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Oral rabies vaccination campaigns helped eliminate
rabies from parts of Europe, but rabies appears to be
reemerging. We analyzed 2022-2024 data, which dem-
onstrated reemergence of 2 virus variants; both were
detected in Ukraine, Moldova, Poland, and Romania.
Our findings highlight the need to strengthen rabies con-
trol efforts in the region.

abies had been eliminated from Western and

Central Europe through regular implementation
of oral rabies vaccination (ORV) campaigns among
red foxes (Vulpes vulpes), the primary disease reser-
voir (1). Those campaigns, initiated over large and
continuous areas since the 1990s, were typically con-
ducted twice a year, in spring and autumn, and used
an average bait density of 20-25 baits/km?(1).

The year 2020 was considered pivotal in the elim-
ination of the classic Lyssavirus rabies virus (RABV)
because, until that date, only sporadic cases were de-
tected at the eastern border of the European Union in
the previous 3 years (1). The European Commission
Animal Disease Information System (https://we-
bgate.ec.europa.eu/tracesnt/adis/public/notifica-
tion) reported 8 cases/year in 2017 and 2018, mainly
in wildlife, then 5 cases in 2019, including 4 wildlife
cases. Although 12 cases were detected in Poland in
2020 (6 among wildlife and 6 among domestic ani-
mals), the rabies situation in Poland greatly deterio-
rated in 2021. Rabies was reported in the central part

of Mazowieckie voivodeship, Poland (2), a region
that had been free of sylvatic rabies, for 17 years (2).
The outbreak escalated through the end of 2021; a
total of 113 cases were reported, 103 among wildlife
(mainly foxes), and 10 among domestic animals (Fig-
ure 1). Isolate analysis revealed that all the cases were
caused by a single Central Europe (CE) RABV variant
(2) (Figure 2). Poland implemented ORV campaigns
that controlled the outbreak, and continued surveil-
lance detected no cases after 2022.

A second major outbreak occurred in Central
Europe in 2022, affecting Romania, Hungary, and
Slovakia, then another in Poland in 2023 (3). Hun-
gary and Slovakia had maintained a rabies-free sta-
tus (according to the World Organisation for Ani-
mal Health self-declaration of rabies-free status that
comply with Article 8.14.2 or 8.14.4 of the Terrestrial
Animal Health Code) for several years but saw a re-
surgence of the disease in 2022, mainly near the east-
ern borders with Ukraine (3). During that outbreak,
the North Eastern Europe (NEE) variant, previously
detected in Poland, Slovakia, and Baltic countries (4),
was identified. At that time, no recently published
data identified variants circulating in Russia, Belar-
us, or Ukraine, making it difficult to compare vari-
ants and follow the geographic evolution of rabies.
We analyzed RABV strains from Central Europe to
assess migration of virus variants between countries
during 2022-2024.
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Figure 1. Distribution of detected rabies cases in wild and domestic animals from study of rabies reemergence, Central Europe, 2022—-2024.
The graph shows increases in rabies cases in Hungary, Poland, Romania, and Slovakia from the end of 2019 through September 2025.

The Study

We used rabies surveillance data from the Animal
Disease Information System of the European Food Safe-
ty Commission (https://food.ec.europa.eu/animals/
animal-diseases/animal-disease-information-system-
adis_en#animal-disease-information) to document
rabies case numbers. Since 2021, countries in the Eu-
ropean Union have systematically identified RABV
isolate strains by using Sanger sequencing of the
full-length nucleoprotein (N) gene (1,353-bp) (Appen-
dix 1, https:/ /wwwnc.cdc.gov/EID/article/32/2/25-
1597-Appl.xlsx), according to a method described in

2023 (3).
B

Our phylogenetic analysis revealed the C vari-
ant in Poland in February 2024 and in Romania in
August 2024 (Figure 2), although that variant is typi-
cally found in eastern Turkey, Georgia, Kazakhstan,
Ukraine, and Russia (4,5). The number of related C
variant cases then increased in Poland through the
end of 2024, and we identified a single isolate from
Romania in the same year. All other cases for which
sequence data were available were the NEE variant.

The C variant includes viruses circulating in the
steppe and forest-steppe regions of Russia from near
its border with Europe to Tuva Province, as well as
in Kazakhstan (5). The phylogeny shows that the C
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Figure 2. Spatial evolution of the different virus variants identified in a study of rabies reemergence, Central Europe, 2022-2024. A)
2022; B) 2023; C) 2024. For Ukraine and Moldova, only a few cases detected on their western borders have been sequenced; not all

positive cases are noted.
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variant is spatially and genetically distinct from the
NEE, CE, Eastern Europe (EE), and Western Europe
(WE) variants (Appendix 2 Figure, https://wwwnc.
cdc.gov/EID/article/32/2/25-1597-Appl.pdf).

The NEE variant probably has the largest geo-
graphic range because that lineage has been detected
in the Baltic region, Romania, Moldova, Poland, and
Ukraine (3,5-7) and was the representative variant
during the 2022 outbreak in Central Europe (3). The
CE variant, initially isolated mainly in west and south
Poland, eastern Germany, the Czech Republic, and
Slovenia (4), was the variant involved in the 2021 out-
break in Poland (2). The EE variant has been shown
to have a similar geographic distribution to the WE
variant (Serbia, Bosnia and Herzegovina, Slovenia,
Croatia, and Hungary) (4), and cases were also de-
tected in northern Macedonia during 2011-2012 (8).
The WE variant, previously detected in France, Italy,
Slovenia, Croatia, Montenegro, and Bosnia and Her-
zegovina (4), was last reported during 2010-2011 (9),
and could now be extinct.

A study of the full N gene from isolates collected
during 2009-2022 from 13 regions of Russia near the
border with Europe found that isolates belonged to
variants C or D (10), as previously reported (5). That
study also highlighted the predominance of C over D
isolates and that variant C apparently replaced vari-
ant D in many regions (10). During 2002-2014, vari-
ant C was detected in the Baltic region (11), Ukraine
(12), and Poland, which had 8 rabies cases along the
border with Belarus during 2008-2014 (M. Smreczak,
unpub. data). The C variant has not been previously
isolated in Romania (13).

Using information on reported rabies cases, we
calculated the distance to the nearest border for cas-
es detected during January 2023-September 2025.
Those calculations revealed that most rabies cases in
Hungary, Poland, Romania, and Slovakia were lo-
cated <50 km from borders with Ukraine or Moldova
(mean 21.8, SD +24.9 km) (Figure 3). That distance
appears to have remained unchanged over time, sug-
gesting that the extent of the RABV infection might be
stable in the region.

In Europe, the oral vaccination of wildlife reser-
voirs has proven to be the only effective measure to
eliminate rabies (14). Since 2021, Western and Central
Europe have experienced rabies challenges in the form
of several distinct outbreaks, and the NEE variant has
affected several countries at nearly the same time and
remains active (2,3). The number of vaccinated regions
in Ukraine has been increasing yearly since 2023, from
4 regions in 2023 to 14 in 2024 and 21 in 2025 (15). Al-
though aerial ORV distribution is known to be more
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Figure 3. Distance from Ukraine and Moldova of cases detected
in Hungary, Poland, Romania and Slovakia, January 2023—
September 2025. Most cases were located <50 km from borders

with Ukraine or Moldova (blue dashed line); almost all were <100
km from the border (red dashed line).
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effective, manual distribution is used in Moldova and
Ukraine because of local constraints. Given the rapid
turnover of red fox populations, any interruption in
ORYV programs, as in Romania, likely will to lead to a
drastic decline in vaccination coverage, which could
enable RABV to spread more easily. Indeed, Roma-
nia reported an endemic human rabies case in 2025
caused by a free-roaming dog, but no endemic human
cases had been reported in the European Union since
2012 (https:/ /who-rabies-bulletin.org/news/tragic-
human-rabies-case-romania). In 2024, two human ra-
bies cases were notified in Ukraine, and 1 case was
reported during the first quarter of 2025 (15). Those
recent dramatic cases illustrate the need to redouble
awareness and surveillance efforts to evaluate the in-
fected areas and implement adequate ORV programs
to avoid silent extension. Biologics can also be used
as preventive measures, such as vaccinating humans
and domestic species at risk when the reservoir is in-
fected and untreated, or by administering postexpo-
sure prophylaxis.

Conclusions
Through close and continuous cooperation between
national reference laboratories for rabies and the
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extensive sequencing of the entire N gene of all ra-
bies isolates since 2021, we detected the C variant and
mapped its spread in Central Europe during 2024, re-
flecting a constant westward infection pressure and a
fragile zoonotic situation. The ongoing war in the region
is disrupting the organization of human societies and
is affecting wildlife through the destruction of habitat
and food resources. The effects of armed conflict on the
spread of zoonoses, including rabies, should be assessed
and given greater consideration. To overcome the wor-
rying setback in rabies elimination in this part of Europe,
regular, large-scale, and effective rabies vaccination
campaigns need to be maintained and cross-border co-
operation between countries needs to be strengthened.
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