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Abstract
Relevance. Influenza A virus is characterized by a segmented single-stranded RNA genome. Such organization 
of the virus genome determines the possibility of reassortment, which can lead to the emergence of new virus 
variants. The main natural reservoir of most influenza A virus subtypes are wild waterfowl. Seasonal migrations 
gather waterfowl from all major migration routes to nesting areas near the northern and southern polar circles. This 
makes intercontinental spread of influenza A viruses possible. 
Objective ‒ to conduct molecular genetic monitoring and study the phylogenetic relationships of influenza A virus 
variants circulating in Antarctica in 2023.
Materials and methods. We studied 84 samples of biological material obtained from birds and marine mammals 
in April‒May 2023 in coastal areas of Antarctica. For 3 samples, sequencing was performed on the Miseq, Illumina 
platform and phylogenetic analysis of the obtained nucleotide sequences of the influenza A virus genomes was 
performed.
Results. The circulation of avian influenza virus in the Antarctic region was confirmed. Heterogeneity of the pool of 
circulating variants of the influenza A virus (H3N8, H1N1) was revealed. Full-length genomes of the avian influenza 
virus were sequenced and posted in the GISAID database (EPI_ISL_19032103, 19174530, 19174467).
Conclusion. The study of the genetic diversity of influenza A viruses circulating in the polar regions of the Earth and 
the identification of the conditions for the emergence of new genetic variants is a relevant task for the development 
of measures to prevent biological threats.
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Резюме
Актуальность. Вирус гриппа типа «А» (далее ‒ вирус гриппа А) относится к семейству Orthomyxoviridae и 
характеризуется сегментированным одноцепочечным РНК-геномом. Такая организация генома вируса об-
условливает возможность реассортации, которая может приводить к появлению новых вариантов вируса. 
Основным естественным резервуаром большинства субтипов вируса гриппа A являются дикие водоплава-
ющие птицы. Сезонные миграции собирают водоплавающих птиц со всех основных миграционных путей 
в районы гнездования около Северного и Южного полярных кругов. Это делает возможным межконтинен-
тальное распространение субтипов вируса гриппа А. Наблюдение за развитием птичьего гриппа, особен-
но на территориях, ранее изолированных от человеческой деятельности, каким является Антарктический 
регион, имеет большое значение.
Цель исследования ‒ проведение молекулярно-генетического мониторинга и изучение филогенетических 
связей вариантов вируса гриппа А, циркулирующего на территории Антарктики в 2023 г. 
Материалы и методы. Исследовали 84 образца биологического материала, полученного от птиц и мор-
ских млекопитающих в апреле–мае 2023 г. на прибрежных территориях Антарктики. Для 3 образцов прово-
дили секвенирование на платформе Miseq, Illumina и филогенетический анализ полученных нуклеотидных 
последовательностей геномов вируса гриппа А.
Результаты. Подтверждена циркуляция птичьего гриппа в Антарктическом регионе. Выявлена гетероген-
ность пула циркулировавших вариантов вируса гриппа А (H3N8, H1N1). Секвенированы полноразмерные 
геномы вируса птичьего гриппа и размещены в открытой базе данных GISAID, что дополняет глобальную 
картину эволюционной изменчивости вирусов гриппа в мире (EPI_ISL_19032103, 19174530, 19174467).
Заключение. Изучение генетического разнообразия циркулирующих в полярных регионах Земли вирусов 
гриппа А и выявление присущих им условий возникновения новых генетических вариантов имеет важное 
теоретическое значение с научной точки зрения и является актуальной задачей для разработки мер по 
предотвращению биологических угроз.

Ключевые слова: вирус птичьего гриппа; субтип H1N1; субтип H3N8; полногеномное секвенирование; 
Антарктика
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Introduction
Influenza A virus belongs to the Orthomyxoviridae 

family and is characterized by a segmented single-
stranded RNA genome. This organization of the virus 
genome determines the possibility of reassortment, which 
can lead to the emergence of new virus variants [1].  
The main natural reservoir of orthomyxoviruses, 
including most subtypes of influenza viruses, is colonial 
seabirds [2‒5]. The ability of birds of this group to make 
long migrations, along with their mass density within 
colonies, contributes to the transcontinental spread of 
influenza A virus subtypes and expands the possibilities 
of transmission to different animal species, which, in 
turn, may contribute to the emergence of new variants and 
species of viruses due to recombination and reassortment 
of their genomes [1, 6‒8].

Due to a combination of special physiographic and eco-
logical conditions, the circumpolar regions of the planet 
are points of attraction for millions of migratory seabirds 
and mammals, representing an active zone of interspe-
cific contacts [9‒13]. The circulation of the influenza A 
virus in natural Antarctic and Arctic biocenoses has been 
known since the mid-1970s of the last century. The virus 
was isolated here from birds and cetaceans. Avian influ-
enza viruses were first identified in the Antarctic region 
in 1976 ‒ 14 strains of influenza A virus subtype H1N3 
were isolated from lung and liver tissues of whales of the 
Balaenopteridae family [14]. In the Arctic part of Cana-
da in 1984‒1997, antibodies to influenza A viruses were 
detected in 1.2% of beluga whales using serologic me-
thods [15]. Later in the early 2000s, avian influenza virus 
was detected in the Antarctic birds [16].

One of the polar territories with significant biodiversity 
is the South Shetland Islands located to the north of the 
Antarctic Peninsula. The largest of the islands in this ar-
chipelago is King George Island (Waterloo).

The island is home to a number of polar research sta-
tions belonging to Argentina (Carlini), Brazil (Coman-
dante Ferras), China (Changcheng ‒ Great Wall), Poland 
(Henryk Arktovsky), Russia (Bellingshausen), Uruguay 
(General Artigas), Peru (Machu Picchu), Chile (Presi-
dent Eduardo Frei) and South Korea (King Sejong). The 
island also has tourism potential, with short excursions 
regularly organized for dozens of tourists arriving by sea 
or air. The island is home to 12 species of birds, includ-
ing Lonnberg’s skuas (Catharacta antarctica lonnber-
gi), south polar skuas (Catharacta maccormicki), white 
plover (Chionis alba), cape petrel (Daption capense), 
Dominican Gull (Larus dominicanus), Southern Giant 
Petrel (Macronectes giganteus), Wilson’s Teal (Ocean-
ites oceanicus), Black-bellied Teal (Fregetta tropica), 
Adelie Penguin (Pygoscelis adeliae), Antarctic Penguin 
(P. antarctica), Papua penguin (P. papua) and Antarctic 
tern (Sterna vittata) [17, 18]. Of mammal species, Wed-
dell seals (Leptonychotes weddellii) and southern sea el-
ephants (Mirounga leonina) are the most abundant. The 
area is also visited by Antarctic fur seals (Arctocephalus 
gazella) and sea leopards (Hydrurga leptonyx) [19].

Thus, this area has a combination of unique factors in-
cluding abundance of nesting sites of long-distance mi-

gratory birds, large populations of potentially susceptible 
wild animals ‒ endemics, rotating groups of tourists and 
personnel of polar stations.

In 2011, the circulation of influenza A virus on the Ant-
arctic continent was detected for the first time. The virus 
had the H4N7 subtype and was obtained from biomate-
rial from a giant petrel. Also this year, two samples of 
the H6N8 subtype were identified from an Antarctic skua 
and an Antarctic penguin [16]. In 2013, the Respiratory 
Virus Laboratory of the Oswaldo Cruz Institute (Brazil) 
collected 95 avian fecal samples from penguin colonies 
in the South Shetland Islands, near Antarctica, and tested 
them by reverse transcription polymerase chain reaction 
(RT-PCR) for detection of avian influenza virus. As a re-
sult, 4 full-length genomes of influenza A virus subtype 
H11N2 were obtained. The biomaterial was the fecal mat-
ter of Adelie penguins [16]. In 2015, the World Health 
Organization (WHO) Collaborating Center for Influenza 
Research in Melbourne, Australia, received samples from 
Antarctic penguins in which it was possible to detect the 
H5N5 subtype. In 2017, several samples of the H11N2 
subtype were also obtained [20]. At the same time, the GI-
SAID database does not contain information about influ-
enza A virus subtypes circulating in the Antarctic region 
between 2018 and 2022. The first media reports of the 
highly pathogenic avian influenza of the H5N1 subtype 
reaching the Antarctic region came in October 20231. The 
virus was detected on the sub-Antarctic islands, specifi-
cally in South Georgia and the South Sandwich Islands, 
about 1,600 kilometers from the Antarctic mainland. It 
has also reached the Falkland Islands. Gulls, skuas and 
terns were the first to die en masse from avian influenza, 
then the disease spread to albatrosses, penguins and the 
Antarctic grouse. Influenza A subtype H5N1 was also de-
tected in mammals – sea elephants and harbor seals were 
affected. A total of 18 isolates of subtype H5N1 from a to-
tal of 21 sequenced avian influenza samples from Antarc-
tica are represented in the GISAID database for 2023. In-
fluenza A subtypes identified in 2023 besides H5N1 are 
H3N8 (2 samples) and H1N1 (1 sample) [21].

Thus, due to the high variability of influenza viruses, 
WHO constantly emphasizes the necessity for global sur-
veillance to detect genetic alterations in the influenza A 
virus genome, especially in relation to widely circulating 
subtypes, such as H3N8. Therefore, monitoring for avian 
influenza pathogens in the Antarctic territories is an ur-
gent necessity.

The aim of the study was to identify genetic variants 
of influenza A virus circulating in the coastal territories 
of Antarctica and to determine the characteristics of their 
genome.

Materials and methods
The biological material for the study (feces, excretions 

of birds and marine mammals, 84 samples in total) 

1The Guardian. Catastrophic’: bird flu reaches Antarctic for the 
first time. Available at: https://theguardian.com/environment/2023/
oct/24/catastrophic-penguins-and-seals-at-risk-as-bird-flu-reaches-
antarctic-aoe
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was collected during the route works conducted within 
the Fildes Peninsula of King George Island in April‒
May 2023. Species composition of the surveyed 
representatives of the Antarctic fauna was as follows: 
Black-bellied Buzzard (9 positive samples in influenza 
A RNA detection), Antarctic Petrel (1 positive sample), 
Thick-billed Prion (3 positive samples), Arctic Tern 
(2 positive samples), Antarctic Cormorant (1 positive 
sample), Snow Petrel (7 positive samples), Papua 
penguin (3 positive specimens), Dominican gull  
(2 positive specimens), sea elephant (6 positive 
specimens), white plover (1 positive specimen), southern 
giant petrel (1 positive specimen), south polar skua 
(7 positive specimens), Adelie penguin (3 positive 
specimens).

Total RNA extraction was performed using a kit for 
RNA isolation from animal/bacterial cells, epithelial cell 
smear/scrape, and viruses on columns from Biolabmix 
LLC (Russia). Avian influenza RNA detection was 
carried out by RT-PCR with detection of results by gel 
electrophoresis using the BioMaster RT-PCR-Premium 
(2×) kit (Biolabmix LLC, Russia).

Sequencing of the full-length genome of avian influenza 
virus was performed using reagent kits from BioLink 
LLC (Russia): kit for enzymatic fragmentation of nucleic 
acids; reagent kit for preparation of NGS libraries for 
Illumina platform. The complementary DNA was purified 
on VAHTS DNA Clean Beads magnetic particles for 
DNA purification, (Vazyme, China). Genomic libraries 
were sequenced on the MiSeq platform, Illumina using 
MiSeq Reagent Kit v3 600-cycle. The BWA algorithm 
was used to align the obtained reads to a reference 
sequence. Samtools and Ivar tools were used to obtain 
consensus sequences. 

A preliminary phylogenetic analysis was performed to 
compile a sample of sequences. A total of 657 isolates of 
H1N1 subtype and 1908 isolates of H3N8 subtype from 
the GISAID EpiFLU database were used to construct 
primary phylogenetic trees using the IQTree2 algorithm 
in the automatic parameter selection mode. Samples 
were further reduced to 50 sequences using the PARNAS 
tool. Comparative phylogenetic analysis of nucleotide 
sequences was performed by the maximum likelihood 
method using the RAxML algorithm [22] and the 
GTRGAMMA nucleotide substitution model. Statistical 
support for the branches of the tree was determined 
by the rapid bootstrap method with 1000 replications. 
The phylogenetic tree was midpoint rooting. Ancestral 
sequences were reconstructed using the RAxML 
algorithm [23]. Phylogenetic trees were visualized and 
annotated using Figtree and Inkscape tools. Amino acid 
substitutions in sequences were analyzed using MEGA 
and SnapGene software. 

Results
Eighty-four samples of biological material were 

analyzed by RT-PCR for detection of influenza A virus 
RNA. Of these, 46 promising samples were selected 
for full-genome sequencing. According to the results 
of comparative analysis of the obtained nucleotide 

sequences and phylogenetic analysis, the studied samples 
were identified as influenza A virus subtypes H1N1 (1 
sample) and H3N8 (2 samples).

The genome of the influenza A virus is known to 
encode 12 proteins. Of these, the genes of hemagglutinin 
and neuraminidase surface antigens, as well as the 
nonstructural protein NS1, responsible for interferon 
inhibition and characterized by considerable diversity 
among avian influenza strains, are of greatest interest for 
comparative and phylogenetic analysis [24]. 

H1N1 is a subtype of influenza A virus that is one of the 
most prevalent viruses in the world and was responsible 
for the 1918, 1977 and 2009 pandemics [25].

The phylogenetic environment of the H1N1 genome 
for the hemagglutinin gene identified by sequencing 
(Fig. 1) consists of two geographic groups: Asian and 
European, with two subgroups in the European group: 
European Russia (Moscow Region), European countries 
(Belgium, Netherlands) and the Asian part of Russia 
(Novosibirsk Region), Asian countries (Korea, China, 
Bangladesh, Mongolia). Phylogenetic analysis of the 
hemagglutinin gene of the studied H1N1 sequence 
revealed a close relationship with hemagglutinin genes of 
viruses found in ducks in Belgium and the Asian part of 
Russia, the similarity level was 97‒98%. At the same time, 
the most closely related were the strains that circulated 
mainly in wild waterfowl in the period 2018‒2023 (Fig. 1). 
In general, the nucleotide sequence of the hemagglutinin 
gene of the studied sample is characteristic of avian 
isolates of the Eastern Hemisphere.

On the phylogenetic tree of the neuraminidase gene 
(Fig. 2), the identified H1N1 strain has a position on the 
tree close to the isolates circulating in the territories of 
such countries as Belgium, the Netherlands, the European 
part of Russia (Moscow Region), in the period 2016‒2023, 
as well as in the territories of Belgium, South Korea 
and Novosibirsk region from 2019 to 2023. Moreover, 
the closest (Fig. 2) were A/Anas_platyrhynchos/
Belgium/00358_0006/2023 and A/mallard/Novosibirsk_
region/3445k/2020 with a difference of 3‒4% relative to 
the studied H1N1 isolate.

Influenza A virus of subtype H3N8 belongs to the 
subtypes most frequently encountered in birds. Interspecies 
transmission of the H3N8 subtype has been reported in 
various mammalian species, with endemic transmission in 
dogs and horses. To date, 3 cases of human infection with 
avian influenza A virus subtype H3N8 have been reported; all 
cases were reported in China between 2022 and 2023, with 
infection presumably resulting from direct or indirect 
contact with infected poultry [26].

The phylogenetically identified H3N8 subtype isolates 
(EPI_ISL_19174530 and EPI_ISL_ 19174467) have a 
distinct position relative to each other in terms of the gene 
encoding hemagglutinin. This is probably due to their 
independent evolution in the area of distribution. In general, 
the phylogenetic environment for the H3N8 isolate (EPI_
ISL_19174530) is represented by strains that circulated 
between 2018 and 2023 in Asia (Fig. 3). The closest on the 
tree for the hemagglutinin gene were isolates obtained from 
China and Bangladesh between 2019–2023 (Fig. 3). 



381

ВОПРОСЫ ВИРУСОЛОГИИ. 2024; 69(4)
https://doi.org/10.36233/0507-4088-257

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Fig. 1. Phylogenetic tree for the hemagglutinin gene for influenza A virus subtype H1N1 isolates. 
Here and in Fig. 2‒5: The phylogenetic tree was constructed by the RAxML algorithm using the maximum likelihood (ML) method and the GTRGAMMA 
nucleotide substitution model. Statistical support for tree branches was determined by the rapid bootstrap method with 1000 replications. Support values   
below 70 are not shown. The phylogenetic tree is midpoint rooted. Ancestral sequences were reconstructed using the RAxML algorithm. Blue color on the 
trees indicates the sequences from this study. The oldest strains for genetic groups by hemagglutinin are shown in green. Substitutions in the corresponding 

reconstructed amino acid sequences are shown in red above the tree nodes.
Рис. 1. Филогенетическое дерево по гену гемагглютинина для изолятов вируса гриппа A субтипа H1N1.

Здесь и на рис. 2‒5: филогенетическое дерево построено с помощью алгоритма RAxML методом максимального правдоподобия (ML) с использова-
нием модели нуклеотидных замен GTRGAMMA. Статистическую поддержку ветвей дерева определяли методом быстрого бутстрепа (rapid bootstrap) 
c 1000 репликаций. Значения поддержки ниже 70 не показаны. Филогенетическое дерево укоренено на среднюю точку (midpoint rooting). Рекон-
струкцию предковых последовательностей проводили с использованием алгоритма RAxML. Синим цветом на деревьях указаны последовательности 
образцов, секвенированные в ходе данного исследования. Зеленым цветом выделены старейшие штаммы для генетических групп по гемагглютинину. 

Красным цветом над узлами дерева обозначены замены в соответствующих реконструированных аминокислотных последовательностях.
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The phylogenetic environment of the H3N8 isolate 
(EPI_ISL_ 19174467) also consists of Asian (China, 
Kazakhstan, Mongolia, Bangladesh) and European 
strains (Poland, Belgium, Germany, Austria) on the 
hemagglutinin gene. The closest isolates were strains 
that circulated in the territory of the Asian part of Russia 
during 2018‒2021 in wild waterfowl (Fig. 3).

Homology of sequenced isolate A/Pygoscelis papua/
Fildes Peninsula, King George Island/31/2023 (H3N8) 
by the neuraminidase gene ranged from 96‒97% rel-
ative to isolates from wild waterfowl of Asian Rus-
sia A/common teal/Novosibirsk region/3556k/2020 
(H3N8), Mongolia A/duck/Mongolia/WKU-42/2022 

(H3N8) and European strains such as: A/duck/Cher-
nogolovka/5897/2021(H3N8), A/Anas_platyrhynchos/
Belgium/2987_0001/2021(H3N8), A/mallard/Germa-
ny-BB/2023AI07658/2023(H3N8). The maximum dif-
ference was observed between the studied isolate and A/
duck/Bangladesh/19D2073/2023 (H3N8) strain (Fig. 4).

As a result of the study, the isolate A/Sterna paradisaea/
Fildes Peninsula, King George Island/09/2023 (H3N8) 
was found to be phylogenetically closest to the Asian 
isolates A/mallard/Novosibirsk region/3314k/2020 
(H3N8) and A/duck/Mongolia/29/2011 (H3N8) 
in terms of the neuraminidase gene. A significant 
difference (5%) was recorded between the nucleotide 

Fig. 2. Phylogenetic tree for the neuraminidase gene for influenza A virus subtype H1N1 isolates. 
Рис. 2. Филогенетическое дерево по гену нейраминидазы для изолятов вируса гриппа A субтипа H1N1.
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sequences of the studied isolate and the A/wild duck/
Germany-NW/2023AI07895/2023 (H3N8) strain 
(Fig. 4). In general, the phylogeny of the studied 
isolates from Antarctica has approximately a similar 
trend with respect to the represented genes, being the 
contribution of both European and Asian strains to the 

reassortment, with all geographical locations united 
by territorial proximity to each other, such as the 
Netherlands, Belgium and Germany. Also, the results 
of the analysis showed that the studied isolates have 
a rather large genetic distance relative to the strains 
circulating in North America.

Fig. 3. Phylogenetic tree for the hemagglutinin gene for influenza A virus subtype H3N8 isolates. 
Рис. 3. Филогенетическое дерево по гену гемагглютинина для изолятов вируса гриппа A субтипа H3N8. 
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The eighth segment of influenza A virus RNA 
consists of 890 nucleotides and encodes 2 nonstructural 
proteins, NS1 and NS2. In 1980, C. Scholtissek and V. 
Von Hoyningen-Huene [27] determined that influenza 
A viruses can be divided into 2 groups (group 1 and 
the more heterogeneous group 2) with respect to the 
homology of the sequence of their non-structural genes 
(NS). Within this group, the homology ranges 
from 94 to 100% or 75 and 100%, respectively, whereas 
between the two groups it is in the range of only 40%. It is 
now common to define these groups as allele A and allele 
B, with allele B being associated exclusively with virus 
circulating only in birds and allele A being associated 
with viruses that have a predisposition to circulate in 
mammals. Also, the NS gene of most highly pathogenic 
H5N1 avian influenza viruses isolated in humans 
since 1997 is associated with the A allele [28].

The H3N8 subtype samples identified in this study 
belong to the Eurasian genetic lineage, with the NS gene 
belonging to the B allele. When comparing the nucleotide 
sequences of the studied isolates with strain A/Goose/
Guangdong/1/1996, the level of homology was 92–93%, 
and with strain A/Mallard/Sweden/2724/2006 – 67%, 
respectively. The results of phylogenetic analysis on the 
NS gene of isolate A/Pygoscelis papua/ Fildes Peninsula, 
King George Island/31/2023 (H3N8) and isolate A/Sterna 
paradisaea/Fildes Peninsula, King George Island/09/2023 
(H3N8) showed their significant relatedness (Fig. 5). 
The phylogenetic environment is represented mainly by 
specimens found in Belgium, the Netherlands and the 
European part of Russia. The maximum percentage of 
homology was observed between the presented isolates and 
strain A/Anas_platyrhynchos/Belgium/2214_0001/2021 
(H3N8). The greatest difference in the NS gene was 
relative to strain A/aquatic bird/Korea/KN-1/2004 
(H3N8).

Genetic analysis of the NS gene of the investigated 
sample of subtype H1N1 shows its correspondence to 
the Eurasian lineage, allele A. When compared with the 
sample A/Mallard/Sweden/2724/2006, the percentage of 
homology in nucleotide sequences was 87%. Relative 
to A/Goose/Guangdong/1/1996, the level of homology 
was 69%. The phylogenetic environment is represented 
by specimens from Korea, Bangladesh, China, Mongolia 
and the Asian part of the Russian Federation. A/Bean 
goose/Korea/KNU-16/2022 was the closest (98% 
similarity) by the NS gene to the studied specimen. 

The samples from Argentina, Australia, and the United 
States had the greatest genetic distance from the identified 
isolate. The results of phylogenetic analysis of the NS 
gene suggest that influenza virus strains are genetically 
quite diverse and contain their own unique nucleotide 
sequences, which is most likely related to the function 
of this gene in the genome as an interferon antagonist 
(Fig. 5). 

Thus, the results of this study demonstrated that 
the identified isolates were most likely the result of 
reassortment between European (Belgium, Netherlands, 
Russia) and Asian (Mongolia, China, Bangladesh) strains. 
A significant contribution to the formation of reassortants 

was caused by influenza A isolates circulating in the 
period 2018–2023, in the territory of the Asian part of 
Russia in wild waterfowl; this may indirectly indicate 
multiple introductions of different pathogen subtypes from 
the territory of the Asian part of Russia to the territory of 
Antarctica, with genetic variants circulating at the current 
time in Europe and Asia in wild bird populations.

It is known that successful interspecific transmission 
requires changes in the hemagglutinin properties of avian 
influenza viruses. It has been shown that these changes are 
associated with amino acid substitutions in the receptor-
binding site of hemagglutinin [29].

The following amino acid substitutions associated 
with interspecies transmission of influenza virus 
hemagglutinin H1 have been found in the hemagglutinin 
H1, as evidenced by the literature: S138A, E190D, and 
G225D. For hemagglutinin H3, interspecies transmission 
was associated with Q226L and G228S mutations [30].

Discussion
Therefore, we analyzed amino acid sequences for 

the presence of such mutations in the identified H1N1 
isolate. The analysis revealed amino acid substitutions 
S138Y and E190T, while there were no changes in 
position 225 corresponding to glycine.

For the A/Pygoscelis papua/Fildes Peninsula, King 
George Island/31/2023 (H3N8) isolate, the amino acid 
substitutions identified were proline at position 226, Q226P 
and tyrosine at 228 (G228T). Correspondingly for the 
isolate A/Sterna paradisaea/Fildes Peninsula, King George 
Island/09/2023 (H3N8): proline at position 226, Q226P 
and histidine at 228, G228H.

Thus, we can conclude that non-synonymous 
mutations have accumulated in the genomes of Antarctic 
isolates, but the impact of the corresponding amino acid 
substitutions on the biological properties of the viruses 
remains unexplored at present.

In general, the evolution of influenza viruses has a 
complex and dynamic character due to the peculiarities 
of genome organization and active circulation among a 
large number of wild waterfowl. The genomic diversity 
of zoonotic influenza viruses, which have already caused 
human infections, calls for strengthened surveillance of 
influenza viruses both among humans and in wildlife.

Ecosystems of coastal Antarctica are the most 
important geographical location from the point of view 
of organization of systematic monitoring studies. It 
should be noted that some species of Antarctic birds are 
capable of intercontinental migrations (for example, polar 
terns annually migrate from the Antarctic to the Russian 
Arctic). This fact actualizes the question of the role of 
long-distance migrants as vectors for the transfer of 
zoonotic infections, including influenza A.

Conclusion
The obtained data indicate the circulation in the 

Antarctic territory of influenza A viruses of subtypes 
H1N1 and H3N8 with unique genomic characteristics, 
which, in particular, is manifested by the spectrum of 
mutations associated with their potential interspecies 
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Fig. 4. Phylogenetic tree for the neuraminidase gene for influenza A virus subtype H3N8 isolates. 
Рис. 4. Филогенетическое дерево по гену нейраминидазы для изолятов вируса гриппа A субтипа H3N8. 
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Fig. 5. Phylogenetic tree for the NS1 gene for influenza A 
virus isolates of subtypes H3N8 and H1N1. 

Рис. 5. Филогенетическое дерево по гену NS1 для изо-
лятов вируса гриппа A субтипов H3N8 и H1N1. 
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transmission. The natural environment of Antarctica, 
despite extreme climatic conditions, is capable of forming 
possible zones of formation and evolution of viruses, in 
particular the influenza A virus. In our opinion, the study 
of genetic diversity of influenza A viruses circulating in 
the polar regions of the Earth and identification of inherent 
conditions for the emergence of new genetic variants and 
virus species has an important theoretical significance 
from the scientific point of view and is certainly an 
urgent task for the development of measures to prevent 
biological threats. 
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