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Abstract
Introduction. Bats are considered natural reservoirs for lyssaviruses. A total of 17 out of 19 known lyssaviruses circulate in 
bat populations. Lyssaviruses cause rabies in animals and humans. The transmission of lyssaviruses from European bats to 
terrestrial animals and humans is rare, but the risk of infection still exists even in developed countries. Slovakia is currently 
a rabies-free country.�  
Objective. The aim of the study was to assess the potential circulation of EBLV-1 in synanthropic bats present in human 
inhabited buildings, and to give an overview of human exposure to bats. �  
Materials and method. A passive serological survey targeted the prevalence of antibodies to bat lyssaviruses in synanthropic 
bats between 2009 – 2019. A total of 598 bats of the species Pipistrellus pipistrellus, Pipistrellus pygmaeus, Eptesicus serotinus, 
Nyctalus noctula and Vespertilio murinus were captured in buildings mainly in Eastern Slovakia, and examined by the rapid 
fluorescent focus inhibition test (RFFIT). �  
Results. Lyssavirus-specific antibodies were detected in 2 (0.3%) of the 598 examined bats. Additionally, brain tissues of 
bats found dead were examined using the standard fluorescent antibody test (FAT) with negative results. An overview of 
available data on human exposure to bats recorded in Slovakia from 2007 – 2019 is also included.�  
Conclusions. The study confirmed the presence of lyssavirus antibodies in synanthropic bats in Slovakia, suggesting the 
active circulation of bat lyssaviruses in bat populations exploiting human buildings. Although the seroprevalence was found 
to be extremely low, the results show that any case of human exposure to bats must be treated with caution in order to 
protect public health.
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INTRODUCTION

Bats play crucial ecosystem services as seed dispersers, 
pollinators, controllers of insects, and nutrient recyclers 
[1], but bats are also considered to be natural reservoirs of 
a wide range of microorganisms, especially viruses [2]. Close 
human-bat interactions, including the sharing the living 
spaces, may lead to the spill-over of zoonotic diseases into 
the human population [3].

The process of urbanization has had an impact on bats 
not only in the Central European region, but worldwide 
[4]. Bats use a variety of urban habitats throughout the 
year. Research indicates that different bat species vary in 
their response to urbanization [5]. Urbanization provides 
roosting opportunities and facilitates range expansion of 
particular Central European bat taxa [6, 7]. Although the 
urban environment provides many benefits for bats, it can 
also expose them to new risks. Bats residing in buildings 
may be increasingly predated, for example, by birds of prey, 
such as the common kestrel (Falco tinnunculus), with which 

they share the environment [8]. Bats in urban environments 
may also face the negative consequences of the renovation 
of buildings in which they have roosts [9].

Once an individual or a group of bats establish a roost in 
a building, other bats may recognize the newly established 
roosts by olfactory or acoustic cues. Consequently, members 
of a local bat population may begin exploiting the same roost 
[10]. The presence of bats in buildings may result in various 
problems; after gathering into large colonies, they may disturb 
the householders by loud noises, smell, excrement, etc. [11].

The occurrence of a total of 28 bat species has been 
confirmed in the Slovak Republic where they are common 
in various types of landscape, including urbanized areas [12]. 
Many bat species occurring in Slovakia can be defined as 
synanthropic due to the fact that they have a strong ecological 
association with humans [13, 14, 15].

In Slovakia, the parti-coloured bat (Vespertilio murinus), 
the common noctule (Nyctalus noctula), the soprano 
bat (Pipistrellus pygmaeus) and the common pipistrelle 
(Pipistrellus pipistrellus) were documented as the most 
frequent bat species dwelling in blocks of flats and in 
prefabricated houses [16, 17].

Particular synanthropic bat species are known for their 
typical behavior called ‘invasions’, a phenomenon that occurs 
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when large groups (tens to hundreds) of individuals invade 
human buildings where they frequently remain trapped [18]. 
In Slovakia, invasions are most often caused by the common 
pipistrelle (P. pipistrellus), but other species have also been 
described, such as the soprano pipistrelle (Pipistrellus 
pygmaeus), the Kuhl’s pipistrelle (Pipistrellus kuhlii), and 
the common noctule (Nyctalus noctula) [16, 17].

Bats have been recognized as reservoir hosts of pathogenic 
microorganisms, among them a wide diversity of novel 
viruses [18, 19, 20]; thus, contact between bats and other 
animals and humans can be risky in certain circumstances 
[20].

The genus Lyssavirus includes the neurotropic viruses 
that cause rabies in animals and humans. From the global 
point of view, rabies poses one of the most important public 
health threats; nevertheless, rabies belongs to the neglected 
zoonotic diseases with the highest incidence among humans 
and susceptible animal species in Africa and Asia [21].

Bats are considered natural reservoirs for lyssaviruses [22] 
and a total of 17 out of 19 known lyssaviruses circulate in bat 
populations [23, 24, 25]. Insectivorous bats play an important 
role in the epidemiology of lyssaviruses [26]. Bats are the 
most prominent source of human rabies in the New World, 
Western Europe and Australia, especially where the disease 
in carnivores has been controlled [27].

The transmission of lyssaviruses from bats to terrestrial 
species and human is rare, but the risk of infection is still 
present, even in developed countries [28, 29, 30].

According to the International Committee on Taxonomy 
of Viruses (ICTV, 2020), the genus Lyssavirus includes 
17 classified viruses [23]. In Europe, six species of lyssaviruses 
circulate in bats: European bat lyssavirus 1 (EBLV-1), 
European bat lyssavirus 2 (EBLV-2), Bokeloh bat lyssavirus 
(BBLV), West Caucasian bat lyssavirus (WCBV), Lleida bat 
lyssavirus (LLEBV) and Kotalahti bat lyssavirus (KBLV) [31]. 
Retrospectively, 90% of the cases of bat rabies in Europe have 
been reported from serotine bats (E. serotinus) infected by 
EBLV-1 [32].

In Slovakia, two cases of EBLV-1 infection in bats have 
been recorded to-date. The EBLV-1 strain was isolated in 
1991 from the brain of a common pipistrelle (P. pipistrellus) 
bat that injured a human in the Žiar nad Hronom district 
[33, 34]. The second EBL-1 strain was isolated in 2000 from 
the serotine a bat (E. serotinus) that injured a human in the 
city of Prešov [33].

OBJECTIVE

The aim of this study was to assess the potential circulation 
of EBLV-1 in synanthropic bats present in human inhabited 
buildings in Slovakia from 2012 to 2019 based on serological 
screening and to give an overview of human exposure to bats 
during the investigational period.

MATERIALS AND METHOD

The capture of bats and collection of blood samples was 
authorized by the Ministry of Environment of the Slovak 
Republic based on official permits (No. 3501/2008–2.1/
jam; No. 5169/2012–2.2, No. 5376/2009–2.1/jan/2 and 
3051/2019–6.3). All bats were handled in strict accordance 

with good animal practices [35]. The study was carried out 
between 2009 – 2019. The occurrence of bats inside the 
buildings examined was reported by householders and by 
condominium associations. Bats were captured directly 
inside buildings using a hand net and ultra-thin mist-nets 
(ECOTONE, Poland). After capture, bats were identified 
morphologically using an identification key [36]. Bats were 
sampled and released as soon as possible.

Blood samples (30–300 µl, depending on the bat’s size) 
were obtained by antebrachial vein (vv. antebrachii) puncture 
using a micropipette and stored in an Eppendorf vials. Blood 
volume no higher than 0.1% of the body mass was collected 
from each bat. After collecting blood, pressure was applied on 
the puncture site to prevent bleeding. After processing, bats 
were placed in a 10% glucose solution. The vials with blood 
samples were stored at 4 °C until processing. The samples 
were then centrifuged for 10 minutes at 10,000 rpm. Sera 
were extracted using a micropipette and stored at -80 °C 
until analysis.

An adaptation of rapid fluorescent focus inhibition test 
(RFFIT) according Smith et al. (1973) [37] and Zalan et al. 
(1979) [38] in 96-well microtiter plates was used for the 
detection of specific antibodies in bat sera. Each sample was 
tested individually. Before testing, the sera were inactivated at 
56 °C for 30 minutes. The serum samples were serially diluted 
(1:27, 1:81, 1:243, 1:729) in BHK-21/C13 cell culture. Challenge 
rabies virus strain CVS11/Paris, adapted to replication on 
BHK-21/C13 cell culture, was used as challenge virus. The 
reference serum (OIE) was used as a control standard. The 
virus neutralizing antibodies (VNA) titres were calculated 
according to Reed and Muench (1938) [39].

In addition, brain tissues of 35 bats which were found 
freshly dead after trapping inside the buildings were 
examined by fluorescent antibody test, according Dean and 
Abelseth (1973) [40].

An overview of human exposure to bats was performed 
based on the annual reports of the Regional Public Health 
Authorities in the Slovak Republic from 2007 – 2019 [41–53].

RESULTS

Serological survey of synanthropic bats. In total, 598 bats 
were caught alive inside inhabited buildings between 2009 
– 2019 (Tab. 1). The captured bats belonged to five species 
(E. serotinus, N. noctula, P. pipistrellus, P. pygmaeus and 
V. murinus). Bats have been found in buildings in the cities 
of Košice (n=503), Sabinov (n=6), Bardejov (n=28), Moldava-
nad- Bodvou (n=12), Ružomberok (n=48) and Jasov (n=1) 
(Fig. 1). The majority of bats included in this study were 
captured between August and October, when bats move from 
maternity colony sites to transient fall sites. Several invasions 
of P. pipistrellus and N. noctula into residential areas of 

Table 1. Bats tested serologically between 2009–2019

Females Males Total Positives

E. serotinus 2 1 3 0

N. noctula 218 114 332 0

P. pipistrellus 134 116 250 2

P. pygmaeus 2 3 5 0

V. murinus 0 8 8 0
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prefabricated houses in the city of Košice were documented 
(Fig. 2), most of which were N. noctula and P. pipistrellus. 
Two common pipistrelles caught in prefabricated houses in 
Košice during autumn 2018 were found to be seropositive 
(titer 1:27).

Fluorescent antibody test of bat brain samples. In addition, 
35 brains of bats (19 of P. pipistrellus and 16 of N. noctula) 
found dead inside prefabricated houses in the city Košice 
were analyzed. All brain samples tested negative.

Human exposure to bats. During the analyzed period 
between 2007 – 2019, a total of 95 cases of human exposure 
to bats were reported in Slovakia. Annually, bats caused 0.31% 
– 1.59% of human exposure cases out of the total number 
of confirmed incidents (Tab. 2). At the same time, between 
2007 – 2019, 12 cases of rabies in animals were confirmed in 
Slovakia. The last active rabies cases were reported in 2015 (9 
of foxes Vulpes vulpes, 2 of domestic dogs and 1 of the beech 
marten Martes foina). Cases of exposure by suspected rabid 
animals occurred in persons of all age groups with a peak 
incidence in 5 – 9-year-old children [39–51].

DISCUSSION

Bats likely form the most diverse group of mammals occurring 
in urban areas [54, 55]. Humans have shared buildings with 
bats for thousands of years and many bat species currently 
have a strong ecological association with humans. Bats have 

been observed using buildings as roosting and foraging sites, 
temporary shelters, for reproduction and hibernation [11]. 
However, the coexistence between humans and bats can 
result in the spread of zoonotic infectious diseases [56, 57]. 
Since most Lyssavirus  spp. are maintained by bats, direct 
human contact with bats is risky in terms of the possible 
transmission of rabies [21].

In Slovakia, lyssavirus infection of bats has been confirmed 
in only two cases – in 1991 and 2000 [33, 34]. According 
the annual reports of the State Veterinary and Food 
Administration of the Slovak Republic, a total of 28 samples 
from bats were examined between 2007 – 2019 from the 
whole territory of the Slovak Republic, with negative results 
for the rabies virus [58].

The present study confirmed the more recent circulation 
of bat lyssaviruses in the Slovak population of insectivorous 
bats. The detection of neutralizing antibodies in sera samples 
of two common pipistrelle bats indicates exposure to 
lyssaviruses. These are interesting data since no systematic 
active surveillance of lyssavirus circulation in bat populations 
has yet been introduced in the Slovak Republic. Based on 
the results of this study, it can be assumed that lyssaviruses 
are actively circulating in bats in Slovakia, and it will be 
necessary to investigate this problem in more detail.

The bat fauna of cities in Slovakia, as in other European 
countries, is relatively rich due to the high diversity of habitats 
and available roosts within the cities, and the developed 
urban areas providing many roosting opportunities for 
synanthropic bat species [16, 59, 60].

According to the available literature [13, 61, 62, 63], the bats 
recorded in this study are considered common bat species 
in the urban areas of Slovakia. Bats entered the buildings 
through outlets of ventilation systems, unsealed openings for 
antenna wiring, lift shafts, leaks in older windows, as well as 
through cracks between individual panels.

Table 2. Number of cases of human exposure to suspect rabid or rabid 
animals. Overview of human exposure to bats and post-exposure 
prophylaxis of exposed persons

Year

N
o. of hum

ans 
exposure to suspect 
rabid anim

als

Exposed persons 
by bats

%
 of cases 

associated w
ith bats

Exposed persons 
vaccinated 
com

pletely

Exposed persons 
vaccinated 
incom

pletely

Exposed persons 
unvaccinated

2007 867 8 0.92 8 - -

2008 1047 4 0.38 4 - -

2009 883 5 0.57 5 - -

2010 879 14 1.59 12 1 1

2011 948 13 1.37 12 - 1

2012 963 10 1.04 9 - 1

2013 888 5 0.56 - 1 4

2014 1010 6 0.59 6 - -

2015 937 9 0.96 7 - 2

2016 978 3 0.31 3 - -

2017 898 8 0.89 6 2 -

2018 819 3 0.37 1 1 1

2019 803 7 0.87 5 2 0

Total 11,920 95 0.80 78 7 10

Source: Annual Reports of Regional Public Health Authorities in Slovak Republic 2007–2019 
[41–53].

Figure 2. Common noctules (N. noctula) inside an apartment in Košice. Part of the 
group that invaded the building

Figure 1. Geographical location of cities in Slovakia where bats were caught. 1) 
Ružomberok; 2) Moldava nad Bodvou; 3) Jasov; 4) Košice; 5) Sabinov; 6) Bardejov
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The common noctule (N. noctula) was the most numerous 
bat species in this study. It is a common species in the urban 
environment of both Slovakia and Central Europe [63]. N. 
noctula is one of the larger species of European insectivorous 
bats and can injure humans if handled inexpertly. The 
massive occurrence of this species in buildings is of interest 
fromthea public health perspective [64, 65].

In Slovakia, the common pipistrelles (P. pipistrellus) exploit 
shelters in buildings throughout the year, and large numbers 
of pipistrelle bats could also be found here during hibernation 
[66]. The common pipistrelle was the second most numerous 
bat species recorded during this study. Due to their small body 
size, this species can get inside buildings relatively easily. An 
increased frequency of P. pipistrellus in buildings was observed 
particularly in the period after the collapse of maternity 
colonies,and during the autumn migration,. Relatively high 
densities of P. pipistrellus during the autumn migration 
period, especially in the Košice area, may be related to a mass 
hibernaculum of pipistrelles, which is located 30 km west of 
Košice in the Erňa caves in the Slovak Karst. Up to 70,000 
individuals hibernate in the Erňa caves during winter [67].

The soprano bats (P. pygmaeus), the sympatric and cryptic 
species with the common pipistrelle bats, were documented 
in only two cases. The soprano bats were incorporated into 
larger groups of the common pipistrelles trapped inside the 
flats. These two records of soprano pipistrelles incorporated 
into P. pipistrellus invasions complement the knowledge of 
bat invasions in Slovakia [16, 17, 68].

The parti-coloured bats (V. murinus) were recorded 
exclusively during the winter months, which corresponds 
with information obtained by other authors. All recorded 
individuals of V. murinus were males, which is probably 
related to the reproductive behaviour of this species, as males 
attract females to shelters in buildings and mate during the 
autumn and winter months [61].

In this study, the serotine bat (E. serotinus) are considered 
as the least common bat in buildings in the studied area, 
which is in contrast with the results of other authors [62, 69] 
However, information on the occurrence of this species in 
blocks of flats in Slovakia remains insufficient.

Contact or human-bat exposures are relatively common. 
Paterson et al. (2014), described that from a representative 
sample of 821 adults aged 16 years and older, 127 (15.5%) 
of respondents indicated that they had previously handled 
a bat [70]. Potentially high risk practices were reported if 
respondents encountered an injured or sick bat.

Rabies is considered a disease with the highest mortality 
rate and all humans are vulnerable to infection, and specific 
anti-rabies immunoprophylaxis is the only efficient method 
of protection [71]. Most vaccinations are performed when 
animals suspected of being rabid bite patients [72]. In all, 95 
human exposures to bats, that is 0.80% from a total of 11,920 
human exposure cases, were reported in the Slovak Republic 
between 2007 – 2019.

Conflict can arise when bats roost in human dwellings 
and householders are affected adversely by their presence. 
In order to eliminate the risk of disease transmission from 
bats to the human population in the urban environment, it 
is important to apply appropriate conservation measures 
to avoid disturbing bats in their roosts. At the same time, 
it is necessary to deal effectively with human-bat conflict 
situations [9], although a low percentage of bat-human 
conflicts has been recorded with by other authors [72, 73, 74].

CONCLUSIONS

The study confirmed the presence of lyssavirus antibodies 
in synanthropic bats in Slovakia, suggesting the active 
circulation of bat lyssaviruses in bat populations exploiting 
human buildings. Although the seroprevalence was found 
to be extremely low, the results show that any case of human 
exposure to bats must be treated with caution in order 
to protect public health. Since our knowledge about the 
circulation of bat lyssaviruses in Slovakia is insufficient, a 
systematic screening of the bat population should be carried 
out. All exposed people should be aware of the risk and be 
vaccinated to prevent possible lyssavirus transmission from 
bats.
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