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Influenza viruses infect a wide range of animal species and continue to pose a significant threat to global health.
Influenza D virus (IDV), first identified in 2011, has emerged as a new pathogen with a broad host range and
remains poorly understood. This seroepidemiological study aimed to investigate the circulation of IDVs in
Ukraine by analysing serum samples from domestic, wild and pet animals collected between 2021 and 2024. All
samples tested negative for influenza A viruses. The highest seroprevalence for the D/660 lineage was detected in
horses (57%), followed by swine (10%), with sporadic positivity observed in wild and companion animals.

Positivity for the D/OK lineage was lower across all species. Overall, these finding provide evidence of the
circulation and predominance of the D/660 lineage as the major IDV circulating in Ukraine and underscore the
importance of coordinated surveillance in livestock, wildlife, and at-risk human populations to fully evaluate the
public health implications of this emerging pathogen.

Emerging viral diseases represent a major challenge to global health,
food security, and biodiversity. Zoonotic pathogens account for >60 %
of all human infectious diseases and approximately 75 % of emerging
pathogens originate from animal sources (Jones et al., 2008; Taylor
et al., 2001). Understanding host range and serological responses across
different animal species is therefore important for identifying potential
reservoirs and developing appropriate surveillance and control strate-
gies (Woolhouse and Gowtage-Sequeria, 2005).

Influenza viruses are currently infecting humans, horses, birds and
pigs, posing a significant threat to both animal and human health
(Cauldwell et al., 2014) and are still unpredictable pathogens. One of the
most remarkable examples highlighting the importance of influenza
viruses is the worsening global epizootic situation caused by avian
influenza virus, particular highly pathogenic avian influenza (HPAI) A,
H5Nx, and its ability to cross the interspecies barrier. HPAI viruses
(H5Nx) have infected domestic and wild carnivorous mammals,
including cats, dogs, foxes, fur-bearing animals, in many European
countries (such as Poland and Finland) in 2022-2024
(Domanska-Blicharz et al., 2023; Lindh et al., 2023; Tammiranta et al.,

* Corresponding author.
E-mail address: trombetta@unisi.it (C.M. Trombetta).
! These authors share senior authorship

https://doi.org/10.1016/j.actatropica.2026.107980

2023), as well as cattle in the United States (Burki, 2024; Eisfeld et al.,
2024).

Domestic animals are recognized as important hosts in the ecology of
influenza A viruses (IAVs). Swine are considered as “mixing vessels” for
both avian and human influenza viruses, enabling the emergence of
novel viruses with pandemic potential (Kida et al., 1994; Ma et al., 2008;
Murcia et al., 2011). It is also important to note that new types of
influenza viruses continue to emerge, and their potential impact as
dangerous pathogen for human health is still unclear. For instance, a
new type of influenza virus is the influenza D virus (IDV), which has
recently been detected in various farm animals, including cattle, pigs,
and horses in different parts of the world (Nedland et al., 2018; Skelton
and Huber, 2022; Yu et al., 2021). The virus, first identified in swine in
2011, has emerged as a pathogen with a broad host range including
multiple animal species (Ducatez et al., 2015; Gao et al., 2025; Hause
et al., 2013; Lanave et al., 2024; Trombetta et al., 2024). Evidence of
high prevalence rates in cattle supports their role as the primary reser-
voir of IDV (Falsini et al., 2025; Kwasnik et al., 2023; Zhai et al., 2017).
More recently, serological studies have detected IDV in domestic
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animals, specifically in dogs in Italy, cats in China (Gao et al., 2025;
Trombetta et al., 2024) and dogs and cats in Ukraine (Trombetta et al.,
2026). Experimental infections have further confirmed that IDV can
cause mild to moderate respiratory disease in cattle and pigs, while
small ruminants and other species may act as spillover hosts (Ferguson
et al., 2015). The serological status of wild and exotic animals, however,
remains underexplored, although their role in viral ecology is increas-
ingly recognized (Kuiken et al., 2006).

Ukraine is one of the biggest European countries, with a substantial
farming industry and considerable wildlife diversity. However, the sit-
uation regarding the circulation of influenza viruses in Ukraine remains
unclear. To date, only the natural circulation of IAVs in wild birds has
been studied in detail (Muzyka et al., 2019, 2016b, 2016a, 2012).
Several recent reports have documented the circulation of IAVs in do-
mestic and wild mammals in Ukraine. Most of these studies are based on
serological surveys, reporting seroprevalence rates of 10.—80 % in do-
mestic horses in 2021-2024, 66.6 % in wild horses (Rula et al., 2024)
and 20-100 % in domestic swine (Stegniy, B. T., et al., 2023).

In this seroepidemiological study, we aimed to investigate the cir-
culation of IDVs in Ukraine by analysing serum samples from multiple
animal species.

A total of 363 serum samples from different animal species were
collected in 2021, 2023 and 2024 in Ukraine, as shown in Table 1. The
sample set includes serum samples from clinically healthy domestic
animals (pigs and horses), wild animals (moufflon, deer, saiga) and pet
animals (guinea pig, rabbit, chinchilla, ferret) collected in different re-
gion of Ukraine, as described in Table 1 and further illustrated in the
map of Ukraine (Fig. 1). All serum samples were initially tested for the
presence of antibodies to IAV using two commercial ELISA kits: IDEXX
AI MultiS-Screen Ab Test (The Netherlands) and ID Screen® Influenza A
Antibody Competition Multi-species (ID Vet, France) and only IAV
negative serum samples were included in this study. All serum samples
were then screened in duplicate by the hemagglutination inhibition (HI)
assay, as previously described (Falsini et al., 2025; Lanave et al., 2024;
Trombetta et al., 2022, 2019), using two IDV strains from two viral
lineages: D/bovine/Oklahoma/660/2013 virus (D/660 lineage, here
referred to as D/660), kindly provided by Prof. Feng Li, University of
Kentucky, and influenza D/swine/Italy/199724-3/2015 virus (D/OK
lineage, here referred to as D/OK), obtained from the European Virus
Archive (EVAg). All serum samples, including both positive and negative
controls, were pre-treated with receptor-destroying enzyme (RDE) from
Vibrio cholerae (Denka, Tokyo, Japan) at a ratio of 1:4 for 18 h at 37 °Cin
a water bath, followed by heat inactivation at 56 °C for 1 hour. Samples
were re-treated with 15 % turkey red blood cells (RBCs) at a 1:1 ratio,
resulting in a final serum dilution of 1:10. All serum sample were then
tested by HI assay using turkey RBCs adjusted to a final concentration of
0.35 %. Antibody titres were defined as the reciprocal of the highest

Table 1

Summary of the animal species included in this study. Number of samples
collected, their geographic origins (as detailed in the map), and the year of
collection.

Animal Number of Region Year
Species samples
Horse 138 See map (Fig. 1) 2023 (1 sample
2021)
Swine 183 See map (Fig. 1) 2023 and 2021
Moufflon 20 Askania — Nova 2024
Kherson
Deer 8 Askania — Nova 2021
Kherson
Saiga 7 Askania — Nova 2021
Kherson
Guinea Pig 3 Kharkiv 2023
Rabbit 2 Kharkiv 2023
Chinchilla 1 Kharkiv 2023
Ferret 1 Kharkiv 2023
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serum dilution that completely inhibited agglutination. Since the initial
dilution was 1:10, titres below the detection limit were conventionally
assigned a value of 5 (half of the lowest detectable titre) for calculation
purposes. Serum samples with an average antibody titre >10 were
considered HI positive. The percentages of positive and negative sam-
ples were reported along with their corresponding 95 % confidence in-
tervals (CI).

Regarding swine samples, 10 % (19/183) tested positive for D/660
(titres >10), only 5 % (10/183) showed titres >10 for D/OK and 2 % (4/
183) were positive for both IDV lineages. In contrast, 57 % (79/138) of
horse samples tested positive for D/660 with one of these also positive
for D/OK. All mouflon samples, included among wild ungulates, resulted
negative for both IDV lineages. The remaining animals listed in Table 1
were grouped into an “other animals” category due to small individual
sample sizes. Overall, 41 % (9/22) showed titres >10 to D/660, while
only 10 % (1/22) were positive for D/OK. Specifically, three deer
samples were positive for D/660, with one of these also positive for D/
OK; two saiga antelopes were positive for D/660; two guinea pig were
positive for D/660; one rabbit sample was positive for D/660; and the
one chinchilla was positive for D/660. The only ferret sample was
negative for both IDV lineages (Table 2).

This study provides novel serological evidence of IDV circulation
among various domestic and wild animal species in Ukraine. By ana-
lysing HI titres against two IDV lineages (D/660 and D/OK), we detected
positive samples across different animal species. Our results confirm
swine and equine as hosts for IDV, consistent with previous reports from
Europe, Asia, and North America (Ducatez et al., 2015; Falsini et al.,
2025; Murakami et al., 2016; Salem et al., 2017). While pigs are well
established as reservoirs for IAVs due to their susceptibility to both avian
and human viruses (Ma et al., 2008), their role in IDV ecology appears to
be secondary. Experimental studies suggest that swine can sustain
replication but are not the primary maintenance host (Ferguson et al.,
2016; Hause et al., 2013). Nonetheless, seroprevalence studies show
varying rates: 1.6 % positivity in swine samples from France (Gorin
et al.,, 2019), 11.7 % in Northen Italy in 2015 and 2016 (Foni et al.,
2017), and an increase to 31 % for D/660 and 29 % for D/OK in
Southern Italy in 2021 (Falsini et al., 2025). Our findings align with this
trend, demonstrating IDV circulation in Ukrainian swine populations. In
contrast, horses from Ukraine showed a remarkably high seroprevalence
(57 %) for D/660, providing the first evidence of virus circulation in the
country. This finding is particularly notable because a high IDV sero-
prevalence was detected in horses that tested negative for IAV. In
Ukraine, overall IAV seroprevalence in horses has also been reported to
be high (10-80 %, depending on the region) (Rula et al., 2024). At this
preliminary stage of the study, it is difficult to explain the high level of
IDV seropositivity and the potential sources of exposure, as only sero-
logical methods were applied. Nevertheless, the serological data support
the likelihood of IDV circulation among horses in Ukraine. These find-
ings highlight the need for more comprehensive future studies,
including molecular (PCR) and/or virological investigations, to better
understand the ecology of IDV, potential sources of exposure, and its
epidemiological role in equine populations. Notably, the seroprevalence
observed in Ukraine is substantially higher than that reported in a pre-
vious study from the Midwestern United States, which analysed samples
collected in 2015 and reported seroprevalence rates of only 11 % for
D/660 and 12 % for D/OK (Nedland et al., 2018). Similarly, horse
samples collected in Italy showed even lower rates, with 5 % positive for
D/660 and 1 % for D/OK (Falsini et al., 2025). These results suggest that
horses may serve as underappreciated sentinels of viral circulation, with
potential infection dynamics varying across regions. Among wild un-
gulates, deer and saiga antelopes exhibited some samples were positive
to D/660. Although the sample size was limited, these findings align
with previous studies reporting IDV detection in ungulates, especially
wild boars. In France, 0.5 % of wild boar samples collected in 2009 and
2018 tested positive for IDV (Gorin et al., 2019), whereas in Italy, much
higher positivity rates were observed, with 80 % of serum samples
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Fig. 1. Representative map of Ukraine. The map shows the sampling regions; different colours indicate the animal species collected from each region.

Table 2

HI prevalence of animal samples. The HI prevalence was described as follows: negative (< 5) and positive (> 10), with each category reported alongside with the
corresponding 95 % confidence interval (CI). The “other animals” category includes deer, saiga, guinea pig, rabbit, chinchilla and ferret, for a total of 22 samples.

Animal Species D/660 D/OK D/660 - D/OK
Negative Positive Negative Positive Positive
(=95 (=10) <5 >10 >10
Swine 90 % 10 % 95 % 5% 2%
(164/183) (19/183) (173/183) (10/183) (4/183)
95 %CI 95 %CI 95 %CI 95 %CI 95 %CI
84,2-93,63 % 6,37-15,74 % 90,18-97,35 % 2,65-9,82 % 0,60-5,50 %
Horse 43 % 57 % 99 % 1% 1%
(59/138) (79/138) (137/138) (1/138) (1/138)
95 %CI 95 %CI 95 %CI 95 %CI 95 %CI
34,37-51,45 % 48,55-65,63 % 96,03-99,98 % 0,02-3,97 % 0,02-3,97 %%
Moufflon 100 % 0% 100 % 0% 0%
(20/20) (0/20) (20/20) (0/20) (0/20)
95 %CI 95 %CI 95 %CI 95 %CI 95 %CI
83,16-100 % 0-16,84 % 83,16-100 % 0-16,84 % 0-16,84 %
Other Animals 59 % 41 % 95 % 5% 5%
(13/22) (9/22) (21/22) (1/22) (1/22)
95 %CI 95 %CI 95 %CI 95 %CI 95 %CI

36,35-79,29 % 20,71-63,65 %

77,16-99,98 % 0,12-22,84 % 0,12-22,84 %

collected in 2020-2021 testing positive for D/660 and 56 % for D/OK. In
contrast, all mouflon samples were uniformly negative. The detection of
IDV antibodies in ruminants has been sporadically reported in America
and Asia (Luo et al., 2017; Zhai et al., 2017). Given that cattle are
considered the primary reservoir (Ferguson et al., 2016; Zhai et al.,
2017), spillover into sympatric wildlife likely occurs in areas where
domestic and wild ruminants share pastures or water sources. The
absence of detectable antibodies in mouflons may reflect the small
sample size, distinct ecological niches, or lower intrinsic susceptibility.
Further longitudinal studies are needed to clarify the role of wild ru-
minants in sustaining or amplifying IDV transmission cycles. Small
mammals in our survey, including guinea pigs, rabbits, and chinchillas,
demonstrated occasional seropositivity to D/660, whereas the ferret
tested negative. These findings are intriguing because rodents and
lagomorphs are not typically considered as natural hosts of influenza
viruses, although have been extensively used as laboratory models
(Bouvier and Lowen, 2010). The detection of antibodies in naturally
exposed individuals suggests that these species may be susceptible to
spillover under field conditions. While the epidemiological significance
of such infections remains unclear, their occurrence underscores the
broad host range of IDV. This adaptability raises concerns regarding
viral persistence in multi-host ecosystems and the possibility of

recombination or reassortment events. However, the interpretation of
these findings is limited by the small sample size, only three guinea pigs,
two rabbits, and one each of chinchilla and ferret were tested.

Taken together, our results confirm the circulation and predomi-
nance of the D/660 lineage as the main circulating IDV in Ukraine as
well, highlighting the progressive replacement of D/OK lineage,
consistent with trends reported in other parts of Europe. This trend
underscores the dynamic evolution of IDV and its potential to generate
new antigenic variants (Gaudino et al., 2022).

This study has some limitations. First, the sample sizes for some
species (e.g., deer, saiga, guinea pig, chinchilla, ferret, rabbits) were
small, which limits statistical power and generalizability of our findings.
In addition, the cross-sectional design of our sampling precludes tem-
poral inference, and longitudinal surveillance would be required to
evaluate seasonal dynamics and viral persistence. No information was
available regarding the age of the wild animals.

In conclusion, our study highlights the predominance of the D/660
lineage in swine, equine, wild ungulates and small mammals in Ukraine
providing a valuable comparative framework for IDV serology across a
diverse array of species in Eastern Europe. By documenting exposure in
both domestic and wild animal exposure, we provide evidence for the
broad ecological plasticity of IDV. These findings underscore the
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importance of coordinated monitoring of livestock, wildlife, and at-risk
human populations to fully assess the public health significance of this
emerging orthomyxovirus. Ultimately, elucidating the diversity of
serological responses across multiple animal species is essential for a
“One Health” approach to infectious disease research, integrating
human, animal, and ecosystem health (Destoumieux-Garzon et al.,
2018). Comparative serology across species can inform public health
authorities, veterinarians, and wildlife managers, supporting the
development of evidence-based strategies to mitigate the risk of viral
emergence and strengthen preparedness against future pandemics.
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