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A B S T R A C T

Habitats with the sympatric occurrence of several ixodid tick species are significant from an epidemiological 
perspective. These habitats can influence the diversity and prevalence of tick-borne pathogens, and their 
monitoring can help estimate the risk of infection. A total of 1260 questing ticks from five species (Ixodes ricinus, 
Dermacentor marginatus, Dermacentor reticulatus, Haemaphysalis concinna, and Haemaphysalis inermis) were 
collected from vegetation using the flagging method in three different habitats in eastern Slovakia. Additionally, 
900 rodent-attached ticks of six species (I. ricinus, Ixodes trianguliceps, D. marginatus, D. reticulatus, H. concinna, 
and H. inermis) collected from 149 small mammals belonging to seven species (Apodemus flavicollis, Apodemus 
agrarius, Microtus arvalis, Myodes glareolus, Micromys minutus, Crocidura leucodon, and Crocidura suaveolens) were 
selected for molecular analyses. DNA obtained from rodent-attached and questing ticks was tested by nested PCR 
targeting the gltA gene to determine the presence of Rickettsia spp. The ompA, ompB, and sca4 genes were 
amplified and sequenced to identify rickettsiae species. The overall prevalence of rickettsiae in questing and 
rodent-attached ticks was 12.5 % and 20.0 %, respectively. Overall studied localities, the most diverse spectrum 
of rickettsiae species, including R. helvetica, R. monacensis, R. raoultii, and R. slovaca, was recorded in questing 
and rodent-attached ticks in the natural habitat of the Slovak Karst. The dominant species, R. helvetica (62.9 %), 
was identified in two species of questing and rodent-attached ticks, specifically I. ricinus and H. concinna, and in 
rodent-attached D. reticulatus ticks. Rickettsia raoultii (20.4 %) was identified in questing and rodent-attached 
D. marginatus, D. reticulatus, and in questing H. concinna. Additionally, this study provides the first input of 
pathogenic R. raoultii in I. trianguliceps obtained from the striped field mouse (A. agrarius). Rickettsia monacensis 
(9.0 %) was detected in questing and rodent-attached I. ricinus, while Rickettsia slovaca (3.6 %) was found in 
questing and rodent-attached D. marginatus ticks. Natural biotopes with different tick species and hosts signifi
cantly affect the diversity and prevalence of rickettsiae.

1. Introduction

Rickettsiae are a diverse group of obligate intracellular bacteria, 
characterized by small genomes and a gram-negative cell wall structure. 
Rickettsiae from the spotted fever group (SFG) are often transmitted 
through arthropod vectors and can cause various human infections. 
Although primarily detected in ticks, they can also be found in fleas and 
mites (Raoult and Roux, 1997; Abdad et al., 2011; Portillo et al., 2017; 
Adem, 2019; Heglasová et al., 2020a). Some species, such as R. helvetica 
and R. felis, are identified in a broad spectrum of arthropods. However, 
the primary vectors of R. helvetica and R. felis are I. ricinus ticks and 

Ctenocephalides felis fleas, respectively (Abdad et al., 2011; Heglasová 
et al., 2020a).

Rickettsial diseases are typically zoonotic, affecting both animals and 
humans, with mammals occasionally serving as reservoir hosts for the 
pathogens. In particular, small mammals are important hosts for the 
immature stages of ixodid ticks and may contribute to the maintenance 
and circulation of rickettsiae in enzootic cycles. Several members of the 
genus Rickettsia are responsible for significant human diseases. These 
infections may manifest with a broad spectrum of clinical symptoms, 
ranging from mild febrile illness to severe, life-threatening multisystem 
involvement. The global burden of these diseases is often 
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underestimated due to misdiagnosis, as symptoms can mimic other 
febrile illnesses. However, rickettsial diseases are an important public 
health concern, particularly in areas where vector populations are 
expanding. In Slovakia, R. slovaca, R. raoultii, R. monacensis, R. helvetica, 
and R. felis have been identified in arthropods and hosts (e.g., small 
mammals) using various molecular methods (Boldǐs et al., 2008; 
Sekeyová et al., 2013; Špitalská et al., 2015; Minichová et al., 2017; 
Heglasová et al., 2018). Additionally, cases of human rickettsiosis have 
been confirmed in the region (Mittermayer et al., 1980; Kováčová et al., 
2006; Zubriková et al., 2022).

Ixodes ricinus is the most common and widely distributed tick species 
in Slovakia (Hanincová et al., 2003; Derdáková et al., 2014; Švehlová 
et al., 2014; Stanko et al., 2022). It is a recognized vector of multiple 
infectious agents, including tick-borne encephalitis virus (TBEV), Bor
relia spp., Rickettsia spp., Anaplasma spp., and Babesia spp. Dermacentor 
spp. are vectors of a wide range of pathogens, such as viruses, bacteria 
(e.g., Rickettsia spp., Anaplasma sp., Francisella tularensis), and parasites 
of the genus Babesia (Nosek, 1972; Sekeyová et al., 1998; Zivkovic et al., 
2007; Špitalská et al., 2012; Garcia-Vozmediano et al., 2020; Boldǐs 
et al., 2008; Földvári et al., 2013; Jongejan et al., 2015, 2016). In the 
study by Heglasová et al. (2018), R. slovaca was detected in wild rodents 
but only in habitats with the sympatric occurrence of D. marginatus and 
D. reticulatus ticks. Dermacentor spp. are known vectors of R. raoultii and 
R. slovaca. The presence of R. slovaca is expected, especially in sites with 
Dermacentor spp. ticks. These tick species prefer inundated forests and 
forest-steppe areas in southwestern and southeastern Slovakia (Černý, 
1972; Nosek, 1972; Stanko et al., 2022).

Haemaphysalis concinna, H. punctata, and H. inermis are mostly found 
in the southern and central parts of the country (Stanko et al., 2022). 
Haemaphysalis inermis ticks are considered potential vectors of different 
bacterial pathogens, such as R. helvetica, R. raoultii, and Borrelia miya
motoi (Hornok et al., 2010; Heglasová et al., 2020b; Ouarti et al., 2022). 
In H. concinna, members of the genera Babesia, Theileria, Borrelia, and 
Rickettsia, as well as Anaplasma phagocytophilum, have been detected 
(Hamšíková et al., 2016; Kazimírová et al., 2018; Dwużnik-Szarek et al., 
2021). However, the vector competence of Haemaphysalis tick species to 
transmit Rickettsia spp. remains unknown (Minichová et al., 2017; 
Ouarti et al., 2022).

In the present study, we aimed to evaluate the presence and diversity 
of rickettsiae in a wide spectrum of questing and host-attached ticks 
collected from different habitat types over three years. Long-term 
monitoring can help increase awareness, especially in areas with a 
high incidence of infected ticks.

2. Materials and methods

2.1. Tick sampling

Questing and rodent-attached ticks were collected from three sam
pling sites in eastern Slovakia during 2014–2016. The first site repre
sents an urban habitat, specifically a botanical garden with deciduous 
forest vegetation, located in the center of Košice (208 m a.s.l.; 
48◦44′46.84″N; 21◦14′16.14″ E). The second site, Čermeľ Valley, is 
characterized by mixed forest vegetation, predominantly beech, horn
beam, and spruce (220–410 m a.s.l.; 48◦45′46.67″N; 21◦8′8.17″E), rep
resenting a suburban habitat. The third site, located in the Slovak Karst 
National Park near the village of Hrhov (200–220 m a.s.l.; 48◦34′53.9″N; 
20◦46′44.4″ E), features mixed forest vegetation with a predominance of 
beech, oak, and hornbeam and represents a natural habitat.

Questing ticks were collected along small mammal-trapping tran
sects by flagging a 1 m² white wool blanket over the vegetation for one 
hour during May–July and September–October in the years 2014 to 
2016. Trapped rodents and rodent-attached ticks were collected at the 
same three study sites in eastern Slovakia as the questing ticks.

Live trapping of small mammals was conducted in May–June and 
September–October from 2014 to 2016. Rodent sampling methods and 

results were described in detail by Heglasová et al. (2018). The captured 
small mammals were euthanized according to licenses from the Ministry 
of Environment of the Slovak Republic (No. 4874/2011–2.2 and No 
4559/2015–2.3). The rodents and insectivores were identified to species 
level based on morphological characteristics (e.g., body size, tail, ears, 
legs), using standard identification keys by Pelikán et al. (1979), Sládek 
and Mošanský (1985), and Anděra and Horáček (2005). In addition, sex 
and age class (juvenile, subadult, adult) were recorded for each 
individual.

Each small mammal was checked for the presence of ticks. All 
collected ticks were stored in 70 % ethanol until identification. The 
species and developmental stages of the ticks were determined based on 
morphological characteristics under a light microscope using the iden
tification keys by Filippova (1977), Slovák (2014), and Estrada-Peña 
et al. (2017).

2.2. DNA extraction and molecular analyses

The ticks were washed with sterile water, air-dried, transferred to 
individual tubes, and crushed with a sterile scalpel. The genomic DNA of 
questing I. ricinus (n = 1164) was extracted from each tick individually 
using alkaline hydrolysis (Rijpkema et al., 1996). Total DNA from 
rodent-attached I. ricinus (n = 619), and other species of rodent-attached 
and questing I. trianguliceps (n = 24), D. marginatus (n = 131), 
D. reticulatus (n = 99), H. concinna (n = 93), and H. inermis (n = 30) was 
extracted from each tick individually using the DNeasy Blood & Tissue 
Kit (Qiagen®, Germany) according to the manufacturer’s instructions. 
All DNA samples were stored at − 20 ◦C for further processing.

Subsequently, all DNA samples were screened for the presence of 
Rickettsia spp. by nested PCR amplification of a fragment of the citrate 
synthase gene (gltA), using the genus-specific primers RpCS.877p and 
RpCS.1258n (Regnery et al., 1991) and the inner primer pair RpCS.896p 
and RpCS.1233n (Choi et al., 2005), resulting in a 337-bp PCR product. 
To further characterize Rickettsia species, selected gltA-positive ampli
cons were analyzed for the presence of fragments of the gene loci (ompA, 
ompB, and sca4) encoding outer membrane proteins A, B, and surface 
cell antigen 4, as previously described (Regnery et al., 1991; Roux et al., 
1996; Roux and Raoult, 2000; Sekeyová et al., 2001), with primers 
RR190.70F, RR190.701R, 120–2788, 120–3599, and D1390r, D767f, 
respectively.

Rickettsia helvetica, R. monacensis, R. raoultii, and R. slovaca were 
identified by the amplification of the gltA, ompA, ompB, and sca4 genes 
followed by sequencing (Roux et al., 1996; Roux and Raoult, 2000; 
Sekeyová et al., 2001; Portillo et al., 2017). For each PCR, a sample with 
DNA from previously sequenced Rickettsia spp. was used as a positive 
control, and nuclease-free water was used as a negative control. Several 
randomly chosen PCR-positive samples from questing and 
rodent-attached ticks were purified using the Isolate II PCR and Gel Kit 
(Bioline) and sequenced (Sanger sequencing, dye terminator method) in 
both directions using the same primers as for the PCR amplification at 
the University of Veterinary Medicine and Pharmacy in Košice, Slovakia.

2.3. Accession numbers of obtained nucleotide sequences

Nucleotide sequences of the 337 bp fragments of the gltA gene ob
tained in this study from questing and rodent-attached ticks were sub
mitted to the GenBank database under the following accession numbers 
respectively: R. helvetica MK792533-MK792584, R. monacensis 
MK792585-MK792594, R. raoultii MK792595-MK792604, R. slovaca 
MK792605 and R. helvetica MK875680-MK875725, R. monacensis 
MK875726-MK875734, R. raoultii MK875735-MK875757, R. slovaca 
MK875758-MK875762. Additionally, fragments of ompB gene: 
R. monacensis PQ644884-PQ644886, PQ644895; R. slovaca PQ644888; 
R. raoultii PQ644887; ompA gene: R. monacensis PQ644894; R. slovaca; 
and sca4 gene: R. monacensis PQ644890-PQ644892; R. raoulti 
PQ644893.
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2.4. Statistical analysis

The differences in the prevalence of rickettsial infection for ticks 
from vegetation and rodent-attached ticks between habitats were tested 
with the χ2 and Fisher’s exact test. GraphPad Prism, version 8.1.0 for 
Windows (GraphPad Software, San Diego, California, USA, www.gra 
phpad.com) was used for statistical analysis.

3. Results

3.1. Ticks and small mammals collection

A total of 1260 questing ticks from five species (I. ricinus (n = 1164), 
D. marginatus (n = 12), D. reticulatus (n = 12), H. concinna (n = 45), and 
H. inermis (n = 27) were collected by flagging vegetation during spring 
and summer (May/June/July) as well as autumn (September/October) 
of 2014–2016 (Table 1). Additionally, 250 small mammals representing 
11 species (Apodemus agrarius, Apodemus flavicollis, Apodemus uralensis, 
Myodes glareolus, Crocidura leucodon, Crocidura suaveolens, Micromys 
minutus, Microtus arvalis, Microtus subterraneus, Neomys fodiens, and 
Sorex minutus) were captured in natural, suburban, and urban habitats in 
eastern Slovakia. Of the 250 trapped small mammals, 149 (59.6 %) were 
infested with ticks.

Totally, 1102 ixodid ticks (920 larvae and 182 nymphs) were 
collected from small mammals. Of these, 900 ticks (868 larvae and 32 
nymphs) representing six species (I. ricinus, I. trianguliceps, D. marginatus, 
D. reticulatus, H. concinna, and H. inermis) were further processed for 
molecular analysis in the present study (Table 2). Small mammals were 
examined in the previous study by Heglasová et al. (2018). The selected 
rodent-attached ticks were dominated by I. ricinus (68.8 %), comprising 
594 larvae and 25 nymphs. This was followed by D. marginatus (13.2 %, 
119 larvae), D. reticulatus (9.7 %, 87 larvae), H. concinna (5.3 %, 48 
larvae), I. trianguliceps (2.7 %, 18 larvae and 6 nymphs), and H. inermis 
(0.3 %, 2 larvae and 1 nymph).

Of the captured small mammals, 27 were rickettsia-positive 
(Heglasová et al., 2018). Six individuals of the three species of 
rickettsia-positive rodents (M. glareolus, A. flavicolis, and A. agrarius) 
from suburban and natural habitats carried rickettsia-positive ticks. 
Rickettsia helvetica was identified in the larva of I. ricinus from Rickettsia 
sp.-positive M. glareolus from the suburban area - Čermeľ. We also 
detected pathogenic R. raoultii in the larva of I. trianguliceps obtained 
from a Rickettsia-negative striped field mouse (A. agrarius) captured in 
Čermeľ. Other Rickettsia spp. from rodent-attached ticks collected from 
rickettsia-positive rodents could not be identified species level due to the 
low concentration of DNA.

The highest diversity of questing tick species was recorded in the 
sylvatic/natural habitat (I. ricinus (n = 423), D. marginatus (n = 12), 
D. reticulatus (n = 12), H. concinna (n = 45), and H. inermis (n = 27). In 
this habitat, 116 small mammals of seven species (A. agrarius, A. 

flavicollis, A. uralensis, M. glareolus, C. leucodon, M. arvalis, S. minutus) 
were captured, and six species of rodent-attached ticks (I. ricinus, I. tri
anguliceps, D. marginatus, D. reticulatus, H. concinna, H. inermis) were 
collected.

In the suburban habitat, only I. ricinus (n = 546) was recorded on 
vegetation. A total of 126 small mammals of six species (A. agrarius, A. 
flavicollis, M. glareolus, M. minutus, M. subterraneus, N. fodiens) were 
captured, and two tick species (I. ricinus, I. trianguliceps) were collected 
from the animal hosts. In the urban habitat, questing I. ricinus dominated 
(n = 195). Eight rodents of three species (A. agrarius, A. flavicollis, and 
C. suaveolens) were captured in this habitat, but only one tick species 
(I. ricinus) was found on the animals.

3.2. The presence of SFG rickettsia spp. in questing and rodent-attached 
ticks

All 1260 questing ticks were individually analyzed for the presence 
of SFG Rickettsia spp. The overall prevalence of rickettsiae in ticks from 
vegetation was 12.5 % (n = 158/1260). DNA of Rickettsia spp. was 
detected in all developmental stages of four ixodid tick species from all 
study sites (Table 1). Haemaphysalis inermis ticks only the adult tested 
negative for the presence of rickettsiae. The overall prevalence of rick
ettsial infection was 14.5 % in the natural habitat, 13.3 % in the urban 
habitat, and 10.4 % in the suburban habitat (Table 1), with no signifi
cant differences noted (χ² = 4.04, df = 2, p = 0.133).

A total of 900 randomly chosen rodent-attached ticks were individ
ually screened for the presence of Rickettsia spp. Rickettsial DNA was 
detected in 20.0 % (n = 180/900) of the ticks collected from rodents. 
The prevalence of rickettsial infection was 21.5 % in the natural habitat 
and 11.3 % in the suburban habitat (Table 2). The prevalence of rick
ettsiae was not calculated for rodent-attached ticks from the Botanical 
Garden sampling site due to the low number of ticks tested (n = 6/22). A 
significant difference was confirmed between the natural and suburban 
habitats (Fisher’s exact test, p = 0.004); the urban habitat was not 
included in the test because the overall number of ticks was too small.

Out of a total of 338 Rickettsia spp. gltA PCR-positive DNA samples 
obtained from rodent-attached and questing ticks, more than half (n =
181), were selected for sequencing. This subset (n = 181) included 
representatives of each tick species and developmental stage that tested 
positive for Rickettsia, selected from all study localities. A total of 168 
nucleotide sequences were successfully obtained. Based on the 
sequencing of four genetic markers (gltA, ompA, ompB, and sca4), we 
confirmed the presence of R. helvetica (n = 105) in I. ricinus, H. concinna, 
and D. reticulatus. Additionally, R. raoultii was confirmed (n = 34) in 
D. reticulatus, D. marginatus, H. concinna, and I. trianguliceps; R. mon
acensis (n = 16) in I. ricinus; R. slovaca (n = 6) in D. marginatus; and 
Rickettsia sp. (n = 7) in I. ricinus and H. inermis ticks (Tables 3 and 4).

BLAST analysis of the gltA and sca4 gene fragments of questing and 
rodent-attached ixodid ticks showed the 99.1–100 % identity with the 

Table 1 
Prevalencea of Rickettsia spp. in questing ticks in three habitat types in Slovakia.

Habitat /tick stage I. ricinus D. reticulatus D. marginatus H. concinna H. inermis Total

Slovak Karst (Natural) M 10/67 M 1/7 M 4/4 M 0/3 M 0/10 75/519 (14.5 %)a

F 8/44 F 1/5 F 4/8 F 0/2 F 0/17
N 37/245 N 0 N 0 N 0/10 N 0
L 5/67 L 0 L 0 L 5/30 L 0

Čermeľ (Suburban) M 8/62 ​ ​ ​ ​ ​ ​ ​ ​ 57/546 (10.4 %)
F 15/92 ​ ​ ​ ​ ​ ​ ​ ​
N 34/383 ​ ​ ​ ​ ​ ​ ​ ​
L 0/9 – ​ – ​ – ​ – ​

Botanical garden (Urban) M 6/22 ​ ​ ​ ​ ​ ​ ​ ​ 26/195 (13.3 %)
F 2/13 ​ ​ ​ ​ ​ ​ ​ ​
N 13/106 ​ ​ ​ ​ ​ ​ ​ ​
L 5/54 – ​ – ​ – ​ – ​

Total ​ 143/1164 ​ 2/12 ​ 8/12 ​ 5/45 ​ 0/27 158/1260 (12.5 %)

No. of Rickettsia-positive/no. of tested ticks.
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nucleotide sequences of R. helvetica (e.g., MF673863, MF673861, 
KY231194-KY231199, KM288466-KM288468, MF163040). BLAST 
analysis of the gltA, ompB, and sca4 gene fragment sequences confirmed 
the presence of R. monacensis in both questing and rodent-attached 
I. ricinus. The sequences showed 100 % identity with R. monacensis 
isolates from ixodid ticks across Europe (e.g., KU961970, KU961543, 
LN794217, KC137254, LN794217).

The nucleotide sequences of the gltA, ompB, and sca4 gene fragments 
from questing and rodent-attached D. marginatus showed 99.1–100 % 
identity with R. slovaca sequences from the GenBank database (e.g., 
KY940286, KY940286, MF002538, CP003375, HQ232242, MG973876, 
MF002539, CP003375). Amplification of the ompA gene fragment of 
R. slovaca and R. monacensis from questing and rodent-attached ticks 
failed.

Ten nucleotide sequences of the gltA, ompA, and ompB genes from 
H. concinna, D. marginatus, and D. reticulatus showed 99.7–100 % iden
tity with R. raoultii isolates from Dermacentor spp. ticks across Europe, 
Russia, Asia, and China (e.g., MK792595-MK792600, MK792603, 

KR131756, MF166732, MF166730, MG973878, HQ232252-HQ232258, 
EU036984, and others).

4. Discussion

In the present study, a total of 2160 specimens belonging to several 
species of questing and rodent-attached ticks from different habitat 
types (a botanical garden - urban; Čermeľ Valley - suburban; and the 
Slovak Karst National Park, near the village Hrhov - natural habitat) in 
Eastern Slovakia were screened for the presence of Rickettsia spp. 
Rickettsial DNA was found in 20.0 % (n = 180/900) of rodent-attached 
ticks and 12.5 % (n = 158/1260) of questing ticks. The results of this 
study confirmed the presence of Rickettsia in six tick species, namely 
I. ricinus, I. trianguliceps, D. marginatus, D. reticulatus, H. concinna, and 
H. inermis, collected at the sampling sites in eastern Slovakia.

The highest prevalence of Rickettsia spp. was in questing (14.5 %) 
and rodent-attached ticks (21.5 %) from the natural habitat of the 
Slovak Karst region, followed by an urban habitat and a suburban 
habitat for both questing and rodent-attached ticks. Only I. ricinus were 
found in the urban habitat, and this species appears to be the most 
significant vector of rickettsiae in this area. Based on the sequencing of 
four genetic markers (gltA, ompA, ompB, and sca4), R. helvetica, R. 
monacensis, R. raoultii, R. slovaca, and Rickettsia sp. were found in ixodid 
ticks. The most diverse spectrum of rickettsiae, with four identified 
species — R. helvetica, R. monacensis, R. raoultii, and R. slovaca — were 
recorded in questing ticks from the natural habitat of the Slovak Karst 
region. In the suburban habitat, the presence of two species, R. helvetica 
and R. monacensis, was detected, and in the urban habitat, only 
R. helvetica was confirmed in ticks. A similar species representation of 
Rickettsia occurred in rodent-attached ticks, with R. helvetica, R. mon
acensis, R. raoultii, and R. slovaca in the natural habitat; R. helvetica and 
R. raoultii in the suburban habitat; and R. helvetica in the urban habitat.

In the studied areas, the most significant rodent hosts of the ticks are 
predominantly Apodemus spp. and Myodes spp. (Minichová et al., 2017; 
Heglasová et al., 2018). These rodent species are among the most 
abundant in Slovakia (Martiniaková et al., 2010). The highest preva
lence of Rickettsia spp. in rodents was detected in the Čermeľ (16.0 %) 
(Heglasová et al., 2018). Rickettsia helvetica was identified in I. ricinus 
from M. glareolus and R. raoultii in I. trianguliceps obtained from 
A. agrarius, both trapped in Čermeľ. Areas with a higher diversity of tick 
species exhibited a greater variety of Rickettsia species. In contrast, sites 
with lower tick species diversity tend to harbor a narrower spectrum of 
bacteria. For example, a higher prevalence of R. helvetica and 
R. monacensis, typically associated with I. ricinus, was observed in areas 
where this tick species is predominant. Rickettsia helvetica dominates in 
rodent hosts in locations with the significant occurrence of its vector, 
I. ricinus (Heglasová et al., 2018). Thus, the composition of Rickettsia 
species in ticks parasitizing rodents in various habitats (natural, subur
ban, urban) is largely shaped by the specific tick species present.

In our study, the sympatric occurrence of six tick species — I. ricinus, 
I. trianguliceps, D. marginatus, D. reticulatus, H. concinna, and H. inermis — 
were recorded in the natural habitat of the Slovak Karst region. Simi
larly, a relatively wide spectrum of Ixodes spp., Dermacentor spp., and 
Haemaphysalis spp. was reported in this location in the past (Nosek, 

Table 2 
Prevalencea of Rickettsia spp. in rodent-attached juvenile ticks in three habitat types in Slovakia.

Habitat /tick stage I. ricinus I. triangulicpes D. reticulatus D. marginatus H. concinna H. inermis Total

Slovak Karst (Natural) N 5/20 N 0/2 N - N - N - N 1/1 158/736 (21.5 %)a

L 84/441 L 0/16 L 20/87 L 46/119 L 1/48 L 1/2
Čermeľ (Suburban) N 0/5 N 0/4 ​ ​ ​ ​ 16/142 (11.3 %)

L 15/131 L 1/2 – – – –
Botanical garden (Urban) N 0/0 ​ ​ ​ ​ ​ ​ 6/22

L 6/22 – ​ – – – –
Total ​ 110/619 ​ 1/24 20/87 46/119 1/48 2/3 180/900 (20.0 %)

No. of Rickettsia-positive/no. of tested tick.

Table 3 
Rickettsia spp. in questing ticks.

Ticks No. of Rickettsia-positive ticks/no. of 
tested ticks

Rickettsia spp.

Ixodes ricinus 143/1164 R. helvetica (n =
56) 
R. monacensis (n =
6) 
Rickettsia sp. (n =
2)

Dermacentor 
reticulatus

2/12 R. raoultii (n = 2)

Dermacentor 
marginatus

8/12 R. slovaca (n = 1) 
R. raoultii (n = 6)

Haemaphysalis 
concinna

5/45 R. raoultii (n = 3) 
R. helvetica (n = 1)

Haemaphysalis 
inermis

0/27 –

Table 4 
Rickettsia spp. in ticks from small mammals.

Ticks No. of Rickettsia-positive ticks/no. of 
tested ticks

Rickettsia spp.

Ixodes ricinus 110/619 R. helvetica (n = 46) 
R. monacensis (n =
10) 
Rickettsia sp. (n = 3)

Ixodes trianguliceps 1/24 R. raoultii (n = 1)
Dermacentor 

reticulatus
20/87 R. raoultii (n = 12) 

R. helvetica (n = 1)
Dermacentor 

marginatus
46/119 R. raoultii (n = 10) 

R. slovaca (n = 5)
Haemaphysalis 

concinna
1/48 R. helvetica (n = 1)

Haemaphysalis 
inermis

2/3 Rickettsia sp. (n = 2)
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1971, 1972; Hubálek, 1986, and others). In this study, R. slovaca was 
found in questing and rodent-attached D. marginatus ticks only in the 
natural environment. In a previous study in this region, one A. flavicollis 
tested positive for R. slovaca (Heglasová et al., 2018). The results 
confirm long-term circulation of R. slovaca in the Slovak Karst region, 
with Dermacentor spp. as a potential reservoir. Similarly, pathogenic 
R. slovaca is found in Dermacentor spp. ticks in Eurasian areas (Sekeyová 
et al., 1998; Raoult et al., 2002; Špitalská et al., 2012; Földvári et al., 
2013; Parola et al., 2009; Minichová et al., 2017, and others). Based on 
available data, the occurrence of R. slovaca is primarily associated with 
habitats where Dermacentor spp. ticks are present. The occurrence of 
Dermacentor ticks in the environment may indicate a risk of human 
infection. Rickettsia slovaca and R. raoultii were described as potential 
etiological agents of TIBOLA/DEBONEL/SENLAT disease in humans, 
which is associated with a tick bite, an inoculation eschar, and cervical 
adenopathies (Parola et al., 2009).

Rickettsia raoultii was detected in questing D. marginatus, D. retic
ulatus, and H. concinna ticks only in the natural habitat of the Slovak 
Karst. Rickettsia raoultii is usually associated with Dermacentor spp. 
(Špitalská et al., 2012; Švehlová et al., 2014). Evidence of R. raoulti in 
H. concinna ticks is interesting and represents the first data on the 
presence of the bacterium in this tick species. Previously published data 
revealed the presence of R. raoultii in D. reticulatus and H. inermis ticks in 
the same study area in the Slovak Karst National Park in southeastern 
Slovakia (Ouarti et al., 2022). From ticks attached to small mammals, 
R. raoultii was recorded in larvae of D. marginatus and D. reticulatus in the 
natural habitat, and one I. trianguliceps larva from the Čermeľ Valley, 
representing the suburban habitat. This is the first evidence of R. raoultii 
infection in the endophilic tick species I. trianguliceps. However, it is not 
known whether H. concinna and I. trianguliceps are involved in the life 
cycle of R. raoultii.

Rickettsia monacensis was identified in larvae and nymphs of I. ricinus 
in both rural and suburban habitats. These rickettsiae have also been 
detected in Ixodes arboricola and H. concinna from Romania (Mărcuțan 
et al., 2016) and recently also in the flea Ctenophthalmus agyrtes in 
Lithuania (Radzijevskaja et al., 2018).

The most prevalent rickettsial species, R. helvetica was detected in all 
developmental stages of I. ricinus, D. reticulatus, and H. concinna at all 
studied sites in eastern Slovakia. The most common tick species, 
I. ricinus, represents a vector and natural reservoir of R. helvetica, which 
is responsible for human rickettsioses diagnosed in Slovakia (Parola 
et al., 2005; Sekeyová et al., 2012; ̌Svehlová et al., 2014; Špitalská et al., 
2014, 2016; Minichová et al., 2017). In many other European countries 
and Japan, R. helvetica has also been confirmed in the genera Ixodes, 
Haemaphysalis, and Dermacentor (Fournier et al., 2002; Parola et al., 
2005; Nijhof et al., 2007; Dobec et al., 2009; Hornok et al., 2010; Tijs
se-Klasen et al., 2013; Tomassone et al., 2013; Mărcuțan et al., 2016). In 
the study by Heglasová et al. (2020a), R. helvetica was identified in 
C. agyrtes fleas collected from A. agrarius captured in the same suburban 
area. Additionally, R. helvetica was confirmed in small mammals 
belonging to the genera Apodemus, Myodes, and Microtus in natural and 
suburban habitats of Eastern Slovakia (Heglasová et al., 2018).

In the forest area of the Čermeľ Valley, six species of small mammals 
and two tick species (I. ricinus, I. trianguliceps) were identified. Previ
ously published studies from this area reported on the presence of 
several species of pathogens (e.g., R. felis, R. helvetica, B. miyamotoi) in 
rodents, ticks, and fleas (Špitalská et al., 2015; Heglasová et al., 2018, 
2020a, 2020b). The least diversity of hosts and vectors was found in the 
Botanical Garden, which represents an urban area. In this area, 
B. miyamotoi was identified in questing I. ricinus and R. felis in fleas 
collected from the small mammals (Heglasová et al. 2020b). The widely 
distributed R. helvetica and R. felis can be expected in different groups of 
vectors.

The highest prevalence and diversity of Rickettsia species were 
recorded in the Slovak Karst National Park, which represents a natural 
habitat and a unique locality with a sympatric occurrence of six tick 

species. Similarly, the largest representation of small mammal hosts was 
recorded in the same region. Previously, several species of rickettsiae 
(R. slovaca, R. helvetica, R. raoultii, and Rickettsia sp.) have been identi
fied in rodents, fleas, rodent-attached ticks, and questing ticks from 
vegetation sampled in the Slovak Karst area (Radzijevskaja et al., 2015; 
Heglasová et al., 2018, 2020a; Ouarti et al., 2022). Additionally, another 
pathogen, B. miyamotoi, was identified in Ixodes spp. and Haemaphysalis 
spp. ticks, as well as in one rodent host species in areas of eastern 
Slovakia (Heglasová et al., 2020b). The high density and diversity of 
vectors and hosts in the natural environments provide suitable condi
tions for the co-circulation of several species of pathogens.

5. Conclusions

Human pathogens such as R. helvetica, R. slovaca, R. raoultii, and 
R. monacensis were detected in six species of questing and rodent- 
attached ixodid ticks in Eastern Slovakia. The most prevalent, 
R. helvetica, was detected in I. ricinus, D. reticulatus, and H. concinna in 
the rural habitat. Rickettsia helvetica was detected at all studied sites, but 
exclusively in I. ricinus ticks.

Rickettsia slovaca was found in questing and rodent-attached 
D. marginatus ticks only in natural environments. Rickettsia raoultii was 
detected in D. marginatus, D. reticulatus, and H. concinna in rural areas 
and in one I. trianguliceps larva in a suburban habitat. This is the first 
evidence of R. raoultii infection in the endophilic tick species 
I. trianguliceps. Rickettsia monacensis was identified in larvae and nymphs 
of I. ricinus in rural and suburban habitats.

Our results confirmed the highest prevalence and diversity of Rick
ettsia spp. in natural habitats with a sympatric occurrence of six tick 
species. Biotopes with a higher diversity of vectors and hosts influence 
the diversity and prevalence of rickettsiae (and other vector-borne 
pathogens). Monitoring these areas helps identify high-risk regions 
and enables targeted control strategies to reduce the incidence of 
infections.
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Bona, M., Kazimírová, M., 2016. Seasonal analysis of rickettsia species in ticks in 
anagricultural site of Slovakia. Exp. Appl. Acarol. 68, 315–324. https://doi.org/ 
10.1007/s10493-015-9941-0.
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