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Summary. This article provides a concise review of the current literature on the circulation of influenza A viruses
in cattle and the unprecedented emergence of highly pathogenic avian influenza (HPAI) H5N1 infection in this
species. Particular attention is paid to the ecological and biological aspects of influenza A virus cross-species
transmission, as well as to the potential implications of these events for veterinary medicine, livestock production, and
public health. The study presents the results of the first pilot serological investigation conducted at the National
Scientific Center ‘Institute of Experimental and Clinical Veterinary Medicine’, providing evidence of the potential
circulation of influenza A virus among ruminants in Ukraine. A total of 510 serum samples collected from cattle and
small ruminants in different regions of Ukraine between 2015 and 2026 were tested using an enzyme-linked
immunosorbent assay (ELISA). Three (0.59%) seropositive cattle serum samples, collected in 2023 and 2026, were
identified, whereas all serum samples obtained from small ruminants tested negative. Overall, the seroprevalence of
antibodies against influenza A virus was low, ranging from 1.67% to 5.0%, depending on the year of sampling and the
geographical region. Further serological characterization of all influenza A virus-positive sera for antibodies against
highly pathogenic avian influenza H5N1 yielded negative results. Thus, the findings do not support the circulation of
HPAI H5N1 among the examined ruminant population in Ukraine. Nevertheless, given the remarkable evolutionary
plasticity of influenza A viruses, their ability to overcome species barriers, and their potential to establish novel
transmission pathways, continued serological, virological, and molecular surveillance of ruminants is warranted. Such
monitoring is essential for the early detection of cross-species transmission events, changes in virus ecology, and the
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emergence of novel biological properties
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Introduction. Zoonotic pathogens continue to pose
one of the greatest threats to global public health,
particularly emerging infectious diseases and those with
natural reservoirs in wildlife. Consequently, the One
Health concept has become increasingly important,
promoting an integrated approach to understanding
pathogen circulation among wildlife, domestic animals,
and humans, as well as their early detection, risk
assessment, and the development of effective response
strategies. According to the World Health Organization,
influenza pandemics are among the most significant
epidemics and pandemics in modern history caused by
zoonotic viruses, alongside Marburg virus disease, Ebola
virus disease, Nipah virus infection, Middle East
respiratory syndrome (MERS), and coronavirus disease
2019 (COVID-19). Influenza viruses have been
responsible for at least four confirmed pandemics within
less than a century: the 1918 HIN1 (‘Spanish flu’), the
1957 H2N2 (‘Asian flu’), the 1968 H3N2 (‘Hong Kong
flu’), and the 2009 HIN1pdm09 pandemic (Krueger and
Gray, 2013; Piret and Boivin, 2020; Scholtissek et al.,
1978). Influenza A virus is one of the most extensively
studied pathogens affecting both humans and animals.
Despite remarkable advances in our understanding of its
biology, the development of modern laboratory
diagnostic methods, antiviral drugs, and vaccines,
influenza remains one of the most dangerous and
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unpredictable viral pathogens. Growing concern among
public health experts is no longer focused on whether
another influenza pandemic will occur, but rather on
when it will occur, with influenza A virus once again
considered the most likely causative agent. The
exceptional pandemic potential of influenza A virus is
primarily attributable to its unique biological characteristics.
Its segmented genome provides extraordinary
evolutionary plasticity, enabling continuous antigenic
drift and genetic reassortment, which facilitate the
emergence of novel viral variants. Equally important are
its continuous circulation among humans, domestic
animals, and wildlife, its repeated ability to cross species
barriers, adapt to new host species, and expand into new
ecological niches (Krammer, Hermann and Rasmussen,
2025; Peacock et al., 2025; Wille and Barr, 2022). The
ecology of influenza A viruses is remarkably complex
and encompasses a broad range of avian and mammalian
host species. Influenza A viruses are currently known to
circulate in humans, swine, horses, birds, carnivorous
mammals, and bats (Muramoto etal.,, 2013; Shi etal.,
2014; Suarez, 2016; Yamayoshi et al.,, 2016). However,
recent events have demonstrated that this list can no
longer be considered exhaustive. Since 2024, cattle have
effectively been added as a new host species following the
first documented evidence of sustained circulation of
highly pathogenic avian influenza (HPAI) H5N1 virus in
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dairy cattle (Shanta etal, 2025). Among the diverse
influenza A viruses, highly pathogenic avian influenza
(HPALI) is of particular concern, as it currently represents
one of the most devastating infectious diseases affecting
domestic poultry. The disease is characterized by high
mortality, rapid transmission, substantial economic
losses to both commercial and backyard poultry
production, and significant disruption of international
trade in poultry and poultry products. However, the
greatest global concern goes beyond its economic impact
and primarily centers on the extraordinary pandemic
potential of H5 viruses. Consequently, contemporary
HPAI H5N1 viruses are now regarded as among the
most likely candidates to cause the next human influenza
pandemic (EFSA et al., 2026).

Emergence of HPAI H5N1 in cattle. A new stage in
the evolution of the global HPAI panzootic, as well as of
influenza A virus ecology in general, began with the
detection of H5NI1 clade 2.3.4.4b (genotype B3.13)
infection in dairy cattle in the United States in 2024. This
event marked an unprecedented milestone in influenza
research, as it provided the first documented evidence
not only of cross-species transmission of highly
pathogenic avian influenza virus to cattle but also of its
subsequent sustained circulation within a new host
population. It should be noted that sporadic reports of
influenza-like illness in cattle had been documented
previously. During the 1940s-1960s and again in the
1990s, serological evidence of antibodies against human
influenza A viruses, predominantly HIN1 and H3N2
subtypes, was reported in cattle from Japan, Hungary,
the former Soviet Union, the United Kingdom, and
several other countries. However, these infections were
generally associated with mild or absent clinical signs
and were documented primarily through serological
studies, without virus isolation or molecular characterization
(Shanta et al., 2025; Sreenivasan et al., 2019). In contrast
to these earlier observations, the current HPAI H5N1
epizootic in the United States is characterized by
confirmed adaptation of the virus to a new host species
and its subsequent transmission among cattle. Molecular
epidemiological investigations have demonstrated that
the outbreak most likely originated from a single cross-
species spillover event from a wild bird to dairy cattle
that occurred in late 2023. This event subsequently gave
rise to widespread transmission among dairy herds
across multiple U.S. states, representing the first
documented example of sustained large-scale circulation
of a highly pathogenic avian influenza virus in cattle.
Subsequent investigations confirmed that cross-species
transmission from wild birds to cattle was not limited to
a single introduction. In 2025, two additional
independent introductions of HPAI H5N1 (genotype
D1.1) from wild birds into cattle were identified in the
United States. These findings further demonstrate that
wild birds remain the principal natural reservoir of HPAI
viruses and continue to play a pivotal role in generating
new spillover events, infecting novel mammalian hosts,
and overcoming species barriers (Nguyen et al., 2025). It
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is equally important to note that following the virus’s
adaptation to cattle, several cases of reverse transmission
of HPAI H5N1 from infected cattle to other animal
species were documented. Infections were confirmed in
synanthropic birds, including pigeons and thrushes, as
well as in mammals such as domestic cats that had direct
contact with infected cattle or contaminated environments.
These observations indicate the emergence of novel
transmission pathways involving cattle and highlight the
increasing ecological complexity of HPAI H5N1 (Nguyen
etal., 2025; Peacock etal.,, 2025). The introduction of
HPAI virus into a new host species was accompanied by
a distinct change in disease presentation. Although
infected cattle exhibited typical influenza-associated
clinical signs, including fever, respiratory disease, and
serous nasal discharge, the mammary gland became the
principal target organ. The disease was characterized by
mastitis-like lesions, a marked decline in milk
production, and deterioration of milk quality.
Importantly, infectious virus was shed in milk at
exceptionally high concentrations. The movement of
infected cattle, including subclinically infected, between
farms, together with the use of shared milking equipment,
was identified as one of the principal mechanisms
facilitating virus transmission within dairy herds
(Caserta et al., 2024; Shanta et al., 2025).

The HPAI H5N1 outbreak in dairy cattle was also
accompanied by human infections among individuals
with direct occupational exposure to infected animals or
contaminated biological materials. In most cases, the
disease was mild and manifested primarily as
conjunctivitis or mild respiratory illness. Nevertheless,
each new replication cycle of the virus in humans or
other mammals provides additional opportunities for the
accumulation of adaptive mutations, alterations in viral
biological properties, and the generation of reassortants
with seasonal human influenza viruses. Although sustained
human-to-human transmission of contemporary H5N1
clade 2.3.4.4b viruses had not been documented as of
mid-2026, continued circulation of the virus in cattle and
other mammals substantially increases the risk of further
adaptation to humans and, consequently, the likelihood
of the emergence of a new influenza pandemic (Krammer,
Hermann and Rasmussen, 2025; Lombard et al., 2025;
Nguyen et al., 2025; Pekar et al., 2026).

The situation in Europe and the rationale for
investigating ruminants in Ukraine. In contrast to the
United States, where HPAI H5N1 has established
sustained circulation in dairy cattle, no confirmed cases
of HPAI H5N1 infection in cattle had been reported in
Europe as of 2026. The only available evidence comes
from a serological survey conducted in the Netherlands
in 2025, in which antibodies against H5N1 virus were
detected in cattle on a single dairy farm. However, none
of the seropositive animals showed clinical signs of
disease, and viral RNA was not detected in any of the
collected clinical samples. These findings therefore
indicate previous exposure of individual animals to the
virus rather than active circulation of HPAI H5NI in
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cattle in Europe (EFSA etal., 2026). In addition, a single
case of HPAI H5N1 infection in a sheep was confirmed
in the United Kingdom in 2025. Epidemiological
investigation demonstrated that this infection resulted
from a cross-species transmission event originating from
infected poultry and was not followed by onward
transmission within the sheep flock. Current evidence
suggests that such cases remain sporadic and, at present,
provide no indication that ruminants have become a
novel reservoir for HPAI H5N1 (EFSA etal.,, 2025).
Despite the absence of evidence for sustained circulation
of HPAI H5N1 among ruminants in Europe, these
events demonstrate the capacity of highly pathogenic
avian influenza viruses to overcome species barriers and
infect new mammalian hosts. Given the ongoing global
HPAI H5N1 panzootic, the expanding range of natural
and incidental hosts, and the emergence of novel
transmission pathways, surveillance of ruminants has
become an increasingly important component of early
warning systems for the detection of emerging epizootic
and zoonotic threats.

In Ukraine, information regarding the possible
circulation of influenza A viruses, including HPAI
H5NI, in cattle and small ruminants remains virtually
unavailable. Although various influenza A virus subtypes
have circulated in wild and domestic birds for many
years (Muzyka et al., 2012, 2016a, 2016b, 2019), as well as
in swine and horses (Kovalenko et al., 2017; Rula et al.,
2024; Stegniy etal, 2023), no studies investigating
influenza A viruses in ruminants have previously been

conducted in Ukraine. Consequently, information on the
occurrence and distribution of influenza A viruses in
cattle and small ruminants in the country remains
extremely limited.

In response to the current global epizootic situation
and the lack of relevant national data, the National
Scientific Center ‘Institute of Experimental and Clinical
Veterinary Medicine’ initiated surveillance for influenza A
virus and highly pathogenic avian influenza H5NI1 in
ruminants in Ukraine. The first phase of the study
consisted of a retrospective serological analysis of
archived serum samples collected from cattle and small
ruminants in different regions of Ukraine between 2015
and 2026. The results provided the first evidence for
assessing previous exposure of ruminants to influenza A
viruses in Ukraine and established a scientific basis for
turther virological and molecular investigations.

Materials and methods. The study was conducted at
the Department of Avian Diseases and Molecular
Diagnostics, National Scientific Center ‘Institute of
Experimental and Clinical Veterinary Medicine’.

Sampling. Blood samples were collected from cattle
and small ruminants using standard veterinary sampling
procedures. A total of 510 cattle serum samples were
included in the study. These comprised serum samples
collected between 2023 and 2026, together with archived
sera collected during 2015 and 2020-2022, originating
from different regions of Ukraine (Table 1). In addition,
92 serum samples from small ruminants, collected in
2023, were examined (Table 2).

Table 1 — Distribution of cattle serum samples collected in different years

Region Number of samples
2015 2020 2021 2022 2023 2024 2025 2026
Chernihiv — 6 8 — — — — 10
Khmelnytskyi 10 — — — 30 — — —
Kirovohrad — — — — 10 — — 10
Poltava — 8 — — 20 45 — —
Sumy — — — — 34 10 10 10
Vinnytsia — — — — 10 — — —
Zhytomyr — — — — 60 — — —
Dnipropetrovsk — — — — 6 — — —
Kharkiv — 22 5 10 10 10 20 40
Kherson — 10 — — — — — —
Odesa — — — — 46 10 20 10
Total in years 10 46 13 10 226 75 50 80
Total 510
Table 2 — Distribution of small ruminants serum Serological analysis. Serological testing for antibodies
samples collected in 2023 against influenza A viruses was performed using
- commercially available enzyme-linked immunosorbent
Region Number of samples assay (ELISA) kits, ID Screen® Influenza A Antibody
Cherkasy 8 Competition Multi-species and ID Screen® Influenza H5
Volyn 30 Antibody Competition 3.0 Multi-species (IDvet, France).
Dnipropetrovsk 29 As a confirmatory assay, the microneutralization (MN)
Kharkiv 25 test was performed at the Istituto Zooprofilattico
Total 92 Sperimentale delle Venezie (IZSVe, Italy) by Dr. F. Bonfante.
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All serological analyses were conducted according to the
manufacturers' instructions and established laboratory
protocols, in compliance with applicable biosafety and
biosecurity requirements.

Results and discussion. The study was designed as a
series of consecutive analytical stages. In the first stage,
all serum samples were screened for antibodies against
the influenza A virus nucleoprotein (NP), a highly
conserved antigen present in all influenza A viruses.
Screening was performed using a competitive ELISA
designed to detect antibodies against influenza A virus
irrespective of subtype. No antibodies against influenza A

virus. Seropositive samples were detected in two
sampling years. In 2023, one seropositive sample was
identified in cattle from Zhytomyr Region, corresponding
to a seroprevalence of 1.67%. In 2026, two seropositive
samples were detected in cattle from Kharkiv Region,
corresponding to a seroprevalence of 5.0%. Importantly,
all seropositive animals were clinically healthy at the time
of sample collection (Table 4).

Table 3 — ELISA results for detection of antibodies
against influenza A virus in small ruminants, 2023

virus were detected in serum samples collected from Region SamPles _ Seropre;
small ruminants originating from four regions of Total | Negative | Positive | valence, %
Ukraine, namely Cherkasy, Volyn, Dnipropetrovsk, and Cherkasy 8 8 0 0
Kharkiv (Table 3). Volyn 30 | 30 0 0
Among the 510 cattle serum samples examined, three ~|Dnipropetrovsk | 29 29 0 0
(0.59%) were positive for antibodies against influenza A | Kharkiv 25 25 0 0
Table 4 — ELISA results for detection of antibodies against influenza A virus in cattle serum samples
Region Positive samples/total (seroprevalence, %)

8 2015 2020 2021 2022 2023 2024 2025 2026
Chernigiv — 0/6 (0) 0/8 — — — — 0/10 (0)
Khmelnytskyi 0/10 (0) — — — 0/30 (0) — — —
Kirovograd — — — — 0/10 (0) — — 0/10 (0)
Poltava — 0/8 (0) — — — 0/45 (0) — —
Sumy — — — — 0/20 (0) 0/10 (0) 0/10 (0) —
Vinnitsia — — — — 0/34 (0) — — 0/10 (0)
Zhytomyr — — — — 1/60 (1,67) — — —
Dnipropetrovsk — — — — 0/6 (0) — — —
Kharkiv — 0/22 (0) 0/5 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/20 (0) 2/40 (5)
Kherson — 0/10 (0) — — — — — —
Odesa - — - - 0746 (0) | 0/10(0) | 0/20(0) | 0/10(0)
Total 0/10(0) | 0/46(0) | 0/13(0) | 0/10(0) |1/226(0,44)| 0/75(0) 0/50 (0) | 2/80(2,5)

The second stage of the study involved testing all
influenza A virus-seropositive serum samples for
antibodies against HPAI H5 virus. Based on the ELISA
results, one of the three influenza A virus-seropositive
cattle serum samples, collected in Zhytomyr Region in
2023, tested positive for H5-specific antibodies. To
confirm the ELISA result, the H5-seropositive serum
sample was further analyzed using a microneutralization
(MN) assay with an HPAI H5NI1 clade 2.3.4.4b virus
antigen at the Istituto Zooprofilattico Sperimentale delle
Venezie (IZSVe, Italy). No HPAI H5N1-specific neutralizing
antibodies were detected, indicating that the
confirmatory assay did not confirm the initial ELISA-
positive result.

Conclusions. Overall, the findings of this first
serological screening study of influenza A virus infection
in cattle and small ruminants suggest the possible
circulation of influenza A viruses in selected cattle
populations in Ukraine. The overall seroprevalence in
cattle was low (0.59%). Antibodies against influenza A
virus were detected only in cattle from Zhytomyr and
Kharkiv regions in samples collected in 2023 and 2026,
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respectively. In contrast, no seropositive samples were
identified among the archived sera or among sera
collected from small ruminants. Furthermore, all
influenza A virus-seropositive sera tested negative for
antibodies against HPAI H5 virus in subsequent
confirmatory testing. Therefore, the present study
provides no serological evidence of HPAI H5 virus
circulation in cattle in Ukraine or previous HPAI H5
infection in the examined animals.

The detection of antibodies against influenza A virus
in cattle should not be regarded as an entirely novel
finding. Serological evidence of exposure to influenza A
viruses, predominantly viruses of human origin, was
reported in cattle as early as the 1940s-1960s and later
during the 1990s in several European and Asian
countries (Ballmann etal, 2026). More recently, a
serological survey conducted in the Netherlands in 2026
demonstrated that approximately 1% of tested cattle
were positive for influenza A virus antibodies by ELISA
while remaining seronegative for H5 virus. Depending
on the region, seroprevalence ranged from 0.51% to
1.42% (Ballmann et al., 2026). Thus, the results obtained
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in the present study in Ukraine are generally consistent
with observations reported from other European
countries.

In our opinion, the detection of influenza A virus
antibodies in cattle should be interpreted within a
broader ecological and epizootiological framework. At
present, the specific influenza A virus subtypes
responsible for the detected antibody responses in
Ukrainian cattle remain unknown. This question is of
particular importance because influenza A viruses have
previously been documented in swine (Rula et al., 2024),
horses (Stegniy etal., 2023), and wild boar (Kovalenko
et al., 2017) in Ukraine. In addition, extensive circulation
of multiple influenza A virus subtypes, including highly
pathogenic avian influenza viruses, has long been
documented in wild waterfowl (Muzyka etal., 2016a,
2019; Sapachova et al.,, 2021), while recent studies have
also demonstrated influenza A virus infection in
passerine birds, representing previously underappreciated
hosts (Mironenko etal, 2026; Muzyka etal., 2025).
Consequently, future cross-species transmission of
influenza viruses from wild or domestic birds to cattle in
Ukraine cannot be excluded, particularly in light of the
ongoing global changes in influenza virus ecology and
the continued evolution of HPAI H5 viruses.

The ongoing HPAI H5N1 epizootic in dairy cattle in
the United States further emphasizes the importance of
these findings. Despite extensive investigations, the
precise circumstances under which the virus first crossed
the species barrier from wild birds to cattle remain
unclear. As additional data become available, new
questions continue to emerge, while fundamental aspects
of virus emergence, host adaptation, transmission
dynamics, and long-term maintenance in cattle
populations remain incompletely understood (Nguyen
etal, 2025). Consequently, investigations of novel
susceptible hosts and potential reservoirs of influenza A
viruses, particularly highly pathogenic avian influenza
viruses, are essential for the early detection of emerging

epizootic and zoonotic threats, improved risk
assessment, and strengthened pandemic preparedness.

Future research should focus on expanding the
ongoing serological surveillance of ruminants in Ukraine
by increasing both the geographical coverage and sample
size. Surveillance should include animals from large
commercial dairy operations as well as smallholder and
backyard farms. In addition to serological testing, future
studies should incorporate virological and molecular
approaches to enable direct detection, isolation, and
genetic characterization of influenza viruses. The
integration of serological, virological, and molecular data
will provide a more comprehensive assessment of the
occurrence of influenza A viruses in ruminants in
Ukraine, facilitate identification of potential sources of
infection, and improve our understanding of the
epizootiological and zoonotic significance of these viruses.

Acknowledgements. This work was supported by the
National Research Foundation of Ukraine (NRFU)
through research projects No.2025.07/0063 ‘Highly
pathogenic avian influenza H5 in Ukraine: circulation in
the natural reservoir among wild birds and mammals;
biological properties, genetic diversity and variability,
introduction of novel genetic variants, and risks to
human health’, and No.2021.01/0006 ‘Study of the
circulation of zoonotic influenza A viruses in the natural
reservoir and assessment of their epidemic risks and
threat to human health in Ukraine’. The authors would
like to express their sincere gratitude to Dr. Oleksandr
Rula, Dr.Semen Tkachenko, Dr. Yevheniia Vashchyk,
Dr. Oleksandr Kornieikov, and Dmytro Konkin for
providing samples and materials used in this study. The
authors also express their special appreciation to
Prof. Denys Muzyka, Principal Investigator of the
National Research Foundation of Ukraine project
No. 2025.07/0063, for his valuable comments and critical
review of the final version of the manuscript.

Declaration of competing interest. The authors
declare that they have no conflict of interest.

References

Ballmann, M., Germeraad, E., Mars, M., Santman-Berends, L.
and de Boer, S. (2026) Serologische Screening van Rundvee op
Antilichamen Tegen Aviaire Influenza Virus. Lelystad:
Wageningen Bioveterinary Research. (Wageningen Bioveterinary
Research Report, 2608033). doi: 10.18174/713793.

Caserta, L. C, Frye, E. A, Butt, S. L, Laverack, M., Nooruzzaman, M.,
Covaleda, L. M., Thompson, A. C., Koscielny, M. P., Cronk, B.,
Johnson, A, Kleinhenz, K., Edwards, E. E., Gomez, G., Hitchener, G.,
Martins, M., Kapczynski, D. R., Suarez, D. L., Alexander Morris, E. R,
Hensley, T., Beeby, J. S., Lejeune, M., Swinford, A. K., Elvinger, F.,
Dimitrov, K. M. and Diel, D. G. (2024) ‘Spillover of highly
pathogenic avian influenza H5N1 virus to dairy cattle’, Nature,
634(8034), pp. 669-676. doi: 10.1038/s41586-024-07849-4.

EFSA (European Food Safety Authority), ECDC (European
Centre for Disease Prevention and Control), EURL (European
Union Reference Laboratory for Avian Influenza), Alexakis, L.,
Buczkowski, H., Ducatez, M., Fusaro, A., Gonzales, J. L., Kuiken, T.,
Mirinaviciaté, G, Stahl, K., Staubach, C., Svartstrom, O., Terregino, C.,,
Willgert, K., Melo, M. and Kohnle, L. (2025) ‘Avian influenza

16

overview March-June 2025, European Food Safety Authority
Journal, 23(7), p. €9520. doi: 10.2903/j.efsa.2025.9520.

EFSA (European Food Safety Authority), ECDC (European
Centre for Disease Prevention and Control), EURL (European
Union Reference Laboratory for Avian Influenza), Buczkowski, H.,
Ducatez, M., Fusaro, A., Gonzales, J. L., Kuiken, T., Mirinavi¢iaté, G.,
Stahl, K., Staubach, C., Svartstrém, O., Terregino, C., Willgert, K.,
Alarcén, E. and Kohnle, L. (2026) ‘Avian influenza overview
March-May 2026°, European Food Safety Authority Journal,
24(7), p. €10196. doi: 10.2903/j.efsa.2026.10196.

Kovalenko, G., Molozhanova, A., Halka, I. and Nychyk, S.
(2017) ‘Antibody prevalence to influenza type A in wild boar of
Northern Ukraine’, Vector Borne and Zoonotic Diseases, 17(12),
pp- 836-839. doi: 10.1089/vbz.2017.2118.

Krammer, F., Hermann, E. and Rasmussen, A. L. (2025)
‘Highly pathogenic avian influenza H5NI1: history, current
situation, and outlook’, Journal of Virology, 99(4), p. €0220924.
doi: 10.1128/jvi.02209-24.

www.jvmbbs.kharkov.ua


https://doi.org/10.18174/713793
https://doi.org/10.1038/s41586-024-07849-4
https://doi.org/10.2903/j.efsa.2025.9520
https://doi.org/10.2903/j.efsa.2026.10196
https://doi.org/10.1089/vbz.2017.2118
https://doi.org/10.1128/jvi.02209-24

Journal for Veterinary Medicine, Biotechnology and Biosafety

Volume 12, Issue 3, 2026

Krueger, W.S. and Gray, G.C. (2013) ‘Swine influenza
virus infections in man’, Current Topics in Microbiology and
Immunology, 370, pp. 201-225. doi: 10.1007/82_2012_268.

Lombard, J., Stenkamp-Strahm, C., McCluskey, B., Abdul-
Hamid, C., Cardona, C., Petersen, B. and Russo, K. (2025)
‘Invited review: The One Health challenges and opportunities
of the H5NI1 outbreak in dairy cattle in the United States’,
Journal of Dairy Science, 108(7), pp. 6513-6537. doi: 10.3168
/jds.2024-26222.

Mironenko, A., Muzyka, N., Teteriuk, N., Radchenko, L.,
Popova, A., Waldenstrom, J. and Muzyka, D. (2026) ‘Genetic
characterization of avian influenza virus A (HINI1) isolated
from a fieldfare Turdus pilaris in Ukraine’, Microbiology
Research, 17(1), p. 19. doi: 10.3390/microbiolres17010019.

Muramoto, Y., Noda, T., Kawakami, E., Akkina, R. and
Kawaoka, Y. (2013) ‘Identification of novel influenza A virus
proteins translated from PA mRNA’, Journal of Virology, 87(5),
Pp- 2455-2462. doi: 10.1128/jvi.02656-12.

Muzyka, D., Pantin-Jackwood, M., Spackman, E., Stegniy, B.,
Rula, O. and Shutchenko, P. (2012) ‘Avian influenza virus wild
bird surveillance in the Azov and Black Sea regions of Ukraine
(2010-2011)’, Avian Diseases, 56(4 Suppl), pp. 1010-1016. doi:
10.1637/10157-040912-resnote.1.

Muzyka, D., Pantin-Jackwood, M. J., Spackman, E., Smith, D. M.,
Rula, O., Muzyka, N. and Stegniy, B. (2016a) ‘Isolation and
genetic characterization of avian influenza viruses isolated
from wild birds in the Azov-Black Sea region of Ukraine
(2001-2012)’, Avian Diseases, 60(1 Suppl), pp.365-377. doi:
10.1637/11114-050115-reg.

Muzyka, D., Pantin-Jackwood, M., Starick, E. and Fereidouni, S.
(2016b) ‘Evidence for genetic variation of Eurasian avian
influenza viruses of subtype H15: the first report of an H15N7
virus’, Archives of Virology, 161, pp.605-612. doi: 10.1007/
s00705-015-2629-2.

Mugzyka, D., Rula, O., Tkachenko, S., Muzyka, N., Kothe, S.,
Pishchanskyi, O., Stegniy, B., Pantin-Jackwood, M. and Beer, M.
(2019) ‘Highly pathogenic and low pathogenic avian influenza
H5 subtype viruses in wild birds in Ukraine’, Avian Diseases,
63(1S), pp. 235-245. doi: 10.1637/11879-042718-resnote. 1.

Muzyka, N., Popova, A., Rula, O., Yurko, P., Chaplygina, A.,
Byrne, A. M. P., Lofts, A, Zohari,S., Koethe,S., Fair,],
Owen, J., Lewis, N., Pohlmann, A., Beer, M., Waldenstrom, J.
and Muzyka, D. (2025) ‘Wild passerines as potential carriers
and sources of avian influenza viruses in Ukraine’, Frontiers in
Microbiology, 16, p. 1736454. doi: 10.3389/fmicb.2025.1736454.

Nguyen, T. Q., Hutter, C.R.,, Markin, A., Thomas, M.,
Lantz, K., Killian, M. L., Janzen, G. M., Vijendran, S., Wagle, S.,
Inderski, B., Magstadt, D.R., Li, G., Diel, D.G., FryeE. A,
Dimitrov, K. M., Swinford, A. K., Thompson, A. C., Snekvik, K. R.,
Suarez, D. L., Lakin, S. M., Schwabenlander, S., Ahola, S. C,,
Johnson, K. R,, Baker, A. L., Robbe-Austerman, S., Torchetti, M. K.
and Anderson, T. K. (2025) ‘Emergence and interstate spread
of highly pathogenic avian influenza A(H5N1) in dairy cattle
in the United States’, Science, 388(6745), p.eadq0900. doi:
10.1126/science.adq0900.

Received 10.07.2026

2026 © Muzyka N. M.
Pishchanskyi O. V.

Drozhzhe Zh. M. © 0000-0002-4654-8333

Accepted 21.07.2026

0000-0002-3163-6728, Kolomak I. O.
0009-0002-0111-4977, Aliekseieva H. B.

Peacock, T. P., Moncla, L., Dudas, G., VanInsberghe, D.,
Sukhova, K., Lloyd-Smith,]. O., Worobey, M., Lowen, A. C.
and Nelson, M. I. (2025) ‘The global H5N1 influenza panzootic
in mammals’, Nature, 637(8045), pp.304-313. doi: 10.1038/
s41586-024-08054-z.

Pekar, J. E., Crespo-Bellido, A., Lemey, P., Bowman, A. S,,
Peacock, T. P., Ochoa, J. N., Rambaut, A., Pybus, O. G., Worobey, M.
and Nelson, M. I. (2026) ‘Can H5N1 avian influenza in dairy
cattle be contained in the US?, Cell, 189(3), pp. 699-705. doi:
10.1016/j.cell.2025.12.033.

Piret, J. and Boivin, G. (2020) ‘Pandemics throughout history’,
Frontiers in Microbiology, 11, p.631736. doi: 10.3389/fmicb.
2020.631736.

Rula, 0. M, Muzyka, N. M., Drozhzhe, Zh. M., Pishchanskyi, O. V.,
Stegniy, B. T. and Muzyka, D. V. (2024) ‘Serological monitoring
of influenza A among wild and domestic ungulates in Ukraine’,
Journal for Veterinary Medicine, Biotechnology and Biosafety,
10(3), pp- 29-36. doi: 10.36016/JVMBBS-2024-10-3-5.

Sapachova, M., Kovalenko, G., Sushko, M., Bezymennyi, M.,
Muzyka, D., Usachenko, N., Mezhenskyi, A., Abramov, A.,
Essen, S., Lewis,N.S. and Bortz, E. (2021) ‘Phylogenetic
analysis of H5N8 highly pathogenic avian influenza viruses in
Ukraine, 2016-2017’, Vector-Borne and Zoonotic Diseases,
21(12), pp. 979-988. doi: 10.1089/vbz.2021.0031.

Scholtissek, C., Rohde, W., Von Hoyningen, V. and Rott, R.
(1978) ‘On the origin of the human influenza virus subtypes
H2N2 and H3N2’, Virology, 87(1), pp. 13-20. doi: 10.1016/
0042-6822(78)90153-8.

Shanta, R.N., Akther, M., Prodhan, M. A., Akter, S. H,,
Annandale, H., Sarker, S., Abraham, S. and Uddin, J. M. (2025)
‘Adaptation and outbreak of highly pathogenic avian influenza
in dairy cattle: an emerging threat to humans, pets, and
peridomestic animals’, Pathogens, 14(9) doi: 10.3390/pathogen
$14090846.

Shi, Y., Wu, Y., Zhang, W., Qi,]. and Gao, G.F. (2014)
‘Enabling the ‘host jump’: structural determinants of receptor-
binding specificity in influenza A viruses’, Nature Reviews.
Microbiology, 12(12), pp. 822-831. doi: 10.1038/nrmicro3362.

Sreenivasan, C. C., Thomas, M., Kaushik, R.S., Wang, D.
and Li, F. (2019) ‘Influenza A in bovine species: A narrative
literature review’, Viruses, 11(6), p. 561. doi: 10.3390/v11060561.

Stegniy, B. T., Rula, O. M., Muzyka, N. M., Dunaiev, Yu. K,,
Busol, V. O., Kolchyk, O. V. and Muzyka, D. V. (2023) ‘Risk of
Swine influenza for veterinary medicine and human health in
Ukraine’, Journal for Veterinary Medicine, Biotechnology and
Biosafety, 9(3), pp. 33-41. doi: 10.36016/JVMBBS-2023-9-3-6.

Suarez, D. L. (2016) ‘Influenza A virus’, in D. V. Swayne
(ed.) Animal Influenza. 2™ ed. Ames, Towa: Wiley & Sons,
pp. 1-30. doi: 10.1002/9781118924341.chl.

Wille, M. and Barr, I. G. (2022) ‘Resurgence of avian influenza
virus’, Science, 376(6592), pp. 459-460. doi: 10.1126/science.abo1232.

Yamayoshi, S., Watanabe, M., Goto, H. and Kawaoka, Y.
(2016) ‘Identification of a novel viral protein expressed from
the PB2 segment of influenza A virus’, Journal of Virology,
90(1), pp. 444-456. doi: 10.1128/jvi.02175-15.

Published 21.09.2026

0000-0002-1601-893X,
0000-0001-6158-5960,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-
@ @@ NoDerivs License, which permits use and distribution in any medium, provided the original work is

properly cited, the use is non-commercial and no modifications or adaptations are made

ISSN 2411-0388 (online) 2411-3174 (print)

17


https://doi.org/10.1007/82_2012_268
https://doi.org/10.3168/jds.2024-26222
https://doi.org/10.3168/jds.2024-26222
https://doi.org/10.3390/microbiolres17010019
https://doi.org/10.1128/jvi.02656-12
http://dx.doi.org/10.1637/10157-040912-resnote.1
http://dx.doi.org/10.1637/11114-050115-reg
http://dx.doi.org/10.1007/s00705-015-2629-2
http://dx.doi.org/10.1007/s00705-015-2629-2
https://doi.org/10.1637/11879-042718-resnote.1
https://doi.org/10.3389/fmicb.2025.1736454
https://doi.org/10.1126/science.adq0900
https://doi.org/10.1038/s41586-024-08054-z
https://doi.org/10.1038/s41586-024-08054-z
https://doi.org/10.1016/j.cell.2025.12.033
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.36016/JVMBBS-2024-10-3-5
https://doi.org/10.1089/vbz.2021.0031
https://doi.org/10.1016/0042-6822(78)90153-8
https://doi.org/10.1016/0042-6822(78)90153-8
https://doi.org/10.3390/pathogens14090846
https://doi.org/10.3390/pathogens14090846
https://doi.org/10.1038/nrmicro3362
https://doi.org/10.3390/v11060561
https://doi.org/10.36016/JVMBBS-2023-9-3-6
https://doi.org/10.1002/9781118924341.ch1
https://doi.org/10.1126/science.abo1232
https://doi.org/10.1128/jvi.02175-15
https://orcid.org/0000-0002-3163-6728
https://orcid.org/0000-0002-1601-893X
https://orcid.org/0009-0002-0111-4977
https://orcid.org/0000-0001-6158-5960
https://orcid.org/0000-0002-4654-8333
https://creativecommons.org/licenses/by-nc-nd/4.0
https://creativecommons.org/licenses/by-nc-nd/4.0

