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Summary. The article provides a brief historical background of equine influenza, the spread of this disease
worldwide, and the current epizootic situation. The results of serological monitoring by ELISA of wild and domestic
ungulates from different farms and regions of Ukraine for the presence of antibodies to influenza A viruses are
presented. Blood serum samples from 372 domestic horses and 32 wild ungulates were tested. Samples from animals
collected in 2023 and 2024 and archival blood serum samples from 2021 were used and tested according to the
manufacturer’s instructions using ELISA test systems manufactured by IDEXX, INGEZIM, and IDVet. The data
obtained indicate a fairly active circulation of influenza A viruses in populations of unvaccinated domestic horses. The
circulation was established not only in recent years (2023-2024, seroprevalence from 10% to 100%), but was observed
earlier, as evidenced by the detection of 60.9% of positive samples in samples collected in 2021. In addition, two out of
three positive samples were found in wild horses from Kherson Region, which indicates the circulation of influenza A
virus among wild animals and requires further investigation. The results correlate with the worsening of the
epidemiological situation regarding influenza in animals in Europe. The subsequent phase of the research is serotyping,

which involves determining the presence of antibodies to specific virus subtypes by hemagglutinin
Keywords: seroprevalence, equine influenza, enzyme-linked immunosorbent assay

Introduction. Equine influenza (EI) is an acute,
highly contagious viral disease of horses, donkeys, mules,
and other ungulates that is associated with severe
respiratory disorders in animals. Today, the disease is
widespread in Europe and North America, and sporadic
outbreaks of equine influenza have been reported in
Africa, Asia, Australia, and South America (Bryant et al.,
2011; Chambers, 2022). From an economic standpoint,
equine influenza is regarded as one of the most
significant respiratory diseases affecting horses and other
ungulates (Olguin-Perglione and Barrandeguy, 2021). At
the same time, the disease should be considered a
potential threat to human and other animal health. The
causative agent of El, the equine influenza virus (EIV), is
an  RNA-containing virus belonging to the
Orthomyxoviridae family and is a typical representative
of the influenza type A virus (Singh, 1994; Bryant et al.,
2009; Zhang etal, 2021). Influenza A viruses are
currently the most common influenza viruses, primarily
infecting humans, horses, birds, and pigs (Cauldwell
etal., 2014). They therefore pose a significant threat to
both animal and human health. This is particularly
important in the context of the worsening epizootic
situation with avian influenza, including highly
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pathogenic influenza, and its ability to cross the
interspecies barrier. Cases of infection with avian
influenza virus in domestic and wild carnivorous
mammals (cats, dogs, foxes, fur-bearing animals)
recorded in many European countries (Poland, Finland,
etc.) in 2022-2024 (Domanska-Blicharz etal., 2023;
WHO, 2023; Lindh et al., 2023; Tammiranta et al., 2023),
as well as recent cases in the United States of cows
infected with avian influenza virus (highly pathogenic
avian influenza virus of subtype H5N1) with subsequent
spread in several states and human infection from sick
cows (Burki, 2024; Oguzie etal., 2024; Eisfeld etal.,
2024), have increased concerns about the next pandemic,
which could potentially be caused by a zoonotic
influenza virus. It is also necessary to remember that new
types of influenza viruses are emerging, the role of which
as a dangerous pathogen for human health is still unclear.
For example, a new type of influenza virus is the
influenza D virus, which has recently been detected in
farm animals — cattle, pigs, and horses in different parts
of the world (Yu, Li and Wang, 2021; Skelton and Huber,
2022; Nedland et al., 2018).

Concerning the peculiarities of equine influenza as an
infectious disease, the spread of El is facilitated by the
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uncontrolled movement of animals from their places of
residence, stress factors in the keeping of horses at show
or sale grounds, and the absence of quarantine measures
and preventive vaccination against influenza. Equine
influenza is highly seasonal with a peak in the winter and
spring (Pusterla etal., 2011, 2015; Vaala etal., 2019).
However, it should be remembered that El can occur in
any month of the year (Chappell etal., 2023). At high
incidence rates (up to 100%), mortality can be as high as
2% (Bryant etal., 2011; Chambers, 2022; Pusterla et al.,
2015; Chappell etal., 2023; Rodriguez et al., 2018; Sack
etal., 2019; Oladunni etal., 2021; Paillot etal., 2016),
except in donkeys, which can have high mortality rates
(up to 30%) at high incidence rates (up to 100%)
(Chambers, 2022; Waghmare et al., 2010). The severity of
the disease depends on the pathogenicity of the El virus,
the immune status of the animals, and their age —
although EI is usually described as a disease of young
horses and donkeys, the highest rate of positive PCR
results is observed in the age groups 1-4years and
5-9years (Chappell etal., 2023; Landolt, 2014; Paillot,
2014). It should also be noted that in adults, death is
usually a consequence of the general condition of the
body and/or secondary bacterial infection, leading to
complications and the development of pleurisy and
pneumonia (Sarasola et al., 1992; Liu, 1993; Kastner et al.,
1999; Anzai etal, 2000; Muranaka etal., 2012). The
animal’s sex also plays a role — females are more likely to
be infected than males (Chappell et al., 2023).

Historically, the first documented clinical case of El
was reported in the United States in 1872. High incidence
(100%) and low mortality (up to 2%) were observed in
horses. The second fact is the report that this pathogen
could cause influenza infection in poultry in the United
States in 1874 (Morens and Taubenberger, 2010). In fact,
the first characterized EI virus was isolated in
Czechoslovakia in 1956 (A/equine/1/Prague/56, H7N7,
equi-1). It did not have highly pathogenic properties, but
an outbreak caused by this virus was reported in Italy
13 years later. Subsequently, the virus of this subtype was
isolated in India in 1987, in Egypt in 1989, and in
Mongolia in 2011 (Singh, 1994; Ismail etal., 1990;
Yondon et al., 2013). Another subtype of influenza virus
that causes disease in horses is the H3N8, equi-2 virus.
This virus was first detected in 1963 during a large
epizootic of equine respiratory disease in Miami, Florida
(USA), and since then this subtype has circulated
continuously in equine populations causing outbreaks of
El worldwide (Waddell, Teigland and Sigel, 1963;
Cullinane and Newton, 2013; Daly etal., 2011; Singh
et al.,, 2018; Scholtens et al., 1964).

In the context of the One Health concept and the risks
of new zoonotic influenza viruses emerging, it is
important to note the detection of viruses in horses that
had connections with viruses of other subtypes obtained
from different animals, as well as instances of the
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influenza virus crossing the interspecies barrier. In
China, a significant outbreak of H3N8 influenza in
horses and donkeys in 1989 was caused by the ‘avian-
origirm’ virus (A/equine/lilin/89) (Webster and Yuanji,
1991; Murcia, Wood and Holmes, 2011). This outbreak
led to the infection of 20,000 horses and the death of
400 animals. Similarly, in Mongolia, it was reported that
97 out of 585 tested horses were seropositive for the
H3N8 avian influenza virus (Zhu etal, 2019).
Additionally, a highly pathogenic avian influenza virus,
H5N1, was isolated from clinically ill donkeys in Egypt
(Abdel-Moneim, Abdel-Ghany and Shany, 2010).

The authors suggest that avian influenza may be more
prevalent among horses and not cause clinical signs,
which makes the disease more difficult to detect.
However, in the majority of cases, interspecies
transmission of this virus typically results in limited
further transmission to a new host. Chinese scientists
reported that during the surveillance of pigs in 2005 and
2006, they isolated viruses from them. The closest
neighbors of these viruses in all eight gene segments were
El viruses from Europe, isolated in 1991-1993 (Tu etal.,
2009). Furthermore, H3N8 equine influenza has been
isolated from camels, pigs, and infected cats in
experimental conditions (Yondon etal., 2014; Su etal.,
2014; Tu et al., 2009).

It is also important to note the role of horses in
maintaining existing and forming new reservoirs of
influenza A viruses, as evidenced by the interspecies
transmission of the H3N8 subtype H3N8 virus to dogs in
the late 1990s. This resulted in the formation of a separate
canine influenza cluster responsible for several outbreaks
of acute respiratory infections in dogs. For several years,
there was persistent circulation of this virus in dog
populations in the United States and sporadic cases of
infection among dogs in the United Kingdom and
Australia (Parrish, Murcia, and Holmes, 2015; Gibbs and
Anderson, 2010; Crawford et al., 2005; Daly et al., 2008;
Crispe et al., 2011; Newton et al., 2007).

It is important to consider the potential for human
infection with equine influenza. The first documented
outbreak of El in a population of people in contact with
horses was reported in 1957 in Kharkiv (Ukraine), and
the diagnosis was confirmed serologically (Gaidamaka
etal., 1959; Xie etal., 2016), indicating a significant risk
of virus exchange between horses and humans.

Regarding the current epizootic situation in the
world. Over the past decade (2010-2021), numerous
outbreaks of EIV infection have been reported in many
countries on different continents. The increase in EIV
outbreaks has been reported not only in North America,
especially in the United States, where the disease is
endemic, but also in Europe, Africa, Asia, and South
America (Oladunni etal., 2021). In the United States,
outbreaks were reported in 23 states in 2015, 16 states in
2016, 22 states in 2017, and 33 states in 2018-2019 (Sack
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etal., 2019; OIE, 2020). It should also be noted that EIV
is not a notifiable disease in the United States, so the true
picture may be much worse. Europe and the United
Kingdom experienced particularly severe outbreaks of El
in 1989, 2003, and 2018-2019. Each outbreak affected
approximately 5,000 to 10,000 horses. In Europe in
particular, outbreaks have been reported for many years
in France, Germany, Ireland, Sweden, and the United
Kingdom (Sack et al., 2019). One of the most recent large
outbreaks of El in Europe was reported in 2018-2019,
with 228 horses in the United Kingdom, 80 — in Ireland,
and 60— in France (OIE, 2020). These outbreaks
occurred in both vaccinated and unvaccinated horses.
Until the mid-2000s, EIV outbreaks were rarely reported
in Africa, but in 2018-2019 they were reported in many
African countries, affecting both horses and donkeys
(OIE, 2020; Shittu et al., 2020; Diallo etal., 2021). As a
result, more than 66,000 horses and donkeys died in
Burkina Faso, Chad, Cameroon, Gambia, Ghana, Mali,
Niger, Nigeria, and Senegal. Outbreaks of EIV have also
been reported in Asia, South America, and the Middle
East (Sack et al., 2019; Oladunni et al., 2021; Motoshima
etal., 2011).

The spread of EI among humans is supported by
recent serologic studies in Australia, Mongolia, and the
United States. Antibodies to H3N8 EIV were detected in
3-36% of human participants in these studies (Burnell
et al., 2014; Khurelbaatar et al., 2014; Larson et al., 2015).

As far as the equine influenza epidemic in Ukraine is
concerned, the disease is not officially registered today,
but there is no data on the surveillance of horses or other
animals.

Thus, the above-mentioned facts about the circulation
of equine influenza viruses in the world, the concern
about the possible emergence of a new pandemic
zoonotic virus due to reassortment and crossing of the
interspecies barrier, as well as the lack of up-to-date
information about the epizootic situation regarding
equine influenza in Ukraine, prompted us to start
research on the circulation of influenza A viruses among
mammals, including horses, in Ukraine.

The first stage of our research aimed to conduct
serological monitoring of wild and domestic ungulates
from different farms and different regions of Ukraine for
the presence of antibodies to influenza A viruses.

Materials and methods. The study was conducted in
the Department of Poultry Diseases and Molecular
Diagnostics of the National Scientific Center ‘Institute of
Experimental and Clinical Veterinary Medicin€
(Kharkiv, Ukraine).

Sampling and preparation of blood sera from animals
were performed according to classical methods. Blood
serum samples from 372 domestic horses and 32 wild
ungulates were tested. The study used samples from
animals collected in 2023 and 2024, as well as archival
blood serum samples from 2021. The list of samples used
in the study is shown in Table 1.

Table 1 — List of selected blood serum samples from ungulates

Year of . . . Number of | Total number of
. Animal species Region
sampling surveyed farms | samples collected
2021 Horse (Equus ferus caballus) Poltava 1 23
- | Sika deer (Cervus nippon) 1 7
(archive ., -
samples) Pr_zewalsl_<|s horse_ (Equus ferus przewalskii) | Kherson 1 3
Saiga (Saiga tatarica) 1 2
Kharkiv 6 56
Vinnytsia 1 20
Dnipropetrovsk 1 10
Zaporizhzhia 1 20
2023 [Horse Sumy 1 20
Lviv 2 30
\olyn 1 20
Ternopil 1 20
Ivano-Frankivsk 1 13
Cherkasy 1 10
Chernihiv 1 10
Chernivtsi 1 10
Zhytomyr 1 10
2024 [Horse Odesa 1 10
Dnipropetrovsk 1 10
Rivne 1 10
Zakarpattia 1 10
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Table 1 — continuation

Year of . . . Number of | Total number of
. Animal species Region
sampling surveyed farms | samples collected
Khmelnytskyi 1 10
Kharkiv 1 10
Horse K_herson 1 10
2024 Kirovohrad 1 10
Kyiv 1 10
Poltava 1 10
Mouflon (Ovis gmelini) Lviv 1 20
Blood sera from ungulates were tested for the 2023, Ternopil Region
presence of antibodies to Influenza A virus by ELISA 15 [ 20 ] 4 [ 16 [ 200
using the following test systems: IDEXX Influenza A Ab 2023, Ivano-Frankivsk Region
Test ELISA (USA), INGEZIM Influenza A, manufactured 16 13 2 11 15.4
by Ingenasa (Spain), and IDVet ID Screen Influenza A Total 530 57 165 59

Antibody Competition Multi-species-FLUACA (France).
The ELISA was performed, the reaction was recorded,
and the results were interpreted according to the
instructions of the test system manufacturers. All studies
were performed following good laboratory practice and

Table 3 — Results of the ELISA test for the presence
of antibodies to influenza A in horses from farms in
different regions of Ukraine in 2024

in (_:ompliance with all biosafety and biosecurity No. of Number of samples Seropre-
requirements. _ o . |thefarm| total | positive | negative | valence, %
Results. The r_esults of serologic studies in domestic Cherkasy Region
horses are shown in Tables 2 and 3. T T 10 ] 1 | 3 100
Table 2 — Results of the ELISA test for the presence Chernihiv Region
of antibodies to influenza A in horses from farms in 2 | 10 | 10 | 0 [ 1000
different regions of Ukraine in 2021 and 2023 Chernivtsi Region
3 | 10 | 0 | 10 | 00
No. of Number c_)f_samples _ Seropre- Zhytomyr Region
thefarm| total | positive | negative | valence, % 7 ] 10 ] 0 ] 10 | 00
Archive (2021), Poltava Region Odesa Region
1 | 23 | 14 | 9 | 609 5 1 10 ] 7| § | 200
2023, Kharkiv Region S trovsk Redi
propetrovsk Region
2 10 6 4 60.0 5 ] 10 | 7 1 8 ] 200
3 10 4 6 40.0 - - :
4 10 0 10 00 Rivne Region
5 10 0 10 00 7 [ 10 [ 1 [ 9 [ 100
6 10 7 3 70.0 Zakarpattia Region
7 6 4 2 66.6 8 [ 10 [ 5 [ 5 [ 500
2023, Vinnytsia Region Khmelnytskyi Region
8§ | 20 | 2 | 18 | 100 9 | 10 [ 2 | 8 | 200
2023, Dnipripetrovsk Region Kharkiv Region
9 [ 10 | 10 [ 0 [ 1000 0 | 100 | 8 | 2 | 800
2023, Zaporizhzhia Region Kherson Region
10 [ 20 [ 0 [ 20 [ 00 11 | 10 | 1 | 9 | 100
2023, Sumy Region Kirovohrad Region
11 [ 20 ] 0 [ 20 [ 00 2 | 100 | 0 [ 10 | 00
2023, Lviv Region Kyiv Region
12 20 0 20 0.0 13 | 10 | 3 | 7 | 300
13 10 10 0 100.0 Poltava Region
2023, Volyn Region 14 10 4 6 40.0
14 | 20 | 4 | 16 [ 200 Total 140 39 101 27.9
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Studies on the presence of antibodies to the
influenza A virus in horses were conducted in 16 farms
in different regions of Ukraine, all samples were taken
from animals older than one year of working
productivity. Table 2 illustrates that the percentage of
positive samples in horses from different farms ranged
from 10-20% (4 farms) to 40-100% (7 farms) in 2021
and 2023. Antibodies were not detected in horses from 5
of the 16 farms studied.

In 2024 antibodies to influenza A were not detected
only in animals from three farms in Zhytomyr,
Kirovohrad and Chernivtsi regions, in all other farms the
percentage of positive samples ranged from 10 to 100%.

Blood sera from wild ungulates of the following
species were also tested: sika deer, Przewalski’s horse,
saiga, and mouflon. All animals were over one year old.
The results are shown in Table 4.

Table 4 — Results of the ELISA test for the presence
of antibodies to influenza A in wild ungulates

Animal Number of samples Seropre-
species total | positive | negative | valence, %
2021, Kherson Region
Sika deer 7 0 7 0.0
Przewalski’s 3 5 1 66.6
horse
Saiga 2 0 2 0.0
2024, Lviv Region
Mouflon | 20 | 0 | 20 [ 00

As illustrated in Table 4, the analysis revealed the
presence of antibodies to the influenza A virus in two out
of three samples from Przewalskis horses (Kherson
Region).

Discussion. Previously, the issue of equine influenza
was regarded as an economic concern. For many years,
two subtypes of the influenza A virus (H7N7 and H3N8)
have been closely associated with respiratory diseases in
horses, resulting in significant economic losses due to the
treatment and prevention of the disease (Singh, 1994,
Waddell, Teigland and Sigel, 1963). Given the recent
instances of interspecies transmission, monitoring the
circulation of influenza viruses among mammalian hosts,
including horses, has become a priority for the early
detection of new reassortant viruses.

Monitoring studies, particularly serological studies,
are an effective tool for controlling the epizootic status of
equine influenza in a specific animal population. The
results of serological studies can provide up-to-date
information on the potential circulation of the virus in a
herd of animals or establish the strength of group
immunity following preventive vaccinations. In light of
the ongoing uncertainty regarding the equine influenza
situation in Ukraine, our initial research phase entailed
conducting serological monitoring of domestic, wild
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horses, and other ungulates to ascertain the presence of
specific antibodies to influenza A viruses.

Serological surveillance in Ukraine confirmed the
circulation of influenza A viruses among unvaccinated
domestic horses. According to the ELISA results, the
percentage of positive horses ranged from 10% to 100%
in different farms. Such a high seroprevalence is not
surprising, although it may vary in different countries
and regions. Numerous studies have been conducted
worldwide on the seroprevalence of influenza in horses
and donkeys, and this figure is very variable (Baydar
etal.,, 2023). For example, the seropositivity of horses to
influenza is 38% in Mexico (Blitvich et al., 2010), 11% in
Pakistan (Sajid etal., 2013), and 44.7% in Brazil (Daly
etal., 2021).

On the other hand, the seroprevalence in five different
regions of Turkey in a study of more than 600 horses was
31% (Ataseven and Daly, 2007), and according to the
results of other researchers from the same country, it was
3.03%.

Only New Zealand and Iceland, with their large horse
populations, have remained EIV-free. Some countries,
including Australia and South Africa, have eradicated
EIV after past outbreaks. However, EIV is generally
considered an enzootic in Europe, the Americas, and
Asia (Lim etal, 2023). With its almost worldwide
distribution, this highly contagious infection can lead to
infection through direct and indirect contact and
sometimes have a subclinical course.

Conclusions. Our data in Ukraine indicate that
influenza A viruses are currently circulating among
unvaccinated domestic horses. This circulation has been
observed not only in recent years (2023-2024), but also
earlier, as evidenced by the detection of 60.9% of positive
samples in samples collected in 2021. Furthermore, two
out of three tested samples from wild horses in Kherson
Region were positive, indicating the potential circulation
of the influenza A virus among wild animals. Further
investigation is required to confirm this. The data
obtained correlate with the worsening of the epizootic
situation regarding influenza in Europe among animals.
The detection of specific antibodies to the influenza virus
in wild ungulates is a notable finding that requires
further investigation. Additionally, the subsequent phase
of research is serotyping, which involves determining the
presence of antibodies to specific virus subtypes by
hemagglutinin.
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