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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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