISL 11007532 30.12.2021
—— A/duck/Bangladesh/18D1577/2021 A/H3N2 PB2 EPI ISL 9951121 04.01.2021 &
o5 [— Alduckiitaly/21VIR8022-1/2021 AIHSN3 PB2 EPI ISL 7975818 23.09.2021
1 17, Alguinea fowl/ltaly/22VIR205-4/2022 ATHSN1 PB2 EP| ISL 14761291 05.01.2022 HPAI
Allaying hen/ltaly/21VIR11505-2/2021 A/HSN1 PB2 EPI ISL 14760936 21.12.2021 alill
20 [| Avchicken/italy/21VIR10853/2021 A/HSN1 PB2 EPI ISL 14760681 06.12.2021
i0d Adturkey/Italy/21VIR11166/2021 A/HSN1 PB2 EPI ISL 14760726 13.12.2021
AlturkeymaIyIZIVIRﬂ025‘Il2021 AH5N1 PB2 EPI ISL 7733628 25.11.2021
zech c/25690/2021 ATHSN1 PB2 EPI ISL 9603929 22 12 2021
AJmallard/Novosibirsk region/3541k/2020 A/H12N5 PB2 EPI ISL 1241001 29.08.2020 %
Almandarin duck/Korea/WAS585/2021 A/HSN1 PB2 EP! ISL 6959592 26.10.2021
s |— AJquail/Korea/H526/2021 A/HSN1 PB2 EPI ISL 6959593 08.11.2021
Afduck/Hubei/SE220/2022 A/HS5N1 PB2 EPI ISL 12572659 10.01.2022
Alduck/Guizhou/$1321/2022 A/HSN1 PB2 EPI ISL 12572656 22.02.2022
100 Aduck/Guangdong/S4518/2021 A/HSN1 PB2 EPI ISL 12572654 08.12.2021
Afchicken/Kagoshima/21A6T/2021 A/HSN1 PB2 EP! ISL 6829533 12.11.2021
AlShoeler/Chany Lake/62/2019 A/HIN1 PB2 EPI ISL 400286 07.08.2019
AsshovelerfOmsk region/22/2020 A/HAN2 PB2 EPI ISL 1041179 28.08.2020 LPAI
Almallard/Novosibirsk region/1884k/2018 A/H4ANS PB2 EPI ISL 400274 08.09.2019 Asia
AJShowveler/Omsk Region/111/2019 A/H1NZ PB2 EPI ISL 400288 01.08.2019
73 & Algoose/Russia Omsk region/55-1/2020 A/HENS PB2 EPI ISL 739685 29,08 2020
A/mute swan/Kazakhstan/1-267-20-B/2020 A/H5NG PB2 EP| ISL 614401 23.09.2020
Almallard/taly/20VIR7139-73/2020 A/HSNS PB2 EP| ISL 654958 14.11.2020
Aldomestic goose/Kazakhstan/1-261 2-20-8/2020 A/HSN8 PB2 EPI ISL 615085 22.09.2020
AJchicken/Netherlands/20016597-026030/2020 A/H5N8 PB2 EPI ISL 603132 28.10.2020 HPAI
AlbuzzardiGemany-MV/AI02166/2020 A/HSNS PB2 EPI ISL 614399 29.10.2020 I
Almute swan/Netheriands/20015931-001/2020 A/HSN8 PB2 EP! ISL 591075 17.10.2020
Aldomestic goose/Kazakhstan/1-242 2-20-B/2020 A/HSNS PB2 EPI ISL 615073 19.09.2020 Egyptian-like, 2020
A Algoose/Russia Nowosibirsk region/1-12/2020 A/H5NS PB2 EPI ISL 739684 15.09.2020
A Alchicken/Russia Novosibirsk region/1910-1/2020 A/HSNS PB2 EPI ISL 739688 22.09.2020
A Archicken/Russia Novosibirsk region/1910-2/2020 AJHSNS PB2 EP| ISL 739689 22.09.2020
Alchicken/irag/1/2020 A/HSNS PB2 EPI ISL 623074 12.05.2020
AfChicken/Egypt/AR553/2018 A/HSNS PB2 EP| ISL 344541 04.04.2018

83

Arduck/Egypt/VG1099/2018 A/HSN2 PB2 EPI ISL 346255 31.12.2018
AfChicken/Egypt/AI20286/2019 A/HSN8 PB2 EPI ISL 400043 23.04.2019
Alchicken/Rostowon-Don/1598/2017 A/HSNS PB2 EPI ISL 297235 17.11.2017
Aiduck/Samara/452/2018 A/H5N8 PB2 EPI ISL 320659 22.06.2018
AJwild bird/Iran/17RS654-24/2016 A/JHSNS PB2 EPI ISL 413011 09.12.2016
Afchicken/Belgium/807/2017 A/H5N8 PB2 EPI ISL 266536 01.02.2017
Alspoonbill/ Taiwan/DB645/2017 A/H5NG PB2 EPI ISL 287800 01.12.2017
AfTufied Duck/Switzerland/V237/2016 A/H5N8 PB2 EPI ISL 257699 13.11.2016
Alchicken/ltaly/17VIR653-12/2017 A/HSNS PB2 EPI ISL 255184 25.01.2017
Aswild duck/Tatarstan/3059/2016 A/HSN8 PB2 EPI ISL 247724 02.10.2016
Algadwall/Kurgan/2442/2016 A/HSN8 PB2 EPI ISL 256298 27.08.2016
AlGreat Black-backed Gull/Netherlands/1/2017 A/HSN6 PB2 EPI ISL 289713 18.12.2017
Afchicken/Kagawa/5C-2/2018 A/HSNG PB2 EPI ISL 335268 10.01.2018
Adduck/Bangladesh/33137/2017 A/H3N2 PB2 EPI ISL 329591 21.07.2017
AJDuck/Egypt/AR560/2018 A/HSN8 PB2 EPI ISL 344548 25.05.2018
Alteal/iRussia Primorje/390/2016 A/HIN1 PB2 EPI ISL 240676 11.04.2016
Afduck/Bangladesh/18D659/2016 A/H1N4 PB2 EP| ISL 333097 15.07.2016
2018 A/H12NS PB2 EPI ISL 395083 29.09.2018
Alperegrine falcon/Denmark/13776-1/2020-10-30 AJHSNS PB2 EPI ISL 644737 30.10.2020
Afmallard/Anhuil1-451/2019 A/HBN2 PB2 EPI ISL 462607 19.11.2019
Alduck/Mongolia/826/2019 A/HING PB2 EPI ISL 503357 20.09.2019
A/Bar-headed Goose/Qinghai/BTY 14-B/2016 A/HSNE PB2 EPI ISL 224731 14.05.2016
Adgreat crested grebe/Uvs-Nuur Lake/341/2016 A/HSNS PB2 EPI ISL 224580 25.05.2016
Alcommon teal/Korea/\W550/2016 A/H5N8 PB2 EPI ISL 266420 15.12.2016
Alduck/India/10CA01/2016 A/HSNS PB2 EPI ISL 237553 17.10.2016
AfFujian-Sanyuan/21099/2017 A/HSNS PB2 EP| ISL 304404 25,12.2017
oo [ Alquail/South Afica/AI5930/2018 A/HENS PB2 EPI ISL 505431 06.04.2018
|

0.01.2020

100 [ gary/1565 20VIR749-2/2020 A/HSN8 PB2 EPI ISL 4192:
019 A/H5N8 PB2 EPI ISL 402134 30.12.2019
MurkeyleJTnany—STlAlDD352/2020 A/H5NS PB2 EPI ISL 419314 27.03.2020
A/Mandarin duck/Korea/H242/2020 A/H5N8 PB2 EPI ISL 631824 21.10.2020
A/mallard duck/Georgia/3/2016 A/H4N6 PB2 EPI ISL 328973 30.09.2016
Afgoose/SpainfIA17CR02699/2017 A/HSNS PB2 EPI ISL 387143 02.03.2017
Aispot-billed duck/Korea/H1862/2014 A/HSN3 PB2 EPI ISL 369299 14.11.2014
Afduck/Bangladesh/19D770/2017 A/HSNG PB2 EPI ISL 333133 11.01.2017
Alduck/Mongolia/620/2018 A/H3N8 PB2 EPI ISL 368636 03.09.2018
A/White-fronted Goose/South Korea/KNU18-119/2018 A/H7N7 PB2 EPI ISL 393520 31.12.2018
Alduck/Bangladesh/37529/2019 A/H7N3 PB2 EPI ISL 503524 17.01.2019
Al/common teal/Chany/889/2018 A/H3NG PB2 EPI ISL 333611 01.09.2018
A/duck/Bangladesh/33676/2017 A/H4NS PB2 EPI ISL 329573 28.09.2017
Almallard/Korea/\'WA245/2017 A/HTN7 PB2 EPI ISL 309220 22.02.2017
g | Nchlckeanussla Novosibirsk region/3-1/2020 A/HSN8 PB2 EPI ISL 739690 20.09.2020
r ibirsk region/3-29/2020 A/HSN8 PB2 EPI ISL 739692 20.00.2020
Nchickeanussia Novosibirsk region/3-15/2020 A/H5N8 PB2 EPI ISL 739691 20.09.2020
AJDuck/Riyadh/Al2/2017 A/HSN8 PB2 EPI ISL 306911 2017
Alswan/Germany-SN/R10645/2016 A/H5NS PB2 EPI ISL 240893 13.12.2016
AlChicken/Netherlands/17014215-026-030/2017 A/H5N2 PB2 EPI ISL 362150 13.10.2017
A/Eurasian-teal/Egypt/P2-29/2017 A/HEN2 PB2 EPI ISL 341563 19.11.2017
Alduck/Bangladesh/39729/2019 A/H8N4 PB2 EPI ISL 503535 29.03.2019
Ajduck/Hungary/1147/2019 A/HENS PB2 EPI ISL 362148 14.03.2019
AfAnas platyrhynchos/Belgium/7828/2018 A/H12N5 PB2 EPI ISL 502613 29.08.2018
A/mallard/Dagestan/1050/2018 A/HTN3 PB2 EPI ISL 331289 23.01.2018
A/Ruddy Shelduck/Qinghai/B1561/2017 A/H4NS PB2 EPI ISL 292494 22.09.2017
AIEurasmn W\geoniNeiheﬂsndsﬂiZOZO A/H5N1 PB2 EPI ISL 603133 16.10.2020
13/2020 A/HEN1 PB2 EPI ISL 632315 02.11.2020
i fands/4/2020 A/HSN1 PB2 EPI ISL 603134 16,10.2020
Algreylag goose/Netherlands/20016582-004/2020 A/H5N1 PB2 EPI ISL 632314 28.10.2020

ool

Appendix 1 Figure 4. Phylogenetic analysis of polymerase basic 2 protein gene segments of avian
influenza viruses. Trees were constructed by using the maximume-likelihood method. Closed circles
indicate the highly pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on

Maliy Zhemchuzhniy Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from

Page 7 of 15



Romania closely related to the Caspian Sea strains. Red asterisks indicate low pathogenicity viruses
found within highly pathogenic virus groups that were related to the Caspian Sea strains (presumably,
highly pathogenic viruses appeared because of reassortment with low pathogenicity viruses). Closed
triangles indicate Egyptian-like virus strains from Russia isolated in 2020. Sequences were obtained from
the GISAID EpiFlu database (https://www.gisaid.org). Scale bar indicates nucleotide substitutions per

site. HPAI, high pathogenicity avian influenza; LPAI, low pathogenicity avian influenza.
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s, @ A/Caspian tem/Astrakhan/30/2022 A/HSN1 PB1 15.05.2022

o8 [| @ A/Caspian tem/Aslrakhan/36/2022 AJHSN1 PB1 15.05.2022

@ A/Caspian tem/Astrakhan/38/2022 A/HSN1 PB1 15.05.2022

® NCasplan 1ern:‘Astr§khaN32f2022 NH5N1 PB1 15. 05 2022
e 20

- Afeurasian curlew/Netherlands/21024069-002/2021 A / H5N4 PB1 EPI ISL 1225079 15.02.2021
Alyellow-legged gull/Switzerland/15-0039 21VIR3035/2021 A / H5N4 PB1 EPI ISL 2234808 01.02.2021 M
AlLaridae/Germany-SH/AI01498/2021 A / HSN4 PB1 EPI ISL 5099372 17.02.2021
0308S20 1/K-2021 A | H5N4 PB1 EPI ISL 3098719 02.03.2021
P herting g 1023937-002/2021 A / H5N4 PB1 EPI ISL 1225077 21.02.2021 Europe
i 1025108-001/2021 A / H5N4 PB1 EPI ISL 2173364 10.03.2021
NmaIIEVJJ‘NmDSIDIISk region/3344k/2020 A / H4NG PB1 EPI ISL 1184523 29.08.2020
Alduck/Bangladesh/44407/2020 A / HEN1 PB1 EPI ISL 4073125 22.02.2020
Alpheasant/ltaly/21VIR2284-1/2021 A / HON2 PB1 EPIISL 7987330 25.03.2021
100 AlAnas p\alymynchoslﬂe\glumlzgas 0002/2021 A / H7TN7 PB1 EPI ISL 14392497 08.12.2021
3125 A/ H10N4 PB1 EPI ISL 14393464 04.03 2022 LPAI
Almallard/Netherlands/19001282-001/2019 A / HSN1 PB1 EPI ISL 819124 23.01.2019 —
A/mallard/Dagestan/1050/2018 A / H7TN3 PB1 EPI ISL 331289 23.01.2018
Alduck/HubeilZY SYG3/2015 A / HEN2 PB1 EPI ISL 252817 21.11.2015 .
Aimallard/KerealA14-2/2017 A  HSN3 PB1 EPI ISL 369317 10.10.2017 Eurasia
—WPHMB-D-GZWCQNG A I H7N® PB1 EPI ISL 387971 11.02.2016
Afnorthem shoveler/Egypt/MB-D-6860P/2016 A / HTN3 PB1 EPI ISL 387965 17.03.2016
AJduck/Mongolia/499/2015 A / H10N7 PB1 EPI ISL 206308 31.08.2015
AdduckiMongoliaf217/2018 A / H3NS PB1 EPI ISL 637689 02.09.2018
100 98 — Albuzzard/Germany-SH/AID6210/2021 A / HSN1 PB1 EPI ISL 7753443 26.10.2021
idd AJgreylag goose/Denmark/24309-1.01/2021-10-27 A / H5N1 PB1 EPI ISL 11798578 27.10.2021
2020 A [ HSN1 PB1 EPI ISL 803134 16.10.2020
1 | Afgreylag goose/Netherlands/20016582-004/2020 A / H5N1 PB1 EPI ISL 632314 28.10.2020
A/bamacle goose/Denmark/17572-1.01/2021-03-01 A / H5N1 PB1 EPIISL 5449305 01,03.2021
Almute swanlEnglandlDSGWﬂDm A fH5N1 PB1 EPI ISL 5804708 24.10.2021
111118203 2021 A/ H5N1 PB1 EPI ISL 7050532 08.11.2021
Algreylag goose/Gemany-NI/AR11353-L02142/2016 A [ H5NS PB1 EPI ISL 262056 27.12.2016
AIM Swan/NL-Groningen/16015826-001/2016 A / H5NS PB1 EPI ISL 287565 13.12.2016
Algrey heron/Germany-SN/R572/2017 A / HSN5S PB1 EPIISL 260058 22.01.2017
a6 | Afwigeon/Italy/16VIR9616-3/2016 A/ HSN5 PB1 EPI ISL 243085 29.12.2016
Afmute swan/Croatia/102/2016 A / HSNS PB1 EPI ISL 240101 27.12.2016
100 | - Alswan/Poland/81/2017 A / H5NS PB1 EPI ISL 300746 02.02.2017
(AR495-L 7 A/ H5NS PB1 EPI ISL 436150 23.01.2017
Nenumnmeﬂlﬁkamchalkaﬂwzmﬁ A [ HENS PB1 EPI ISL 256301 01.10.2016
AfFalcon/Riyadh/AI5/2017 A / HSN8 PB1 EPI ISL 306956 2017 (Month and day unknown)
A/Eurasian-teal/EQypt/P2-29/2017 A / HGN2 PB1 EPI ISL 341563 19.11.2017
Afchicken/Bulgaria/77 20VIR1727/2020 A / HSN2 PB1 EPI ISL 503969 21.02.2020
Al 019 A / HSN3 PB1 EPI ISL 503347 12.09.2019
38803/2019 A / H11N3 PB1 EPI ISL 503482 09.02.2019
AjiCygnus olorfEngland/AS00778/2017 A / HSNB PB1 EPI ISL 366233 13.01.2017
AJduck/Bangladesh/1 TD747/2016AI H3N5 PB1 EPI ISL 333102 18.12.2016
A/ H12N5 PB1 EPI ISL 385083 29.09.2018
NchlckenfRussla Nmoslblrsk region/3-1/2020 A / HSN8 PB1 EPI ISL 739690 20.09.2020
‘ Adchici region/3-15/2020 A / H5N8 PB1 EPI ISL 739691 20.09.2020
Alchicken/Russia Novosibirsk region/3-28/2020 A / H5NS PB1 EPI ISL 739692 20.09.2020
: Afduck/Bangladesh/19D682/2016 A / HEN2 PB1 EPI ISL 333136 07.08.2016
NGarganelemsk Region/22/2019 A / H3N8 PB1 EPI ISL 400285 31.08.2019
region/! ) A/ H4NG PB1 EPI ISL 1240996 29,08,2020
AlChicken/Netherlands/12002495-001-005/2012 A / H10NS PB1 EPI ISL 309808 06.02.2012
A/mallard/Sweden/133546/2011 A/ H10N4 PB1 EPI ISL 189392 23.11.2011
Afmallard/Poland/10/2014 A [ HSN3 PB1 EPI ISL 234407 18.01.2014
Almallard ds/2/2015 A [ HZNT7 PB1 EPIISL 243612 16.01.2015
1 A [ H12ZN2 PB1 EPI ISL 498097 01.11.2018

88

™

ki /25891/2015 A / H4NG PB1 EPI ISL 257066 10.07.2015
NducklegohalSSTlZmSA:‘H1N1 PB1 EPIISL 388642 01.09.2015
A/mallard/Tottori/31C/2019 A / HTN7 PB1 EPI ISL 503006 13.01.2019
100 eraHard duck/Netherlands/67/2008 A / HION7 PB1 EPI ISL 243382 13.12.2008

Leep

/101165/2000 A/ HEN4 PB1 EPI ISL 189340 05.11.2009
70/2015 A / HION7 PB1 EPI ISL 379991 11.2015 (Day unknown)

Afturkey/Poland/23/2019 A / HSN8 PB1 EPI ISL 402134 30.12.2019
Afturkey/Germany-ST/AID0352/2020 A / H5N8 PB1 EPI ISL 419314 27.03.2020
Alduck/Hungary/1565 20VIR749-2/2020 A / HSN8 PB1 EPI ISL 419239 10.01.2020
AfMandarin duck/Korea/H242/2020 A f HSNB PB1 EP! ISL 631824 21.10.2020
Algreen sandpiper/Kurgan/1043/2018 A / H3N8 PB1 EPI ISL 355935 26.08.2018

AlAnas Platyrt jum/10811 6/2019 A / HSNG PB1 EPI ISL 502583 21.09.2019
[ A/duck/Bangladesh19D770/2017 A f HSNG PB1 EPIISL 333133 11.01.2017

A/Duck 1a/786/2017 A [ HTN3 PBA1 EPI ISL 327474 09.2017 (Day unknown)

Afmallard duckiGeorgia/10/2016 A { H7N7 PB1 EPI ISL 328976 30,09.2016

L A/mallard/Chany/313/2016 A / HIN1 PB1 EPI ISL 250235 10.10.2016

A/duck/India/10CA01/2016 A / HSNB PB1 EPI ISL 237553 17.10.2016
AfFujian-Sanyuan/21099/2017 A / HSN6 PB1 EPI ISL 304404 25.12.2017
Alcommon teal/Korea/\WW547/2016 A | HSNB PB1 EP| ISL 268417 15.12.2016
Africa/115370/2017 A | HEN8 PB1 EP| ISL 368363 23.09.2017
AlchickenfIran/17RS654-15/2017 A / H5SN8 PB1 EPI ISL 412988 05.01.2017
Algadwall/Kurgan/2442/2016 A / HSN8 PB1 EPI ISL 256298 27.08.2016
Alchicken/Tatarstan/88/2017 A / HSNB PB1 EPI ISL 275288 08.05.2017
Alchicken/Rostov-on-Donf1598/2017 A / H5N8 PB1 EP| ISL 297235 17.11.2017
Alduck/Samara/452/2018 A f HSNB PB1 EPI ISL 320659 22.06.201
Awild bird/Iran/17RS654-24/2016 A / H5N8 PB1 EPI ISL 413011 09.12.2016
Alswan/ltaly/17VIR537-2/2017 A / H5N8 PB1 EPI1ISL 255181 19,01.2017
A/Chicken/Egypt/ARS53/2018 A / HSNE PB1 EPI ISL 344541 04.04.2018
Alduck/Egypt/F446/2017 A | HSNS PB1 EPI ISL 268513 06.04.2017
A/Chicken/Egypt/AI20286/2019 A / HSNG PB1 EPI ISL 400043 23.04.2019
Afchicken/irag/1/2020 A / HSN8 PB1 EPI ISL 623074 12.05.2020
Fu A Aichicken/Russia Novosibirsk region/1910-1/2020 A / HSN8 PB1 EPI ISL 739688 22.09.2020

ANchlckenMssla Nowosibirsk region/1910-2/2020 A / HSN8 PB1 EPI ISL 739689 22.09.2020
roo |2 [l & Arg ibirsk region/1-12/2020 A / HSNB PB1 EP! ISL 739684 15.09.2020
Aldomestic duck/Kazakhstan/1-274-20-8/2020 A / HSN8 PB1 EPI ISL 615072 25.09.2020
Alchicken/England/020720/2020 A / HSNS PB1 EP! ISL 626652 02.11.2020 HPAI
o4 - A’Cygnus olor/Belgium/11956 001/2020 (H5N8) A / HSN8 PB1 EP! ISL 644735 04.11.2020
Albuzzard/Gemany-MV/AID2166/2020 A / HSNS PB1 EPIISL 614399 29.10.2020 & =
A Ajgoose/Russia Omsk region/55-1/2020 A / HSN8 PB1 EPI ISL 739685 29.08.2020 Egyptian-like, 2020
Almute swan/Kazakhstan/1-267-20-B/2020 A / H5N8 PB1 EPI ISL 614401 23.09.2020
Alperegrine falcon/Denmark/13776-1/2020-10-30(H5NS) A / HSNS PB1 EPI ISL 644737 30.10.2020
Algreylag goose/Netherlands/20016879-001/2020 A / HEN8 PB1 EPI ISL 632318 01.11.2020
AfTurkey/Sweden/SVA201114SZ0001/20KN303106/2020 A / HSNS PB1 EPI ISL 647969 13.11.2020

oo

Appendix 1 Figure 5. Phylogenetic analysis of polymerase basic 1 protein gene segments of avian

influenza viruses. Trees were constructed by using the maximum-likelihood method. Closed circles

indicate the highly pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on

Maliy Zhemchuzhniy Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from Israel
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and Romania closely related to the Caspian Sea strains. Closed triangles indicate Egyptian-like virus
strains from Russia isolated in 2020. Sequences were obtained from the GISAID EpiFlu database

(https://lwww.gisaid.org). Scale bar indicates nucleotide substitutions per site. HPAI, high pathogenicity
avian influenza; LPAI, low pathogenicity avian influenza.

Nmute swan/England/053054/2021 A/HSN1 PA EPI ISL 5804708 24.10.2021
y-BB/AI06238/2021 AJHENT PA EPI ISL 11725869 02.11.2021
A/bamacle goose/Denmark/17572-1.01/2021-03-01 A/H5N1 PA EPI ISL 5449305 01.03.2021
Alchicken/Netherlands/20019879-001005/2020 A/HSN1 PA EP1 ISL 711055 14.12,2020
g 1s/21021591-001/2021 A/HSN1 PA EPI ISL 1048241 14.01.2021

Alfcommon 102 002/2021 A/H5N1 PA EPI ISL 1048240 09.01.2021

'20017605-002/2020 A/H5N1 PA EPIISL 1139101 09.11.2020
Alchicken/Romania/10101 21VIR2044-1/2021 A/HSNS PA EPI ISL 1665249 23.02.2021
Almute swan/Slovakia/Paht 21VIR1086-2/2021 A/HSNS PA EPI ISL 1665262 15.01,2021
Afchicken/NigeriaVRD21-108 21VIR2370-425/2021 A/HSN1 PA EPIISL 4061485 01.03.2021
AJpoultry/Benin/21-A-09-031-0/2021 A/H5N1 PA EPI ISL 14871339 01.09.2021
Adwhite stork/Poland/MB391/2021 A/H5N1 PA EPI ISL 2681045 20.04.2021
Archicken/Senegal/21VIR1084-4/2021 A/H5N1 PA EPI ISL 2276069 23.12.2020

HPAI
Adchicken/Lesotho/352.3/2021 AJHEN1 PA EPI ISL 14768967 05.06.2021
&4 - A/lCommon Teal/Chany Lake/357/2019 A/H3NS PA EPI ISL 400268 07.09.2019 3
‘LAImaHardJNomsm.rsk reglonf3509k12020 AJHENS PA EPI ISL 1240988 29.08.2020 Europe
E Afmallard) A/HANG PA EPIISL 1273442 29.08.2020 % -
Nduckﬂﬂangladeﬁh.’:iﬁ265i2021 A/HANG PA EPI ISL 14883811 16.10.2021 3k Africa

Alchicken/Russia Nowosibirsk region/3-15/2020 A/HSNB PA EPIISL 739691 20.09.2020
Alchicken/Russia Novosibirsk region/3-29/2020 A/HSNS PA EPI ISL 739692 20.09.2020
Alchicken/Russia Nowosibirsk region/3-1/2020 AJHSNS PA EPIISL 739690 20.09.2020
AsShoweler/Chany Lake/62/2019 A/HIN1 PA EPI ISL 400286 07.09.20193
100 . AIswaanomamaHOQBG 22VIR2749-8/2022 A/H5N1 PA EPI ISL 11922822 07.03.2022
Czech Republic/2968/2022 A/H5N1 PA EPI ISL 13955171 04.02.2022
Nmaplslllaly.‘21VIR1165612021 A/HSN1 PA EPI ISL 8882211 16.12.2021
A/Cygnus olor/Romania/16381 21VIR10306/2021 A/HSN1 PA EPI ISL 8440175 11.11.2021
Alpartridge/Bulgaria/745 22VIR778-3/2021 A/H5N1 PA EPIISL 11007722 23,11.2021
[Nmallam.'NmsmlrsK region/3513k/2020 A/H4NG PA EPI ISL 1240999 29.08.2020 5%
Adswan/Slovenial2072 22VIR777-5/2021 A/HSN1 PA EPI ISL 11007532 30.12.2021
A/mallard/Novosibirsk region/3445k/2020 A/H1N1 PA EPIISL 1184

A/Caspian temiAstrakhan/34/2022 AfHSN1 PA 15,05, 2022
AlCaspian tem/Astrakhan/36/2022 AIHEN1 PA 15.05.2022
@ A/Caspian tem/Astrakhan/30/2022 AIHSN1 PA 15.05.2022
@ A/Caspian tem/Astrakhan/38/2022 AIH5N1 PA 15.05.2022
Afteal/EgypU/MB-D-1480P/2015 A/H1ONT PA EPI ISL 387963 27.01.2015
Afduck/Iran/17RS654-12/2017 AJHEN1 PA EPI ISL 413007 11.01.2017
AlAnas platyrhy 0ium/1837 H101620/2018 A/H10N1 PA EP! ISL 502606 19.02.2018
Alpintail/Chany/198/2016 A/H3N8 PA EPI ISL 250234 10.09.2016
oo [ A/mellard/Balkash/6304 PA/2014 A/HINT PA EPI ISL 378360 03.10.2014
Alduck/Bar 4705/2015 A/HTN1 PA EPI ISL 257071 22.02.2015
A/mallard/Toguchin/19/2017 A/HANG PA EPI ISL 332690 03.09.2017
AfFujian-Sanyuan/21089/2017 A/HSNG PA EPI ISL 304404 25,12.2017
Alduck/Cambodia/CTOW14M/2018 A/HTNS PA EPI ISL 399737 05.04.2018
Alduck/Bangladesh/26980/2015 A/HTNG PA EPI ISL 257048 10.12.2015
AJ/black-necked crane/Zhaotong/ZT-12/2013 A/HINZ PA EPI ISL 220104 16.11.2013
Alswan/Hokkaido/481102/2017 A/H4NG PA EP ISL 370672 26.11.2017
! Wuhan/WHJF/2014 ATHSN2 PA EPI ISL 205110 12.2014
Alduck/t 2017 AJH12N2 PA EPI ISL 370663 31.10.2017
Aduck/Hubei/S2114/2012 A/HANS PA EPI ISL 206829 03.06.2012
Algommon teal/Mongolia/1920/2011 A/HANG PA EPI ISL 149891 18.08.2011
— Algadwall/Kurgan/2442/2016 AJHSNE PA EPI ISL 266298 27.08.2016
|— A/Ch/NL-Abbega/X16015736/2016 A/HSNB PA EPI ISL 268622 12.12.2016
Alspoonbill/Taiwan/DB645/2017 A/HSNG PA EPI ISL 287800 01.12.2017
[ AGreat Biack-backed Gull/Netherlands/1/2017 AHENG PA EP ISL 289713 18.12.2017
Adwild bird/Iran/17RS654-24/2016 A/HSNS PA EPI ISL 413011 09.12.2016
Alchicken/Luxor/186FL/2018 A/HSNS PA, EPI ISL 505426 05.2018
AlGreylag goose/Hungary/320/2017 AJHSNB PA EPI ISL 255212 04.01.2017
Afchicken/Rostowon-Don/1598/2017 A/H5NS PA EPI ISL 207235 17.11.2017
100, Alchicken/Kursk/284/2018 A/HSNS PA EPI ISL 320607 11.06.2018
Alduck/Samara/452/2018 A/HSNS PA EPI ISL 320659 22.06.2018
Adduck/Egypt/VG1089/2018 A/HSN2 PA EPI ISL 346255 31.12.2018
A/Chicken/Egypt/Al20286/2019 A/HENB PA EPI ISL 400043 23.04.2019
Alchickeniraq/1/2020 A/HSN8 PA EPI ISL 623074 12.05.2020
100 | A Alchicken/Russia Nowsibirsk region/1910-1/2020 A/HSNS PA EPI ISL 739688 22,09.2020
A Alchicken/Russia Novosibirsk region/1910-2/2020 A/HSNS PA EPI ISL 739689 22.09.2020
A Algoose/Russia Novosibirsk region/1-12/2020 A/HSN8 PA EPI ISL 739684 15.09.2020
Aldomestic goose/Kazakhstan/1-242 2-20-B/2020 A/HSN8 PA EPI ISL 615073 19.09.2020
Aldomestic goose/Kazakhstan/1-261 2-20-B/2020 A/HSNE PA EPI ISL 615065 22.09.2020 HPAI
AlTurkey/Sweden/SVA201114SZ0001/20KN303106/2020 AHSNS PA EPI ISL 647969 13.11.2020
A Algoose/Russia Omsk region/55-1/2020 A/HSN8 PA EPI ISL 739685 29.08.2020 . .
Aldomestic goose/Kazakhstan/1-248 2-20-B/2020 A’HSNS PA EPI ISL 615068 20.09.2020 Egyptian-like, 2020
Alchicken/England/030720/2020 A/HSNS PA EP| ISL 626652 02.11.2020
A/mute swan/Netherlands/20015931-001/2020 A/HSNE PA EPI ISL 591075 17.10.2020
A/bamacle goose/Germany-SH/AI02167/2020 A/HSNE PA EPI ISL 614400 28.10.2020
A/Cygnus olo/Belgium/11956 001/2020 A/HSNS PA EPI ISL 644735 04.11.2020
1o [ A/Bar-headed Goose/Qinghaila210/2017 A/HSNS PA EPIISL 202498 16052017
103/2016 A/HSNS PA EP| ISL 240677 04.10,2016
Adchicken/South Afica/Villiers/2017 A/HSNB PA EPI ISL 36336 19.06.2017
Alchicken/South Africa/d99723/2018 A/HSNS PA EPI ISL 505432 06.06.2018
Alguinea fowl/Nigeria/OG-GF 11T 19VIR8424-7/2019 HSNB A/HSNS PA EPI ISL 405278 05.07.2018
in duck/K ATHENS PA EPI ISL 631824 21.10.2020
Aturkey/Poland/23/2019 A/HSNS PA EP| ISL 402134 30.12.2019
Alturkey/Germany-ST/AI00352/2020 A/HSNB PA EPI ISL 419314 27.03.2020
NduckaungaryﬁSSS 20VIR749-2/2020 A/HSNS PA EPI ISL 419238 10.01.2020
SN/AI00276/2020 A/HENS PA EPI ISL 415197 12.03.2020
~ Allurkey/Poland/096/2020 AIHENS PA EPI ISL 525447 26.01.2020

—
0.005

Appendix 1 Figure 6. Phylogenetic analysis of polymerase acidic protein gene segments of avian

influenza viruses. Trees were constructed by using the maximum-likelihood method. Red asterisks
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indicate low pathogenicity viruses found within highly pathogenic virus groups that were related to the
Caspian Sea strains (presumably, highly pathogenic viruses appeared because of reassortment with low
pathogenicity viruses). Red box indicates virus strains from Romania closely related to the Caspian Sea
strains. Closed circles indicate the highly pathogenic avian influenza H5N1 virus strains isolated from
dead Caspian terns on Maliy Zhemchuzhniy Island, Caspian Sea, Russia in May 2022. Closed triangles
indicate Egyptian-like virus strains from Russia isolated in 2020. Sequences were obtained from the
GISAID EpiFlu database (https://www.gisaid.org). Scale bar indicates nucleotide substitutions per site.

HPAI, high pathogenicity avian influenza; LPAI, low pathogenicity avian influenza.
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@ A/Caspian tem/Astrakhan/38/2022 A/HSN1 NP 15.05.2022
- @ A/Caspian tern/Astrakhan/36/2022 A/HSN1 NP 15.05.2022
@ A/Caspian tem/Astrakhan/32/2022 A/HSN1 NP 15.05.2022
@ A/Caspian tem/Astrakhan/34/2022 A/HSN1 NP 15.05.2022
@ A/Caspian tem/Astrakhan/30/2022 A/H5N1 NP 15.05.2022
ALittle egret/israel/172/2022 A/HOSNT NP EPI ISL 13418526 18.01.2022
—|A/swan/Romania/ 10455 22VIR2749-4/2022 A/HSN1 NP EPI ISL 11922818 09.02.2022
Adturkey/ 057679/2021 A/H5N1 NP EPI ISL 9029957 16.11.2021
Almallard/Novosibirsk region/3445k/2020 A/HIN1 NP EPI ISL 1184524 29.08.2020 %
Armallard/Novosibirsk region/3541k/2020 A/H12N5 NP EPI ISL 1241001 29.08.2020 3¢
AJ/Bar-headed Goose/Tibet/XZ901/2021 A/HSN1 NP EPI ISL 8215688 20.05.2021 HPAI
AJquail/Korea/H526/2021 A/H5N1 NP EPI ISL 6959593 08.11.2021 —
Alchicken/Kagoshima/21A6T/2021 A/H5N1 NP EPI ISL 6829533 12.11.2021
A/duck/Hubei/fSE220/2022 A/H5N1 NP EPI ISL 12572659 10.01.2022
Algoose/Guizhou/S1541/2022 A/HSN1 NP EPI ISL 12572661 22.02.2022
A/duck/Guangdong/S4525/2021 A/HSN1 NP EPI ISL 12572655 08.12.2021
A/mandarin duck/Korea/WAS585/2021 A/HSN1 NP EPI ISL 6959592 26.10.2021
A/mallard/Novosibirsk region/1834k/2019 A/H4NG NP EPI ISL 400274 08.09.2019 LPAI
AJShoweler/Omsk Region/111/2019 A/H1IN2 NP EPI ISL 400288 01.09.2019 =
Algadwall/Chany/893/2018 A/H3N8 NP EPI ISL 333615 19.10.2018 Asia
AsShoeler/Omsk Region/15/2019 A/H4NG NP EPI ISL 403726 31.08.2019
Afturkey/Spain/586-4 22VIR2142-32/2022 A/HSN1 NP EPI ISL 11259306 14.02.2022
Y 38920/2019 A/HTN4 NP EPI ISL 503509 07.02.2019
73 | A/mallard/Tottori/31C/2019 A/H7N7 NP EPI ISL 503006 13.01.2019
_”MvvanfShandcng/394I2019 A/HTN7 NP EPI1ISL 12627438 12.01.2019
A/mallard/Shanghai/JDS120662/2018 A/H10N4 NP EPI ISL 499089 06.12.2018
~ INchicKenfRussia Novosibirsk region/3-15/2020 A/H5N8 NP EPI ISL 739691 20.09.2020
A/chicken/Russia N ibirsk region/3-29/2020 A/H5N8 NP EPI| ISL 739692 20.09.2020
Alchicken/Russia Nowosibirsk region/3-1/2020 A/HSN8 NP EPI ISL 739690 20.09.2020
Aeurasian teal/Netherlands/20016896-013/2020 A/HSN1 NP EPI ISL 832315 02.11.2020
A/Eurasian Wigeon/Netherlands/1/2020 A/H5N1 NP EPI ISL 603133 16.10.2020 .
Algreylag goose/Netherlands/20016582-004/2020 A/H5N1 NP EPI ISL 632314 28.10.2020 Asian LPAI + reassortants
A/Common Teal/Chany Lake/40/2019 A/H12NS NP EPI ISL 400270 07.09.2019
Adturkey/Hungary/1020 20VIR749-1/2020 A/H5N8 NP EPI ISL 419220 09.01.2020
Alturkey/Germany-ST/AI00352/2020 A/HSN8 NP EPI ISL 419314 27.03.2020
Alchicken/Poland/054/2020 A/H5N8 NP EPI ISL 525444 17.01.2020
A/Mandarin duck/Korea/H242/2020 A/HSN8 NP EPI ISL 631824 21.10.2020

02 Alteal/Chany/324/2017 A/H12NS NP EPI ISL 331295 03.09.2017
Aimallard/Anhui/1-474/2019 AIHEN1 NP EPI ISL 462608 19.11.2019
89 — A/common teal/Shanghai/JDS110203/2019 A/H12N8 NP EPI ISL 501427 02.11.2019

Afduck/Mongolia/876/2019 A/H3NS NP EPI ISL 503358 20.09.2019
@7 | Alteal/Egypt/MB-D-4870P/2016 A/H7N3 NP EPI ISL 387968 28.01.2016
Afteal/Egypt/MB-D-621C/2016 A/JH7N9 NP EPI ISL 387971 11.02.2016

Asia

ﬁAﬁeallToguchinM 153/2016 A/H6N1 NP EPI ISL 332677 03.09.2016
Alduck, /17D747/2016 A/H3N5 NP EPI ISL 333102 18.12.2016
L) A/duck/India/10CA01/2016 A/HSNB NP EPI ISL 237553 17.10.2016

a[— A/mallard/Republic of Georgia/13/2011 A/HBN2 NP EPI ISL 189700 26.11.2011
- Alchicken/ltaly/13VIR5091/2013 A/H7N7 NP EPI ISL 203004 02.09.2013
78 \—| li AJChicken/Netherlands/14016059/2014 A/HEN2 NP EPI ISL 309930 22.11.2014
| A/mallard duck/Netherlands/24/2009 A/HBN1 NP EPI ISL 243650 01.12.2009
AJAnas platyrhynchos g 295/2016 A/H3N1 NP EPI ISL 399510 28.08.2016
ENCMC en/Sweden/SVA161122KU0453/SZ0209316/2016 A/HSN8 NP EPI ISL 238893 21.11.2016

AJmallard/Korea/.Jeju-H24/2017 A/HENG NP EPI ISL 288436 27.11.2017
A/Common tem/Hungary/8187/2017 A/HSNS NP EP| ISL 255209 28.02.2017

A/CI/NL-Hiaure/16016112-001-005/2016 A/HSN8 NP EPI ISL 268625 17.12.2016
Algadwall/Kurgan/2442/2016 A/HSNE NP EPI ISL 256298 27.08.2016

AJCh/NL-Boven Leeuwen/16016151-006-010/2016 A/HSN8 NP EPI ISL 268623 19.12.2016
A Albuzzard/Germany-NRW/AR279/2018 A/HSNG NP EP| ISL 313227 05.2018
- A/Great Black-backed Gull/Netherlands/1/2017 A/HSNG NP EPI ISL 289713 18.12.2017
Adduck/Nigeria/SK28T 19VIR8424-2/2019 A/HSNE NP EPI ISL 503150 30.06.2019
o6 — Afduck/Korea/H70/2017 A/HSNS NP EP| ISL 202413 22,12,2017
Alchicken/Kagawal4C-1/2018 A/HSNG NP EPI ISL 335260 10.01.2018
|- A/Ruddy Shelduck/AN/2-14-12/2016 A/HSNS NP EPI ISL 300548 14.12.2016
7| [~ A/GooserHungary/1030/2017 AHENS NP EPI ISL 265194 11.01.2017
Adwild bird/iran/17RSE654-24/2016 A/HSNS NP EPI ISL 413011 09.12.2016

Alehicken/Rostow-on-Don/1588/2017 A/HSNS NP EPI ISL 297235 17.11.2017

L aduck/Samarala52/2018 AHSNE NP EPI ISL 320660 22.06.2018
AT P )19 A/JHSNS NP EPI ISL 400027 03.04.2019
A/duck/Egypt/F446/2017 A/HSNS NP EPI ISL 268513 06.04.2017
AJChicken/Egypt/AR553/2018 A/HSNS NP EPI ISL 344541 04.04.2018
— Afchicken/AL Suez/184/2018 A/HSNS NP EPI ISL 505406 01.2018
Alchicken/lraq/1/2020 A/HSN8 NP EPI ISL 623074 12.05.2020
A Algoose/Russia Omsk region/55-1/2020 A/HSN8 NP EPI ISL 739685 29.08.2020
e AJdomestic goose/Kazakhstan/1-261 2-20-B/2020 A/HSN8 NP EPI ISL 615085 22.09.2020
A/mute swan/Kazakhstan/1-267-20-B/2020 A/HSNS NP EPI ISL 614401 23.09.2020
20 Almute swan/Netherlands/20015931-001/2020 AIHSNS NP EPI ISL 591075 17.10.2020 | 58
Afbamacle goose/Germany-SH/AI02167/2020 A/HSN8 NP EPI ISL 614400 28.10.2020 | DFAl
¥30720/2020 A/HSNB NP EP| ISL 626652 02.11.2020

Albuzzard/Germany-MV/AI02166/2020 A/HSNS NP EPI ISL 614399 20.10.2020 o
A Alchicken/Russia Novosibirsk region/1910-1/2020 A/H5NS NP EPI ISL 739688 22.09.2020 Egyptian-like, 2020
A AJchicken/Russia Nowosibirsk region/1910-2/2020 A/HSN8 NP EPI ISL 738689 22.09.2020
Aldomestic duck/Kazakhstan/1-274-20-B/2020 A/HSN8 NP EPI ISL 615072 25.00.2020
A Algoose/Russia Nowsibirsk region/1-12/2020 A/HSNS NP EPI ISL 739684 15.09.2020
Afdomestic goose/Kazakhstan/1-242 2-20-8/2020 A/HENS NP EPI ISL 615073 19.09.2020

0.005

Appendix 1 Figure 7. Phylogenetic analysis of nucleoprotein gene segments of avian influenza viruses.
Trees were constructed by using the maximum-likelihood method. Closed circles indicate the highly
pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on Maliy Zhemchuzhniy
Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from Israel and Romania
closely related to the Caspian Sea strains. Red asterisks indicate low pathogenicity viruses found within
highly pathogenic virus groups that were related to the Caspian Sea strains (presumably, highly

pathogenic viruses appeared because of reassortment with low pathogenicity viruses). Closed triangles
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indicate Egyptian-like virus strains from Russia isolated in 2020. Sequences were obtained from the
GISAID EpiFlu database (https://www.gisaid.org). Scale bar indicates nucleotide substitutions per site.

HPAI, high pathogenicity avian influenza; LPAI, low pathogenicity avian influenza.

@ A/Caspian tem/Astrakhan/34/2022 A/HSN1 MP 15.05.2022

@ A/Caspian tem/Astrakhan/38/2022 A/H5N1 MP 15.05.2022
@ A/Caspian ter/Astrakhan/32/2022 A/H5N1 MP 15.05.2022
@ A/Caspian tem/Astrakhan/30/2022 A/H5N1 MP 15.05.2022

@ A/Caspian tem/Astrakhan/36/2022 A/H5N1 MP 15.05.2022
Alswan/Romania/ 10455 22VIR2749-4/2022 A/HSN1 MP EPI ISL 11922818 09.02.2022
AlLittle egreV/israel/172/2022 A/HSN1 MP_EPI ISL 13418526 18.01.2022
A/Northem gannet/Sweden/SVA220525520402/FB001671/0-2022 A/HSN1 MP EPI ISL 13338081 25.05.2022
Anurkeyllsraelﬁ%dlmm A/H5N1 MP EPIISL 12917757 29.10.2021
goose/D 24273-1.02/2021-10-26 A/HSN1 MP EPI ISL 11798568 26.10.2021
Aiblack headed gull/England/388256/2022 A/H5N1 MP EPI ISL 11561593 03.02.2022 HPAI
Aldomestic duck/England/007588/2022 A/HSN1 MP EPI ISL 11406402 23.01.2022 .
Algoose/reland/3869 22VIR2064-2/2022 A/H5SN1 MP EPI ISL 11259284 14.02.2022
A/Mallard/Netherlands/1/2022 A/H5N1 MP EPI ISL 10992813 12.02.2022 ELII’Ope
s Algoose/France/21P014207/2021 A/HSN1 MP EPI ISL 9377021 23.12.2021
AfWithe-tiled eagle/Estonia/TA2124126-1 21VIR10433-11/2021 A/H5N1 MP EPI ISL 7778754 12.10.2021
Aldomestic duck/Poland/H1942-N/2021 A/HSN1 MP EPI ISL 6934175 07.11.2021
Alchicken/Netherlands/21037750-001005/2021 A/H5N1 MP EPI ISL 5942524 31.10.2021
Afbuzzard/ltaly/22VIR767-2/2022 A/H5N1 MP EPIISL 14761373 24.01.2022
™ IA/Eulasian Wigeon/Netherlands/1/2020 A/HSN1 MP EPI ISL 603133 16.10.2020
| Agreyiag go 20016582-004/2020 AfH5N1 MP EPI ISL 632314 28.10.2020
Aleurasian teal/Netherlands/20016896-013/2020 A/HSN1 MP EPI ISL 632315 02.11.2020
Aldomestic goose/Kazakhstan/1-248 2-20-B/2020 A/H5N8 MP EPI ISL 615068 20.09.2020
——— AJchicken/Irag/1/2020 A/H5N8 MP EPI ISL 623074 12.05.2020
22— A Agoose/Russia Omsk region/55-1/2020 A/H5NS MP EPI ISL 739685 29.08.2020

Al goose/Kazakhstan/1-242 2-20-B/2020 A/H5N8 MP EPI ISL 615073 19.09.2020
—' A Alchicken/Russia Novosibirsk region/1910-1/2020 A/H5N8 MP EPI ISL 739688 22.09.2020 HPAI

A Algoose/Russia Novosibirsk region/1-12/2020 A/HS5N8 MP EPI ISL 739684 15.09.2020

A AlchlcksnﬂRussna Nowosibirsk region/1910-2/2020 A/H5N8 MP EPI ISL 739689 22.09.2020 3 ”
A ussia | region/3-1/2020 A/HENS MP EPI ISL 739690 20.09.2020 Egyptian-like, 2020
Afchicken/Russia Novosibirsk region/3-29/2020 A/HSN8 MP EPI ISL 739692 20.09.2020
Afchicken/Russia Nowosibirsk region/3-15/2020 A/HSN8 MP EPI ISL 739681 20.09.2020
A/mute swan/Netherlands/20015931-001/2020 A/H5N8 MP EPI ISL 591075 17.10.2020
A/buzzard/Gemany-MV/AI02166/2020 A/HSNS MP EPI ISL 614399 29.10.2020
Alchicken/England/030720/2020 A/H5N8 MP EPI ISL 626652 02.11.2020
87 | Algoose/Xinjiang/12.18 WLMQXL004-C/2016 A/HSNS MP EPI ISL 707665 18.12.2016
AJgoose/Xinjiang/7.20 WLMQXL001-0/2017 A/HONO MP EPI ISL 707669 02.07.2017

T AJFujian-Sanyuan/21089/2017 A/HSNG MP EPI ISL 304404 25.12.2017

Alswan/China/ST/2016 A/H5N8 MP EPI ISL 503037 18.12.2016

AJduck/India’/10CAQ01/2016 AJH5N8 MP EPI ISL 237553 17.10.2016
|——— AJchicken/Uganda/17RS115-16/2017 A/H5N8 MP EPI ISL 379227 01.2017
—— Alduck/Egypt/F 13666A/2017 A/HSN8 MP EPI ISL 387139 26.01.2017
Allittle grebe/iran/17RS654-10/2016 A/H5N8 MP EPIISL 413010 07.12.2016
Alchicken/iran/17RS654-37/2017 A/HENS MP EPI ISL 412993 09.01.2017
o2 Alturkey/Poland/23/2019 A/H5NS MP EPI ISL 402134 30.12.2019

. ’—’7 Afduck/Hungary/1565 20VIR749-2/2020 A/H5N8 MP EPI ISL 419239 10.01.2020
A/Mandarin duck/Korea/H242/2020 A/HSN8 MP EPI ISL 631824 21.10.2020

L Alchicken/South Africa/499723/2018 A/HEN8 MP EPI ISL 505432 06.06.2018
o5 ———————— A/Bar-headed Goose/Qinghai/a765/2017 A/H5SNE MP EPI ISL 292478 14.05.2017
Adlittle grebe/Egypt/10560P/2016 A/HSN8 MP EPI ISL 388773 28.12.2016
Aldomestic duck/Siberia/103/2016 A/HSN8 MP EPI ISL 240677 04.10.2016
80 —— A/pigeon/Cameroon/17RS1661-4/2017 A/H5N8 MP EPI ISL 308809 01.2017
—m,— AJChicken/Riyadh/A15/2018 A/H5N8 MP EPI ISL 306915 2017

Alpigeon/Saudi Arabia/KFU-HKU3600 2017/2017 A/HSN8 MP EPI ISL 505539 12.2017
Albamacle goose/Germany-SH/R11505/2016 A/HSNS MP EPI ISL 243050 22.12.2016
Almute swan/Croatia/d2/2017 A/HSNS MP EPI ISL 243698 20.01.2017
LL] 8s —— A/great crested grebe/Tyva/34/2016 A/H5N8 MP EPI ISL 230820 25.05.2016
L A/Bean goose/Hubei/CH-i122/2017 H5N8 A/H5NS MP EPI ISL 266820 24.02.2017

Algreat crested grebe/Uvs-Nuur Lake/341/2016 A/H5N8 MP EPI ISL 224580 25.05.2016
_|:|7_Afducklﬁancel161537;’2mﬁ A/H5NB MP EPI ISL 255627 27.12.2016
Alchicken/Rostov-on-Don/1321/2017 A/H5N8 MP EPI ISL 297234 18.10.2017

—
0.002

Appendix 1 Figure 8. Phylogenetic analysis of matrix protein gene segments of avian influenza viruses.
Trees were constructed by using the maximum-likelihood method. Closed circles indicate the highly
pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on Maliy Zhemchuzhniy
Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from Israel and Romania
closely related to the Caspian Sea strains. Closed triangles indicate Egyptian-like virus strains from
Russia isolated in 2020. Sequences were obtained from the GISAID EpiFlu database
(https://lwww.gisaid.org). Scale bar indicates nucleotide substitutions per site. HPAI, high pathogenicity

avian influenza; LPAI, low pathogenicity avian influenza.
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@ A/Caspian tem/Astrakhan/38/2022 A/HSN1 NS 15.05.2022
@ A/Caspian temn/Astrakhan/36/2022 A/H5N1 NS 15.05.2022
AlCaspian tem/Astrakhan/34/2022 A/H5N1 NS 15.05.2022
AJCaspian tem/Astrakhan/30/2022 A/H5N1 NS 15.05.2022
AiCaspian tem/Astrakhan/32/2022 A/H5N1 NS 15.05.2022
A/Mallard/Netherlands/16/2021 A/HSNZ NS EPI ISL 9261739 23.12.2021
A/Mallard/Netherlands/12/2021 A/HSN2 NS EPI ISL 9012576 23.12.2021
AJmallard/Novosibirsk region/3541k/2020 A/H12N5 NS EPI ISL 1241001 29.08.2020
Afturkey/Italy/21VIR8480-1/2021 A/HSN1 NS EPI ISL 7987337 11.10.2021
Afcommon teal/ltaly/21VIR49-88/2021 A/H7N3 NS EPI ISL 7987329 07.01.2021
Almallard/Novosibirsk region/3449k/2020 A/HANG NS EPI ISL 1273442 29.08.2020
Tow A/Wild Duck/South Korea/KNU2020-101/2020 A/HIN2 NS EPI ISL 6785027 07.10.2020
Awild duck/South Korea/KNU2018-26/2020 A/HIN1 NS EPI ISL 6784809 25.03.2020
__r Afmallard/Novosibirsk region/3445k/2020 A/HIN1 NS EPI ISL 1184524 29.08,2020
Asduck/Mongolia/876/2019 A/H3NE NS EPI ISL 503358 20.00.2019
— A/Mallard/South Korea/KNU2021-17/2021 A/H3N8 NS EPI ISL 14835462 15.02.2021
Alduck/Bangladesh/44433/2020 A/HINS NS EPI ISL 4073200 22.02.2020
Alduck/Bangladesh/44478/2020 A/H10N9 NS EPIISL 4073124 22.02.2020
AJduck/Bangladesh/43273/2020 A/H10N7 NS EPIISL 4071629 28.01.2020
NGalganeytOmsk Region/118/2019 A/H12N5 NS EPI ISL 400284 01.09.2019
Alr i 3k/2018 A/H3N2 NS EP| ISL 337569 29.09.2018
- Adpintail/Novosibirsk region/506k/2018 A/H3N8 NS EPI ISL 337566 01.10.2018
i~ A/gadwall/Chany/893/2018 A/H3N8 NS EP| ISL 333615 19.10.2018 P,
r Alduck/Vietnam/HN6425/2020 A/H3N2 NS EPI ISL 9572772 03.07.2020
AJEmironment/Jiangxi/12590/2019 A/H10N3 NS EPI ISL 1096144 18.06.2019
— Alduck/Bangladesh/37473/2019 A/HBN4 NS EPI ISL 503495 16.01.2019 Asia
— A/White-fronted goose/South Korea/KNU2020-5/2020 A/H11N9 NS EPI ISL 6795224 21.01.2020
— A/mallard/South Korea/34X-2/2021 A/H7N7 NS EPI ISL 6781398 27.01.2021
— A/mallard/South Korea/20%-20/2021 A/H7N9 NS EPI ISL 6781375 06.01.2021
ELNWIId Duck/South Korea/KNU2020-28/2020 A/H11N2 NS EPI ISL 6795226 25.02.2020
AlFalcated duck/South Korea/JB42-30/2020 A/HSN2 NS EPI ISL 4072076 19.02.2020
1 _L— Algadwall/Amur region/74b/2020 A/H3N8 NS EPI ISL 1184538 02.09.2020
Afcommon teal/Amur region/92b/2020 A/HBN2 NS EPI ISL 1184535 06.09.2020
— Afcommeon teal/Novosibirsk region/3531k/2020 A/H10N6 NS EPI ISL 1240994 29.08.2020
A/Mallard/South Korea/KNU2021-48/2021 A/HTN7 NS EPI ISL 14835573 15.03.2021
AlTadorna tadoma/Belgium/1260 0003/2022 A/H4NS NS EPI ISL 14389203 22.01.2022
_L—— Afduck/Vietnam/HN6211/2020 A/H3NZ NS EPI ISL 8572786 03.04.2020
AlFalcated duck/South Korea/JB42-93/2020 A/HON2 NS EPI ISL 4072077 19.02,2020
87 Nmallardin\nsmlrsk !eglonf962kf2018NH12N5 NS EPI ISL 337402 29.09.2018
100 0 2018 AJH12N5 NS EPI ISL 337571 01.10.2018
L— Alittle curlew/Liaoning/dandong142/2019 A/H7N4 NS EPI ISL 445089 26.04.2019
L Afduck/Hungary/1147/2019 A/HEN8 NS EPI ISL 362148 14.03.2019
AlMallard/Netherlands/31/2014 A/HAN3 NS EPI ISL 373086 20.09.2014
33| 99 greylag [l 00 004/2020 AfH5N1 NS EPI ISL 632314 28.10.2020
ian teal/Netherlands/20016896-013/2020 A/H5N1 NS EPIISL 632315 02.11.2020
73 IAIEuraswan Wigeon/Netherlands/1/2020 A/H5N1 NS EPI ISL 603133 16.10.2020
Admallard duck/Netherlands/41/2015 A/HSN1 NS EPI ISL 328966 15.09.2015
Adchicken/Netherlands/17013178-006010/2017 A/H10N7 NS EPI ISL 394155 27.09.2017
AlAnas platyrhynchos/Belgium/10402 H195386/2017 A/H1N1 NS EPI ISL 502736 19.11.2017
Nchlckeanemlany!AR1386~L013(JZI'2015 AJHTNT NS EPI ISL 191942 25.07.2015
L— AfAnas 13/2016 A/HIN2 NS EPI ISL 399559 03.10.2016
— AJchicken/Iran/17RS654-01/2016 NHSNS NS EPI ISL 412984 14.11.2016
— A/Bar-headed Goose/Qinghai/A22/2016 A/HSN8 NS EP| ISL 292170 13.05.2016
AJFujian-Sanyuan/21099/2017 A/H5NE NS EPI ISL 304404 25.12.2017
72 — AlGoose/Hungary/65817/2016 A/HSN8 NS EPI ISL 255174 18.12.2016
Afteal/Egypt /823C/2016 A/HSN8 NS EPI ISL 387138 01.12.2016
90 — A/Northern Goshawk/Tokyo/1301B003/2018 A/HSNE NS EPI ISL 335463 05.01.2018
79 Alchicken/South Korea/AIV49/2017 A/H5N6 NS EPI ISL 372491 11.2017 (Day unknown)
Almute swam‘KaIlnlngradl132!2D17 A/H5N8 NS EPI ISL 274858 13.02.2017
AJChi gypt/ARS553/2018 A/HSNS NS EPI ISL 344541 04.04.2018
79 —— A/chicken/lrag/1/2020 A/H5NB NS EPI ISL 623074 12.05.2020
98| A Ncmckeanuss:a Novosibirsk region/1910-1/2020 A/H5NB NS EPI ISL 739688 22.09.2020
100 AA Russia ibirsk region/1910-2/2020 AJHSN8 NS EPI ISL 739689 22.09.2020
A/Eurasian Wigeon/Netherlands/7/2020 A/HSNS NS EPI ISL 603136 16.10.2020 HPAI
Afdomestic duck/Kazakhstan/1-274-20-B/2020 A/HSN8 NS EPI ISL 615072 25.09.2020
A Algoose/Russia Nowosibirsk region/1-12/2020 A/HSNS NS EPI ISL 739684 15.09.2020
A Algoose/Russia Omsk region/55-1/2020 A/HSN8 NS EPI ISL 739685 29.08.2020 Egyptian—like, 2020
Alturkey/Croatia/104/2020 A/HSN8 NS EPI ISL 666890 17.11.2020
8 AJchicken/Russia Novosibirsk region/3-1/2020 A/HS5N8 NS EPI ISL 739690 20.09.2020
Afchicken/Russia Novosibirsk region/3-15/2020 A/H5N8 NS EPI ISL 739691 20.09.2020
Alchicken/Russia Nowosibirsk region/3-29/2020 A/H5N8 NS EPI ISL 739692 20.08.2020

,_

100

-~

0.01

Appendix 1 Figure 9. Phylogenetic analysis of nonstructural protein gene segments of avian influenza
viruses. Trees were constructed by using the maximum-likelihood method. Closed circles indicate the
highly pathogenic avian influenza H5N1 virus strains isolated from dead Caspian terns on Maliy
Zhemchuzhniy Island, Caspian Sea, Russia in May 2022. Red box indicates virus strains from Israel and
Romania closely related to the Caspian Sea strains. Closed triangles indicate Egyptian-like virus strains
from Russia isolated in 2020. Sequences were obtained from the GISAID EpiFlu database
(https://lwww.gisaid.org). Scale bar indicates nucleotide substitutions per site. HPAI, high pathogenicity

avian influenza; LPAI, low pathogenicity avian influenza.
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Appendix 1 Figure 10. Reconstructive analysis of flight routes according to data from the Russian Bird
Ringing Center. Numbers represent different bird species: 1, Anser anser; 2, Cygnus olor; 3, Anas
platyrhynchos; 4, Anas crecca; 5, Anas strepera; 6, Anas penelope; 7, Anas acuta; 8, Anas querquedula;
9, Anas clypeata; 10, Netta rufina; 11, Aythya ferina; 12, Bucephala clangula; 13, Pandion haliaetus; 14,
Arenaria interpres; 15, Himantopus himantopus; 16, Calidris ferruginea; 17, Calidris alba; 18, Larus
ichthyaetus; 19, Larus minutus; 20, Larus fuscus; 21, Larus cachinnans; 22, Larus canus; 23, Larus
genei. Image and descriptions are from (4), licensed under CC BY 4.0

(https://creativecommons.org/licenses/by/4.0).
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