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Abstract: The density and spread of tick vector species have increased throughout Europe in the last 30 years, leading to an increase
of Lyme borreliosis cases, including in Slovenia. The aim of this study was to isolate Borrelia strains and determine the prevalence of
B. burgdorferi sensu lato and B. miyamotoi in adults of Ixodes ricinus (Linnaeus) collected in 2019 in the two regions of the country
(Coastal-Karst and Littoral-Inner Carniola) by cultivation and PCR. We isolated B. burgdorferi s.1. by culture method in 28/559 (5%)
ticks from both regions. Culture-negative samples (531/559, i.e., 95%) were additionally tested by real-time PCR. In 155/531 (29.2%)
PCR-positive samples, a fragment of flaB or glpQ was amplified and further sequenced to identify species of the Borrelia. Using both
methods, cultivation and PCR, Borrelia spp. prevalence was 32.7% in the Coastal-Karst region and 33.0% in the Littoral-Inner Carniola
region. Genotyping of the Borrelia spp. isolates revealed that 17/28 (60%) were B. garinii subtype Mlg2. Of all tick samples tested for
B. miyamotoi 8/398 (2%) were PCR positive. Based on previous studies in these regions, we had expected more ticks to be infected

with B. afzelii, but genotyping revealed that B. garinii was the most abundant.
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Ticks (Ixodidae) transmit a wide variety of pathogens,
surpassing all other arthropods in the diversity of patho-
gens they transmit (Jongejan and Uilenberg 2004). Among
them, Ixodes ricinus (Linnaeus) is undoubtedly the best-
known tick species in Europe and epidemiologically the
most important vector of pathogenic microorganisms. This
species is also a major vector of the causative agents of
Lyme borreliosis (LB), the most common vector-borne
disease in the Northern Hemisphere, and tick-borne en-
cephalitis (TBE) (Steere et al. 2016, Cerny et al. 2020).
In endemic regions of Europe and Asia, B. burgdorferi
genospecies circulate between hard ticks of the 1. ricinus
complex and vertebrate hosts. The main hosts for larvae
and nymphs are small mammals and ground-feeding birds.

Members of the Borrelia burgdorferi sensu lato com-
plex (B. burgdorferi s.l.) are spiral-shaped bacteria from
the phylum Spirochaetes (see Barbour and Hayes 1986).
The complex currently includes 22 named and proposed
genospecies in the Americas and Eurasia (Majerova et al.
2020, Wolcott et al. 2021). To maintain a complex enzo-
otic cycle, Borrelia sp. must adapt to distinctly different
environments (ticks and vertebrates). When a tick feeds on

its host, it can become infected if a pathogenic bacterium
is present in the infected tissue of the vertebrate (Estra-
da-Pefia 2015). Reservoirs include small rodents, hares and
birds. The key role in the successful transmission of Borre-
lia from one host to another is played by outer membrane
proteins of the membrane of B. burgorferi s.l. (Schwan
and Piesman 2000). It is also crucial that the borrelia re-
main in the tick after molting until the next developmental
stage, which increases the chances that the bacteria will be
transferred to the vertebrate host during the feeding period
(Hartemink et al. 2008). Population composition of Borre-
lia spp. is influenced by host and vector population dynam-
ics and demographic processes, as well as external abiotic
factors (combination of temperature and humidity, climate
type, and landscape), which also influence the geographic
distribution of vectors and hosts (Margos et al. 2011).
Lyme borreliosis, the most common tick-borne zoono-
sis in Europe, is also a significant epidemiological problem
in North America and Asia (Steere 2001, Masuzawa 2004,
Steere et al. 2004). The highest prevalence rates in Europe
are found in Central European countries, including Slove-
nia (Lindgren and Jaenson 2006, Rizzoli et al. 2011). Hot
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Fig. 1. Study regions in Slovenia, Coastal-Karst and Littoral-In-
ner Carniola

spots with more than 100 cases per 100,000 inhabitants per
year have been reported in Austria, Slovenia, Germany,
the Baltic Sea coast, and southern Sweden (Rizzoli et al.
2011).

In Europe, of the 21 reported Borrelia species (Cutler et
al. 2017, Margos et al. 2019), only some can cause LB in
humans, such as B. afzelii, B. garinii, B. burgdorferi sensu
stricto (s.s.), B. bavariensis and B. spielmanii (Comstedt
et al. 2011, Stanek et al. 2012, ECDC 2016). Infections
with B. afzelii and B. garinii account for most LB cases in
Europe, whereas B. garinii is predominant in Asia. Bor-
relia afzelii is mostly associated with skin manifestations,
B. garinii appears to be the most neurotropic pathogen,
and B. burgdorferi s.s. appears to be the most arthritogen-
ic (Stanek et al. 2012). In Slovenia, all human pathogenic
species have been isolated from patients, some have been
isolated from ticks and patients, and some have been iso-
lated only from ticks (Ruzié¢-Sablji¢ et al. 2008, Cerar et
al. 2015).

Borrelia miyamotoi, a relapsing fever species of Bor-
relia, was first isolated in Japan in 1994 from the tick
Ixodes persulcatus Schulze and from the small Japanese
field mouse Apodemus argenteus Temminck (Fukunaga et
al. 1995). Later, this species was isolated from many other
tick species and is widely distributed in Europe, Asia and
North America (Scoles et al. 2001, Barbour et al. 2009,
Gugliotta et al. 2013). In 2011, the pathogenic potential
of B. miyamotoi was reported from Russia (Platonov et al.
2011). Today, it is considered an emerging pathogen that
causes relapsing fever (RF) in humans, a febrile viral-like
illness that relapses in up to 10% of patients (Platonov et
al. 2011, Stanek et al. 2012, Ravagnan et al. 2018, Cutler
et al. 2019). This genospecies was also confirmed in Slo-
venia in 2015, detected by PCR in two heart samples from
Apodemus flavicollis Melchior, resulting in a low overall
prevalence (Cerar et al. 2015).

In the clinical diagnosis of LB, isolation is a direct
confirmation of B. burgdorferi s.1., especially in confirm-
ing unclear cases (Stanek et al. 2012). Culture is consid-
ered the gold standard for confirmation of active infection
(Aguero-Rosenfeld et al. 2005). Qualitative and quantita-
tive results can be obtained by PCR, with real-time PCR
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considered more sensitive than classical or nested PCR.
Both culture and PCR are commonly used to detect Bor-
relia spirochaetes not only in humans but also in ticks and
reservoirs (Cerar et al. 2015).

The aim of the present study was to isolate Borrelia
strains and determine the prevalence of B. burgdorferi s.l.
and B. miyamotoi in adult /. ricinus in the two regions of
Slovenia (Coastal-Karst and Littoral-Inner Carniola) for
which we currently have no data on tick infection.

MATERIALS AND METHODS

Tick sampling

Ticks were collected in May 2019 during their peak seasonal
activity in the Coastal-Karst and Littoral-Inner Carniola regions
of Slovenia (Fig. 1). Sites were selected based on suitable habitat
type (grassland, forest or forest edge) along hiking and walking
trails where most people come into contact with ticks. Ten sites
were selected in the Coastal-Karst region and 12 in the Litto-
ral-Inner Carniola region. At each location, ticks were collected
by dragging a flag over vegetation for 30 minutes. The flag was
checked periodically after approximately 10m. Ticks were col-
lected in sterile tubes and taken to laboratory. The species, stage
and sex of the ticks were determined by a professional entomol-
ogist using the existing taxonomic key ‘‘Ticks of Europe and
North Africa’’ (Estrada-Pefia et al. 2017).

Cultivation and genotyping of Borrelia burgdorferi s.l.

Ticks were decontaminated in 70% ethanol and rinsed in
sterile double distilled water. After decontamination, the whole
tick was transferred to liquid modified Kelly-Pettenkofer medi-
um (MKP) according to a published protocol (Ruzi¢-Sablji¢ et
al. 2014). In the medium, the tick was punctured with a sterile
needle to release the bacteria from the tick’s digestive system
into the culture medium. All media were incubated at 33 °C for
9 weeks. The media were examined weekly for the presence of
spirochetes using a dark field microscopy (Aguero-Rosenfeld et
al. 2005, Ruzi¢-Sablji¢ et al. 2014). After 9 weeks of incubation,
all contaminated and negative media were subjected to additional
molecular analysis. Spirochetes from positive media were further
genotyped with restriction fragment length polymorphism with
Mlul (MIul-LRFP) according to the previously published proto-
col (Ruzi¢-Sablji¢ et al. 2008). In addition, identification by se-
quencing of flaB was performed.

DNA extraction, PCR detection and sequencing

Each tick with its corresponding contaminated or negative
MKP medium was subjected to DNA extraction using the Mag-
NA Pure 24 Total Nucleic Acid Kit (Roche, Mannheim, Germa-
ny) according to the manufacturer’s instructions. A whole tick,
together with 600 pl of MKP medium and 200 pl of Bacteria
Lysis Buffer (Roche, Germany) was mechanically beated in the
MagNA Lyser instrument (Roche, Germany). After beating, 50
ul of Proteinase K (Roche, Germany) was added and incubated
overnight at 65°C. After incubation, 400 pul of the lysate suspen-
sion was used in DNA extraction protocol using the MagNA Pure
24 System (Roche, Germany). For culture positive samples, 400
ul of MKP medium was used for extraction. EAV control was
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Table 1. Determination of Borrelia spp. in ticks collected in May 2019 in two Slovenian regions using cultivation and real-time PCR.

Littoral-Inner Carniola Coastal-Karst Total
No. ticks Culture ~ PCR Neg/ No. ticks Culture ~ PCR Neg/Inh No. Culture ~ PCR Neg/
pos positive Inh pos positive ticks pos positive Inh
Ixodes ricinus 452 22 127 291/11 103 6 28 65/3 555 28 155 356/14
Haemaphysalis punctata 0 0 0 0 4 0 0 4 4 0 0 4
Total 452 22 127 291/11 107 6 28 69/3 559 28 155 360/14

Determination of Borrelia spp. in ticks collected in May 2019 in two Slovenian regions using cultivation and real-time PCR (total number of ticks in bold).

used for extraction control (LightMix Modular EAV RNA Extrac-
tion control diagnostic kit, Roche, Germany).

Duplex real-time PCR was performed for the detection of Bor-
relia DNA and internal EAV control. For the detection of B. burg-
dorferi s.1., the LightMix Modular diagnostic kit for the detection
of Borrelia sp. (TIB MOLBIOL, Berlin, Germany) was used to-
gether with a diagnostic kit for internal EAV control extraction
(LightMix Modular EAV RNA Extraction control diagnostic kit,
Roche, Germany). The kit for detection of Borrelia spp. contains
lyophilized primers and a probe for amplification and detection
of part of the 23S rRNA gene of Borrelia spp. Each step of mo-
lecular detection was performed in a separate room to avoid con-
tamination. Real-time PCR was performed on a LightCycler 480
Instrument II (Roche, Germany) according to the manufacturer’s
instructions (Tib MolBiol, Roche, Germany). After amplification,
detection of Borrelia DNA and possible inhibition were moni-
tored at corresponding optical channels: Borrelia spp. at 530 and
internal EAV control at 660. If inhibition occurred, the DNA sam-
ple was diluted 1 : 10 and the assay was repeated. If inhibition
occurred despite dilution, the sample was labeled as inhibited.
All PCR-positive samples were subjected to amplification and se-
quencing of a part of the flab gene (Clark et al. 2005) to determine
species of Borrelia.

All samples were also tested for the presence of B. miyamo-
toi. Specific primers and probes targeting a part of the 16S rRNA
gene were used for real-time PCR, as described by Platonov et al.
2011. All positive samples were also confirmed by conventional
PCR targeting glpQ gene (Hovius et al. 2013) and sequenced. The
amplicons of flaB and glpQ genes were sequenced on both strands
using the BigDye Terminator Cycle Sequencing Ready Reaction
Kit (Applied BioSystems, Waltham, USA). Sequences were as-
sembled using the CLC Main Workbench 7 software package
(Qiagen Aarhus, Aarhus, Denmark) and homology searches were
performed using the NCBI BLAST service (National Institutes of
Health, Bethesda, Maryland, USA).

RESULTS

In May 2019, 559 ticks were collected in the Coast-
al-Karst and Littoral-Inner Carniola region and two tick
species were identified, Ixodes ricinus (555) and Haemaph-
ysalis punctata Canestrini et Fanzago, 1878 (4) (Table 1).

Isolation of B. burgdorferi s.1. by culture was performed
in all 559 sampled ticks. B. burgdorferi s.l. was successfully
isolated from 28/559 (5%) ticks (Table 1). Genotypic char-
acterization based on M/ul-LRFP revealed that 17/28 (61%)
isolates belonged to B. garinii. Most of them belonged to the
Mlg2 subtype. New B. garinii subtypes, never before isolat-
ed in Slovenia, were Mlg8 and MIg9 (Table 2). Six isolates
were determined to be B. afzelii (all of subtype Mlal), four
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were B. valaisiana (three subtype Mlv1, one Mlv2) and one
was B. burgdorferi s.s. (subtype MIb2). Five samples were
contaminated and therefore excluded from genotyping. The
results of both genotyping approaches, MIul-LRFP and flaB
sequencing, were concordant (Table 2).

Table 2. Genotyping of Borerelia burgdorferi s.l. isolates from
ticks sampled in 2019 by MIul-LRFP and flaB sequencing
(ND — not done).

Mlul-LRFP (No.

Location of isolates)

Region Fla seq (No. of isolates)

Bloska Polica  B. garinii Mlg2 (2) B. garinii (2)
Kozarisce B. garinii Mlg2 (2) B. garinii (2)
B. garinii Mlg2 (1) B. garinii (1)
Dane B. afzelii Mlal (1) B. afzelii (1)
B. burgdorferi s.s. MIb2 (1)B. burgdorferi s.s. (1)
B. garinii Mlg2 (1) B. garinii (1)
Loz B. valaisiana MIv2 (1) B. valaisiana (1)
ND (1) ND (1)
. B. garinii M1g6 (1 B. garinii (1
cittoratnner SvetaAna - p Sfeelii Mia1 (<1)) B afseli ((1))
B. garinii Mlg2 (2) B. garinii (3)
B. garinii Mlg6 (1
Grahovo B. 2f'zelii Mlagl ((1 )) B. afzelii (1)
ND (1) negative (1)
Begunje B. afzelii Mlal (1) B. afzelii (1)
“ B. garinii Mlg2 (1 B. garinii (1
Volgje B. ifzelii Miai ((1 )) B el ((1 ))
. B. garinii Mlg2 (1 B. garinii (1
Ravnik B. (Zfzelii Mial ((1 )) B. §fzem ((1 ))
Sveti Vid B. valaisiana MIv1 (1)  B. valaisiana (1)
Sv. Anton B. garinii Mlg 7 (1) B. garinii (1)
B. garinii Mlg4 (1) B. garinii (2)
Os B. garinii Mlg8 (1
Coastal-Karst - B. %alaisianang(vl) (1)  B.valaisiana (1)
B. garinii Mlg2 (1) B. garinii (2)
Koper B. garinii Mlg9 (1)
B. valaisiana MIv2 (1) B. valaisiana (1)

Of 531 ticks from negative or contaminated cultures,
155 were PCR positive, 360 were negative, while 14 sam-
ples were inhibited. Sequencing of the flaB gene allowed
determination of Borrelia species in 64 ticks: B. garinii
was found in 32 ticks, B. afzelii in 22 ticks, B. valaisiana
in nine ticks and B. lusitaniae in one tick. The rest of the
ticks were flaB gene PCR-negative, due to the lower sensi-
tivity of a conventional PCR compared to real-time PCR;
the Ct values of most flaB gene PCR-negative samples
were above 30. Using both methods (culture and real-time
PCR), the prevalence of B. burgdorferi s.I. in May 2019
was 32.85% (183/559) in both regions combined.

Due to the insufficient amount of DN A isolates, real-time
PCR was performed to detect B. miyamotoi in 398/559
samples. This species was detected in 8/398 (2%) samples,
6/317 (1.9%) from the Littoral-Inner Carniola region and
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2/81 (2.5%) from the Coastal-Karst region (Table 3). In
4 samples, the glpQ gene was successfully sequenced and
B. miyamotoi was confirmed. One of these ticks was co-in-
fected with B. garinii and B. miyamotoi simultaneously.

DISCUSSION

The castor bean tick is the most common and epidemio-
logically most important tick species in Central Europe, in-
cluding Slovenia (ECDC 2016, Estrada-Pefia et al. 2017).
Moreover, all previous studies of the prevalence of Borre-
lia burgdoferi s.1. in Ixodes ricinus confirm that the area of
Central Europe is of particular epidemiological importance
for the occurrence of Lyme disease in humans (ECDC
2016). LB and tick-borne meningoencephalitis (TBE) are
the most common tick-borne diseases in Europe (ECDC
2022). In Slovenia, between 3,000 and more than 7,000 pa-
tients with LB and 170 TBE cases per year were registered
from 2010 to 2019 (N1JZ 2020).

Recent epidemiological data from Slovenia show that
the Littoral-Inner Carniola region was among the areas
with the highest number of LB infections, but the Coast-
al-Karst region has not been extensively studied (NIJZ
2020). In the Coastal-Karst region, the onset of tick activ-
ity was reported in the early spring months, so we expect-
ed to collect sufficient numbers of adult ticks in May. The
Littoral-Inner Carniola region is strongly influenced by the
alpine climate, which means that seasonal activity begins
one month later and the greatest abundance occurs from
April to June (Knap et al. 2009). As in the northeast and
northwest of Italy (Otranto et al. 2014), /. ricinus ticks in
the two Slovenian regions studied show a high affiliation
to woodland areas, where this species finds optimal condi-
tions in terms of temperature and relative humidity for its
development.

The distribution pattern as well as the host preferences
of the different Borrelia genospecies in Slovenia is also in-
teresting. For example, B. afzelii is the predominant geno-
species in human samples (skin, blood and cerebrospinal
fluid) in Slovenia (Ruzi¢-Sablji¢ et al. 2008). This geno-
species has been isolated from humans, but also from ticks
and rodents (Ruzi¢-Sablji¢ et al. 2002, Lagal et al. 2003,
Stanek and Strle 2003, Logar et al. 2004, Cerar et al. 2015).

This finding is supported by several studies that have
shown that erythema migrans (EM) in humans is most fre-
quently caused by B. afzelii (up to 96%) and less frequently
by B. garinii (up to 33%). The last such study in Slovenia
showed that of 488 skin isolates from Slovenian patients
with EM, 433 (89%) were B. afzelii, 53 (11%), B. garinii
and only 2 B. burgdorferi s.s. (Ruzi¢-Sablji¢ et al. 2002).
However, in 82 patients from Finland who had EM, 21.5%
of skin cultures were positive, and all isolates were identi-
fied B. garinii (Oksi et al. 2001). Strle and Stanek (2009)

Susnjar et al.: Borrelia spp. in ticks in Slovenia

speculate that B. afzelii is prevalent in western and central
Europe but may not be in eastern Scandinavia, eastern Eu-
rope and Asia.

It is interesting to note that the proportions of the main
Borrelia species isolated from EM skin lesions do not
completely match the proportions of Borrelia genospecies
found in ticks. Studies in Slovenia and Germany found that
B. garinii and B. burgdorferi s.s. were isolated from ticks
relatively more frequently than B. afzelii (Strle and Stanek
2009). Genotyping results in our study and sequencing
of the flaB gene also showed that B. garinii was the most
common genospecies detected in host-seeking 1. ricinus
specimens.

Another study (Schwarz et al. 2012) on the prevalence of
different Borrelia genospecies in I. ricinus at three sites in
the Siebengebirge, Germany, found that the most common
Borrelia genospecies were also B. garinii and B. afzelii
genotyped by reverse line blotting. The infection rate in
that study was almost twice as low as our results (19.5% in
2007 and 16.5% in 2008), mainly due to the proportion of
life stages of the ticks. Namely, we examined only adults,
while in the study of Schwarz et al. (2012) the proportion
of adults was 4.8%.

A similar study conducted in Serbia found that 52 of
115 adult host-seeking /. ricinus were PCR positive and
two Borrelia genospecies were isolated, B. lusitaniae and
B. afzelii (Radulovi¢ et al. 2010). Interestingly, the preva-
lence of B. burgdorferi s.l. in adult ticks collected in Ser-
bia (45%) was even higher than in samples collected in
two Slovenian regions studied (33%). Another study from
Slovakia (Gern et al. 1999) addressed the distribution of
different B. burgdorferi species in adult /. ricinus ticks col-
lected in an endemic area in Slovakia. Immunofuorescence
was used to determine that 56/114 (49%) ticks were infect-
ed with B. burgdorferi s.1.. RFLP identification revealed 25
B. afzelii (68%), 5 B. garinii (14%), 5 B. valaisiana (14%),
and 2 B. lusitaniae (5%) out of 37 isolates.

Different prevalence of Borrelia genospecies could be
influenced by many factors, such as the sampling period,
changes in microclimatic conditions, the natural dynamics
of Borrelia and the abundance of reservoir hosts. Several
studies indicate that genospecies of B. burgdorferi s.l. are
maintained in nature by different vertebrate hosts. For ex-
ample, in Europe, B. afzelii is commonly found in associa-
tion with mice and voles, while seabird and songbird popu-
lations often carry B. garinii (Kurtenbach et al. 1998, 2002).

Moreover, B. garinii was the most common genospecies
in ticks removed from birds, especially from ground-for-
aging species (Comstedt et al. 2006). Birds do not choose
their migration routes randomly, but follow established
routes. In general, European migratory birds move along
four migration routes (Vrezec et al. 2006). In this respect,

Table 3. Presence of Borrelia miyamotoi in ticks (ND/INH number are lost or inhibited samples).

Region Total ticks (No.) Positive (No.) Negative (No.) ND/INH (No.) Prevalence
Littoral-Inner Carniola 317 6 311 135 1.9%
Coastal-Karst 81 2 79 26 2.5%

Total 398 8 390 161 2.0%
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Slovenia has a special geographical position, as it is lo-
cated at the crossroads of three migratory routes, which is
reflected both in the number and diversity of bird species
(Vrezec et al. 2006). Since many of them are ground-for-
aging species, higher infection of nymphs and adult forms
of 1. ricinus with B. garinii was expected. Recent studies
are attempting to determine the relationship between birds
and different genotypes. For example, in Slovakia, identi-
cal ospA alleles of B. garinii were found in ticks that had
fed on birds and in questing ticks. (Hanincova et al. 2003).

Previous studies suggest that B. garinii is less present in
nymphs (Mysterud et al. 2019). Nevertheless, the results
of another study from Scotland showed that 20% of /. rici-
nus nymphs collected from birds were positive for B. burg-
dorferi s.l. and all belonged to B. garinii. The authors of
this study also showed that ground-foraging species were
more important than arboreal species in hosting /1. rici-
nus nymphs and B. burgdorferi s.l. particularly common
blackbirds (7urdus merula Linnaeus) (James et al. 2011),
a species that is also very abundant in both study areas in
Slovenia. On the other hand, our results showed a signifi-
cant infection rate with this genospecies in adult forms of
1. ricinus.

The results of all the above studies, including this one,
indicate that it is relatively difficult to determine the asso-
ciation of individual genospecies of B. burgdorferi s.1. with
hosts. In any case, they suggest that the infection ratio of
different stages of /. ricinus with B. garinii depends primar-
ily on the availability of suitable hosts and their abundance,
but less on climatic factors. Based on the previous studies,
as well as information received from the Slovenian Society
for Bird Observation (DOPPS-Birdlife Slovenia), the main
cause of the high prevalence of the B. garinii genospecies
is most likely the high abundance of ground-foraging bird
species during the 2019 spring migration.

Borrelia miyamotoi DNA was detected in eight 1. rici-
nus specimens from all sampled ticks, representing 2% in-
fected ticks. Using the same method as described by Cerar
et al. (2015), B. miyamotoi was first detected in infected
rodents in Slovenia; in the prospective and retrospective
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studies, it was detected in 1/251 (0.4%) and 1/46 (2.2%)
heart samples, respectively. All attempts to isolate this spe-
cies from PCR-confirmed samples have been unsuccessful.
A similar percentage, 2.1% of infected castor bean ticks,
was reported in a study from the Netherlands (Wagemakers
et al. 2017). Borrelia miyamotoi also occurs in the United
Kingdom, but in a lower percentage. It was first detected in
this country in 2014 and later confirmed in another study
from the same year. The infection rate was 0.3% and 0.7%,
respectively (Hansford et al. 2015, Layzell et al. 2018). All
these results suggest a wide distribution of B. miyamotoi
in Europe, but a higher infection rate in Central European
regions.

There may be several reasons for differences in Borrelia
spp. prevalence between studies: different sampling proce-
dures, sample size, methods used to detect Borrelia spp.,
different geographic locations and time of collection (Man-
nelli et al. 2012). A reliable and standardised approach for
such studies has not yet been defined. However, studies are
helpful to assess the risk of Borrelia spp. transmission and
to decide on antibiotic treatment.

In conclusion, the incidence of B. burgdorferi s.l. in
questing I. ricinus ticks collected in Slovenia is similar in
both regions studied. The results of the occurrence of Bor-
relia genotypes confirm previous similar studies conducted
in Slovenia, i.e., that molecular methods are more sensitive
than isolation by culture. The prevalence of Borrelia gen-
otypes in questing ticks was 32.7% in both regions com-
bined for 2019, and B. garinii was the dominant isolated
genospecies in both sampling areas. Two new subtypes of
B. garinii were found for the first time in Slovenia. Borrelia
miyamotoi was confirmed in ticks at low frequency (2%).
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