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Abstract

Rabies remains one of the most dangerous zoonotic diseases worldwide, with nearly 60,000 human
deaths annually. It is caused by the rabies virus (RABV), a neurotropic RNA virus of the Lyssavirus genus
(family Rhabdoviridae). Infection typically begins when the saliva of an infected animal enters a bite wound.
Ukraine has long been endemic for rabies, with both wild (especially red foxes) and domestic carnivores
serving as reservoirs. Before 2022, coordinated oral rabies vaccination (ORV) programs for wildlife and
systematic immunization of domestic animals contributed to a gradual decline in disease incidence. However,
the full-scale Russian invasion in February 2022 caused a collapse of veterinary infrastructure, disrupted
vaccination logistics, and led to the displacement of millions of people and animals, which reversed much of
the progress achieved. As a result, the increase in the stray animal population and the suspension of ORV
campaigns led to the uncontrolled spread of the virus among both wild and domestic animals. Between 2022
and 2024, Ukraine reported a more than twofold increase in rabies cases among animals. In the Ivano-
Frankivsk region (western Ukraine, a key EU buffer zone), cases doubled in 2024 relative to 20202021 despite
distance from combat zones; by mid-2025, they matched 2021 pre-war levels. This narrative review synthesizes
pre- and wartime epidemiology, integrates insights from viral biology relevant to control challenges,
distinguishes wild vs. domestic transmission dynamics using species-specific data, compares the Ivano-
Frankivsk case with neighboring western regions, and examines stray-animal dynamics. Restoring biannual
ORYV, rebuilding laboratories, strengthening cross-border surveillance, and advancing One Health integration
are critical to mitigate post-war resurgence.

Keywords: rabies virus, Ukraine, Ivano-Frankivsk region, war, pathogenesis, oral rabies vaccination,
zoonoses, surveillance, public health.
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1. INTRODUCTION

Rabies is a viral disease that causes fatal damage to the brain and spinal cord in humans and
other mammals and remains one of the most dangerous zoonotic diseases worldwide, causing
nearly 60,000 human deaths annually, in 150 countries, mostly in low- and middle-income countries
(WHO 2024). The causative agent of a disease is the rabies virus (RABV), which belongs to the
Rhabdoviridae family as a member of the Lyssavirus genus. Lyssaviruses are neurotropic single-
stranded RNA viruses characterized by spherical morphology, a tightly packed nucleocapsid, and
five structural proteins. As in other non-segmented, negative-polarity RNA viruses, genome
replication and protein synthesis occur in the cytoplasm of infected cells, under the guidance of
RNA-dependent viral polymerase (Robertson et al. 2012). Rabies virus is spread to people from the
saliva of infected animals, usually transmitted through a bite from a rabid dog. The incubation
period for rabies is usually 2-3 months, but can vary from one week to one year, depending on
factors such as the site of virus entry and viral load. The initial symptoms of rabies may be similar
to those of influenza, including weakness or discomfort, fever, or headache. The severe form of the
disease usually manifests within two weeks after the initial symptoms appear, when the rabies virus
causes anxiety, confusion, agitation, and hallucinations. Once a person begins to show signs and
symptoms of rabies, the disease is almost always fatal (WHO 2023).

Ukraine is considered endemic for rabies, with both wildlife (primarily red foxes and raccoon
dogs) and domestic animals serving as reservoirs (Kornienko et al. 2019; Vynograd et al. 2025).
Before 2022, the country maintained national programs for oral rabies of wild animals and
vaccination of domestic pets (Makovska et al. 2020, 2021; Polupan et al. 2024). While control
measures, primarily centered on oral rabies vaccination for wildlife, had achieved some success, the
full-scale Russian invasion in February 2022 has profoundly disrupted veterinary surveillance and
disease prevention programs (Kozhokaru et al. 2024). This has led to a deterioration of the epizootic
situation across the country. This review provides an overview of rabies pathogenesis, the current
situation in Ukraine due to the Russian full-scale invasion, and a specific case in the Ivano-Frankivsk
region, a strategically important western region in the fight against rabies spread. As the oblast
borders European countries, there is a high risk of cross-border disease transmission, which
jeopardizes the rabies-free status of many nations (Gossner et al. 2020; Cobby and Eisler 2024).

This narrative review synthesizes peer-reviewed literature, official veterinary and public-
health reports (SSUFSCP, WOAH, WHO), and regional data from 2019-2025. Inclusion focused on
rabies epidemiology, ORV (oral rabies vaccination) effectiveness, wartime impacts, and regional
data in Ukraine/Eastern Europe; exclusion applied to non-English/Ukrainian sources or pre-2019
non-baseline studies. No formal systematic protocol was followed, consistent with the narrative
format. It provides a biological context for why wartime disruptions amplify risk, examines wild vs.
domestic cycles separately, includes species composition, quantifies stray-animal dynamics,
normalizes human-exposure data per capita, and compares the Ivano-Frankivsk region with
neighboring western oblasts (Lviv, Zakarpattia). Ukraine’s western buffer status heightens the risk
of cross-border rabies transmission to rabies-free EU countries.

2. STRUCTURE, MOLECULAR BIOLOGY OF PATHOGENESIS OF RABIES VIRUS: A
INSIGHTS RELEVANT TO EPIDEMIOLOGICAL CONTROL

Rabies virus is an enveloped virus, and its infectious particles are cylindrical in shape,
resembling a sphere or stick. The inner capsid has a helical symmetry, and the genome consists of a
single-stranded linear RNA (ssRNA) with negative polarity, containing 11,615-11,966 nucleotides
(Chen et al. 2025). Genetic information is packaged in the form of a ribonucleoprotein complex in
which ssRNA is bound to nucleoprotein (N). The viral RNA genome includes five highly conserved
genes that are located in the order of 3'-N-P-M-G-L-5' and encode nucleoprotein (N),
phosphoprotein (P), matrix protein (M), glycoprotein (G), and large structural protein (RNA
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replicase) (L) (Finke and Conzelmann 2005). Protein L interacts with protein P to form an RNA-
dependent RNA polymerase complex. The G protein is an integral membrane protein that interacts
with host cell receptors, triggering endocytosis of the virion and facilitating viral entry (Albertini et
al. 2011). Replication and transcription of rabies viruses occur in the cytoplasm within a specialized
compartment called the Negri body (Nevers et al. 2020). Negri bodies are eosinophilic inclusions
formed by the accumulation of viral capsid proteins in cells and are thought to cause the main
damage to nervous cells. As these structures are typical of RABV infection of the brain, they have
diagnostic value for rabies virus infection (Chen et al. 2025).

Most cases of human infection with the rabies virus result from bites or scratches by animals
that expose muscle tissue to animal saliva containing rabies virus particles (Rudenko et al. 2025).
One of the known receptors for the rabies virus is the nicotinic acetylcholine receptor (nAChR)
(Davis et al. 2015; Chen et al. 2025). nAchR is restricted to muscle cells, suggesting primary infection
of muscle cells, followed by viral transmission to neurons. In this model of neuroinvasion, RABV
particles enter the CNS by budding from muscle cells into the synaptic cleft of neuromuscular
junctions, specialized synapses between efferent nerve endings and muscle fibers. It is thought that
after RABV enters the primary motor neurons, retrograde axonal transport, replication, and
assembly occur in the neuron body, followed by transport to another synapse and budding from it
to start a new cycle of infection and further spread from neuron to neuron. The process of
transsynaptic spread continues until RABV spreads throughout the CNS (Davis et al. 2015; Rudenko
et al. 2025).

The likelihood of developing rabies after being bitten by a rabid animal depends on the
location of the bite (the closer to the brain, the shorter the incubation period), the type of animal that
bit you, and the strain of the virus (Strauss and Strauss 2012; Chen et al. 2025). Without treatment,
bites to the face and head result in rabies in 40-80% of cases, while bites to the legs result in rabies in
0-10% of cases (Strauss and Strauss 2012). The incubation period before symptomatic rabies develops
can range from less than a week to several years. Once the virus reaches the brain, it spreads to
various organs. To be transmitted, it must spread to the salivary glands. Infection of brain neurons
can lead to behavioral changes that make the animal aggressive and cause it to bite other animals,
thereby transmitting the virus present in salivary fluid. In humans, the disease can be paralytic (in
20% cases) or lead to nonspecific neurological symptoms (in about 80% cases), including anxiety,
agitation, and delirium. Biting behavior is not a consequence of rabies in humans, and the virus is
not transmitted from person to person. Coma and death occur 2-7 days after the onset of rabies
symptoms. Only three cases of human recovery from symptomatic rabies have been reported
(Strauss and Strauss 2012).

RABV exhibits unusually low genetic variability for an RNA virus (substitution rate ~1-5 x
10~* substitutions/site/year, with many estimates around 1.5 x 10*) due to strong purifying selection
on the G protein. This constrained evolution results in limited antigenic drift and underpins the
broad cross-protective efficacy of current inactivated vaccines and oral rabies vaccines (ORV baits)
against circulating strains. In Europe and Ukraine, classical RABV (genotype 1, species Rabies
lyssavirus) dominates terrestrial transmission, with a single major fox-associated cosmopolitan
lineage (no significant subtypes or escape variants reported in the region). Related but distinct
lyssaviruses (e.g., European bat lyssaviruses EBLV-1 and EBLV-2, genotypes 5 and 6) occur in bats
but rarely spill over to terrestrial hosts or humans in Ukraine/Europe (Durrant et al. 2024; Ashwini
et al. 2024; Robardet et al., 2026).

Molecular epidemiological tools (whole-genome sequencing) are essential to detect rare
introductions of divergent lyssaviruses or potential vaccine-escape mutants—capabilities severely
curtailed by wartime laboratory disruptions. Negri bodies retain diagnostic value in histopathology
where PCR/antigen detection is unavailable (especially in resource-limited or disrupted settings).
These biological features explain why breakdowns in ORV and pet vaccination during conflict



rapidly amplify enzootic cycles: long incubation masks early spread, while conserved antigenicity
means that restored vaccination programs can still be highly effective if coverage is achieved
(Durrant et al. 2024; Ashwini et al. 2024).

3. RABIES SITUATION IN UKRAINE BEFORE THE WAR

For decades, rabies has been an endemic zoonotic disease in Ukraine, characterized by
alternating dominance of urban and forest transmission cycles. A retrospective analysis of the
epidemiology of rabies from 1950 to 2019 showed three major epidemic peaks (1951, 1979, and 2007)
and identified five historical phases of epizootic development — from “urban (dog)” to “forest (fox)”
and, finally, the “expansion” phase in 2000-2019 (Makovska et al. 2020). During the early “urban”
phase, dogs were the main reservoir and source of human infection; later, the ecological role of wild
carnivores, particularly red foxes (Vulpes vulpes), increased substantially. During the expansion
phase, the proportion of domestic carnivores (dogs and cats) reached approximately 44.6% of all
cases, while foxes accounted for about 36.5%, illustrating a growing overlap between domestic and
wildlife cycles (Kornienko et al. 2019; Makovska et al. 2020).

Large-scale national monitoring from 1999 to 2018, analyzed by Kornienko et al. (2019),
confirmed the long-term endemic nature of rabies in almost all regions of Ukraine. During this 20-
year period, an average of 1,500-1,800 rabid animals were registered annually, predominantly foxes,
dogs, and cats. The researchers identified cyclical fluctuations every 3-5 years and noted that
environmental, socio-economic, and logistical factors, such as insufficient vaccination of domestic
animals and an increase in stray dogs, were closely associated with the recurrence of outbreaks. The
study emphasized the need for a comprehensive vaccination strategy across different animal
species, as control measures targeting domestic animals alone were insufficient to stop the
circulation of the virus.

Mazur et al. (2017) provided a retrospective overview of the rabies epizootic situation in
Ukraine between 2011 and 2016, when national ORV campaigns and domestic-animal immunization
were consistently implemented. During that period, Ukraine recorded steady declines in animal
rabies cases, from 1,604 outbreaks in 2011 to 917 in 2016, reflecting the effectiveness of national
control strategies. Western oblasts, including Ivano-Frankivsk and Lviv, showed some of the lowest
incidence rates nationwide.

The spatial and temporal dynamics of rabies in Ukraine were further investigated by Polupan
et al. (2024), who evaluated the effectiveness of oral rabies vaccination (ORV) programs for wild
carnivores. Their geospatial analysis (2012-2021) showed that the density and continuity of bait
distribution directly correlated with a decrease in rabies incidence, especially in western and central
regions. Where ORV campaigns were conducted regularly, the number of rabies cases decreased
significantly; conversely, in regions with incomplete coverage or logistical disruptions, disease
intensity remained high. The authors concluded that biannual ORV remains the most effective large-
scale measure for controlling rabies in wild animals and indirectly reducing infection in domestic
animals and humans.

In parallel, Makovska et al. (2021) analyzed systemic gaps and challenges in the
implementation of rabies prevention strategies in Ukraine over the past decades. They identified
limited and inconsistent funding, insufficient coordination between the veterinary and health
sectors, and the lack of a unified national database as the main obstacles. The authors called for a
more robust One Health system that integrates animal and human health surveillance, improves
vaccine logistics, and strengthens information campaigns to increase vaccination compliance among
pet owners.

In summary, the pre-war situation with rabies in Ukraine was characterized by a stable yet
persistent endemic pattern, with simultaneous circulation of the virus among wild and domestic
carnivores. The main factors contributing to this were incomplete vaccination, fluctuations in the



effectiveness of rabies vaccination campaigns, an increase in the population of stray animals, and
structural gaps in coordination between the veterinary and human health sectors. Ukraine’s rabies
control strategy at that time was largely centered on managing infection in its principal wildlife
reservoir, the red fox. National ORV programs, supported by the European Union, played a critical
role in reducing rabies incidence in wildlife and limiting spillover to domestic animals and humans
(Polupan et al. 2024). Regular biannual ORV campaigns led to a steady decline in wildlife rabies
cases between 2012 and 2021, as confirmed by national veterinary reports and WOAH data
(OIE/WOAH 2022-2023; WHO/EURO 2023). Parallel vaccination of domestic animals was conducted
by the State Service of Ukraine on Food Safety and Consumer Protection, achieving generally high
coverage rates in both urban and rural areas. Despite these advances, persistent funding and
logistical gaps prevented full eradication of the disease, which continued to display cyclical patterns
of resurgence every few years (Makovska et al. 2021; Polupan et al. 2024). Thus, before the war,
Ukraine’s rabies control system was functional but fragile because it depended on ongoing
international support, coordinated vaccination programs, and continuous surveillance measures to
keep the disease endemic but under control.

4. RABIES DURING THE WAR (2022-2024) IN UKRAINE

Before 2022, rabies displayed alternating urban (dog-driven) and sylvatic (fox-driven) cycles,
with the latter expanding progressively. In wildlife cycle, foxes accounted for ~36-40% of cases in
national data (Kornienko et al. 2019; Makovska et al. 2020). Biannual ORV campaigns (2012-2021) in
western and central regions produced marked declines (Polupan et al. 2024). Regarding domestic
cycle, dogs and cats comprised ~44-45% of cases by the late expansion phase. Stray populations
(estimated 100,000-200,000 dogs pre-war) (FOUR PAWS, 20024) acted as bridges. Western oblasts
(including Ivano-Frankivsk, Lviv, and Zakarpattia) consistently had the lowest national incidence
rates owing to better ORV coverage and lower stray densities (Mazur et al. 2017). Overall, 1,500-
1,800 animal cases were registered annually (1999-2018 average), with cyclical 3-5-year peaks
modulated by vaccination continuity.

The full-scale war in Ukraine that began in 2022 triggered a series of events that led to a decline
in the vaccination of wild and domestic animals against rabies and an increase in the number of
registered cases of rabies, posing a serious health threat. The consequences can be divided into
several main categories:

1) Disruptions in veterinary services and vaccinations. The war led to the destruction of veterinary
infrastructure, the displacement of veterinary personnel, and the redirection of public resources to
defense measures. This limited diagnostic capacity and led to the mass suspension of rabies
vaccination campaigns, especially in 2022-2023 (Ukhovskyi et al. 2024; Polupan et al. 2024), allowing
the rabies virus to circulate and spread uncontrollably among the fox population.

2) Mass displacement of people and animals. The humanitarian crisis caused mass displacement
of people, many of whom had pets, from areas of ongoing hostilities to safer regions. These pets
often had unknown or expired vaccination histories, posing a significant risk to new communities.

3) Increase in the stray animal population. The abandonment of pets in conflict zones and
disruptions to municipal animal control services led to a sharp increase in the number of stray dogs
and cats. These animals serve as an important bridge for virus transmission from wild animals to
humans (Ukhovskyi et al. 2024; Vysotskyi et al. 2025). Pre-war estimates indicated 100,000-200,000
stray dogs nationwide (FOUR PAWS, 2024). Wartime abandonment, shelter destruction, and halted
municipal control programs led to a sharp rise; some assessments now exceed 1 million homeless
dogs, with additional unquantified stray cats (Vysotskyi et al. 2025; WHO Europe 2025). Strays
function as critical bridge hosts, amplifying spillover from foxes to humans and facilitating long-
distance translocation via refugee movements.



Across the country, the number of rabies cases among animals has risen sharply: in 2023,
Ukraine recorded an approximately 2.3-fold increase compared to 2022, primarily due to the
cessation of oral vaccination of wild carnivores (OPV) and reduced opportunities for vaccinating
domestic animals under martial law (Fig. 1A). Suspension of ORV in 2022 (and only partial
resumption in buffer zones in 2023) allowed rapid resurgence in foxes — the dominant reservoir
(39.5% of all cases 2019-2023 nationally) (Ukhovskyi et al. 2024). Cases in dogs and cats (23.1% and
27.8% nationally, 2019-2023) surged due to disrupted routine vaccination and the massive
displacement of pets with unknown vaccination status.

In the first seven months of 2025, there were 30% more cases of rabies among animals
(domestic and wild ones) than in the whole of 2022. This shows the seriousness of the rabies problem
in Ukraine (Fig. 1A).

From 2023 to mid-2025 (January-July), a total of 3,403 laboratory-confirmed rabies cases were
recorded in animals in Ukraine (Table 1). Domestic carnivores clearly dominated the species
breakdown, accounting for approximately 68% of all infections. Cats were the single largest group,
with 1,257 cases (36.9%), followed closely by dogs with 1,050 cases (30.9%) (Kuriata-Pavlenko, 2025).
In contrast, wildlife reservoirs played a smaller but still significant role, contributing about 24% of
cases overall: foxes, the primary sylvatic host, were implicated in 710 cases (20.9%), while other wild
animals (such as raccoon dogs, martens, wolves, and similar species) accounted for only 121 cases
(3.6%). The remaining 265 cases (7.8%) involved other domestic animals, most likely livestock,
including cattle, horses, and goats. This pronounced shift toward domestic species, particularly cats
and dogs, highlights the increased bridging role of stray and unvaccinated companion animals in
maintaining and amplifying rabies transmission during and after wartime disruptions, compared to
the historically more wildlife-dominated pattern observed in Ukraine before 2022 (Kuriata-
Pavlenko, 2025; Ukhovskyi et al., 2025).
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Figure 1. Registered number of animals infected with rabies during 2020-2025 in Ukraine (A)
and in the Ivano-Frankivsk region (data from the report of the State Service of Ukraine for Food
Safety and Consumer Protection).

Table 1. Number of registered animal rabies cases in Ukraine during 2023-2025.

Year Total Infected Dogs Foxes Wild Other
Animals Cats Animals Domestic
Animals
2025 (Jan- 747 267 275 152 20 33

Jul)




2024 1438 520 421 313 74 110

2023 1218 470 354 245 27 122

TOTAL 3403 1257 1050 710 121 265
Data from (Kuriata-Pavlenko, 2025).

According to the date of the Public Health Center of Ukraine, in 2023, there were 1,845 reports
of bites or licks by animals infected with rabies, which is 4.5 cases per 100,000 people (Fig. 2).
According to preliminary data, in 2024, the number of such reports increased to 2,427 (5.86 per
100,000 people) (Fig. 2) (PHCU 2025).

Although cases of rabies among humans remained rare (usually one or two fatalities per year
nationwide), they were associated with unvaccinated domestic animals and delayed post-exposure
prophylaxis. In 2020 and 2021, no human rabies cases were reported. From the beginning of 2022 to
January 2026, six confirmed cases of death from rabies were registered, the last of which—a 51-year-
old woman bitten by a stray dog in the yard of her house —was registered in the Kharkiv region on
January 15, 2026 (Holt, 2026).
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Figure 2. Recorded reports of people bitten by dogs in 2023-2024: A) absolute number; B)
normalized number per 100,000 population (according to the date of the Public Health Center of
Ukraine, Ministry of Health (PHCU, 2025).

5. REGIONAL CASE STUDY: IVANO-FRANKIVSK OBLAST IN COMPARISON

WITH NEIGHBORING WESTERN REGIONS

Spatial analysis of rabies outbreaks in Ukraine from 2019 to 2024 showed a consistently high
incidence in the central and northern regions, particularly in Vinnytsia, Kirovohrad, Cherkasy, Kyiv,
Khmelnytskyi, and Kharkiv, while the western regions showed consistently lower incidence rates
(Ukhovskyi et al., 2025). The Ivano-Frankivsk region (population =1.35 million in 2022 estimates)
serves as a valuable illustrative case of indirect wartime effects on rabies epidemiology in a non-
frontline EU-buffer oblast. Unlike eastern and central regions directly impacted by combat
destruction, Ivano-Frankivsk experienced no widespread infrastructure damage but still showed a
marked deterioration in the epizootic situation. In the Ivano-Frankivsk region, rabies cases were
sporadic and primarily confined to rural areas, involving dogs and cats. Its location in the foothills
of the Ukrainian Carpathians provides a distinctive ecological setting: extensive mixed forests and
mountainous terrain adjacent to the Carpathian range support relatively high densities of red foxes
(the primary wildlife reservoir) and create natural migration corridors for wild carnivores. These
landscape features facilitate both sustained sylvatic circulation and potential long-distance



movement of infected animals, increasing the risk of spillover to domestic species and cross-border
transmission toward neighboring EU countries (Poland, Slovakia, Romania). This ecological
uniqueness contrasts with flatter, more agricultural landscapes in other western oblasts (e.g., parts
of Lviv or Volyn) and underscores why rabies persistence in Ivano-Frankivsk has implications
beyond local control.

The region has participated in cross-border surveillance and prevention programs with
neighboring EU member states (Poland, Slovakia, Romania, and Hungary) to reduce the risk of
transboundary transmission (Gossner et al. 2020; Vynograd et al. 2024). European risk assessments
conducted prior to the full-scale war emphasized Ukraine’s importance as a buffer zone for rabies
prevention in the EU, underscoring the need for continuous monitoring and coordinated vaccination
campaigns (Gossner et al. 2020; Cobby and Eisler 2024).

According to a national report compiled for the World Organization for Animal Health
(WOAH/WAHIS), the Ivano-Frankivsk region was one of the buffer regions where the OPV
campaign failed to take place in 2022, and it was only partially resumed in 2023 (OIE/WOAH 2022-
2023). Specifically, in the Ivano-Frankivsk region, a workshop held in August 2023 under the
auspices of the World Health Organization (WHO) identified sustained limitations in zoonotic
disease tracking and veterinary service coordination, which were caused by wartime conditions
(WHO/EURO 2023). The workshop identified rabies as one of the ten prioritized zoonoses for
regional One Health action.

According to data from the State Service of Ukraine for Food Safety and Consumer Protection
(SSUFSCP, 2025), compared to 2020 and 2021, twice as many cases of rabies among animals were
registered in the Ivano-Frankivsk region in 2024. In the first half of 2025, the same number of cases
of rabies in animals was registered as in the whole of 2021 (Fig. 1B). In 2023, there were 51 reported
cases of bites or licks by animals infected with rabies (Fig. 2). According to preliminary data, in 2024,
the number of such cases increased by 51. Epidemiological trends in the neighboring Lviv region,
described by Rudenko et al. (2025), provide a similar regional perspective. Their analysis showed an
increase in rabies cases among animals (especially foxes and domestic cats) after 2022, with the virus
circulating continuously in forest reservoirs and periodically spreading to domestic animals.
Zakarpattia and Volyn (also buffer zones) experienced similar ORV gaps and case rises driven by
eastward-to-westward animal displacement (Polupan et al. 2024; Gossner et al. 2020). Western
regions collectively retained lower absolute incidence than central/northern or frontline oblasts (e.g.,
Kharkiv, where bite reports rose several-fold; WHO 2025), yet relative doubling and per-capita
exposure trends mirror national patterns. Nationally, foxes predominate (39.5%), cats (27.8%), and
dogs (23.1%) (Ukhovskyi et al. 2024); the same hierarchy is inferred for western wildlife-rich
landscapes, though region-specific breakdowns are unavailable. The authors of the above-
mentioned studies noted that the war exacerbated several risk factors: reduced rabies vaccination
coverage and vaccination of domestic animals, uncontrolled movement of animals from combat
zones, and delays in laboratory diagnostics due to logistical disruptions. These findings strongly
suggest that mechanisms of rabies persistence and re-emergence during the war are similar in all
western regions, including the Ivano-Frankivsk region. National species proportions (Ukhovskyi et
al. 2024, 2025) show foxes as the dominant wildlife reservoir (20.9-39.5% across periods) and
cats/dogs as primary bridge hosts (=68% combined in recent years). The same hierarchy is inferred
for Ivano-Frankivsk and neighboring western oblasts, given their forested landscapes and higher
fox suitability compared to more urbanized or steppe regions.

6. INTERNATIONAL IMPLICATIONS AND PUBLIC HEALTH RISKS

The deteriorating rabies situation in Ukraine poses a risk not only to its citizens but also to
neighboring countries. European health bodies such as the ECDC and EFSA have issued warnings
about the risk of rabies reintroduction into rabies-free EU nations by pets accompanying refugees



(Cobby and FEisler 2024). The movement of unvaccinated animals across borders undermines the
collective public health security of the continent (Gossner et al. 2020; Cobby and Eisler 2024).

The war in Ukraine since February 2022 has significantly increased the risk of rabies spillover
into neighboring EU countries (primarily Poland, Slovakia, Romania, and Hungary), which had
previously achieved or maintained rabies-free status through sustained ORV programs and
surveillance (Robardet et al., 2026). The conflict disrupted Ukraine's veterinary infrastructure, halted
wildlife ORV campaigns, increased stray and free-roaming animal populations (including
abandoned pets), and led to a sharp rise in animal rabies cases, creating conditions for cross-border
transmission via wildlife movement and, to a lesser extent, pet displacement with refugees (Gossner
et al. 2020; Cobby and Eisler 2024). According to the Eurogroup for Animals report (December 2025),
phylogenetic and spatial analyses link recent re-emergences in bordering EU states directly to strains
circulating in Ukraine. Slovakia achieved rabies-free status in 2021 but lost it after cases in 2022-2023
(including a dog detected at a Ukraine border crossing in December 2022, plus badger and red fox
cases). Virus homology showed close matches to Ukrainian strains. Hungary regained rabies-free
status prior to the war but recorded 4 cases in 2022 and 15 in 2023, predominantly near eastern
borders with Ukraine. Romania saw a sharp escalation from 5 cases in 2021 (the first in a fox ~20 km
from the Ukraine border) to 26 in 2022 and 49 in 2023, mostly in bordering areas; many involved
wildlife spillovers. Poland experienced favorable conditions until ~2020 but reported 36 cases in 2022
and 7 in 2023, concentrated in the border triangle with Hungary and Romania. These cases were
often clustered <50 km from Ukraine or Moldova borders, with two main virus variants (Central
Europe and North Eastern Europe) detected across Ukraine, Moldova, Poland, and Romania during
2022-2024. The reports emphasize that the movement of infected animals from Ukraine
compromised the epizootiological situation in the EU, despite ongoing immune belts via ORV in
border zones (Eurogroup for Animals, 2025; Robardet et al., 2026).

The primary risk remains for the people within Ukraine. Every confirmed animal case
represents a potential chain of transmission that could lead to a fatal human infection if not managed
with timely and effective post-exposure prophylaxis, which consists of a series of vaccine doses and,
in severe cases, rabies immunoglobulin (WHO 2023). Despite the challenges, international
organizations have supported Ukraine’s rabies control. The World Health Organization (WHO),
World Organization for Animal Health (WOAH), and Food and Agriculture Organization (FAO)
have provided vaccines and technical assistance. The European Union reinforced cross-border
surveillance, especially with Poland, Slovakia, and Romania, to prevent the importation of rabies
from Ukraine (Vynograd et al. 2024). However, these efforts remain insufficient given the scale of
the disruption caused by war.

In October 2025, albeit slightly after the immediate war-onset years, the State Service of
Ukraine for Food Safety and Consumer Protection held a National Coordination Forum on Rabies
Elimination in Odesa, bringing together national and international experts, as well as
representatives from the veterinary medicine, agriculture, environment, and health sectors. The
forum emphasized Ukraine’s ambition to eliminate human rabies by 2030 and underscored the need
for multi-sectoral efforts (veterinary, wildlife, human health) and international cooperation. This
reflects a recognition of the wartime setbacks and a renewed push to restore and strengthen the
national rabies control program (SSUFSCP 2025). One Health recognizes that human, animal, and
environmental health are closely interconnected, and rabies is a prime example of this. Eliminating
rabies requires thorough vaccination campaigns, which can be greatly facilitated by the
identification and registration of dogs and cats. Knowing which animals are vaccinated, where they
are located, and who is responsible for them helps competent authorities optimize vaccination
efforts to eliminate the disease and prevent its re-emergence (Eurogroup for Animals, 2025).

CONCLUSIONS AND PERSPECTIVES



Wartime disruption demonstrably reversed a decade of progress through halted ORV,
laboratory collapse, and explosive growth of the stray population. Evidence-based priorities: (1)
resume biannual ORV in all wildlife corridors (target >70% fox coverage); (2) secure sustainable
human/animal vaccine supply chains; (3) rebuild molecular surveillance (genotyping) capacity; (4)
implement mandatory pet identification/registration and humane stray management (CNVR
programs); (5) strengthen cross-border EU-Ukraine One Health platforms. With sustained national
and international support, Ukraine can regain control and protect both its population and
continental rabies-free status by 2030.
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Anomayis. Cka3 3aAMIIAEThCA OAHICIO 3 HalHeOe3IeUHIIIMX 300HO3HIUX XBOPOO y CBiTi, IIOpiuHO
3abuparoun xutTst mainke 60 000 atoeit. Voro sukaukae sipyc ckasy (RABV) — neriporpornnmit PHK-sipyc
poay Lyssavirus (poguna Rhabdoviridae). 3apa’keHHs 3a3BM4ali IIOYMHAETHCA, KOAM cAMHA iHQikoBaHOI
TBAPMHM IIOTPaIlAs€ B paHy Big yKycy. YKpaiHa BXe JaBHO € €HAEMIYHOIO KpalHOIO II0AO CKa3dy, Je
pesepByapaMu Bipycy € sAK AMKi (0co0AMBO 4epBOHi Amcuili), Tak i goMamHi xmkaku. Jo 2022 poky
CKOOpAMHOBaHI MporpaMm INepopaAbHOI BaKIMHALil OPOTH CKa3y AAsd AMKMX TBapMH Ta CHCTeMaTH4YHa
iMyHi3allis AOMAaITHIX TBAPUH CIIPUAAN ITOCTYIIOBOMY 3HMXKEHHIO 3axpopiosaHocTi. OgHak rmopHOMacITabHe
BTOprHeHH: Pocii B a10ToMy 2022 poKy COpMYMHNIAO PyHYBaHH:A BeTepMHapPHOI iHPpacTpyKTypH, ITOPYILIIAO
AOTICTUKY BaKIMHAII Ta IIPU3BeA0 A0 IepeMilljeHHs MiAbJOHIB AI04eMl i TBapMH, 10 3HiBeAIOBaA0 3HAYHy
JacTMHY AOCATHYTOTO Iporpecy. B pesyabpraTi 30iabIlleHHsI ITOMyAsnii Oe3NpUTYABHMX TBapMH Ta
NPU3YNMHEHH KaMIaHill BaKIMHalil COpMYMHMAO HEKOHTPOAbOBaHe ITOIINMPEHHs Bipycy ceped AUKUX i
AoMantHix TBapmH. Y nepiog 3 2022 mo 2024 pik Ykpaina mosigoMmaa rmpo 0iAbII Hi>k ABOKpaTHe 30iAbIIeHH:
BUIIaJKiB cKka3y cepes TBapuH. B Isano-®pankiscpkint obaacti (3axigna Ykpaina, kaodosa 6ydepna soHa €C)
KiAbKicTh Bunaaxis y 2024 poui noapoiaacs nopisasHo 3 20202021 pokamu, He3dBaskalOul Ha Bi4aAeHiCTh Big
30H 0OMOBUX Ailf; 40 cepeayHu 2025 poKy BoHI gocATAM piBH:A 2021 poKy, ToOTO A0 mouyatky BiitHm. Llert orasig,
y3araapHIOE eI1igeMioA0TiIo 40 Ta IIi4 Jac BiliHy, iHTerpye BigomMocTi 3 BipycHoi 6i040rii, 1110 MaIOTh 3HAUYEHH:T
2451 6OpOTHEON 3 BipyCcOM, pO3pi3HiE AMHAMIKy IlepeJadi Bipycy AMKMMMU Ta AOMaIIHIMM TBapMHaMM Ha OCHOBi
AaHMX PO KOHKPETHi BMAM, IOPIBHIOE cuUTyallilo B IBaHO-PpaHKiBCbKilt 004acTi 3 cycCigHIMM 3axigHUMU
perioHaMm Ta aHadidye AMHaMIKy Oe3NpUTyAbHMX TBapuH. BigHoBAeHHs ABopiuHoi mporpamm ORYV,
BiAHOBAeHH: AabopaTopili, MOCUAEHHS TPaHCKOPAOHHOIO HarAdAdy Ta mpocyBaHH:A iHTerpamnii One Health
MaIlOTb BUpillladbHe 3Ha4eHH: A4 ITOM SKIIeHHs HacAiAKiB ITiCASBOEHHOTO CI1alaxy.

Karo4osi caosa: Bipyc ckasy, YkpaiHa, Isano-®pankiscbka 004acTh, BiliHa, aToreHes, epopaabHa
BaKI[MHAIIisl IPOTHU CKa3y, 300HO3M, HarAs4, OXOpPOHa 340pOB's.
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