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Abstract

Wild waterfowl constitute the primary natural reservoir of influenza A viruses, and wet-
lands at the convergence of major migratory flyways serve as critical hubs for viral genetic
exchange. Baikal Siberia, situated at the intersection of the East African—West Asian, Cen-
tral Asian, and East Asian—Australasian flyways, represents a unique yet understudied
region in this context. Here we report the results of long-term virological surveillance
of wild birds in the Lake Baikal basin conducted between 2018 and 2024. A total of
1036 cloacal swab samples from 28 bird species were screened, yielding 42 influenza A
virus isolates belonging to 12 HA /NA subtype combinations: HIN1, H3N1, H3N2, H3N5,
H3N6, H3NS8, H4N6, H6N1, H6N2, H6N3, H6NS, and H12N5. Among the detected sub-
types, H6 viruses—identified with four distinct neuraminidase combinations (N1, N2,
N3, N8)—are of particular public health relevance owing to their documented capacity
for dual-receptor binding and potential for zoonotic transmission to mammals, including
humans. Full-genome sequencing followed by cluster analysis of internal gene segments
identified 16 distinct segment constellations, indicating extensive reassortment. BLAST
searches against the GISAID database revealed closest genetic relatives in Mongolia, South
Korea, Japan, China, and Western Siberia, with more distant links to Bangladesh, Europe,
and a possible intercontinental connection via the Pacific flyway. Maximum-likelihood
phylogenetic analysis of the HA and NA segments confirmed that all isolates belong to
the Eurasian genetic lineage, yet they are distributed across multiple clades rather than
forming a single monophyletic group, reflecting the role of Buryatia as a mixing zone for
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genetically diverse viral populations. These findings substantially expand the understand-
ing of influenza A virus ecology in the Lake Baikal basin and underscore the importance of
continued surveillance at this key migratory crossroads in Northern Asia.

Keywords: avian influenza virus; wild waterfowl; Lake Baikal; Buryatia; epidemiological
surveillance; phylogenetic analysis; reassortment; Eurasian lineage; migratory flyways;
full-genome sequencing

1. Introduction

Influenza viruses are among the most extensively studied pathogens due to their sub-
stantial impact on both global public health and the economy. According to the International
Committee on Taxonomy of Viruses (ICTV) [1], the family Orthomyxoviridae comprises the
genera Alphainfluenzavirus, Betainfluenzavirus, Deltainfluenzavirus, and Gammainfluenzavirus.
Among them, Alphainfluenzavirus is of particular epidemiological significance because of
its ability to cause seasonal epidemics and global pandemics. Influenza A viruses infect a
broad spectrum of hosts, including humans, horses, cattle, pigs, seals, and numerous avian
species [2-4]. Among birds, it often causes epizootics, which result in severe economic
losses to the poultry industry due to the mandatory culling of large numbers of farmed
birds [5,6]. Wild waterfowl, as natural reservoirs of the influenza A virus, contribute to the
spread of this pathogen over long distances, especially during seasonal migrations.

Baikal Siberia is a distinctive region of Eastern Siberia characterized by exceptional
biodiversity and a strategic position at the intersection of major Eurasian bird migration
routes. The central element of this ecosystem is Lake Baikal and its basin, including
the Selenga River delta, which together form critically important habitats for migratory
waterfowl and shorebirds.

Baikal Siberia features a unique combination of natural zones, ranging from mountain-
taiga landscapes to steppe ecosystems. The Selenga River delta constitutes a particularly
significant ecological area, rich in ecotones and diverse wetland habitats with varying
topography, which supports high local avian species diversity [7]. According to ornitholog-
ical studies, this area functions as a key staging and concentration zone for migratory birds,
with numerous lakes and marshes serving as essential sites for the annual and biannual
molt of wild ducks [8]. Extensive wetlands, particularly the Koymor wetlands, are located
within the Tunka Depression situated on the southwestern flank of the Baikal Rift Zone [9].

A total of 149 species of waterbirds and shorebirds have been recorded in the Selenga
delta, among which representatives of the orders Anseriformes and Charadriiformes
predominate [7,10]. The delta wetlands are characterized by a dynamic hydrological
regime that exerts a substantial influence on nesting bird density and habitat conditions [8].

The region serves as a convergence point for several major avian migratory flyways:
the East African-West Asian Flyway, the Central Asian Flyway, and the East Asian—
Australasian Flyway [7,11]. This is evidenced by the annual passage of millions of birds
that use the Selenga River delta as a critical stopover, moulting, and breeding site [12,13].
Available data indicate high population dynamism: for example, the number of breeding
ducks in the delta shows substantial interannual variation (up to 3-5-fold according to
estimates from different years), and breeding density is directly dependent on water level
and river discharge [12].

Hydrological changes in recent decades are characterized by biotic adaptation to the
regulated water level of Lake Baikal; however, contemporary climate change is affecting
intra-annual fluctuations in inflow and the phenology of bird residence [14]. The spatial
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design of field surveys is justified by the fact that the principal breeding and concentration
areas of waterbird species shift continuously in response to the configuration of flooded
habitats and lake level, necessitating regular monitoring across multiple sites within the
delta [12]. The selection of sampling periods and key study sites is therefore directly
informed by current data on hydrological cycles and the associated population dynamics.

The ecological conditions of the region create an optimal environment for virus circu-
lation among wild birds. The aquatic ecosystems of the Baikal basin support waterfowl
populations that constitute the primary natural reservoir of the influenza A virus gene
pool [2]. The concentration of birds during migration and molt facilitates fecal-oral trans-
mission of viruses through contaminated water, the principal mechanism of influenza virus
spread among waterfowl [15].

Previous studies of influenza viruses in the Lake Baikal basin, although limited in
number, have revealed considerable diversity among circulating strains. In September
2019, a monitoring study in the Lake Baikal basin, specifically in the Selenga River delta,
analyzed 144 samples from wild birds [7]. Nine viruses were identified, yielding an overall
viral prevalence of 6.25%: six belonged to the family Orthomyxoviridae (avian influenza
viruses) and three to the family Paramyxoviridae (avian paramyxoviruses). Avian influenza
viruses were isolated from mallard (Anas platyrhynchos) and gadwall (Mareca strepera). The
following subtypes were identified: H6N8 from mallard, and H6N3, H3NS8, and H12N5
from gadwall. Of particular interest is the H12N5 subtype, which is rarely isolated in nature
and has a limited geographical distribution [16]. The H6 hemagglutinin strains identified
in that study merit attention from a zoonotic perspective, as viruses of this subtype can
exhibit affinity for mammalian receptors and potentially transmit to humans [17].

In September 2020, an expanded surveillance program collected 3018 fecal samples
from wild migratory birds near Lake Baikal [18]. Samples were obtained from two principal
sites: 1986 from the Selenga River delta and 1032 from the shore of Lake Arangatui, a
satellite lake of Lake Baikal. Molecular screening identified 11 samples as positive for
influenza A virus, and subsequent whole-genome sequencing determined the subtype as
H13N8. The reference isolate was designated A /Unknown/Buryatia/Arangatui-1/2020
(H13NS8). Although the exact host species could not be determined due to the fecal sampling
approach, cormorants and gulls were the predominant bird species in the sampling area
during the study period.

Taken together, prior surveillance efforts in the Lake Baikal basin have been limited in
temporal coverage, restricted to one or two field seasons, and have not applied full-genome
sequencing combined with systematic cluster and phylogenetic analysis across all gene
segments. No study to date has described the multi-year dynamics of AIV subtype diversity
and reassortment in this region using complete genomic data, leaving a substantial gap in
our understanding of the role of Baikal Siberia in the intercontinental circulation of avian
influenza viruses.

In the present study, we analyzed 1036 cloacal swab samples from 28 bird species
collected between 2018 and 2024 in the Lake Baikal basin as part of ongoing epidemiological
surveillance activities. The aim of this work was to characterize the genetic diversity
of influenza A viruses circulating in wild waterfowl of the region through full-genome
sequencing, cluster analysis of internal gene segments, and phylogenetic analysis of the
external gene segments (HA and NA). Our findings contribute to the understanding of
the role of this territory in the ecology and dissemination of avian influenza viruses along
Eurasian migratory flyways.
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2. Materials and Methods
2.1. Ethical Considerations

This study was conducted with the approval of the Biomedical Ethics Committee of
the Federal Research Center of Fundamental and Translational Medicine of the Siberian
Branch of the Russian Academy of Sciences (FRC FTM SB RAS), Novosibirsk (Protocols
No. 2019-3 and 2021-10). Bird samples were collected during the hunting season under
licenses issued by the regional Ministries of Ecology and Natural Resources as part of
the annual biological material collection program (Infectious Diseases of Wild Animals
Research Program, FRC FTM, Novosibirsk).

2.2. Sample Collection

Cloacal swabs from freshly harvested wild waterfowl were collected during the official
hunting season into individual 2 mL tubes filled with 1 mL of glycerol-free viral transport
medium consisting of phosphate-buffered saline (PBS, pH 7.5), amphotericin B (15 ug/mL),
penicillin G (100 units/mL), and streptomycin (50 ug/mL). Tubes were immediately placed
in liquid nitrogen and transported to the FRC FTM SB RAS laboratory for analysis [19].
Sample collection was carried out between 2018 and 2024 at sites with the highest bird
densities in the Lake Baikal basin.

2.3. Virus Isolation Using Embryonated Chicken Eggs

For influenza A virus isolation, an aliquot was taken from each sample, vortexed, and
centrifuged for 3 min at 3000 x g. Antibiotics (penicillin and gentamicin) were added to the
supernatant, which was then transferred to a new tube to prevent bacterial contamination.
Subsequently, 100 pL of each sample was inoculated into the allantoic cavity of two specific
pathogen-free (SPF) embryonated chicken eggs and incubated at 37 °C for 72 h in our
Biosafety Level 3 (BSL-3) laboratory [20]. After incubation, 2 mL of allantoic fluid was
collected from each egg and tested by hemagglutination assay (HA) using 5% chicken
erythrocytes [21]. All HA-positive samples were aliquoted for PCR testing targeting the
M gene of avian influenza virus. Three sequential passages in SPF embryonated chicken
eggs were performed. Samples that did not exhibit hemagglutinating activity after three
passages were considered negative.

2.4. RNA Extraction, Reverse Transcription, and PCR

All samples with HA activity were tested for the presence of influenza A virus. RNA
was extracted from allantoic fluid using the RIBO-sorb kit (AmpliSens, Moscow, Russia).
The extracted RNA was subjected to reverse transcription using the REVERTA-L kit (Am-
pliSens, Moscow, Russia). The presence of conserved regions of the influenza A virus M
gene was determined by real-time PCR using the AmpliSens Influenza virus A /B-FL kit
(AmpliSens, Moscow, Russia), designed to detect both human and avian influenza viruses.

2.5. Sequencing of Influenza A Viruses

The methodological approaches employed here are widely used for whole-genome
influenza virus sequencing and downstream data analysis [22,23]. In our study, the initial
virus isolation in SPF embryonated chicken eggs, subsequent PCR-based confirmation, and
preparation of the isolate for sequencing indicate that the samples had a high viral titer
(hemagglutination assay (HA) viral titer from 128 to 1024 HAU), allowing the prepara-
tion of high-quality libraries with a high proportion of viral reads by both multisegment
amplification (M-RTPCR) library prep and RNA library construction.

For 2018-2021, we performed read filtering based on read mapping in CLC Genomics
Workbench using the default Reads to Reference settings, including a minimum nucleotide
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count threshold of 2 and quality score-based consensus control. The output paired-end
reads from the MiSeq second-generation sequencer (Illumina, San Diego, CA, USA) were
mapped to reference sequences that were selected from a search of the Influenza Virus
Database of the National Center for Biotechnology Information (NCBI) by using the Flu-
GAS algorithm; this was followed by the construction of a consensus sequence when at
least 3 reads were available. A single nucleotide was adopted when its representation ex-
ceeded 51% at that site, whereas mixed-base codes were adopted when multiple bases each
accounted for at least 15% of the total coverage at the site. Processing of the short reads was
performed following broadly accepted standard quality-control criteria: FastQC analysis,
quality-trimming, short reads removing (<30), minimum coverage of 9x for consensus
assembly (if less—ambiguous base (N)).

For complete genome sequencing of viruses collected in 2018, RNA was extracted
from allantoic fluid using the GeneJET Viral DNA /RNA Purification Kit (Thermo Fisher
Scientific, Waltham, MA, USA) and treated with TURBO DNase (Thermo Fisher Scientific).
Up to 200 ng of RNA was used for cDNA library preparation with the NEBNext Ultra
RNA Library Prep Kit (New England Biolabs, Ipswich, MA, USA). DNA libraries were
sequenced using the Reagent Kit Version 3 (600-cycle) on the MiSeq genome sequencer
(Ilumina, San Diego, CA, USA) at the Genomics Core Facility (ICBFM SB RAS, Novosibirsk,
Russia). Full-length genomes were assembled de novo using CLC Genomics Workbench
v.9.5.3 (Qiagen, Hilden, Germany).

Viruses isolated between 2019 and 2021 were sequenced as part of a collaborative
international program with the National Institute of Animal Health (Tsukuba, Japan). RNA
was extracted from allantoic fluid using the RNeasy Mini Kit (Qiagen, Hilden, Germany).
cDNA libraries were prepared using the NEBNext Ultra II RNA Library Prep Kit for
INlumina (New England Biolabs, Ipswich, MA, USA). A total of 10 pM of libraries were
mixed with 10 pM PhiX Control V3 (Illumina, San Diego, CA, USA) prior to sequencing.
Sequencing was performed on the MiSeq genome sequencer (Illumina, San Diego, CA, USA)
using the MiSeq Reagent Kit v.2 (Illumina, San Diego, CA, USA). Consensus sequences
were assembled using CLC Genomics Workbench v.9.5.3 (Qiagen, Hilden, Germany).

Viruses isolated between 2022 and 2024 were sequenced on the Illumina MiSeq plat-
form using the manufacturer’s reagent kits and protocols. RNA was extracted using the
QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany). Whole-genome amplification was
performed following the modified protocol described by Zhou et al. [24]. DNA libraries
were prepared using the Nextera DNA Flex Library Prep Kit (Illumina, San Diego, CA,
USA). Sequencing was carried out on the MiSeq genome sequencer (Illumina, San Diego,
CA, USA) using the Reagent Kit Version 3 (600-cycle). Raw Illumina reads were analyzed
and assembled using the CFIA-NCFAD /nf-flu workflow (v3.2.1) [25], implemented on the
Nextflow platform (v.24.04.2.5914) [26].

2.6. Search for the Nearest Identical Sequences for AIVs

The search for the most closely related sequences was performed using a local installa-
tion of BLAST+ (v2.16.0) [27] against the GISAID database [28].

2.7. Cluster Analysis of Internal Gene Segments

Sequences of internal gene segments from the viruses obtained in this study, as well
as from viruses with complete genomes previously collected in the region and available
in the GISAID and GenBank [29], international databases, were compiled into datasets
for cluster analysis. Cluster analysis was performed in the R programming environment,
version 4.5.1 [30] using hierarchical clustering with the UPGMA (Unweighted Pair Group
Method with Arithmetic Mean) algorithm, corresponding to the “average” method in the
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hclust() function of the stats package [31]. Phylogenetic distance matrices were computed
using the cophenetic correlation coefficient via the cophenetic.phylo() function from the
ape package. For each internal segment, samples were assigned to four clusters using the
cutree() function. The cluster color scheme was as follows: Cluster 1 (pink), Cluster 2 (blue),
Cluster 3 (orange), and Cluster 4 (yellow).

2.8. Methodotology for Phylogenetic Analysis of External Gene Segments

Sequence datasets of the HA and NA segments from viruses obtained in this study,
their closest BLAST matches were subjected to multiple sequence alignment using the
MAFFT algorithm v7.520 (standalone version) [32] with default parameters (gap opening
penalty: 1.53; gap extension penalty: 0.0). The resulting alignments were inspected in
Unipro UGENE [33], where sites containing deletions were manually verified and removed
from the final alignment.

Maximume-likelihood (ML) phylogenetic trees were constructed using the multi-
threaded version of IQ-TREE 2.3.6 for Linux x86 64-bit (built 4 August 2024) [34]. Branch
support was assessed using the ultrafast bootstrap method, and the SH-aLRT test, each
with 1000 replicates [35]. The optimal nucleotide substitution model for each gene segment
was determined using ModelFinder according to the Bayesian Information Criterion (BIC)
as implemented in IQ-TREE version 1.6 [36]. A complete list of selected models for all
analyzed segments is provided in the Supplementary Materials (Table 52).

Tree visualization and topology analyses were performed in iTOL v.6 [37]. All trees
were midpoint-rooted for display purposes.

2.9. Statistical Analysis

The 95% confidence intervals (Cls) for the proportion of AIV-positive samples were
calculated using the exact Clopper-Pearson binomial method [38] implemented in R
(version 4.5.1) [30].

3. Results
3.1. Ecological Features of Study Area and Samples

During this study, from 2018 to 2024, a total of 1036 cloacal swab samples from
wild migratory birds belonging to six orders were collected and analyzed: Anseri-
formes, Charadriiformes, Gruiformes, Podicipediformes, Gaviiformes, and Suliformes
(Table 1). The largest number of analyzed individuals belonged to the orders Anseriformes
(731 of 1036; 70.56%), Gruiformes (200 of 1036; 19.31%), and Suliformes (76 of 1036; 7.34%).
Information on the distribution of bird species by collection date, sample, and location
details are provided in Table S1 in the Supplementary Materials.

Sampling was carried out across eight distinct sites within the Lake Baikal basin
(Figure 1). At Koymor wetlands, samples were collected in 2018, 2019, 2020, and 2021,
yielding a total of 392 samples, of which 20 tested positive for AIV. The Selenga river
delta was sampled in 2019, 2021, 2022, 2023, and 2024, with 499 samples collected and
11 AlV-positive results. Beloye Lake was sampled in 2019 only, with 12 samples collected
and no positive detections. Stepnoye Lake was sampled in 2021, 2022, and 2024, yielding
46 samples and 3 positive results. Bayan-Gol River was sampled in 2022, 2023, and 2024,
with 50 samples collected and 5 AIV-positive results. Tsaydam Lake and Posolsky sor were
each sampled during a single season (2022 and 2024, respectively), yielding 7 and 1 samples
with no positive detections. Uda River was sampled in 2023, with 29 samples collected, of
which 3 tested positive.
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Table 1. Sample size and results of virus detection in wild waterfowl of the Lake Baikal basin.

Order Species 2018 2019 2020 2021 2022 2023 2024 Nz‘:;iler T;‘X?ér Pos(iéil" ;?f, A)Iiate
eurasian teal (Anas crecca) 27 21 27 17 15 6 11 124 13 10.48% (5.7-17.26%)
mallard (Anas platyrhynchos) 15 22 10 31 28 33 21 160 15 9.38% (5.34-14.99%)
gadwall (Mareca strepera) 14 46 11 17 3 24 0 115 8 6.96% (3.05-13.25%)
tufted duck (Aythya fuligula) 10 31 25 9 2 18 0 95 0 0% (0-3.81%)
common goldeneye (Bucephala clangula) 5 14 18 0 2 2 44 0 0% (0-8.04%)
eurasian wigeon (Mareca penelope) 2 8 0 1 4 8 32 1 3.13% (0.08-16.22%)
northern shoveler (Spatula clypeata) 10 9 0 0 4 1 3 27 1 3.7% (0.09-18.97%)
northern pintail (Anas acuta) 0 10 2 4 6 2 26 2 7.69% (0.95-25.13%)
Anseriformes common pochard (Aythya ferina) 4 7 3 2 7 8 0 31 1 3.23% (0.08-16.7%)
(n=731) garganey (Spatula querquedula) 12 5 1 3 1 3 0 25 0 0% (0-13.72%)
smew (Mergellus albellus) 0 1 0 2 1 10 6 20 0 0% (0-16.84%)
ruddy shelduck (Tadorna ferruginea) 0 2 0 2 11 0 0 15 0 0% (0-21.8%)
bean goose (Anser fabalis) 0 0 0 1 0 0 1 2 0 0% (0-84.19%)
common merganser (Mergus merganser) 0 0 0 0 0 7 0 7 0 0% (0-40.96%)
red-breasted merganser (Mergus serrator) 0 2 0 1 1 0 0 4 0 0% (0-60.24%)
falcated duck (Mareca falcata) 2 0 0 0 0 0 0 2 0 0% (0-84.19%)
mandarin duck (Aix galericulata) 0 0 0 0 1 0 0 1 0 0% (0-97.5%)
baikal teal (Sibirionetta formosa) 0 0 0 0 1 0 0 1 0 0% (0-97.5%)
spotted redshank (Tringa erythropus) 0 0 0 0 7 0 0 7 0 0% (0-40.96%)
Charadriiformes ruff (Calidris pugnax) 0 6 0 0 0 0 0 6 0 0% (0-45.93%)
(n=16) common redshank (Tringa totanus) 0 0 0 0 0 0 2 2 0 0% (0-84.19%)
common gull (Larus canus) 0 1 0 0 0 0 0 1 0 0% (0-97.5%)
Gruiformes eurasian coot (Fulica atra) 1 66 4 31 72 19 6 199 1 0.5% (0.01-2.77%)
(n =200) baillon’s crake (Zapornia pusilla) 1 0 0 0 0 0 0 1 0 0% (0-97.5%)
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Table 1. Cont.

. Total Number Positivity Rate
Order Species 2018 2019 2020 2021 2022 2023 2024 Number of ATV (CI 95%)
Podicipediformes great crested grebe (Podiceps cristatus) 1 0 1 2 0 7 0 0% (0-40.96%)
(n=9) black-necked grebe (Podiceps nigricollis) 0 1 1 0 0 2 0 0% (0-84.19%)
Ga‘(’;f:oi?es black-throated loon (Gavia arctica) 1 0 0 0 0 0 0 1 0 0% (0-97.5%)
S‘alff%‘)es great cormorant (Phalacrocorax carbo) 1 2 0 1 11 46 18 79 0 0% (0-4.56%)
6 orders 28 species 108 245 104 139 171 189 80 1036 42 4.05%
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Figure 1. Sample collection areas in the Lake Baikal basin. For each site, the years of sampling and
the number of samples testing positive for avian influenza virus (AIV) are indicated. The size of the
blue circle is proportional to the total number of samples collected at that location.

The highest numbers of AIV-positive samples were recorded at Koymor wetlands
(n = 20) and the Selenga river delta (n = 11), which together accounted for 74% of all positive
detections. Sites monitored across multiple seasons consistently yielded positive results,
whereas single-season sites showed zero or low positivity, likely reflecting limited sampling
effort rather than true absence of viral circulation. The spatial distribution of sampling sites
and their annual AIV detection results are summarized in Figure 1.

3.2. Influenza A Viruses in Wild Birds of Buryatia

During the period from 2018 to 2024, virological monitoring in Buryatia yielded
42 strains of influenza A virus from 1036 collected samples, which were deposited in
the GISAID international database. The isolates belonged to the following subtypes:
H12N5, HIN1, H3N1, H3N2, H3N5, H3N6, H3N8, H4N6, H6N1, H6N2, H6N3, and H6NS
(Table 2). Forty-one viruses were isolated from the following representatives of the order
Anseriformes: mallard (Anas platyrhynchos), common teal (Anas crecca), gadwall (Mareca
strepera), northern pintail (Anas acuta), common pochard (Aythya ferina), Eurasian wigeon
(Mareca penelope), and northern shoveler (Spatula clypeata). One virus was isolated from
Eurasian coot (Fulica atra), a representative of the order Gruiformes.
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Table 2. The strains of AIV isolated during the study.
Virus Name Subtype Host Collection Date ID GISAID
. common pochard
A /pochard /Buryatia/33/2018 H4N6 (Aythya ferina) 25 August 2018 337148
A/teal /Buryatia/57/2018 H4N6 Commifectfgl (Anas 26 August 2018 338328
A/teal/Buryatia/63/2018 H3N8 Commcc’:‘ectcelj)l (Anas 26 August 2018 337397
A/teal /Buryatia/100/2018 H4N6 Commcc’:‘ez‘)l (Anas 14 September 2018 337400
. mallard (Anas
A/mallard /Buryatia/114/2018 H3N2 platyrhynchos) 15 September 2018 337398
A/common common teal (Anas
teal/Buryatia/22i/2019 H3N6 crecca) 31 August 2019 2727617
. . mallard (Anas
A/Mallard /Buryatia/44i/2019 H6N1 platyrhynchos) 1 September 2019 403705
) mallard (Anas
A/mallard /Buryatia/1575/2019 H6NS platyrhynchos) 1 September 2019 400273
Teal /1?11 /r 5;;2?703? 12019 H6N1 Commcc’:‘ezcegl (Anas 1 September 2019 403713
Teal /BAu/r ;j;’nn;/ng’grl‘ 12019 HIN1 Commifectle (Anas 3 September 2019 403715
Teal /];A;/r ;::gr/n;g 12019 H4N6 Commcc’fectcej‘)l (Anas 3 September 2019 403714
A/Gadwall/Buryatia/2226 /2019 H3N8 gadwall (Mareca strepera) 12 October 2019 400279
A/Gadwall/Buryatia/2221/2019 H6N3 gadwall (Mareca strepera) 12 October 2019 400278
A/Gadwall/Buryatia/2209 /2019 H3N8 gadwall (Mareca strepera) 12 October 2019 400277
A/Gadwall/Buryatia/2206/2019 H12N5 gadwall (Mareca strepera) 12 October 2019 400276
A/Gadwall/Buryatia/2252/2019 H12N5 gadwall (Mareca strepera) 13 October 2019 400280
oot /B‘X ;:trlzs/uligl /2020 H3N8 eurasm;tc:;‘)’t (Fulica 19 geptember 2020 2727630
A/eurasian eurasian wigeon (Mareca
wigeon/Buryatia/26i/2020 H3N8 penelope) 20 September 2020 2727631
. . mallard (Anas
A/mallard /Buryatia/25i/2020 H3N8 platyrhynchos) 20 September 2020 2727632
real /Bﬁ r/ ;23%2 12020 H3NS Commcc’;‘ectf;)l (Anas 21 September 2020 2727628
A /northern northern pintail (Anas
pintail /Buryatia/94i/2020 H3NS acuta) 3 October 2020 2727633
. mallard (Anas
A/mallard/Buryatia/127z/2021 H3N6 platyrhynchos) 11 September 2021 19212485
teal/B fr g} ;’Efllggz 12021 H3N8 Commcc’;‘ectfgl (Anas 13 September 2021 19212473
A/gadwall/Buryatia/B10/2021 H4N6 gadwall (Mareca strepera) 18 September 2021 19212475
A/gadwall/Buryatia/B12/2021 H6N2 gadwall (Mareca strepera) 18 September 2021 19212472
pintail /g‘é rnyzrttig‘;%‘n 2021 H3N8 norther‘;f;;t)aﬂ (Anas g Geptember 2021 19212476
teal/B fr ;7 ;’i?/nl‘gzz 12021 H3N5 Comm(c’;‘ectgj)l (Anas 18 September 2021 19212479
A/gadwall/Buryatia/160z/2021 H4N6 gadwall (Mareca strepera) 18 September 2021 19212480
. mallard (Anas
A/mallard/Buryatia/176z/2021 H4N6 platyrhynchos) 19 September 2021 19212488
. mallard (Anas
A/mallard /Buryatia/B47 /2021 H3N6 platyrhynchos) 10 October 2021 19212474
A/mallard/Buryatia/B57/2021 H4N6 mallard (Anas 13 October 2021 19212530
platyrhynchos)
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Table 2. Cont.

Virus Name Subtype Host Collection Date ID GISAID
A/shoveler/Buryatia/B78/2022 H3N1 ?g;;ﬂi;;;?;;;r 29 August 2022 19212546
A/mallard /Buryatia/B122/2022 H4N6 ;‘;2;‘;;%%‘5 3 September 2022 19212547

al /B lf; }/] ;g‘;‘/rg(l’% o2 H3N8 Commcc’fectcej‘)l (Anas 11 September2022 19212548
eal/B lﬁ}/] ;Eg‘/rgfl’gl 12022 H3N6 Commcc’:‘ez‘)l (Anas 41 Geptember2022 19212549
A/mallard/Buryatia/Br62,/2023 H3N8 g;;tlﬁjﬁ’x; 9 September 2023 19202480
A/mallard/Buryatia/Br55/2023 H3N8 ;‘l‘jtlﬁjn(gl’;‘s 9 September 2023 19202483
A/mallard /Buryatia/Br52 /2023 H4N6 ﬁ;};ﬁ;‘;ﬁ’é‘s 9 September 2023 19202513
A/mallard/Buryatia/Br70/2023 H3N8 22};;%%’:; 10 September 2023 19202484
A/mallard/Buryatia/Br81/2023 H4N6 ;rl‘;tl;a;l‘;n(ﬁl’;‘s 14 September 2023 19202481
teal/B fr g} ;’f;%;’;‘s /2024 HIN1 Commifectle (Anas 50 Geptember 2024 20146001
A/mallard /Buryatia/Br52/2024 HIN1 mallard (Anas 3 October 2024 20146000

platyrhynchos)

3.3. Cluster Analysis and Nearest Sequences from the GISAID Database for Internal Genes

A summary table (Table 3) was constructed in which the assignment of each internal
gene segment to a specific cluster is indicated by color. In addition, the sampling location
of the nearest sequence identified by the BLAST algorithm from the GISAID international
database is listed for each segment of each isolate.

Analysis of internal gene segments across all 42 isolates identified 16 distinct segment
constellations (SC1-SC16), indicating extensive reassortment activity in the wild bird pop-
ulations of the Lake Baikal basin. Three constellations predominated: SC3 (12 isolates,
2018-2023), SC10 (six isolates, 2018-2019), and SC1 (five isolates, 2019-2024), collectively
accounting for 69% of all isolates. SC3 and SC10 are characterized by predominant genetic
affinity with viruses from Mongolia and other Central Asian territories, suggesting a stable
regional genomic backbone maintained through the Central Asian Flyway. SC1, by contrast,
shows increasing representation of sequences from East Asia (China, South Korea, Japan)
and South Asia (Bangladesh) in more recent samples, reflecting progressive introduction of
eastern genetic material into the Baikal basin viral population. The remaining 13 constel-
lations were each represented by one or two isolates and displayed more heterogeneous
geographic origins, with links to Western Siberia, the Russian Far East, Europe (Sweden,
The Netherlands, Georgia), the Middle East (Israel), and Southeast Asia (Vietnam), under-
scoring the role of the region as a crossroads for transcontinental viral gene flow. A detailed
description of each constellation and its nearest BLAST matches is provided below.
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Table 3. Cluster assignment of each internal gene segment indicated by color. Cluster 1 (pink), Cluster 2 (blue), Cluster 3 (orange), Cluster 4 (yellow). Samples

sharing the same cluster-based segment composition are grouped into conditional segment constellations (SC), as indicated in the corresponding column.

Virus PB2 PB1 PA NP MP NS cosement  subtype
731/2019 Mongolia Mongolia Mongolia Chany Lake Mongolia Shanghai H6N1
Br55/2023 Shandong Hunan Mongolia Yamaguchi Bangladesh Mongolia H3N8
Br62/2023 Shandong Kagoshima Mongolia Yamaguchi Bangladesh Irkutsk SC1 H3N8
Brl8/2024 Shandong Novosibirsk region South Korea Bangladesh Bangladesh Novosibirsk region HIN1
Br52/2024 Saga South Korea North-Kazakhstan Vietnam Bangladesh Yakutia HIN1
Br70/2023 South Korea Hunan Yakutia Yamaguchi Bangladesh SC2 H3NS8
33/2018 Chany Lake Novosibirsk region Novosibirsk region Bangladesh Georgia The Netherlands H4N6
891/2019 Primorsky Krai Mongolia Mongolia Mongolia Mongolia Mongolia HIN1
2221/2019 Mongolia Hunan Mongolia Mongolia South Korea Bangladesh H6N3
25i/2020 South Korea Amur region Mongolia Anhui Chany Lake Jiangxi H3N8
26i/2020 South Korea Amur region Mongolia Anhui Chany Lake Jiangxi H3N8
56i/2020 South Korea Chany Lake Mongolia Anhui Chany Lake South Korea SC3 H3N8
127z/2021 Primorsky Krai South Korea Georgia Mongolia Bangladesh Novosibirsk region H3N6
160z /2021 Novosibirsk region Shandong Chany Lake Chany Lake Bangladesh Novosibirsk region H4NG6
164z/2021 South Korea South Korea Liaoning Bangladesh Chany Lake Novosibirsk region H3N5
176z/2021 South Korea Shandong Chany Lake Chany Lake Bangladesh Novosibirsk region H4N6
B78/2022 Novosibirsk region Israel Novosibirsk region Novosibirsk region = Novosibirsk region Shanghai H3N1
Br52/2023 Shandong South Korea Sweden Aichi Bangladesh Jiangxi H4N6
44i/2019 Mongolia Mongolia Chany Lake Mongolia South Korea sca H6N1
2226/2019 Primorsky Krai Mongolia South Korea Mongolia Bangladesh H3N8
94i/2020 South Korea Amur region Mongolia Chany Lake South Korea H3N8
B10/2021 South Korea Amur region Amur region South Korea Amur region SC5 H4N6
B57/2021 South Korea South Korea Jiangxi Bangladesh Shanghai H4N6
Br81/2023 Chany Lake Dagestan Sweden Zhejiang Jiangxi H4N6
63/2018 Egypt Chany Lake The Netherlands =~ North-Kazakhstan ~ The Netherlands SC6 H3N8
2209/2019 Mongolia Mongolia Mongolia Mongolia Mongolia H3N8
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Table 3. Cont.

Virus PB2 PB1 PA NP MP NS cotement  Subtype
B47/2021 Mongolia - Mongolia Mongolia Mongolia Bangladesh - Mongolia sC7 H3N6
B122/2022 SouthKorea || Mongolia Mongolia South Korea Bangladesh | Mongolia | H4N6
150z/2021 SouthKorea | Numnlin Mongolia Vietnam Hunan Novosibirsk region 5C8 H3N8
B149/2022 Amurregion | Nunlin | Okayama Mongolia Bangladesh Novosibirsk region H3N8
B12/2021 South Korea [0 Sakhalinm """  Amur region Gifu SC9 H6N2
57/2018 Mongolia ~ Mongolia ~ Mongolia Mongolia Bangladesh Yamaguchi H4N6
100/2018 Mongolia ~ Mongolia ~ Mongolia Mongolia Mongolia Mongolia H4N6
22i/2019 Mongolia ~ Mongolia ~ Mongolia Mongolia South Korea Mongolia SC10 H3N6
88i/2019 Mongolia - Mongolia ~ Mongolia Mongolia Mongolia Mongolia H4N6
2206/2019 Omsk Region I Mongolia " WAmur region '  South Korea Sakhalin South Korea H12N5
2252/2019 Georgia - Mongolia ~ Amurregion Bangladesh Mongolia Shanghai HI12N5
BI1/2021 Shandong  RSOUMKOIMNNCHD N Jiong< Hokkaido 5CTi H3NS
114/2018 Mongolia ~ Mongolia ~ Mongolia Mongolia Mongolia Mongolia H3N2
12i/2020 Mongolia _ Mongolia Shandong South Korea SC12 H3N8
B151/2022 Amur region  [I¥anlin® T Amur region | Vietnam Bangladesh Novosibirsk region H3N6
~ 1575/2019 Mongolia =~ Saga = Amurregion Shandong Fukuoka Mongolia SC13 H6N8
5 46?)7}1-988 Shimane Potsdam Hong Kong Taiwan South Africa SC14 H3N1
A;?E%E;Bm_ South Korea South Korea South Korea Belgium South Korea SC15 H13N8
1941,/2000 Mongolia Hokkaido [ Shimane ]|  Taiwan  Russian Federation Chiba SC16 H4N6
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Segment constellation 1 includes isolates A/Common Teal/Buryatia/73i/2019,
A/mallard /Buryatia/Br55/2023, A /mallard /Buryatia/Br62 /2023, A /common teal /Buryatia/
Br18/2024, and A/mallard/Buryatia/Br52/2024, collected between 2019 and 2024. For
all samples in this group, the nearest sequences for the majority of segments were
found among isolates from Mongolia (2015-2019), predominantly from ducks, as well
as from China (Shandong, Hunan, and Shanghai provinces; 2017-2022). Identity was
also noted with Japanese isolates from ducks and swans (2013-2022), with viruses from
Bangladesh obtained from environmental samples (2024), and with Russian viruses de-
tected at Chany Lake, in Novosibirsk Region, Irkutsk Region, and Yakutia from mal-
lards and teals (2005-2020). In individual cases, matches were identified with viruses
from South Korea, Vietnam, and Kazakhstan. The temporal range of reference sequences
spans 2005-2024.

Segment constellation 2 is represented by isolate A /mallard/Buryatia/Br70/2023. Its
segment sequences show high identity with viruses from South Korea (2019) isolated from
mallards, from China (Hunan Province, 2019) from wild birds, from Japan (2016) from
ducks, from Bangladesh (2024) from environmental samples, and from Sweden (2024) from
great black-backed gull.

Segment constellation 3 comprises isolates A /pochard/Buryatia/33/2018, A/Common
Teal/Buryatia/89i/2019, A/Gadwall/Buryatia/2221/2019, A/mallard /Buryatia/25i/2020,
A/european wigeon/Buryatia/26i/2020, A/common teal/Buryatia/56i/2020, A/mallard/
Buryatia/127z/2021, A/gadwall/Buryatia/160z/2021, A/common teal/Buryatia/164z/
2021, A/mallard/Buryatia/176z/2021, A/shoveler/Buryatia/B78/2022, and A/mallard/
Buryatia/Br52 /2023, isolated between 2018 and 2023. For the majority of these, the most
closely related sequences were found among viruses from Mongolia (2015-2022), China
(Shandong, Jiangxi, Anhui, and Liaoning provinces; 2016-2019), South Korea (2019-2021),
and Russian regions (Novosibirsk Region, Chany Lake, Primorsky Krai, and Amur Region).
Identity was also noted with isolates from Bangladesh, Georgia, The Netherlands, Japan,
and Sweden. The temporal range of reference sequences spans 2013-2024.

Segment constellation 4 consists of isolates A/Mallard/Buryatia/44i/2019 and
A/Gadwall/Buryatia/2226/2019 (both from 2019). For A/Mallard/Buryatia/44i/2019,
the majority of segments are most closely related to viruses from ducks in Mongolia
(2015-2019), from Chany Lake (2018), and from mallards in South Korea (2019). For the
second isolate, matches were found with viruses from Primorsky Krai (2019) from mallards,
from Mongolia (2019) from ducks, from Amur Region (2020) from teals, from South Korea
(2019) from mallards, and from Bangladesh (2019) from ducks.

Segment constellation 5 includes isolates A /northern pintail/Buryatia/94i/2020,
A/gadwall/Buryatia/B10/2021, A/mallard/Buryatia/B57/2021, and A /mallard/Buryatia/
Br81/2023, collected between 2020 and 2023. Their segment sequences show predominant
relatedness to viruses from South Korea (2019-2021), China (Jiangxi, Shandong, and Shang-
hai provinces; 2016-2023), and Russian regions (Amur Region, Chany Lake, and Dagestan).
Additional sources include Bangladesh (2019-2024), Sweden (2021), and Japan (2022). For
A/mallard /Buryatia/Br81/2023, the MP segment showed a link to a virus isolated from a
human in China (2023).

Segment constellation 6 is formed by A /teal /Buryatia/63/2018 and A /Gadwall/Buryatia/
2209/2019. The first isolate is closely related to viruses from Egypt (2017) from northern
shoveler, from Russia (Chany Lake, 2016-2018) from mallards and gadwall, from The
Netherlands (2018) from mallards and teals, and from Kazakhstan (2018) from northern
shoveler. A/Gadwall/Buryatia/2209/2019 demonstrates high identity with viruses from
Mongolia (2018-2019).
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Segment constellation 7 contains A /mallard /Buryatia/B47/2021 and A /mallard/Buryatia/
B122/2022, whose segment sequences are characterized by links to Mongolian isolates
(2015-2018) and viruses from Bangladesh (2024). For isolate B122 /2022, identity of the NP
segment with a virus from South Korea isolated in 2019 was also noted.

Segment constellation 8 is represented by isolates A /common teal/Buryatia/150z/2021
and A/common teal/Buryatia/B149/2022. The nearest sequences for their segments
were found in South Korea, Taiwan, Mongolia, Vietnam, China (Hunan Province), Russia
(Novosibirsk Region, 2018; Amur Region, 2020), Japan, and Bangladesh. The PB2 and NS
segments in this case belong to Clusters 2 and 3, respectively, and show identity to the
same viruses.

Segment constellation 9 consists solely of A/gadwall/Buryatia/B12/2021, whose
segment sequences demonstrate mixed origin: segments are closely related to isolates
from South Korea (2022), Russia (Sakhalin and Amur Region; 2020), Japan (2021),
and Egypt (2005).

Segment constellation 10 includes isolates A /teal/Buryatia/57/2018, A /teal/Buryatia/
100/2018, A/common teal/Buryatia/22i/2019, A/Common Teal/Buryatia/88i/2019,
A /Gadwall/Buryatia/2206/2019, and A/Gadwall/Buryatia/2252/2019, isolated in
2018-2019. For the majority of these, matches were found with Mongolian viruses
(2015-2019), with some samples nearly completely matching isolate A /duck/Mongolia/401/
2018. Individual segments are closely related to viruses from Bangladesh (2024), Japan
(2016), and South Korea (2020). The segment sequences of A/Gadwall/Buryatia/2206/2019
and A/Gadwall/Buryatia/2252/2019 showed identity with viruses collected in Omsk Re-
gion (2019), Sakhalin (2020), South Korea (2019), Georgia (2018), Amur Region (2020), China
(Shanghai, 2019), Bangladesh (2019), and Mongolia (2018).

The internal gene segment sequences of A/northern pintail/Buryatia/B11/2021, form-
ing Segment constellation 11, demonstrate links to isolates from China (Shandong Province,
2017; Jiangxi, 2016), South Korea (2019), Japan (2007, 2015), and Sweden (2024).

Segment constellation 12 comprises A/mallard/Buryatia/114/2018, A/Eurasian
coot/Buryatia/12i/2020, and A/common teal/Buryatia/B151/2022. The closest identity
matches for their segments originate from Mongolia (2015-2019), China (Jiangxi and Shan-
dong provinces; 2017-2020), South Korea (2021), Taiwan (2018), Vietnam (2020), Bangladesh
(2024), and Russia (Novosibirsk Region, 2018; Amur Region, 2020).

Segment constellation 13, formed by virus A/mallard/Buryatia/1575/2019, has seg-
ments whose sequences are most closely related to viruses from Mongolia (2007, 2015),
Japan (2013, 2016), Russia (Amur Region, 2020), and China (Shandong Province, 2019).

Segment constellation 14 is represented by isolate A /duck/Buryatia/664-5465/1988,
obtained from the GISAID international database and originally isolated in 1988. Its
segment sequences show the greatest identity with viruses also isolated in the previous
century, between 1961 and 1987, in South Africa, Japan, Germany, Hong Kong, and Taiwan.
This segment constellation also exhibits the greatest diversity of cluster assignments.

Segment constellation 15 (A/Unknown/Buryatia/Arangatui-1,/2020) is character-
ized by close relatedness to H13 subtype viruses isolated from gulls. The nearest se-
quences by percent identity were found in South Korea (2021), The Netherlands (2013),
and Belgium (2020).

Segment constellation 16 includes isolate A /pochard/Buryatiya/1941/2000. Its seg-
ment sequences are most closely related to those of viruses from Mongolia (2001), Japan
(1999, 2000, 2008), Taiwan (1998), and a 1961 mallard isolate.
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3.4. Phylogenetic Analysis of External Gene Segments

Maximum-likelihood phylogenetic trees were constructed for the external gene seg-
ments of the studied viruses. As the surface glycoproteins HA and NA are the main
determinants of pathogenicity and are antigenically relevant for vaccines, we analyzed
the HA and NA segments of subtypes H12N5, HIN1, H3N1, H3N2, H3N5, H3N6, H3NS,
H4N6, H6N1, H6N2, H6N3, and HO6NS detected in the Baikal basin region. Phylogenetic
analysis of the HA and NA segments of all 12 subtype combinations detected in this study
revealed that the Buryatian isolates consistently belong to the Eurasian genetic lineage of
avian influenza viruses. Notably, they do not form a single monophyletic group but are
instead distributed across multiple independent clades, reflecting the role of the Lake Baikal
basin as a mixing zone for genetically diverse viral populations. A characteristic feature of
the investigation strains is their frequent basal position on the phylogenetic trees—observed
for H1, H12, N1, N2, N3, and N5 segments—which may indicate early or ancestral circula-
tion of these variants in the region prior to their dispersal along Eurasian flyways. Genetic
links were identified with viruses from a broad geographic range, spanning Western Siberia
and Europe in the west to Mongolia, China, Japan, South Korea, and Bangladesh in the east,
with an isolated possible intercontinental connection suggested by the clustering of 2023
N8 isolates with a virus from Alaska. Detailed cladistic descriptions have been retained
in the main text for subtypes H3N8 and H4N6 (which account for the largest number of
isolates, n = 14 and n = 11 respectively) and for H12N5; the latter, despite the small number
of isolates (n = 2), is of particular interest due to its limited global distribution and the basal
phylogenetic position of the studied strains compared to other Eurasian and South Asian
representatives of this subtype. Phylogenetic trees for the remaining subtypes are provided
in the Supplementary Materials (Figures S1-S5).

For the HA segment of subtype H3 (Figure 2), the studied isolates belong to the
Eurasian genetic lineage of avian influenza viruses. Two archival isolates from 1988
(A/duck/Buryatia/664/1988 and A /duck/Buryatia/664-5465/1988), obtained from the
GISAID international database and originally collected in the Buryatia Region (of Russia),
demonstrate relatedness to viruses from China and Japan also isolated in the late twentieth
century. The 2023 isolates (A/mallard/Buryatia/Br55, Br62, and Br70) form a compact
cluster with viruses from Amur Region and Shandong Province (China), indicating a link
to the East Asian migratory system.

A substantial proportion of Buryatian isolates from 2020 to 2022 cluster together
with Mongolian viruses, forming a Central Asian cluster. Individual Buryatian sam-
ples (A/teal/Buryatia/63/2018, A/common teal/Buryatia/22i/2019) are associated with
viruses from Western Siberia (Novosibirsk Region, Chany Lake), while isolate A/common
teal/Buryatia/164z/2021 (H3N5) groups with viruses from Bangladesh and Mongolia,
occupying a distinct position on the tree. Overall, the diversity of phylogenetic group-
ings among Buryatian H3 strains reflects the role of the region as a mixing zone for viral
populations of diverse geographical origins.

For the NA segment of subtype N8 (Figure 3), the studied viruses also belong to the
Eurasian lineage of avian influenza viruses. Isolates A/Gadwall/Buryatia/2209/2019
and A/mallard/Buryatia/1575/2019 (H6NS) cluster with viruses from Mongolia, while
A/european wigeon/Buryatia/26i/2020 and A/mallard/Buryatia/25i1/2020 are nearly
identical to each other. Isolates from 2020 to 2022 (B149, 150z, 56i, 12i, 94i) fall within a large
clade together with Mongolian and Chinese viruses. Isolate A/teal/Buryatia/63/2018
groups with a virus from Chany Lake, forming a Western Siberian cluster.
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Tree scale: 0.01 +——
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Figure 2. Maximum likelihood phylogenetic tree of the HA (H3) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.

The tree scale represents the number of substitutions per site.
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Figure 3. Maximum likelihood phylogenetic tree of the NA (N8) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.
The tree scale represents the number of substitutions per site.

The 2023 isolates (A /mallard /Buryatia/Br55, Br62, and Br70) form a compact cluster
that is sister to a group of viruses with broad geographical coverage, including isolates
from Alaska, Sakhalin, Vietnam, and South Korea, suggesting a possible connection to the
Pacific migratory flyway.

A /Unknown/Buryatia/ Arangatui-1/2020 (H13N8) forms a separate clade with iso-
lates collected in European countries, isolated from gulls.

For the HA segment of subtype H4 (Figure 4), the Buryatian isolates belong
to the Eurasian genetic lineage and are represented in two temporal groups. Early
strains from 2000 to 2001 (A/shoveler/Buryatiya/1898, A/pochard/Buryatiya/1903,
A/pochard /Buryatiya/1941, and others), obtained from the GISAID international database
and isolated from northern shovelers, common pochards, tufted ducks, gulls, and common
terns, form a distinct cluster with minimal intragroup divergence, indicating intensive local
circulation of a single virus variant among various species of waterfowl and shorebirds.
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Figure 4. Maximum likelihood phylogenetic tree of the HA (H4) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.
The tree scale represents the number of substitutions per site.

Modern Buryatian isolates (2018-2023) are distributed across several clades. Isolates
A/gadwall/Buryatia/160z/2021 and A /mallard/Buryatia/176z/2021 are closely related
to an isolate from Japan (Kagoshima, 2024), and A /mallard/Buryatia/Br81/2023 falls
within the same subcluster. Isolate A/pochard/Buryatia/33/2018 groups with viruses
from Novosibirsk and Omsk Regions, while isolates from 2021 to 2022 (B57, B10, B122) are
associated with viruses from Mongolia, South Korea, and Amur Region. This distribution
underscores the sustained connection of Buryatian H4 virus populations with both Western
Siberian and East Asian genetic lineages over more than two decades.

The NA segment sequences of subtype N6 (Figure 5) belong to the Eurasian genetic lin-
eage of avian influenza viruses. Early strains from 2000 to 2001 (H4N6), obtained from the
GISAID international database and isolated from northern shovelers, common pochards,
and tufted ducks, form a distinct historical cluster most closely related to viruses from Tai-
wan (1998) and Siberia (1996). Modern Buryatian isolates (2018-2023) are distributed across
several groupings: A/pochard/Buryatia/33/2018 and A/mallard/Buryatia/127z/2021
are associated with viruses from Western Siberia and Dagestan; isolates from 2021 to 2023
(B151, Br81, B10, B57) cluster with Mongolian and South Korean strains; and isolates
A/gadwall/Buryatia/160z/2021 and A /mallard /Buryatia/176z/2021 are linked to Chi-
nese viruses. The N6 segment was found in combination with HA subtypes H3 and H4,
confirming ongoing neuraminidase gene reassortment in wild bird populations of Buryatia.
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Figure 5. Maximum likelihood phylogenetic tree of the NA (N6) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.
The tree scale represents the number of substitutions per site.

For the HA segment of subtype H12 (Figure 6), the Buryatian isolates belong to the
Eurasian genetic lineage of avian influenza viruses. Two samples—A /Gadwall/Buryatia/
2206/2019 and A/Gadwall/Buryatia/2252/2019, isolated from gadwall one day apart
(12-13 October 2019)—occupy a basal position under midpoint rooting, forming a compact
group with a high degree of nucleotide similarity. The remaining viruses are divided
into two subgroups. The first includes isolates from Western Siberia (Novosibirsk Region,
Omsk Region, Chany Lake) and the Georgia, dated 2018-2020. The second subgroup unites
viruses from Bangladesh (2022 and 2024), which demonstrate the greatest genetic distance
from the other members of the dataset. The basal position of the Buryatian strains relative
to the Western Siberian and South Asian isolates may indicate early circulation of this H12
variant among wild waterfowl in Central Asia.
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Figure 6. Maximum likelihood phylogenetic tree of the HA (H12) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.
The tree scale represents the number of substitutions per site.

For the NA gene of subtype N5 (Figure 7), three Buryatian isolates belong to the Eurasian
genetic lineage. Isolates A/Gadwall/Buryatia/2206/2019 and A/Gadwall/Buryatia/
2252/2019 (both H12N5) form a group together with isolate A/common teal/Buryatia/164z/
2021 (H3N5), occupying a basal position on the tree. The main clade includes viruses
from Western Siberia (Novosibirsk Region, Chany Lake), Georgia, as well as H5SN5 iso-
lates associated with highly pathogenic avian influenza epizootics in Europe (Sweden,
The Netherlands, Belgium, Slovenia, Germany, Denmark) and Russia (Omsk Region) in
2020-2021. The presence of a shared N5 segment in viruses of different HA subtypes (H3,
H5, H6, H7, H12) provides evidence of extensive reassortment and underscores the contri-
bution of wild birds of Buryatia to the dissemination of influenza virus genetic material
along Eurasian flyways.
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Figure 7. Maximum likelihood phylogenetic tree of the NA (N5) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue.
The tree scale represents the number of substitutions per site.

4. Discussion

The Lake Baikal basin constitutes a complex system of wetlands that plays a critical
role in supporting waterfowl populations of Eastern Siberia. The Selenga River delta, the
largest wetland in the basin, encompasses a network of channels, oxbow lakes, floodplain
meadows, and marshes forming a mosaic of habitats of varying productivity [39]. The
delta serves as an important site for nesting, molting, and staging of numerous waterfowl
species. The coastal zones of Lake Baikal include a system of lowland marshes formed
by tributaries and flooded floodplains; however, the lake itself provides relatively few
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suitable habitats for waterfowl due to characteristics of its shoreline, depth, and limited
shallow-water areas [39].

During our surveillance conducted between 2018 and 2024, complete genomes of
42 influenza A viruses were obtained from 1036 samples collected from wild migratory
birds representing 28 species belonging to 6 orders.

The annual distribution of samples was uneven: the highest numbers were collected
in 2019 (n = 245) and 2023 (n = 189), whereas 108 samples were collected in 2018, 104 in
2020, 139 in 2021, 171 in 2022, and only 80 in 2024.

Most samples were obtained from representatives of the order Anseriformes (731 out
of 1036; 70.56%). Moreover, 41 out of the 42 isolated viruses came from this order: 13 cases
in Eurasian teal (A), 15 in mallard, and single positive samples in gadwall, Eurasian wigeon,
northern shoveler, northern pintail, and common pochard. This is consistent with the fact
that the main reservoirs of avian influenza A viruses are birds of this order [2].

Among Anseriformes, the dominant species by sample size were mallard (Anas
platyrhynchos, n = 160), Eurasian teal (Anas crecca, n = 124), and gadwall (Mareca strepera,
n = 115)—all widespread species.

Substantial material was also obtained from the Eurasian coot—a representative of
the order Gruiformes (200 out of 1036; 19.31%)—but only one sample of this species
tested positive.

The orders Charadriiformes (n = 16), Podicipediformes (n = 9) and Gaviiformes (n = 1)
were represented by much smaller sample sizes, which does not allow reliable conclusions
about the role of these birds in epizootiology.

Samples from the order Suliformes (79 out of 1036; 7.62%), represented by a single
species—the great cormorant—deserve special mention. The great cormorant has rapidly
increased its abundance at the border of its range after almost half a century of absence
from Lake Baikal due to prolonged droughts in Central Asia, and has redistributed within
its historical range, forming thousands of colonies on islands, bays, shallows (sors), and
along the shores of Lake Baikal and adjacent lake systems [40,41]. We collected 79 samples
from this species. None of them tested positive for AIV (0%, 95% CI: 0-4.56%). However,
the potential risks of AIV transmission and spread, combined with the large population
size, indicate the need for continued monitoring.

Overall, the observed infection rate (4.05%) corresponds to moderately low epizootic
activity in the region during 2018-2024. However, the wide confidence intervals for many
species highlight the need to increase sample sizes to refine risk assessment.

The subtype diversity encompassed 12 distinct HA/NA combinations. Some of these,
such as H3N8 and H4NG6, are widely distributed in wild bird populations [42-44], whereas
others, such as HI2N5 and H6NG3, are rarely encountered.

Avian influenza viruses of the HONx subtype pose a significant threat to public health.
They are widely distributed among wild and domestic birds and are capable of crossing
species barriers, infecting pigs, dogs, and humans [45]. Research findings indicate that a
substantial proportion of circulating H6 strains (up to 34% in some live poultry market
samples) have already acquired the ability to bind human-type receptors (x-2,6-linked sialic
acids) while retaining affinity for avian-type receptors [17]. Key amino acid substitutions
in hemagglutinin, such as E190V, G228S, Q226L, and P186L, play a critical role in this shift
in receptor specificity, enabling these viruses to replicate efficiently in mammalian lungs
without prior adaptation [46].

At the same time, H12 subtype viruses, although detected much less frequently, also
exhibit characteristics that increase their epidemiological significance [47]. Although most
H12 strains retain a preference for avian-type receptors, recent studies have identified
isolates with dual binding specificity for both avian and human receptors [48]. The ability
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of Eurasian reassortants, such as the SX/2143 (H12N2) strain, to efficiently infect the
lungs of mice without prior adaptation indicates the presence of latent risks to human
health [49]. Although some H12N5 variants currently exhibit low replication efficiency in
mammalian models [50], the high frequency of intercontinental reassortment among H12
viruses warrants enhanced global epidemiological surveillance of this “rare” subtype.

Cluster analysis and BLAST searches of internal gene segments revealed a complex
pattern of genetic diversity and allowed us to establish probable evolutionary links with
isolates from extensive geographical zones of Eurasia. The studied strains exhibited a
high degree of genetic heterogeneity across their internal segments and were assigned
to 16 conditional segment constellations, indicating active reassortment in natural bird
populations. Analysis of the nearest BLAST matches for each of the six internal segments
(PB2, PB1, PA, NP, MP, and NS) yielded the following principal observations.

The sequences of segments of the studied viruses are predominantly of Eurasian origin.
The closest relationships were traced to isolates circulating in East Asia. A substantial
number of segments showed the highest identity with sequences detected in Mongolia,
underscoring the importance of this region as a source of genetic diversity for viruses
circulating in southern Siberia. Numerous links with isolates from China, South Korea, and
Japan were also identified.

An important finding is the detection of distant genetic connections. A number of
segments, particularly the MP gene, demonstrated high similarity with viruses isolated in
Bangladesh, in some cases with very recent samples (2024). Matches were also recorded
with isolates from Europe (Sweden, The Netherlands, Georgia), the Middle East (Israel),
and Southeast Asia (Vietnam). These findings point to transcontinental transfer of genetic
material, likely mediated by migratory birds along flyway corridors.

A degree of segment-specific variation was observed. For example, the PB2 and PA
segments were frequently most closely related to Mongolian isolates of the H4N6 subtype,
whereas the MP gene characteristically showed links to viruses from Bangladesh (H7N7). At
the same time, different samples within a single segment constellation may exhibit distinct
relatedness patterns for individual genes, which may reflect their reassortant nature.

Links were demonstrated between avian influenza viruses isolated in Buryatia and
those from key breeding territories of wild migratory birds such as the Republic of Yakutia.
Research conducted there [42] revealed widespread prevalence and circulation of various
influenza virus subtypes in wild migratory bird populations and possible transcontinental
transmission. In the context of the Central Asian Flyway, which traverses both territories,
this finding particularly underscores the importance of continued research and monitoring.

Phylogenetic analysis of external genes (HA and NA) of influenza A viruses isolated
from wild birds in the Lake Baikal basin also demonstrated that all studied isolates be-
long to the Eurasian genetic lineage. Notably, the Buryatian strains do not form a single
monophyletic group but are instead distributed across multiple clades, demonstrating
genetic links with viruses from diverse geographical regions of Eurasia—from Western
Siberia and Europe to Mongolia, East Asia, and South Asia. A characteristic feature of the
Buryatian isolates is their frequent basal position on the phylogenetic trees (segments H1,
H12, N1, N2, N3, N5), which may indicate early circulation of ancestral virus variants in
this territory. Concurrently, a number of samples cluster with genetically distant strains:
the 2024 H1 isolates are associated with both Western Eurasian (Georgia, Sweden, Belgium)
and East Asian (Primorsky Krai, South Korea) viruses; the 2023 N8 samples are linked to a
clade that includes a virus from Alaska, suggesting possible intercontinental transfer of
genetic material.

It should be noted that the previously published genomic characterization of
A/Unknown/Buryatia/Arangatui-1/2020 (H13N8) [18] provides a valuable regional per-
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spective, while the present study extends this work through a broader methodological
framework. Specifically, our analysis incorporated GISAID—the primary global repository
for influenza genome sharing—enabling a more comprehensive representation of global
viral diversity. Furthermore, whereas the phylogenetic reconstruction in that study focused
on sequences of the same subtype, our approach encompassed the full spectrum of avail-
able genetic lineages for each genomic segment, irrespective of HA/NA combination. This
strategy is particularly important for the robust identification of reassortment events, as
restricting comparisons to a single subtype may not capture the full scope of inter-lineage
genetic exchange. Inclusion of a broader set of waterfowl lineages from GISAID in the
present study allowed for a more comprehensive reconstruction of the evolutionary re-
lationships among circulating viruses. Notably, the detection of extensive intra-subtype
reassortment among H13N8 influenza viruses reported by those authors remains a note-
worthy finding, and our results further corroborate the role of the Baikal Siberia region as a
potential hotspot for genetic exchange between viral lineages [51].

In conclusion, the need for further research in the Lake Baikal basin should be em-
phasized. Given the limited number of studies conducted in this region to date, such
work is of critical importance for monitoring and forecasting the epidemiological situation,
as well as for understanding the significance of Buryatia from both ornithological and
epidemiological perspectives.

5. Limitations of the Study
5.1. Sampling Strategy

Study limitations concerning the bias from single cloacal swab sampling and lack of
serological surveillance should be noted. We recognize the limitation of our study related
to single cloacal swab sampling. The tasks of the multi-year monitoring conducted by our
institute include the assessment of the genetic diversity of viruses relevant for a particular
season, the assessment of molecular markers of pathogenicity, the isolation of isolates and
their transfer to store at the state collection/reference centers. Most of the tasks are related
to the study of current viruses circulating in specific populations, which allows timely
assessment of phylogenetic relationships and events related to the exchange of segments.
Collecting blood from birds involves additional serious technical difficulties, logistics and
costs for reagents and transportation (often several thousand kilometers), as well as the
need for special skills to collect blood. In addition, ELISA reagent kits developed for poultry
may not be suitable for all bird species [52]. The development of a special ELISA reagent kit
for Anseriformes is also associated with different tasks and was not included in the study.

5.2. Isolation and Sequencing Strategy

The isolation of RNA viruses in bird populations is uneven. Internal and external
factors make populations heterogeneous for virus replication, which leads to different viral
loads. Studies have shown that 20% of individuals in the population may be responsible
for 80% of viral transmission [53,54]. When collecting samples from wild birds, there is a
possibility that these superspreaders will not be included in our sample. To minimize this
probability, we try to increase the number of individuals in the sample. However, even
at the design stage of the study, based on information about the average percentage of
AlV release in wild bird populations (according to available sources) and the uneven viral
load in the population, it was decided to increase the number of studied individuals. At
the same time, by reducing the number of samples that we collect from 1 individual. We
recognize that this is a limitation of our research and should be noted.

Another issue is a strategy chosen that first involves isolation in embryonated eggs
and then further analysis of isolates using PCR. Some studies showed the loss of sensitivity
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suggesting that the RT-qPCR is the most sensitive method. Additionally, even if no isolate
can be obtained from a PCR-positive sample, sequence data can usually still be generated.
Indeed, when conducting epidemiological surveillance, the Real-time RT-PCR method
in the primary sample is the most traditional and preferable (WOAH) to identify the
genetic material of the virus. However, isolating isolates in embryonated eggs is the most
appropriate option for detecting a virus capable of infecting cells and replicating. The
purpose of the long-term monitoring of influenza A virus conducted by our institute is not
only to identify the genetic material and subtyping, but also to determine the biological
properties and transfer new isolates to the state collection/reference center. Especially if
HPALIV is detected.

There are a number of studies comparing the virus isolation method on chicken
embryos and PCR. A number of works indicate a greater sensitivity of PCR diagnostics (for
example, Kim et al., 2019) [55], others indicate a higher sensitivity of isolation in chicken
embryos (for example, Spackman et al., 2003) [56]. The results on average show that
they can be compared in sensitivity. Obviously, separate methods of detection have some
limitations. Therefore, different methods should be combined for optimal surveillance. We
chose VI method with further PCR and sequencing because we tried not only to detect but
also to isolate the virus so that we could then have sufficient concentration and sequence
the complete genome. It is much more difficult to sequence the complete genome from the
original specimens because they could usually contain highly degraded RNA. Previous
studies indicate that, when the viral load in primary samples is low, the likelihood of
recovering a full-genome viral sequence is reduced [57,58]. At the same time, we recognize
an important limitation of detection after isolation: virus isolation rates are lower than
molecular RT-PCR rates; mixed infections may be lost during cultivation, which may affect
the assessment of influenza virus subtype diversity; genetic mutations may be introduced
via AIV propagation in chicken embryos. Finally, after considering all limitations and
benefits of different strategies, it was decided to cultivate the virus before sequencing.

The use of several sequencing workflows in a long-term surveillance study has some
limitations. The use of different library preparation protocols and assembly workflows was
due to the longitudinal nature of the study and to the fact that sequencing was performed in
different years and, for part of the material, within an international collaborative program.

Because the surveillance program covered several years and part of the sequencing
was performed within an external collaborative framework, the original raw sequencing
files are not available to the author group for all historical samples. Therefore, we cannot
retrospectively apply a fully uniform raw-read-level QC pipeline to all sequencing batches
or provide standardized read-depth and read-filtration statistics for every sample. How-
ever, since different library preparation protocols, reagent kits, and assembly workflows
were used in different years, all newly generated sequences in this study were obtained
using the same sequencing platform, lllumina MiSeq. The differences therefore mainly
concerned the upstream library preparation/amplification procedures and downstream
assembly workflows, rather than the sequencing technology itself. Given the small size of
the segmented influenza A virus genome and the use of consensus genome sequences for
downstream analysis, we consider the resulting sequences to be comparable for the pur-
poses of subtype identification, BLAST-based similarity search, segment-level phylogenetic
reconstruction, and operational clustering of internal gene segments.

The analyses performed in this study were intentionally restricted to the consensus-
genome level. We did not perform analyses that require strict read-level comparability
across sequencing batches, such as minor-variant detection, intra-host diversity analysis,
low-frequency SNP profiling, or quantitative assessment of within-sample variant frequen-
cies. Thus, the possible technical differences between sequencing batches are unlikely to
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affect the main conclusions of the manuscript, which are based on robust whole-segment
relationships rather than read-level variation. The consensus-level comparative analysis
of influenza A virus sequences generated by different sequencing platforms and library
preparation protocols is a standard practice in influenza molecular epidemiology. Public
influenza databases such as GISAID contain sequences generated in different laboratories
using different sequencing technologies, including Sanger sequencing and various next-
generation sequencing platforms, as well as different amplification and library preparation
protocols. These data are routinely used together for subtype assignment, BLAST com-
parison, and phylogenetic analysis, provided that the submitted consensus sequences are
complete or near-complete, biologically plausible, and pass sequence-level quality checks.
Our study follows the same consensus-level logic. Although this issue should be taken into
account when providing comparative studies.

6. Conclusions

The data obtained demonstrate that the influenza A virus population in Baikal Siberia
constitutes a dynamic and genetically heterogeneous system in constant interaction with
viruses from extensive territories across Asia and Europe. Virus circulation is maintained
through the regular introduction of new genetic variants by migratory birds and subsequent
local reassortment. The strategic location of the region at the intersection of major Eurasian
avian migratory flyways, combined with the presence of key ornithological territories such
as the Selenga River delta, creates optimal conditions for the circulation, evolution, and
emergence of novel reassortant influenza A virus variants.

These findings substantially expand our understanding of the molecular epidemiol-
ogy of influenza A virus in Baikal Siberia and contribute to knowledge of viral evolution
and dissemination in Northern Asia. The results underscore the necessity of continuous
epidemiological surveillance at this important flyway node for understanding the global
evolution of influenza A virus. Continued systematic monitoring will enable timely detec-
tion of emerging highly pathogenic strains and assessment of the risks they pose to wild
and domestic bird populations and to public health.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/v18070761/s1: Table S1: Sample size and results of virus detection
with year-wise distribution in wild waterfowl of the Lake Baikal basin. Table S2: The optimal
nucleotide substitution model for each gene segment, selected using the ModelFinder program based
on the Bayesian Information Criterion (BIC). Figure S1: Maximum likelihood phylogenetic tree of
the HA (H6) genome segment of avian influenza viruses isolated in the Lake Baikal basin. The
tree is midpoint-rooted. The blue circle symbol denotes branches with values SH-aLRT > 80% and
UFboot > 95%. The studied strains are highlighted in blue. The tree scale represents the number of
substitutions per site. Figure 52: Maximum likelihood phylogenetic tree of the NA (N1) genome
segment of avian influenza viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted.
The blue circle symbol denotes branches with values SH-aLRT > 80% and UFboot > 95%. The
studied strains are highlighted in blue. The tree scale represents the number of substitutions per site.
Figure S3: Maximum likelihood phylogenetic tree of the NA (N2) genome segment of avian influenza
viruses isolated in the Lake Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes
branches with values SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in
blue. The tree scale represents the number of substitutions per site. Figure S4: Maximum likelihood
phylogenetic tree of the NA (N3) genome segment of avian influenza viruses isolated in the Lake
Baikal basin. The tree is midpoint-rooted. The blue circle symbol denotes branches with values
SH-aLRT > 80% and UFboot > 95%. The studied strains are highlighted in blue. The tree scale
represents the number of substitutions per site. Figure S5: Maximum likelihood phylogenetic tree
of the HA (H1) genome segment of avian influenza viruses isolated in the Lake Baikal basin. The
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tree is midpoint-rooted. The blue circle symbol denotes branches with values SH-aLRT > 80% and
UFboot > 95%. The studied strains are highlighted in blue. The tree scale represents the number of
substitutions per site.

Author Contributions: Conceptualization, N.K,, K.S., A.D., I.S. and N.D.; data curation, N.K,, K.S.,
AD,ND,EB,LB,AL,JM,YU.and A.S; formal analysis, N.K.,K.S., AD, 1S,N.D,, AL, M.G.
(Marina Gulyaeva), D.K.,, ].M., and A.S.; funding acquisition, K.S., Y.U.; investigation, N.K., K.S.,
AD,ND,JM,YU,EB, LB, M.G. (Maxim Grigoriev), A.L,, LS., S.K., WW,, and ].C.; methodology,
NK,KS,AD,ND,AL,DK,]JM, YU, EB, LB. and LS,; project administration, K.S., LS., Y.U;
resources, K.S., AD, LS., J M., Y.U. and A.S,; software, N.K,, K.S., A.D., and I.S,; supervision, K.S., LS.,
JM.,, Y.U,SK., WW. and ].C,; validation, N.K., K.S., A.D., N.D., E.B., L.B,, A.L. and LS.; visualization,
N.K, KS., AD., N.D, and D.K,; writing—original draft, N.K., K.S., A.D.,,N.D,, E.B.,, D.K,, and L.S;
writing—review and editing, N.K,, K.S., A.D.,,N.D., ] M,, YU, E.B,, L.B.,, M.G. (Marina Gulyaeva),
AL, M.G. (Maxim Grigoriev), D.K,, TM,, 1.S., S.K., WW,, J.C. and A.S. All authors have read and
agreed to the published version of the manuscript.

Funding: Please add: The study was partially supported by the following sources: RSF project
25-44-02015 (molecular analysis), and state-funded budget project 125013001100-2 (sampling,
diagnostics, sequencing).

Institutional Review Board Statement: This study was conducted with the approval of the Biomedi-
cal Ethics Committee of FRC FTM SB RAS, Novosibirsk (Protocols No. 2019-3 and 2021-10, approval
date: 1 March 2019, 1 October 2021). The bird specimens were collected during the hunting season
(from 18 August to 15 October of each year), with a license from the regional Ministries of Ecology
and Natural Resources, as part of the annual collection of biological material (i.e., the Program for the
Study of Infectious Diseases of Wild Animals, FRC FTM, Novosibirsk).:

Data Availability Statement: All genome sequences of AIVs from this study are available in the
GISAID database. (accession numbers: EPI ISL 337148, EPI ISL 338328, EPI ISL 337397, EPI ISL
337400, EPI ISL 337398, EPI ISL 2727617, EPI ISL 403705, EPI ISL 400273, EPI ISL 403713, EPI ISL
403715, EPI ISL 403714, EPI ISL 400279, EPI ISL 400278, EPI ISL 400277, EPI ISL 400276, EPI ISL
400280, EPI ISL 2727630, EPI ISL 2727631, EPI ISL 2727632, EPI ISL 2727628, EPI ISL 2727633, EPI ISL
19212485, EPI ISL 19212473, EPI ISL 19212475, EP1 ISL 19212472, EP1 ISL 19212476, EP1 ISL 19212479,
EPIISL 19212480, EPI ISL 19212488, EPI ISL 19212474, EPI ISL 19212530, EPI ISL 19212546, EPI ISL
19212547, EPI ISL 19212548, EPI ISL 19212549, EPI ISL 19202480, EPI ISL 19202483, EPI ISL 19202513,
EPTISL 19202484, EPI ISL 19202481, EPI ISL 20146001 and EPI ISL 20146000).

Acknowledgments: We would like to thank the Technical Sequencing Center of the Institute of
Virology, in particular, Okhlopkova O.V.,, and graduate students Moshkin A.D., Stolbunova K.A., and
Stepanyuk M.A.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  International Committee on Taxonomy of Viruses. ICTV Taxonomy History. Available online: https:/ /ictv.global/taxonomy /
history/ (accessed on 20 May 2026).

2. Webster, R.G.; Bean, W.J.; Gorman, O.T.; Chambers, T.M.; Kawaoka, Y. Evolution and Ecology of Influenza A Viruses. Microbiol.
Rev. 1992, 56, 152-179. [CrossRef] [PubMed]

3.  Burrough, E.R,; Magstadt, D.R.; Petersen, B.; Timmermans, S.J.; Gauger, P.C.; Zhang, J.; Siepker, C.; Mainenti, M.; Li, G.; Thompson,
A.C.; et al. Highly Pathogenic Avian Influenza A(H5N1) Clade 2.3.4.4b Virus Infection in Domestic Dairy Cattle and Cats, United
States, 2024. Emerg. Infect. Dis. 2024, 30, 1335-1343. [CrossRef] [PubMed]

4. Sreenivasan, C.C; Li, F; Wang, D. Emerging Threats of Highly Pathogenic Avian Influenza A (H5N1) in US Dairy Cattle:
Understanding Cross-Species Transmission Dynamics in Mammalian Hosts. Viruses 2024, 16, 1703. [CrossRef] [PubMed]

5. Blagodatski, A.; Trutneva, K.; Glazova, O.; Mityaeva, O.; Shevkova, L.; Kegeles, E.; Onyanov, N.; Fede, K.; Maznina, A.; Khavina,

E.; et al. Avian Influenza in Wild Birds and Poultry: Dissemination Pathways, Monitoring Methods, and Virus Ecology. Pathogens
2021, 10, 630. [CrossRef] [PubMed]

https://doi.org/10.3390/v18070761


https://ictv.global/taxonomy/history/
https://ictv.global/taxonomy/history/
https://doi.org/10.1128/mr.56.1.152-179.1992
https://www.ncbi.nlm.nih.gov/pubmed/1579108
https://doi.org/10.3201/eid3007.240508
https://www.ncbi.nlm.nih.gov/pubmed/38683888
https://doi.org/10.3390/v16111703
https://www.ncbi.nlm.nih.gov/pubmed/39599818
https://doi.org/10.3390/pathogens10050630
https://www.ncbi.nlm.nih.gov/pubmed/34065291
https://doi.org/10.3390/v18070761

Viruses 2026, 18, 761 28 of 30

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Webster, R.G.; Peiris, M.; Chen, H.; Guan, Y. H5SN1 Outbreaks and Enzootic Influenza. Emerg. Infect. Dis. 2006, 12, 3-8. [CrossRef]
[PubMed]

Gulyaeva, M.; Badmaeva, E.; Yurchenko, K.; Sharshov, K.; Sobolev, I.; Bi, Y.; Chen, J.; Shi, W.; Diulin, I.; Dorzhiev, T.; et al.
Monitoring of Potentially Emerging Pathogens in Wild Birds at Baikal Lake Basin in 2019. EcoHealth 2022, 19, 335-341. [CrossRef]
[PubMed]

Melnikov, Y.I. Wetland Ecosystems of the Selenga River Delta: Dynamics of the Hydrological Regime and Its Effect on the Density
of Bird. Nesting 2017, 2, 21-33.

Cherkashina, A.A.; Golubtsov, V. Structure of Soil Cover in the Tunkinskaya Depression. Geogr. Nat. Resour. 2016, 3, 130-140.
Dorzhiev, T.Z.; Badmaeva, E.N. Non-Passeriform Birds of the Republic of Buryatia: An Annotated Checklist. Nat. Inn. Asia 2016,
1, 7-60. [CrossRef]

Bahl, J.; Pham, T.T.; Hill, N.J.; Hussein, LT.M.; Ma, E.].; Easterday, B.C.; Halpin, R.A.; Stockwell, T.B.; Wentworth, D.E.; Kayali, G.;
et al. Ecosystem Interactions Underlie the Spread of Avian Influenza A Viruses with Pandemic Potential. PLoS Pathog. 2016, 12,
€1005620. [CrossRef] [PubMed]

Fefelov, I.V.; Tupitsyn, LI; Podkovyrov, V.A.; Zhuravlev, V.E.; Pyzhyanov, S.V. (Eds.) Birds of the Selenga Delta: A Faunal Summary;
East-Siberian Publishing Company CJSC: Irkutsk, Russia, 2001; ISBN 978-5-7424-0804-8.

Dorzhiev, T.Z.; Badmaeva, E.N.; Natsagdorj, T. Ecological and Systematic Characteristics of Wetland Birds in the Lake Baikal
Basin. Nat. Inn. Asia 2018, 116, 51-83. [CrossRef]

Badmaeva, E.N.; Deulin, 1.Y.; Gulyaeva, M.A.; Bazarov, L.D.; Dorzhiev, T.Z.; Jamalutdinov, ]. M. Nestling Phenology of Anseri-
formes in the Baikal Siberia Region, Russia. South Russ. Ecol. Dev. 2020, 15, 145-150. [CrossRef]

Krammer, F.; Smith, G.].D.; Fouchier, R.A.M.; Peiris, M.; Kedzierska, K.; Doherty, P.C.; Palese, P.; Shaw, M.L.; Treanor, J.; Webster,
R.G.; et al. Influenza. Nat. Rev. Dis. Prim. 2018, 4, 3. [CrossRef] [PubMed]

Sharshov, K.; Mine, ].; Sobolev, I.; Kurskaya, O.; Dubovitskiy, N.; Kabilov, M.; Alikina, T.; Nakayama, M.; Tsunekuni, R.; Derko,
A.; et al. Characterization and Phylodynamics of Reassortant H12Nx Viruses in Northern Eurasia. Microorganisms 2019, 7, 643.
[CrossRef] [PubMed]

Wang, G.; Deng, G.; Shi, J.; Luo, W.; Zhang, G.; Zhang, Q.; Liu, L,; Jiang, Y.; Li, C.; Sriwilaijaroen, N.; et al. H6 Influenza Viruses
Pose a Potential Threat to Human Health. J. Virol. 2014, 88, 3953-3964. [CrossRef] [PubMed]

Feoktistova, S.; Sayganova, M.; Trutneva, K.; Glazova, O.; Blagodatski, A.S.; Shevkova, L.; Navoikova, A.; Anisimov, Y.; Albert, E.;
Mityaeva, O.; et al. Abundant Intra-Subtype Reassortment Revealed in H13N8 Influenza Viruses. Viruses 2024, 16, 568. [CrossRef]
[PubMed]

WHO. World Health Organization Collecting, Preserving and Shipping Specimens for the Diagnosis of Avian Influenza A(H5N1) Virus
Infection: Guide for Field Operations; World Health Organization: Geneva, Switzerland, 2006.

Avian Influenza-WOAH-World Organisation for Animal Health. Available online: https:/ /www.woah.org/en/disease/avian-
influenza/ (accessed on 14 November 2025).

Spackman, E. Animal Influenza Virus, 2nd ed.; Humana Press: New York, NY, USA, 2014; ISBN 978-1-4939-0757-1.

Raza, M.A; Shen, B.; Ashraf, M.A ; Yue, L.; Xu, H.; Amjad, M.N.; Din, G.U.; Bhutto, A.A.; Chen, L.; Hu, R.; et al. Isolation,
Identification, and Whole Genome Sequencing Analysis of Influenza A Virus Clinical Isolates from Shanghai, China, during
2022-2023. Virol. . 2026, 23, 67. [CrossRef] [PubMed]

Frederick, J.C.; Lacek, K.A.; Wersebe, M.].; Shu, B.; Keong, L.M.; DaSilva, J.; Wilson, M.M.; Sheffield, S.R.; Liddell, J.; Burnett, N.;
et al. Next-Generation Sequencing Strategies During the 2024-2025 Avian Influenza A(H5N1) Emergency Response in the U.S.
Viruses 2026, 18, 482. [CrossRef] [PubMed]

Zhou, B.; Donnelly, M.E.; Scholes, D.T.; St. George, K.; Hatta, M.; Kawaoka, Y.; Wentworth, D.E. Single-Reaction Genomic
Amplification Accelerates Sequencing and Vaccine Production for Classical and Swine Origin Human Influenza A Viruses.
J. Virol. 2009, 83, 10309-10313. [CrossRef] [PubMed]

CFIA-NCFAD/Nf-Flu. Available online: https://github.com/cfia-ncfad/nf-flu/tree/3.2.1?tab=readme-ov-file (accessed on
20 May 2026).

Di Tommaso, P.; Chatzou, M.; Floden, E.W.; Barja, P.P.; Palumbo, E.; Notredame, C. Nextflow Enables Reproducible Computational
Workflows. Nat. Biotechnol. 2017, 35, 316-319. [CrossRef]

Camacho, C.; Coulouris, G.; Avagyan, V.; Ma, N.; Papadopoulos, J.; Bealer, K.; Madden, T.L. BLAST+: Architecture and
Applications. BMC Bioinform. 2009, 10, 421. [CrossRef] [PubMed]

Elbe, S.; Buckland-Merrett, G. Data, Disease and Diplomacy: GISAID’s Innovative Contribution to Global Health. Glob. Chall.
2017, 1, 33-46. [CrossRef] [PubMed]

Clark, K.; Karsch-Mizrachi, I.; Lipman, D.]J.; Ostell, ].; Sayers, E.-W. GenBank. Nucleic Acids Res. 2016, 44, D67-D72. [CrossRef]
[PubMed]

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna,
Austria, 2023.

https://doi.org/10.3390/v18070761


https://doi.org/10.3201/eid1201.051024
https://www.ncbi.nlm.nih.gov/pubmed/16494709
https://doi.org/10.1007/s10393-022-01614-7
https://www.ncbi.nlm.nih.gov/pubmed/36018399
https://doi.org/10.18101/2542-0623-2016-1-7-60
https://doi.org/10.1371/journal.ppat.1005620
https://www.ncbi.nlm.nih.gov/pubmed/27166585
https://doi.org/10.18101/2542-0623-2018-3-51-83
https://doi.org/10.18470/1992-1098-2020-1-145-150
https://doi.org/10.1038/s41572-018-0002-y
https://www.ncbi.nlm.nih.gov/pubmed/29955068
https://doi.org/10.3390/microorganisms7120643
https://www.ncbi.nlm.nih.gov/pubmed/31816947
https://doi.org/10.1128/JVI.03292-13
https://www.ncbi.nlm.nih.gov/pubmed/24501418
https://doi.org/10.3390/v16040568
https://www.ncbi.nlm.nih.gov/pubmed/38675910
https://www.woah.org/en/disease/avian-influenza/
https://www.woah.org/en/disease/avian-influenza/
https://doi.org/10.1186/s12985-025-03060-7
https://www.ncbi.nlm.nih.gov/pubmed/41639736
https://doi.org/10.3390/v18040482
https://www.ncbi.nlm.nih.gov/pubmed/42043271
https://doi.org/10.1128/JVI.01109-09
https://www.ncbi.nlm.nih.gov/pubmed/19605485
https://github.com/cfia-ncfad/nf-flu/tree/3.2.1?tab=readme-ov-file
https://doi.org/10.1038/nbt.3820
https://doi.org/10.1186/1471-2105-10-421
https://www.ncbi.nlm.nih.gov/pubmed/20003500
https://doi.org/10.1002/gch2.1018
https://www.ncbi.nlm.nih.gov/pubmed/31565258
https://doi.org/10.1093/nar/gkv1276
https://www.ncbi.nlm.nih.gov/pubmed/26590407
https://doi.org/10.3390/v18070761

Viruses 2026, 18, 761 29 of 30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Murtagh, F; Legendre, P. Ward’s Hierarchical Agglomerative Clustering Method: Which Algorithms Implement Ward’s Criterion?
J. Classif. 2014, 31, 274-295. [CrossRef]

Katoh, K.; Standley, D.M. MAFFT Multiple Sequence Alignment Software Version 7: Improvements in Performance and Usability.
Mol. Biol. Evol. 2013, 30, 772-780. [CrossRef] [PubMed]

Okonechnikov, K.; Golosova, O.; Fursov, M. the UGENE team Unipro UGENE: A Unified Bioinformatics Toolkit. Bioinformatics
2012, 28, 1166-1167. [CrossRef] [PubMed]

Minh, B.Q.; Schmidt, H.A.; Chernomor, O.; Schrempf, D.; Woodhams, M.D.; Von Haeseler, A.; Lanfear, R. IQ-TREE 2: New Models
and Efficient Methods for Phylogenetic Inference in the Genomic Era. Mol. Biol. Evol. 2020, 37, 1530-1534. [CrossRef] [PubMed]
Hoang, D.T.; Chernomor, O.; Von Haeseler, A.; Minh, B.Q.; Vinh, L.S. UFBoot2: Improving the Ultrafast Bootstrap Approximation.
Mol. Biol. Evol. 2018, 35, 518-522. [CrossRef] [PubMed]

Kalyaanamoorthy, S.; Minh, B.Q.; Wong, TK.F.,; Von Haeseler, A.; Jermiin, L.S. ModelFinder: Fast Model Selection for Accurate
Phylogenetic Estimates. Nat. Methods 2017, 14, 587-589. [CrossRef] [PubMed]

Letunic, I; Bork, P. Interactive Tree Of Life (iTOL) v5: An Online Tool for Phylogenetic Tree Display and Annotation. Nucleic
Acids Res. 2021, 49, W293-W296. [CrossRef] [PubMed]

Clopper, C.J.; Pearson, E.S. The Use of Confidence or Fiducial Limits Illustrated in the Case of the Binomial. Biometrika 1934, 26,
404-413. [CrossRef]

Anthes, N.; Bergmann, H.-H.; Hegemann, A.; Jaquier, S.; Kriegs, ].O.; Pyzhjanov, S.W.; Schielzeth, H. Waterbird Phenology and
Opportunistic Acceptance of a Low-Quality Wader Staging Site at Lake Baikal, Eastern Siberia. Wader Study Group Bull. 2004, 105,
75-83.

Badmaeva, E.N.; Dorzhiev, T.Z.; Bazarov, L.D.; Ananin, A.A. Spatial Distribution and Abundance of the Great Cormorant
Phalacrocorax carbo in Buryatia in 2024. Nat. Inn. Asia 2025, 3, 31-59.

Yelayev, E.N.; Dorzhiev, T.Z.; Ananin, A.A.; Pyzhyanov, S.V,; Yankus, G.A.; Badmaeva, E.N.; Mokridina, M.S.; Bazarov, L.D.
Feeding Ecology and Epizootological Value of the Great Cormorant (Phalacrocorax carbo) during the Secondary Expansion of the
Baikal Region. Ross. Ekol. Razvit. 2022, 16, 47-55. [CrossRef]

Kasianov, N.; Sharshov, K.; Derko, A.; Sobolev, I.; Dubovitskiy, N.; Loginova, A.; Shemyakin, E.; Vladimirtseva, M.; Egorov, N.;
Gabyshev, V,; et al. Exploring Avian Influenza Viruses in Yakutia—The Largest Breeding Habitat of Wild Migratory Birds in
Northeastern Siberia. Viruses 2025, 17, 632. [CrossRef] [PubMed]

Murashkina, T.; Sharshov, K.; Gadzhiev, A.; Petherbridge, G.; Derko, A.; Soboleyv, I.; Dubovitskiy, N.; Loginova, A.; Kurskaya, O.;
Kasianov, N.; et al. Avian Influenza Virus and Avian Paramyxoviruses in Wild Waterfowl of the Western Coast of the Caspian Sea
(2017-2020). Viruses 2024, 16, 598. [CrossRef] [PubMed]

Wang, Y.; Wang, M.; Zhang, H.; Zhao, C.; Zhang, Y.; Shen, J.; Sun, X,; Xu, H.; Xie, Y.; Gao, X,; et al. Prevalence, Evolution,
Replication and Transmission of H3N8 Avian Influenza Viruses Isolated from Migratory Birds in Eastern China from 2017 to 2021.
Emerg. Microbes Infect. 2023, 12, 2184178. [CrossRef] [PubMed]

Lin, M.; Yao, Q.-C.; Liu, J.; Huo, M.; Zhou, Y.; Chen, M.; Li, Y; Gao, Y.; Ge, Y. Evolution and Reassortment of H6 Subtype Avian
Influenza Viruses. Viruses 2023, 15, 1547. [CrossRef] [PubMed]

Yan, Z.; Li, Y.; Huang, S.; Wen, E. Global Distribution, Receptor Binding, and Cross-Species Transmission of H6 Influenza Viruses:
Risks and Implications for Humans. J. Virol. 2023, 97, e01370-23. [CrossRef] [PubMed]

Tang, L.; Tang, W.; Ming, L.; Gu, ].; Qian, K,; Li, X.; Wang, T.; He, G. Characterization of Avian Influenza Virus H10-H12 Subtypes
Isolated from Wild Birds in Shanghai, China from 2016 to 2019. Viruses 2020, 12, 1085. [CrossRef] [PubMed]

Wan, Z.; Kan, Q.; He, D.; Zhao, Z.; Gong, J.; Jiang, W.; Tang, T.; Li, Y.; Xie, Q.; Li, T; et al. Phylogeography and Biological
Characterizations of H12 Influenza A Viruses. Viruses 2022, 14, 2251. [CrossRef] [PubMed]

Ren, P; Gao, Z.; Li, X,; Tang, J.; Li, P,; Huang, Z.; Guo, J.; Cui, P; Jin, L.; Li, ].; et al. Phylogeography and Biological Characterization
of H12N2 Virus Isolated from Whooper Swan in Central China. Front. Microbiol. 2025, 15, 1536876. [CrossRef] [PubMed]

Wang, M.; Guo, J.; Zhang, H.; Sun, X,; Shen, J.; Guan, M,; Liu, L.; Liu, W.; Yu, Z,; Ren, A ; et al. Ecological and Genetic Landscapes
of Global H12 Avian Influenza Viruses and Biological Characteristics of an H12N5 Virus Isolated from Wild Ducks in Eastern
China. Transbound. Emerg. Dis. 2024, 2024, 9140418. [CrossRef] [PubMed]

Hill, N.J.; Bishop, M.A.; Trovao, N.S.; Ineson, K.M.; Schaefer, A.L.; Puryear, W.B.; Zhou, K,; Foss, A.D.; Clark, D.E.; MacKenzie,
K.G.; et al. Ecological Divergence of Wild Birds Drives Avian Influenza Spillover and Global Spread. PLoS Pathog. 2022, 18,
€1010062. [CrossRef] [PubMed]

Fair, JM.; Al-Hmoud, N.; Alrwashdeh, M.; Bartlow, A.W.; Balkhamishvili, S.; Daraselia, I.; Elshoff, A.; Fakhouri, L.; Javakhishvili,
Z.; Khoury, F; et al. Transboundary Determinants of Avian Zoonotic Infectious Diseases: Challenges for Strengthening Research
Capacity and Connecting Surveillance Networks. Front. Microbiol. 2024, 15, 1341842. [CrossRef] [PubMed]

Woolhouse, M.E.].; Dye, C.; Etard, ].-F.; Smith, T.; Charlwood, J.D.; Garnett, G.P.; Hagan, P.; Hii, ].L.K.; Ndhlovu, P.D.; Quinnell,
R.J.; et al. Heterogeneities in the Transmission of Infectious Agents: Implications for the Design of Control Programs. Proc. Natl.
Acad. Sci. USA 1997, 94, 338-342. [CrossRef] [PubMed]

https://doi.org/10.3390/v18070761


https://doi.org/10.1007/s00357-014-9161-z
https://doi.org/10.1093/molbev/mst010
https://www.ncbi.nlm.nih.gov/pubmed/23329690
https://doi.org/10.1093/bioinformatics/bts091
https://www.ncbi.nlm.nih.gov/pubmed/22368248
https://doi.org/10.1093/molbev/msaa015
https://www.ncbi.nlm.nih.gov/pubmed/32011700
https://doi.org/10.1093/molbev/msx281
https://www.ncbi.nlm.nih.gov/pubmed/29077904
https://doi.org/10.1038/nmeth.4285
https://www.ncbi.nlm.nih.gov/pubmed/28481363
https://doi.org/10.1093/nar/gkab301
https://www.ncbi.nlm.nih.gov/pubmed/33885785
https://doi.org/10.1093/biomet/26.4.404
https://doi.org/10.18470/1992-1098-2021-4-47-55
https://doi.org/10.3390/v17050632
https://www.ncbi.nlm.nih.gov/pubmed/40431644
https://doi.org/10.3390/v16040598
https://www.ncbi.nlm.nih.gov/pubmed/38675939
https://doi.org/10.1080/22221751.2023.2184178
https://www.ncbi.nlm.nih.gov/pubmed/36913241
https://doi.org/10.3390/v15071547
https://www.ncbi.nlm.nih.gov/pubmed/37515233
https://doi.org/10.1128/jvi.01370-23
https://www.ncbi.nlm.nih.gov/pubmed/37877722
https://doi.org/10.3390/v12101085
https://www.ncbi.nlm.nih.gov/pubmed/32992999
https://doi.org/10.3390/v14102251
https://www.ncbi.nlm.nih.gov/pubmed/36298805
https://doi.org/10.3389/fmicb.2024.1536876
https://www.ncbi.nlm.nih.gov/pubmed/39850139
https://doi.org/10.1155/2024/9140418
https://www.ncbi.nlm.nih.gov/pubmed/40303124
https://doi.org/10.1371/journal.ppat.1010062
https://www.ncbi.nlm.nih.gov/pubmed/35588106
https://doi.org/10.3389/fmicb.2024.1341842
https://www.ncbi.nlm.nih.gov/pubmed/38435695
https://doi.org/10.1073/pnas.94.1.338
https://www.ncbi.nlm.nih.gov/pubmed/8990210
https://doi.org/10.3390/v18070761

Viruses 2026, 18, 761 30 of 30

54.

55.

56.

57.

58.

Jankowski, M.D.; Williams, C.J.; Fair, ]. M.; Owen, J.C. Birds Shed RNA-Viruses According to the Pareto Principle. PLoS ONE 2013,
8, €72611. [CrossRef] [PubMed]

Kim, G.-S.; Kim, T.-S,; Son, ]J.-S.; Lai, V.D,; Park, ].-E.; Wang, S.-J.; Jheong, W.-H.; Mo, I.-P. The Difference of Detection Rate of
Avian Influenza Virus in the Wild Bird Surveillance Using Various Methods. J. Vet. Sci. 2019, 20, e56. [CrossRef] [PubMed]
Spackman, E.; Senne, D.A.; Bulaga, L.L.; Myers, T.J.; Perdue, M.L.; Garber, L.P.; Lohman, K.; Daum, L.T.; Suarez, D.L. Development
of Real-Time RT-PCR for the Detection of Avian Influenza Virus. Avian Dis. 2003, 47, 1079-1082. [CrossRef] [PubMed]

Hopken, M.W.; Piaggio, A.].; Pabilonia, K.L.; Pierce, J.; Anderson, T.; Abdo, Z. Predicting Whole Genome Sequencing Success for
Archived Avian Influenza Virus (Orthomyxoviridae) Samples Using Real-Time and Droplet PCRs. |. Virol. Methods 2020, 276,
113777. [CrossRef] [PubMed]

Lindsay, L.; Kelly, T.; Plancarte, M.; Schobel, S.; Lin, X.; Dugan, V.; Wentworth, D.; Boyce, W. Avian Influenza: Mixed Infections
and Missing Viruses. Viruses 2013, 5, 1964-1977. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18070761


https://doi.org/10.1371/journal.pone.0072611
https://www.ncbi.nlm.nih.gov/pubmed/23991129
https://doi.org/10.4142/jvs.2019.20.e56
https://www.ncbi.nlm.nih.gov/pubmed/31565899
https://doi.org/10.1637/0005-2086-47.s3.1079
https://www.ncbi.nlm.nih.gov/pubmed/14575115
https://doi.org/10.1016/j.jviromet.2019.113777
https://www.ncbi.nlm.nih.gov/pubmed/31730870
https://doi.org/10.3390/v5081964
https://www.ncbi.nlm.nih.gov/pubmed/23921843
https://doi.org/10.3390/v18070761

	Introduction 
	Materials and Methods 
	Ethical Considerations 
	Sample Collection 
	Virus Isolation Using Embryonated Chicken Eggs 
	RNA Extraction, Reverse Transcription, and PCR 
	Sequencing of Influenza A Viruses 
	Search for the Nearest Identical Sequences for AIVs 
	Cluster Analysis of Internal Gene Segments 
	Methodotology for Phylogenetic Analysis of External Gene Segments 
	Statistical Analysis 

	Results 
	Ecological Features of Study Area and Samples 
	Influenza A Viruses in Wild Birds of Buryatia 
	Cluster Analysis and Nearest Sequences from the GISAID Database for Internal Genes 
	Phylogenetic Analysis of External Gene Segments 

	Discussion 
	Limitations of the Study 
	Sampling Strategy 
	Isolation and Sequencing Strategy 

	Conclusions 
	References

