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Abstract

Wild waterfowl serve as the primary hosts of influenza A viruses, from which sporadically
emerging lineages adapt to chickens, horses, pigs, and humans. This highlights the importance
of controlling influenza viruses in wild populations. During the autumn migration of wild ducks
through Moscow, monitoring for avian influenza was conducted. Analysis of wild duck influenza
viruses from 2006 to 2021 revealed a shift in prevalence from European to Asian lineages. The
present study investigated viruses isolated in 2022-2023. Twelve virus strains were isolated and
subjected to whole-genome sequencing. Phylogenetic analysis indicated relationships with
viruses previously isolated in Kazakhstan, Egypt, India, Bangladesh, China, and Korea. In
contrast, viruses from 2008 to 2010 were primarily isolated in the Netherlands and Sweden, with
fewer cases in Mongolia and Ukraine. These findings confirm earlier observations that the
number of viruses of European origin in Moscow has declined over time. Genomic positions
associated with host adaptation and pathogenicity were analyzed. All isolates possessed amino
acids characteristic of avian influenza viruses at the proteolytic site, the receptor-binding region,
positions 627 and 701 of PB2, position 66 of PB1-F2, and the PDZ domain in the NS protein.
Infection of mice elicited a strong immune response. While the viruses did not cause mortality
in adult mice, infection of young mice (weighing 8-10 g) with a high dose of H3N8 viruses resulted
in death. These results emphasize the necessity for continued monitoring of influenza viruses in
wild populations.

Keywords: Avian influenza viruses, circulation, monitoring, pathogenicity

Citation: Treshchalina, A. A., Gordeeva, D. R., Boravleva, E. Yu., Gambaryan, A. S., Belyakova,
A. V., Prilipov, A. G., Sadykova, G. K., Timofeeva, T, A., and Lomakina, N. F. 2026. Isolation of
Avian influenza viruses in Moscow region in 2022-2023. Ger. J. Microbiol. 6 (1): 36-45.
https://doi.org/10.51585/gjm.2026.1.0060

Copyright: © 2026 Authors. Published by GMPC as an open-access article under the terms and
conditions of the Creative Commons Attribution 4.0 International License (CC BY-NC), which
allows unrestricted use and distribution in any forums, provided that the original author(s) and
the copyright owner(s) are credited and the original publication in this journal is cited.

Introduction

Subbarao et al, 2006).

Influenza A viruses are prevalent in nature and
display significant genetic diversity due to the
high variability of their genomes. These viruses
infect a range of avian and mammalian species,
including humans. Wild waterfowl of the orders
Anseriformes (ducks, geese, and
Charadriiformes (gulls, terns, and waders) serve
as the primary natural hosts of influenza A
viruses and are typically asymptomatically
infected (Webster, 1992; Yoon et al., 2014,

swans)
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Influenza A viruses are classified into 18
hemagglutinin (HA) and 9 neuraminidase (NA)
subtypes, with a potential H19 subtype recently
identified (Capua and Alexander, 2004;
Fereidouni et al., 2023). Although H17 HA and
H18 HA have been detected in bats, the 17 HA
and 9 NA subtypes are responsible for the
observed diversity in avian populations. Wild

birds are essential for maintaining and
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replenishing the viral gene pool. During autumn
migration, substantial viral exchange and
genome reassortment occur within bird
aggregations (Steel and Lowen, 2014). Avian
influenza viruses (AIV) have contributed to the
emergence of pandemic variants of human
Pandemic have
resulted from the transmission of entire viruses,
as in the 1918 Spanish flu and the 2009
pandemic, as well as from the reassortment of
individual genomic segments, as observed in
1957 and 1968 (Horimoto and Kawaoka, 2001).
Recognition of these mechanisms has increased
interest in synanthropic avian influenza viruses.

influenza viruses. strains

Between 2006 and 2021, waterfowl influenza
viruses were monitored in autumn (Treshchalina
et al.,, 2022). Samples for virus isolation,
specifically duck feces, were collected from the
banks of 20 water bodies in Moscow and the
Moscow region, resulting in the isolation of more
than 56 AIV strains. Findings obtained through
2022 have been published in several studies
(Lomakina et al., 2009; Postnikova et al., 2021;
Treshchalina et al., 2022; Boravleva et al., 2022;
Postnikova et al., 2023; Treshchalina et al.,
2024). In 2022-2023, 12 virus strains
representing the H3N8, H4N6, H6N2, and H11N9
subtypes were isolated. This study focuses on the
characterization of these viruses. The complete
primary structure of all newly isolated viruses
was determined, and their relationships with
previously isolated viruses from Moscow, as well
as with currently circulating Eurasian avian
influenza  viruses, were analyzed. The
pathogenicity of the isolates in mammals was
assessed using a mouse model.

Material and methods

Virus isolation

Viruses were isolated from duck feces collected
along pond banks. samples
suspended in twice their volume of phosphate-
buffered saline (PBS) supplemented with
antibiotics: 0.1 mg/ml kanamycin, 0.4 mg/ml
gentamicin, 0.01 mg/ml nystatin, and 2%
MycoKill AB solution (PAA Laboratories GmbH,
Pasching, Austria). Following centrifugation at
4000 rpm for 10 minutes, the supernatant was
used to infect 10-day-old specific pathogen-free
(SPF) chicken embryonated eggs (CE), obtained
from the Ptichnoye poultry farm in Moscow,
Russia.. After 48 hours, virus-containing
allantoic fluid (VAF) was collected. Samples

Fecal were
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positive in the hemagglutination assay were
cloned by three passages at limiting dilutions.
content in VAF was quantified as
hemagglutinating units. All isolated strains were
deposited in the virology repository of the M.P.
Chumakov Federal Scientific Center for Research
and Development of Immunobiological Products,
Moscow, Russia. Strain names and GenBank
accession numbers are provided in Table 1.

Virus

Ethics Statement

Studies involving animals were conducted in
accordance with the European Convention for
the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes
(Strasbourg, 18 March 1986). The study design
was approved by the Ethics Committee of the
Chumakov Federal Scientific Center for Research
on Animal Health, Russian Academy of Sciences
(Approval from 2 December 2014 and from 25
March 2025). All measures were taken to
alleviate animal suffering. All tests were
conducted in accordance with the standard for
the care and maintenance of laboratory animals,
GOST 33215-2014.

Sequencing

Viral RNA was extracted from 140 ul of allantoic
fluid from infected chicken embryos using the
QIAamp Viral RNA mini kit (QIAGEN, Hilden,
Germany). Full-length viral genome fragments
were generated sequentially: cDNA synthesis was
performed by reverse transcription with the
universal terminal primer ul2 and the MMLV
enzyme (Alfa-Ferment LLC, Moscow, Russia),
followed by PCR amplification with specific
terminal primers (Stech et al., 2008) and Pfu
polymerase (Alfa-Ferment LLC, Moscow, Russia).
PCR was conducted on a Mastercycler nexus
gradient (flexlid) (Eppendorf, Hamburg,
Germany) with the following program: 94°C for 2
minutes, then 30 cycles of 94°C for 15 seconds,
52°C for 15 seconds, and 72°C for 1 minute.
Amplified fragments were separated by
electrophoresis in 1-1.3% agarose gel and
extracted using the Diatom DNA Elution kit
(Isogene Laboratory LLC, Moscow, Russia, No.
D1031). performed using
terminal or internal primers, the BrightDye™
Terminator Cycle Sequencing Kit v3.1 (Nimagen,
the Netherlands), and an ABI PRISM 3100-Avant
automated DNA sequencer (Applied Biosystems
3100-Avant Genetic Analyzer, Foster City, USA).
Nucleotide sequence assembly and analysis were

Sequencing was



performed using the Lasergene software package
(DNASTAR Inc., Madison, WI, USA).

Phylogenetic analysis

For phylogenetic tree construction, all nucleotide
sequences of European and Asian AlIVs were
downloaded from the GISAID database for each
influenza genome segment. A BioPython script
was used to randomly select 100 sequences. The
initial dataset was supplemented with sequences
of Moscow isolates and their 10 most
homologous relatives for each, followed by
removal of duplicate entries. Sequence alignment
was performed  using BioEdit v.7.7.1
(https:/ /bioedit.software.informer.com ) with the
ClustalW algorithm (http://www.clustal.org/ ).
Phylogenetic trees were constructed in MEGA XII
(https://www.megasoftware.net/ ), with the
optimal model selected using MEGA XII tools.
Bootstrap analysis was performed with 1000
replicates to evaluate statistical significance.
Tree visualization and annotation were
conducted using iTOL v7.2
(https://itol.embl.de/ ) (accessed March 12,
2025). Molecular sequence analysis was
performed using Jalview v.2.11.3.2
(https://www.jalview.org/ ). Phylogenetic trees
are presented in Supplementary Figures.

Embryonates eggs and animals

SPF chicken embryonated eggs were obtained
from the Ptichnoye poultry farm in Moscow,
Russia. BALB/c mice were purchased from
Lesnoye, Moscow region, Russia, and maintained
with unrestricted access to food and water. For
pathogenicity analysis, groups of five mice were
intranasally light ether
anesthesia. Each mouse received 50 pl of either
placebo or VAF at the appropriate dilution.
Survival and body weight were monitored daily.
All experiments were conducted in accordance
with the standard for the care and maintenance
of laboratory animals, GOST 33215-2014.
Seroconversion was done on sera collected from
mice at 14 dpi. Mouse sera were collected 14 days
after the final administration of the virus. Serum
antibodies (AB) to viruses were measured by
ELISA as described in Boravleva et al. (2024).
Ninety-six-well plates were coated with fetuin, a
universal receptor analog for influenza viruses,
blocked with 0.5 mg/ml BSA solution, and
incubated with VAFs containing the test viruses.
After washing, serial dilutions of immune mouse
sera in 0.1% Tween-20 with 0.2% BSA in PBS

infected under
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were added. Normal mouse serum served as a
control. Plates were incubated at room
temperature for 2 hours, washed, and then
incubated with goat peroxidase-labeled
antibodies against mouse immunoglobulins
(Sigma-Aldrich, Inc., St. Louis, MO, USA) at 100
pl/well and a 1:2000 dilution. After washing, 100
Bl of tetramethylbenzidine solution in acetate
buffer (pH 5.7) with hydrogen peroxide was
added, and plates were incubated at room
temperature for 10-15 minutes. The reaction was
stopped by adding 50 pl of 5% sulfuric acid per
well, and absorbance was measured at 450 nm
using a microplate reader (Multiskan FC, Thermo
Fisher Scientific). Final antibody titers were
defined as the highest dilution yielding an optical
density at least twice that of the control serum.

Results and discussion

From September to November, duck feces were
collected along the banks of reservoirs in the
Moscow region and processed for influenza virus
isolation. Sample collection locations are shown
in Figure 1.

Relationships of viruses isolated in 2022 and
2023 with viruses isolated earlier in Moscow

Figure 2 illustrates the relationships between the
2022-2023 viruses and earlier Moscow isolates.
For each gene, viruses within the same
evolutionary clade are assigned the same color.
Cells in the same column that represent viruses
from different clades of a given gene are
distinguished by different colors.

The PB2 genes of the 2022-2023 viruses are
distributed among four distinct clades. The first
clade comprises H3NS8 viruses d/6103, d/6104,
d/6105,and d/6106, as well as the 2018 d/5586
(H1IN2) and 2019 d/5712 (H11N6) viruses. The
corresponding cells in the table are dark yellow.
These viruses are part of a broader clade that
includes European, Asian, and Egyptian viruses.
The second clade comprises viruses d/6147
(H3N8), d/6454 (H11N9), and 2015 d/5169
(H3N6), with their table cells colored purple.
These viruses are related to Russian, Egyptian,
and Western European viruses. The third clade
includes d/6130 (H3N8), d/6131 (H3N8),
d/6135 (H6N2), and d/6455 (H11N9) from 2023,
represented by green cells in the table. According
to PB2 analysis, these viruses are related to
Ukrainian and Mongolian viruses, and there are
no representatives of this clade among earlier
Moscow viruses.
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Figure 1: Sample collection sites. Red marks indicate ponds where avian influenza viruses were isolated from
2006 to 2025, while black marks indicate locations where they were not detected.

Table 1: Avian influenza viruses isolated in 2022 and 2023.

Collection #* Strain name Subtype GenBank accession
date Isoalte name Abbreviation numbers
30.09.2022 7 A/duck/Moscow/6103/2022 d/6103 H3N8 PP897171-PP897178
30.09.2022 7 A/duck/Moscow/6104 /2022 d/6104 H3N8 PP897179-PP897186
30.09.2022 7 A/duck/Moscow/6105/2022 d/6105 H3N8 PP897187-PP897194
30.09.2022 7 A/duck/Moscow/6106/2022 d/6106 H3N8 PP897195-PP897202
08.10.2022 5 A/duck/Moscow /6133 /2022 d/6133 H4N6 PP897232-PP897239
08.10.2022 5 A/duck/Moscow /6134 /2022 d/6134 H3N8 PP897261-PP897268
08.10.2022 5 A/duck/Moscow/6135/2022 d/6135 H6N2 PP897277-PP897284
17.10.2022 5 A/duck/Moscow/6130/2022 d/6130 H3N8 PP897208-PP897215
17.10.2022 5 A/duck/Moscow/6131 /2022 d/6131 H3N8 PP897216- PP897223
09.11.2022 1 A/duck/Moscow/6147 /2022 d/6147 H3N8 PP754244-PP754251
16.11.2023 6 A/duck/Moscow/6454 /2023 d/6454 H11N9 PP897294-PP897301
16.11.2023 6 A/duck/Moscow/6455/2023 d/6455 HI11IN9 PP897304-PP897311
#* -The number of the pond indicated in Figure 1
The fourth clade comprises d/6134 (H3N8) lineage with the earlier Moscow isolate

and d/6133 (H4N6), as indicated by blue cells in
the table. These viruses are related to the 2019
and 2021 Moscow viruses, as well as viruses
isolated in the Netherlands, Mongolia, and Egypt.
The Moscow virus d/4970/2013 (HIN1) is
positioned at the base of this clade.

The PB1 genes of the 2022-2023 isolates are
grouped into three clades. Viruses d/6103,
d/6104, d/6105, and d/6106 (H3N8) possess
identical PB1 genes that are related to the 2018
Moscow viruses and the d/5712/2019 virus, all
of which are of Asian origin. Viruses d/6130,
d/6131, d/6147 (H3N8), d/6135 (H6N2),
d/6454, and d/6455 (H11N9) share a PBI1
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d/4242/2010 (H3N8) and H4N6 viruses isolated
in Egypt in 2017. The nearly identical PB1 genes
of viruses 6133 (H4N6) and 6134 (H3N8) are
related to virus d/4238/2010 and other Moscow
viruses from 2009 to 2012, forming a subclade of
Asian viruses. The PA genes of the 2022-2023
isolates are divided into two clades. Viruses
d/6130, d/6131, d/6147 (H3NS8), and d/6135
(H6N2) are related to the Moscow isolate
d/5744/2019. The other 2022-2023 viruses are
related to the d/5897 /2021 virus. The PA genes
in all these viruses were introduced to the
Moscow region by viruses originating from
Southeast Asia and Egypt.



Strain Subtype PB2 | PB1

PA . | HA | NP | NA NS

d/3641/2008 | H1INS

d/3740/2009| H4N6

d/3720/2009| H6N2

d/3806/2009| H3N8

d/3735/2009| HANG6

d/4238/2010| H3N6

d/4298/2010| H3N8

d/4242/2010| H3NS8

d/4643/2011| H4N6

d/4970/2013| H1N1

d/5037/2014| H3N8

d/5169/2015 | H3N6

d/5586/2018| H1N2

H1N1

d/5744/2019

d/5712/2019
d/5881/2021

H11NG6
H3N2

d/5897/2021

d/6103/2022
d/6104/2022
d/6105/2022
d/6106/2022
d/6130/2022

H3N8

H3N8
H3N8
H3N8
H3N3
H3N8 >

d/6131/2022| H3N8 >

d/6133/2022| HANG6

d/6134/2022| H3N8

d/6135/2022| H6N2 >

d/6147/2022| H3N8

d/6454/2023| H11N9

d/6455/2023| H11N9 >

Figure 2: Relationships of viruses isolated in 2022 and 2023 with viruses isolated earlier in Moscow. Viruses
are identified by strain number and year of isolation. Identical cell colors within each column indicate
membership in the same clade on the evolutionary tree. For viruses isolated in 2022-2023, cell color denotes
their relationship to strains previously isolated in Moscow. All relevant strains are listed at the top of the table.
The > symbol signifies the absence of a related strain for this gene among Moscow viruses isolated prior to

2022.

The H3 gene of all 2022 isolates is related to
the 2021 and 2009 isolates and belongs to the
Worldwide-1 sublineage (Yang, 2025). On the
evolutionary tree, the 2022 Moscow isolates form
a compact cluster. The H4 gene of d6133 (H4N6)
clusters with viruses from Northwestern Europe
isolated between 2016 and 2018. The Eurasian
H6 lineage is heterogeneous and includes viruses
from the Americas (Cui et al., 2025; Rimondi et
al., 2011). Three major clades are identified
within this group. Isolate 6135/2022 is assigned
to clade III, which is derived from viruses isolated
in Jiangxi and Hunan provinces, China (Huang,

2010). In contrast, three other H6 viruses
previously isolated in Moscow (2006, 2009, and
2010) were related to Dutch and Swedish
viruses, whereas the 6135/2022 virus is related
to viruses from Korea and Bangladesh. The H11
gene of the 2023 Moscow viruses belongs to a

clade comprising viruses with diverse
geographical origins. These viruses are located in
the same subclade as

A/duck/Moscow/5712U/2019 (H11N6), but are
distinct from = A/avian/Moscow/3641/2008
(H11N9).

Based on the NP gene, the 2022-2023 isolates
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are divided into two groups. Viruses d/6103,
d/6104, d/6105, and d/6106 (H3N8) belong to
the mixed Euro-Asian clade and are distantly

related to the Moscow virus
A/avian/Moscow/3641/2008 (H11N9). The
remaining viruses are closely related to

d/5897/2021 and belong to a clade that
includes European and Egyptian viruses.

The neuraminidase (NA) genes of eight H3N8
viruses are distributed between two unrelated
clades. In viruses d/6103, d/6104, d/6105, and
d/6106, the NA genes belong to the European
clade, as does d/4298/2010. In the remaining
four viruses, the NA genes are assigned to a clade
containing predominantly Asian viruses and
Moscow 2021 viruses.

The NA of d/6133(H4N6) virus is related to
the d/4643/2011 virus and the NAs of the 2013
Swedish H3N6 viruses. These N6 NAs belong to
a large clade containing both European and
Asian viruses. The NA gene of isolate 6135/2022
(H6N2) is closely related to those of H3N2 and
H1N2 viruses isolated in Moscow during 2018-
2021, but is distinct from the neuraminidase
genes of other Moscow H6 viruses. Viruses with
this NA gene belong to a large, mixed European-
Asian cluster. The NA gene of the 2023 H11N9
viruses belongs to a clade of Asian viruses and is
unrelated to the NA gene of
A/avian/Moscow/3641/2008 (H11N9).

Based on the M protein gene, the 2022-2023
isolates are divided into two groups, consistent
with the NP gene analysis. Viruses d/6103,
d/6104, d/6105, and d/6106 (H3N8) originated
from d/3735/2009 and belong to a clade
composed mainly of Mongolian viruses. The
remaining viruses are closely related to the 2018
2021 viruses and belong to a clade that includes
European, Asian, and Egyptian viruses. The
2023 viruses d/ 6454 and d/6455 possess the A
allele of the NS gene, whereas all 2022 viruses
have the B allele. The NS genes of 2022 viruses
are distributed between two distinct clades.
Viruses d/6103, d/6104, d/6105, and d/6106
(H3N8) are descended from d/4970/2013 and
belong to the Korean-Mongolian clade, while the
remaining viruses are related to Swedish and
Dutch viruses, as well as Moscow d/5744 /2019
and d/3735/2009.

Routes of virus dissemination

To assess virus movement, a database search
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was conducted to identify viruses with minimal
genetic differences relative to the Moscow
isolates. These viruses were extracted from the
GISAID database using BLAST, with searches
performed for each of the eight genes. The results
are presented in Figure 3. For viruses nearly
identical across all genes (d/6103, d/6104,
d/6105,d/6106,d/6130, and d/6131), only one
representative is listed. Numbers in the table
cells indicate the percentage difference for each
gene between the Moscow isolate and the BLAST-
identified variant. For comparison, results of a
similar analysis for viruses from 2008-2010 are
shown at the top of the table.

Viruses closely related to the 2022-2023
isolates were primarily detected in Kazakhstan,
Egypt, India, Bangladesh, China, and Korea. In
contrast, viruses closely related to the 2008-
2010 isolates were mainly detected in the
Netherlands and Sweden, and to a lesser extent
in Mongolia and Ukraine. Previous reports
indicated a decline in the number of viruses of
European origin in Moscow over time. Viruses
from Asian evolutionary lineages have begun to
circulate in Europe, displacing older European
lineages. After 2014, the majority of viruses
isolated in Moscow belonged to Asian
evolutionary lineages (Treshchalina et al., 2022;
2024).

Another difference between the 2008-2010
and 2022-2023 viruses is the degree of genetic
similarity between Moscow and closely related
non-Moscow viruses. The 2008-2010 viruses
often differ by less than 1% from their non-
Moscow counterparts (see, for example, the 2009
strains for the PB1, PA, HA, and NA genes). These
differences are especially low when the compared
virus was isolated in the Netherlands or Sweden.
Such minimal differences,
isolation within the same season, suggest a
direct introduction into Moscow by migrating
birds.

The 2022-2023 viruses do not show such
high similarity to the used for
comparison. Even when a closely related virus is
isolated in the Netherlands, the percentage
differences in the PB2, PB1, PA, HA, and NA
genes are typically much higher than 1. This
rules out transfer during the same season. It is
possible the virus was introduced to Moscow
after birds wintered together in Egypt or Central
Asia.

combined with

viruses



d/6103/2022
d/6130/2022
d/6133/2022
d/6134/2022
d/6135/2022
d/6147/2022
d/6454/2023

Strains PB2 NA M NS
d/3556/2008 | 0,78 1,56 0,47
d/3641/2008 | 2,18 1,26 | 0,59 | 0,46 | Netherlands
d/3661/2008 | 0,83 0,63(0,3 | 0,35 Sweden,
d/3720/2009 | 1,3 0,35 0,71 (0,12
d/3735/2009 | 1,26 021]04 [(023
d/3740/2009 | 0,35 0,28 0,1 | 0,11
d/3799/2009 | 0,44
d/3806/2009 | 1,31 Mongolia
d/4031/2010 | 0,95 China&Korea
d/4182/2010 | 1,25
d/4203/2010 | 0,69 0,55]0,2 |0,23 | |Japan
d/4238/2010 | 0,48 0,2 South Africa &
d/4242/2010 0,4 Australia
d/4298/2010

d/6455/2023

Figure 3: Locations of virus isolation with minimal differences relative to the Moscow isolate.

Gene Ontology (GO) enrichment analysis of the
closest relatives of the Moscow virus isolates was
performed in the GISAID database using BLAST.
The table displays the percentage differences for
each gene between the Moscow isolate and the
BLAST-identified For comparison,
results from a similar analysis of viruses
collected between 2008 and 2010 are presented
at the top of Figure 3.

variant.

The pronounced differences in virus circulation
likely reflect changes in the migratory behavior of
the primary host species. Zoological studies have
documented an increase in the number of ducks
remaining in urban areas during winter rather
than migrating, thereby reducing interpopulation
contact on European wintering grounds (Avilova,
2016). As a result, the spread of viruses carried
by these ducks has decreased.

Molecular determinants influencing influenza
virus pathogenicity

The risk to mammals posed by the studied
viruses was evaluated by analyzing key amino
acids associated with host switching and
pathogenicity. The hemagglutinin (HA) cleavage
site structure serves as a critical determinant of
influenza virus pathogenicity. In all sequences
analyzed from the 2022-2023 viruses, this site
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contains a single arginine residue, consistent
with the consensus sequence observed in
apathogenic viruses of this HA subtype. The
receptor binding site in the HA of all studied
viruses contains GIn226 and Gly228, both
characteristic of avian influenza viruses. These
residues facilitate recognition of receptors
terminated by sialyl(2-3)galactose moieties
(Rogers and Paulson, 1983; Matrosovich et al.,
2000). All Moscow isolates possess Glu627 and
Asp701 in the PB2 protein, residues specific to
avian influenza viruses. At position 66 of the
PB1-F2 accessory protein, most isolates contain
asparagine, although an N66S substitution was
observed in some cases. The PDZ domain ligand
in NS exhibits the sequence ESEV in all isolates
except for virus d/6135, which contains ESEI.
The ESEV variant predominates among avian
influenza viruses, while ESEI is less common but
still characteristic of these viruses (Obenauer et
al., 2000).

Pathogenicity of the viruses in mice

Moscow isolates from 2022 to 2023 belong to the
H3N8, H4N6, H11N9, and H6N2 subtypes, which
are primarily associated with wild avian
populations. However, H3 subtype viruses have
repeatedly given rise to evolutionary lineages in



pigs (Stadejek et al.,, 2023). H4N6 influenza A
viruses were isolated in 1999 from pigs with
pneumonia in Canada (Karasin et al., 2000). H6
viruses can infect humans (Yan et al., 2023), and
H11N3 influenza viruses can efficiently transmit
through the respiratory tract in mammalian
models (Jiang et al., 2022). The pathogenicity of
these viruses in mammals was evaluated using a
mouse model. Balb/c mice weighing 12 to 14
grams survived intranasal administration of the
virus at a dose of 105 EIDso per mouse, although
weight loss was observed in some cases.
Following double infection, all mice developed a

strong immune response (Table 2). In contrast,
younger mice (8 to 10 grams) infected with a
higher dose (107 EIDso per mouse) exhibited
illness. The severity of the disease varied by viral
strain. Under these conditions, H11N9 viruses
caused only slight weight loss compared to the
control group; H6N2 viruses induced significant
weight loss followed by recovery in all mice; H4N6
viruses resulted in weight loss and partial
mortality; and H3N8 viruses caused severe
disease and, in some cases, complete mortality
(Table 2).

Table 2: Pathogenicity and immune response of isolated influenza viruses in BALB/c mice

Strains: Subtype Low dose groups* High dose groups**
d./s./h. Antibody titers# d./s./h.
d/6103/2022 H3N8 0/0/5 100000 2/2/1
d/6104/2022 H3N8 0/0/5 100000 3/2/0
d/6105/2022 H3N8 0/0/5 100000 2/0/3
d/6106/2022 H3N8 0/0/5 100000 2/2/1
d/6130/2022 H3N8 0/0/5 50000 5/0/0
d/6131/2022 H3N8 0/0/5 100000 3/1/1
d/6134/2022 H3N8 0/0/5 40000 5/0/0
d/6147/2022 H3N8 ND ND 1/1/3
d/6133/2022 H4N6 0/0/5 40000 2/2/1
d/6135/2022 H6N2 0/0/5 60000 0/2/3
d/6454/2023 H11N9 ND ND 0/0/5
d/6455/2023 H11N9 ND ND 0/0/5
Control - 0/0/5 ND 0/0/5

*N=5 mice/group, weight 12-14g, dose 105 EIDso. ** N=5 mice, weight 10-12g, dose 107 EIDso. d./s./h. - Number of dead,
sick, and healthy mice on day 13 post-infection: d= dead, s=sick, h=healthy. #Antibody titer in ELISA following two-fold

intranasal challenge with 10°EIDs, of the virus. ND=Not done.

This study examines avian influenza viruses
isolated from fecal samples collected from wild
ducks along pond shores in the Moscow region.
Eighteen years of monitoring revealed a decline
in the number and diversity of influenza viruses
isolated from mallards in Moscow ponds.
Following 2014, both the frequency and diversity
of isolates decreased. A trend toward
predominance of Asian viruses replaced the
previously dominant European viruses, a pattern
in 2022-2023. The shift
European to Asian virus prevalence may result
from changes in mallard migration routes.

confirmed from

Phylogenetic analysis of the 2022-2023 virus
genomes demonstrated that all isolates belong to
the Eurasian lineage of avian influenza viruses.
Most genes are grouped in clades primarily
associated with Asian viruses. For each gene, the
12 isolates are divided into two to five
evolutionary clades. Four isolates collected on
the same day and at the same location are nearly
identical, differing only by a few substitutions in
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individual genes. Similarly, two isolates (d/6130
and d/6131) collected on the same day represent
a single virus. The remaining viruses differ in
their combinations of genes from various clades.
For instance, in one season, five
viruses from four clades were isolated from a

influenza

single pond, while four additional variants were
found in viruses from other ponds. These
findings indicate that several variants of each
gene are intricately mixed among the isolates.
This phenomenon is attributed to genome
reassortment, which is particularly prevalent in
low-pathogenic avian influenza viruses (Steel and
Lowen, 2014). The observed genomic instability
aligns with Dugan's concept that “gene segments
form transient genomic constellations without
selective pressure to maintain associated
genomes” (Dugan et al., 2008).

Conclusion

Amino acid analysis related to host shift and
pathogenicity revealed no mutations in any of the



viruses that would increase the risk of adaptation
to mammals. All isolates exhibited the typical
apathogenic genomic structure characteristic of
influenza viruses. However, these viruses
replicated efficiently in mice, altering body weight
curves and significantly increasing antibody
levels. Some H3N8 strains caused mortality in
young mice. These findings highlight the
importance of monitoring influenza virus
diversity in wild populations to inform effective
control strategies.
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