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Ixodes simplex is a bat tick species, a common parasite of the Schreibers’ bent-winged bat, Miniopterus schreibersii.
Its distribution is linked to the range of its host, free stages occurring exclusively inside the underground bat
shelters. Here we present the first case of human infestation with I simplex. An adult female tick was found
attached to the upper limb after a visit to the underground shelter of a large bat colony. This unusual host se-
lection is a likely consequence of the reduction of suitable hosts, as the number of bats was much lower at the

time of the visit than in previous years. Bat ticks rarely feed on humans, with soft ticks (Argasidae) being more
commonly involved. In the light of the potential vectorial capacity of I simplex, the incidence and potential

future risks are discussed.

1. Introduction

Ticks (Acari: Ixodida) are important blood-feeding ectoparasites of
terrestrial vertebrates. They show wide geographic distribution, likely
being the most widely distributed ectoparasites on the Globe (Gugliel-
mone et al., 2014). They are not only resource-depleting ectoparasites,
but play an important role in transmission of vector-borne diseases
caused by numerous viral, bacterial and protozoan pathogens. Their
importance is exceptionally high in temperate regions, where they are
responsible for the most important vector-borne diseases affecting
humans (Parola and Raoult, 2001). Taxonomically the order Ixodida is
grouped into three families (Ixodidae, Argasidae and Nutalliellidae),
with more than 900 known species (Burger et al., 2014). Hard ticks
(Ixodidae) are the more speciose group, although only five hard tick
species (all Ixodes) are known as exclusive parasites of bats globally
(Chiroptera) (Hornok et al., 2016a, 2014; Kolonin, 2007). In contrast
Argasidae (soft ticks) are more diverse in subtropical and tropical areas,
with more than 70 species (35 %) as bat-specialists (Guglielmone et al.,
2010). Three members of the genus Ixodes are known to parasitize bats

in Europe (I. ariadnae, I. simplex and I. vespertilionis), with most European
bats already recorded as hosts for these species (Sandor et al., 2019). All
three species are exclusively bat-specialists, endophilous ticks, attaching
to their hosts inside their underground roosts. While I. ariadnae and
L vespertilionis are more generalists in their bat-host selection (Hornok,
2017a, 2017b), L. simplex is found primarily on a single highly social bat
species, the Schreibers’ bent-winged bat, Miniopterus schreibersii (Hor-
nok, 2017c; Sandor et al., 2019). The distribution of I simplex is also
mirrored by its main host’s distribution, being a species with a southern
European range (Hornok, 2017c). Two different soft ticks (Argasidae)
are known to regularly occur on European bats: Carios vespertilionis is the
most wide-spread, while Secretargas transgariepinus is known only from a
relatively small number of locations in the central and western part of
the Mediterranean Basin. Both these species are known to feed on a large
number of bat species (Petney et al., 2017a, 2017b; Sandor et al., 2019).

Bats are important reservoirs for a number of emerging zoonotic
viruses, bacteria and piroplasms (Brook et al., 2015), so their ticks were
also targets for several studies in order to evaluate their vector role in the
transmission of a number of know pathogens causing such diseases. As
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such, ticks of European bats were successfully screened for the presence
of Bartonella, Borrelia or Rickettsia spp. (Hornok et al., 2012; Leulmi
et al., 2016; Lv et al., 2018; Michalik et al., 2020; Socolovschi et al.,
2012), while a number of known and suspected zoonotic piroplasms are
known to be present in these ectoparasites (Hornok et al., 2016b; Lv
et al., 2018). Thus, ixodid and argasid ticks of bats may have vector role
for the above pathogens and as such may represent risk for pathogen
transfer if feeding on humans. Here we report the first European case of
I simplex found attached to a human, with a review of human-related
cases induced by bat-associated tick species known to occur on Euro-
pean bats.

2. Materials and methods

One adult female I. simplex was found attached to one of the authors,
after a visit to a large maternity colony of M. schreibersii, located in
southeastern Romania. The colony site (close to Baneasa, 44.075727 N,
27.643677E) holding approximatively 2000 bats, was visited on the
night of 27 May 2019 (1.30-2.30 a.m., after the bats left for foraging) in
order to collect feces and parasites below the roost. The tick was found
attached to the left elbow bend of one of the visitors, after visiting the
mine-shaft (ca. 5 h after the visit). It was easily detached and kept in 70
% ethanol until identification. The tick was identified using morpho-
logical keys (Estrada-Pena et al., 2018). The picture in Fig. 1 was made
with a VHX-5000 (Keyence Co., Osaka, Japan) digital microscope.

3. Results

The collected tick was identified as a female I. simplex (Fig. 1). The
identification was supported by the combination of the following char-
acters: an Ixodes species (showing preanal groove), with relatively small
size (in comparison to unfed adult females of I vespertilionis or
L ariadnae), short legs, with especially short tarsi, short and blunt palps
with indistinct joints between segments II and III, short hypostome and
dense hair on idiosoma, while no spur on coxa L. The individual was not
showing signs of engorgement, however skin scraps from the attachment
site are visible on the hypostome (Fig. 1). The attachment site showed a
small red punctuation and superficial swelling, which disappeared after
two days.

4. Discussion

This is the first record of human infestation with L. simplex, a bat tick
species found primarily on Schreibers’ bent-winged bats (Hornok,
2017c; Sandor et al., 2019). Ixodes simplex is not listed among the tick

Fig. 1. Adult female Ixodes simplex, collected from a human on 27.05.2019,
Baneasa, Romania (arrow indicates host skin tissue remnants on
the mouthparts).
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species reported to feed on humans (Estrada-Pena and Jongejan, 1999;
Guglielmone and Robbins, 2018). It is a bat tick, with a wide
geographical distribution from southeastern Asia to western Europe and
from Morocco and Egypt to Southern Africa, wherever its host species
(bats belonging to the Miniopteridae family) occur (Arthur, 1956;
Hornok, 2017c). In Europe it is mainly found in countries of the Medi-
terranean Basin, sporadically reported from Central (Hungary, Slovakia)
and southeastern Europe (countries of the Balkan Peninsula), exclu-
sively in areas where Schreibers’ bent-winged bats are regularly present
(Hornok, 2017c). It is a three host tick species, with most records (99.8
%) collected from Schreibers’ bent-winged bats (Sandor et al., 2019),
with a few odd reports from other cave dwelling bat species roosting
together with its main host (Beaucournu, 1966). It shows a prominent
seasonality of its occurrence on hosts (higher prevalence in spring in
nursing colonies, abundance continuously decreasing towards the
autumn), with adult females showing no seasonal preference for feeding
(Lourenco and Palmeirim, 2008; Sandor et al., 2019). Ticks stay hidden
while off-host, with large numbers of different stage individuals grouped
together in cracks or behind loose rocks close to the host’s roosting sites
(distances of 20-180 cm from the roosting sites, Sandor AD unpub-
lished). This secretive behavior may also be the cause for the reduced
encounter rate (Beaucournu, 1966; Sandor et al., 2018) and the lack of
human-cases. The Schreibers’ bent-winged bat colony from the aban-
doned mine shaft at Baneasa (range 4100-7500 in the period
2016-2018, with ca. 2800 individuals present in 2019, Sandor A. un-
published) showed seasonally high prevalence of tick parasitism in most
years in spring (ranging between 39-51 % in the period 2016-2018:
Sandor et al., 2019), thus ticks were present at the colony most of the
time. However, the tick prevalence was extremely high in May 2019,
with a 80.0 % prevalence (n = 27 hosts) and mean intensity of 5.1 ticks
infesting bats. This was also coupled with an exceptional level of adult
female ticks on bats. The prevalence of adult females was 17.9 %, and
the intensity was 22.1, range 1-31, in contrast to a mean adult female
prevalence <1%, and mean intensity 1.02, in the period 2016-2018
(Sandor et al., 2019). This unusual high abundance of ticks coupled with
an apparent reduction in the number of adult bats present at the colony,
likely caused a scarcity in available hosts, most probably determining
adult female ticks to actively engage in host-seeking and resulting in the
attack of an unusual host.

Hard ticks of bats from Europe are rarely reported from humans, with
only one incidence of human attack is known for I vespertilionis (Piksa
et al., 2013). However, soft ticks of bats are more commonly involved in
human cases, with at least 20 instances known for C. vespertilionis and 4
for S. transgariepinus (out of these, seven recorded in Europe, see details
in Table 1, references therein).

This record of adult female I simplex attaching and apparently
initiating its feeding on a human raises some concerns. Ticks in general
are known to be vectors for a number of vector-borne diseases (de la
Fuente et al., 2008). While the proven vectorial capacity of I simplex for
zoonotic pathogens is unknown, DNA of several vector-borne pathogens
was identified in ticks. Results of molecular analyses of I simplex ticks
(all stages) showed the presence of piroplasms of the genera Theileria
(T. capreoli, T. orientalis) and Babesia (B. canis, B. crassa) and other
uncharacterized Theileria and Babesia species (Hornok et al., 2016b).
DNA of several Lyme-borreliosis causing Borrelia burgdorferi s.1. species
(Michalik et al., 2020) and also other human pathogenic bacteria
(Anaplasma phagocytophilum, Candidatus Bartonella hemsundetiensis
and Mycoplasma spp.) were identified in I simplex ticks primarily from
Romania, too (Hornok et al., 2019). Thus, L. simplex may be suspected to
possess vector potential for some of these microbial pathogens.
Although the occurrence of this tick species (and other cave-dwelling bat
ticks) on humans is merely accidental (together with its associated po-
tential zoonotic risk), we are not able to rule out potential future cases
with the continuous increase in cave-tourism and associated human
activities (Cigna and Forti, 2013) in close proximity of bat colonies.
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Table 1

Records of human infestation involving bat specialist ticks occurring in Europe
(Argasidae: Secretargas transgariepinus, Carios vespertilionis and Ixodidae: Ixodes
simplex, I. vespertilionis).

Tick species Country Reference
Italy Berlese (1913)
L. Egypt Hoogstraal (1957)
Secretargas transgariepinus Ttaly Starkoff (1957)
Italy Principato (2002)
South Africa Howard (1908)
Mozambique Gedoelst (1911)
South Africa Bedford (1920)
Mozambique Brumpt (1922)
Sudan Hoogstraal (1956)
Kazakhstan Galuzo (1957)
Italy Starkoff (1958)
Japan Kamo et al. (1962)
Kazakhstan Belashova (1966)
Carios vespertilionis Japan Yamaguti et al. (1971)
Japan Kamimura and Kondo (1977)
Japan Takada et al. (1978)
Iraq Keirans (1984)
India Keirans (1984)
Sweden Jaenson et al. (1994)
Spain Estrada-Pena and Jongejan (1999)
Turkey Bursali et al. (2012)
France Socolovschi et al. (2012)
Turkey Keskin et al. (2016)
Ixodes simplex Romania this study
Ixodes vespertilionis Poland Piksa et al. (2012)

Ethics approval and consent to participate

Permission for bat capture was provided by the Underground Heri-
tage Commission and the local protected area management authorities.
Bat banding license number is 103/2019. Bats were handled according
to the current law of animal welfare regulation (Law 206,/2004), and the
Research Bioethics Commission of USAMV CN approved the used
methodology of bat handling. Permission from the Institutional Animal
Care and Use Committee (IACUC) was not necessary, because bats were
released in the field after tick removal (none taken to participating in-
stitutes). No live bat was harmed for this study.

Consent for publication
Not applicable.
Availability of data and materials

Data supporting the conclusions of this article are included in
Additional file 1.

Funding

This research was supported by the by NKFIH-132794 (to SH and
ADS) and PN-III-P1-1.1-PD-2019-0390 (to AC and SH) grants, while AP
was supported by the Collegium Talentum Programme of Hungary and
by the NTP-NFTO-20 grant.

Authors’ contributions

AP and ADS initiated the study, did part of the sample collection and
wrote the manuscript. LB, and AC participated in the fieldwork and data
collection. AP and SH identified the ticks. SH and ADM organized part of
the sample collection and contributed to the study design and manu-
script preparation. All authors read and approved the final manuscript.

Ticks and Tick-borne Diseases 12 (2021) 101722
Declaration of Competing Interest
The authors declare that they have no competing interests.
Acknowledgements

We would like to acknowledge the work permit granted by the
Forestry Commission Constanta (Romania), the National Nature Pro-
tection Service Directorate and the help provided by D. Balasoiu, A.
Telea and C. Aftene in fieldwork. The authors are grateful to Dr. Jen6
Kontschan for making the picture.

References

Arthur, D.R., 1956. The Ixodes ticks of Chiroptera (ixodoidea, Ixodidae). J. Parasitol. 42,
180. https://doi.org/10.2307/3274734.

Beaucournu, J.-C., 1966. Sur quelques Ixodoidea (Acarina) paléarctiques inféodés aux
micro-Chiropteres. Ann. Parasitol. Hum. Comparée 41, 495-502.

Bedford, G.A.H., 1920. Ticks found on man and his domestic animals and poultry in
South Africa. J. Department Agric. 1, 317-340.

Belashova, V.S., 1966. [Argas vespertilionis ticks in Kazakhstan.]. Tezisy Dokl. 1. Akarol.
Soveshch. 25-26.

Berlese, A., 1913. Sopra una specie di Argas nuova perl’ltalia. Redia 9, 118-119.

Brook, C.E., Bai, Y., Dobson, A.P., Osikowicz, L.M., Ranaivoson, H.C., Zhu, Q., Kosoy, M.
Y., Dittmar, K., 2015. Bartonella spp. In fruit bats and blood-feeding ectoparasites in
Madagascar. PLoS Negl. Trop. Dis. 10, 0003532 https://doi.org/10.1371/journal.
pntd.0003532.

Brumpt, E., 1922. Précis De Parasitologie. Masson.

Burger, T.D., Shao, R., Labruna, M.B., Barker, S.C., 2014. Molecular phylogeny of soft
ticks (Ixodida: argasidae) inferred from mitochondrial genome and nuclear rRNA
sequences. Ticks Tick. Dis. 5, 195-207.

Bursali, A., Keskin, A., Tekin, S., 2012. A review of the ticks (Acari: ixodida) of Turkey:
species diversity, hosts and geographical distribution. Exp. Appl. Acarol. 57 (1),
91-104.

Cigna, A., Forti, P., 2013. Caves: the most important geotouristic feature in the world.
Tour. Karst Areas 6, 9-26.

de la Fuente, J., Estrada-Pena, A., Venzal, J.M., Kocan, K.M., Sonenshine, D.E., 2008.
Overview: ticks as vectors of pathogens that cause disease in humans and animals.
Front Biosci 13, 6938-6946.

Estrada-Pena, A., Jongejan, F., 1999. Ticks feeding on humans: a review of records on
human-biting Ixodoidea with special reference to pathogen transmission. Exp. Appl.
Acarol. 23, 685-715.

Estrada-Pena, A., Mihalca, A.D., Petney, T., 2018. Ticks of Europe and North Africa: a
Guide to Species Identification. Springer, Berlin Heidelberg. https://doi.org/
10.1007/978-3-319-63760-0.

Galuzo, I.G., 1957. Argasid Ticks (Argasidae) and Their Epizootiological Significance.
Akademyia Nauk Kazakhskoi SSR, Institut Zoologii, Alma-Ata.

Gedoelst, L., 1911. Synopsis de parasitologie de ’homme et des animaux domestiques.
Jos. Van In, Bruxelles 1-332.

Guglielmone, A.A., Robbins, R.G., 2018. Tick Species Wrongly Considered Parasites of
Humans, in: Hard Ticks (Acari: Ixodida: Ixodidae) parasitizing Humans. Springer,
pp. 207-217.

Guglielmone, A.A., Robbins, R.G., Apanaskevich, D.A., Petney, T.N., Estrada-Pena, A.,
Horak, L.G., Shao, R., Barker, S.C., 2010. The Argasidae, Ixodidae and Nuttalliellidae
(Acari: ixodida) of the world: a list of valid species names. Zootaxa 2528, 1-28.

Guglielmone, A.A., Robbins, R.G., Apanaskevich, D.A., Petney, T.N., Estrada-Pena, A.,
Horak, 1.G., 2014. The Hard Ticks of the World. Springer, New York. Springer.

Hoogstraal, H., 1956. African Ixodoidea: I. Ticks of the Sudan (with Special Reference to
Equatoria Province and With Preliminary Reviews of the Genera Boophilus,
margaropus, and Hyalomma). Washington (DC): US Navy, 1956, p. 1101.

Hoogstraal, H., 1957. Bat ticks of the genus Argas (Ixodoidea, Argasidae) 2. Secretargas
new subgenus and A. Transgariepinus white, 1846, its adult and immature stages;
with a definition of the subgenus Argas. Ann. Entomol. Soc. Am. 50, 544-549.

Hornok, S., 2017a. Ixodes ariadnae hornok, 2014 (Figs. 35-37). Ticks of Europe and
North Africa. Springer, pp. 109-113.

Hornok, S., 2017b. Ixodes vespertilionis koch, 1844 (Figs. 29-31). Ticks of Europe and
North Africa. Springer, pp. 97-101.

Hornok, S., 2017c. Ixodes simplex neumann, 1906 (Figs. 32-34). Ticks of Europe and
North Africa. Springer, pp. 103-107.

Hornok, S., Kovacs, R., Meli, M.L., Gonczi, E., Hofmann-Lehmann, R., Kontschén, J.,
Gyuranecz, M., Dén, A., Molndr, V., 2012. First detection of bartonellae in a broad
range of bat ectoparasites. Vet. Microbiol. 159, 541-543. https://doi.org/10.1016/j.
vetmic.2012.04.003.

Hornok, S., Kontschan, J., Kovats, D., Kovacs, R., Angyal, D., Gorfol, T., Polacsek, Z.,
Kalmar, Z., Mihalca, A.D., 2014. Bat ticks revisited: ixodes ariadnae sp. Nov. And
allopatric genotypes of I. Vespertilionis in caves of Hungary. Parasit. Vectors 7, 202.

Hornok, S., Gorfol, T., Estok, P., Tu, V.T., Kontschan, J., 2016a. Description of a new tick
species, Ixodes collaris n. sp.(Acari: ixodidae), from bats (Chiroptera: hipposideridae,
Rhinolophidae) in Vietnam. Parasit. Vectors 9, 332.

Hornok, S., Széke, K., Kovits, D., Estok, P., Gorfol, T., Boldogh, S.A., Takacs, N.,
Kontschan, J., Foldvari, G., Barti, L., Corduneanu, A., Sandor, A.D., 2016b. DNA of


https://doi.org/10.2307/3274734
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0010
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0010
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0015
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0015
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0020
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0020
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0025
https://doi.org/10.1371/journal.pntd.0003532
https://doi.org/10.1371/journal.pntd.0003532
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0035
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0040
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0040
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0040
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0045
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0045
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0045
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0050
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0050
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0055
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0055
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0055
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0060
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0060
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0060
https://doi.org/10.1007/978-3-319-63760-0
https://doi.org/10.1007/978-3-319-63760-0
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0070
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0070
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0075
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0075
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0080
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0080
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0080
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0085
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0085
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0085
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0090
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0090
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0095
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0095
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0095
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0100
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0100
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0100
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0105
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0105
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0110
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0110
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0115
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0115
https://doi.org/10.1016/j.vetmic.2012.04.003
https://doi.org/10.1016/j.vetmic.2012.04.003
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0125
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0125
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0125
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0130
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0130
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0130

A. Péter et al.

piroplasms of ruminants and dogs in ixodid bat ticks. PLoS One 11, e0167735.
https://doi.org/10.1371/journal.pone.0167735.

Hornok, S., Szoke, K., Meli, M.L., Sandor, A.D., Gorf6l, T., Estok, P., Wang, Y., Tu, V.T.,
Kovats, D., Boldogh, S.A., Corduneanu, A., Sulyok, K.M., Gyuranecz, M.,
Kontschén, J., Takdcs, N., Halajian, A., Epis, S., Hofmann-Lehmann, R., 2019.
Molecular detection of vector-borne bacteria in bat ticks (Acari: ixodidae, argasidae)
from eight countries of the Old and New Worlds. Parasit. Vectors 12, 50. https://doi.
0rg/10.1186/s13071-019-3303-4.

Howard, C.W., 1908. A list of the ticks of South Africa. Annals of the Transvaal Museum
1 (2), 73-169.

Jaenson, T.G., Talleklint, L., Lundgvist, L., Olsen, B., Chirico, J., Mejlon, H., 1994.
Geographical distribution, host associations, and vector roles of ticks (Acari:
ixodidae, argasidae) in Sweden. J. Med. Entomol. 31 (2), 240-256.

Kamimura, K., Kondo, K., 1977. Three cases of human infestation with a soft tick Argas
vespertilionis sl in Japan. Jpn. J. Sanit. Zool 28, 248-249.

Kamo, H., 1962. Parasitic acari in western part of Japan. Showa. 37th Monbusho Kenkvu
Bokoku Shuroku (Med. and Pharmacv) 173 (in Japanese) in Yamaguti et al. (1971).

Keirans, J.E., 1984. George Henry Falkiner Nuttall and the Nuttall Tick Catalogue. U.S.
Department ofAgriculture Miscellaneous Publications, pp. 1-1785 number 1438.

Keskin, A., Bulut, Y.E., Keskin, A., Bursali, A., 2016. Tick attachment sites in humans
living in the Tokat province of Turkey. Turk Hij. Deney. Biyol. Derg. 74 (2),
121-128.

Kolonin, G.V., 2007. Mammals as hosts of Ixodid ticks (Acarina, Ixodidae). Entomol. Rev.
87, 401-412. https://doi.org/10.1134/50013873807040033.

Leulmi, H., Aouadi, A., Bitam, 1., Bessas, A., Benakhla, A., Raoult, D., Parola, P., 2016.
Detection of Bartonella tamiae, Coxiella burnetii and rickettsiae in arthropods and
tissues from wild and domestic animals in northeastern Algeria. Parasit. Vectors 9,
1-8. https://doi.org/10.1186/5s13071-016-1316-9.

Lourenco, S., Palmeirim, J.M., 2008. Which factors regulate the reproduction of
ectoparasites of temperate-zone cave-dwelling bats? Parasitol. Res. 104, 127-134.
https://doi.org/10.1007/s00436-008-1170-6.

Lv, J., De Marco, M.D.M.F., Goharriz, H., Phipps, L.P., McElhinney, L.M., Hernandez-
Triana, L.M., Wu, S., Lin, X., Fooks, A.R., Johnson, N., 2018. Detection of tick-borne
bacteria and babesia with zoonotic potential in Argas (Carios) vespertilionis (Latreille,
1802) ticks from British bats. Sci. Rep. 8, 1-9. https://doi.org/10.1038/541598-018-
20138-1.

Ticks and Tick-borne Diseases 12 (2021) 101722

Michalik, J., Wodecka, B., Liberska, J., Dabert, M., Postawa, T., Piksa, K., Staficzak, J.,
2020. Diversity of Borrelia burgdorferi sensu lato species in Ixodes ticks (Acari:
ixodidae) associated with cave-dwelling bats from Poland and Romania. Ticks Tick.
Dis. 11, 101300 https://doi.org/10.3201/eid1812.111237.

Parola, P., Raoult, D., 2001. Ticks and tickborne bacterial diseases in humans: an
emerging infectious threat. Clin. Infect. Dis. 32, 897-928. https://doi.org/10.1086/
319347.

Petney, T.N., Jaenson, T.G.T., Pfaffle, M.P., 2017a. Argas vespertilionis (Latreille, 1796)
(Figs. 8 and 9). Ticks of Europe and North Africa. Springer, pp. 33-36.

Petney, T.N., Pféffle, M.P., Estrada-Pena, A., 2017b. Argas Transgariepinus White, 1846.
Ticks Eur. North Africa a Guid. To Species Identif, p. 37.

Piksa, K., Nowak-Chmura, M., Siuda, K., 2012. First case of human infestation by the tick
Ixodes vespertilionis (Acari: ixodidae). Int. J. Acarology 39, 1-2.

Piksa, K., Nowak-Chmura, M., Siuda, K., 2013. First case of human infestation by the tick
Ixodes vespertilionis (Acari: ixodidae). Int. J. Acarol. 39, 1-2.

Principato, M., 2002. Prima segnalazione di argas transgariepinus (acari argasidae) in
umbria, quale possibile causa di dermatite nell’oumo. In: Atti XIX Congresso
Nazionale Italiano Di Entomologia. Catania, pp. 1153-1157, 10-15 giugno 2002.

Séndor, A.D., Kontschén, J., Plantard, O., Péter, A., Hornok, S., 2018. Illustrated
redescription of the male of Ixodes simplex Neumann, 1906. Ticks Tick. Dis. 9,
1328-1330. https://doi.org/10.1016/j.ttbdis.2018.05.011.

Sandor, A.D., Corduneanu, A., Péter, A., Mihalca, A.D., Barti, L., Csész, L., Szoke, K.,
Hornok, S., 2019. Bats and ticks: host selection and seasonality of bat-specialist ticks
in eastern Europe. Parasit. Vectors 12, 1-10.

Socolovschi, C., Kernif, T., Raoult, D., Parola, P., 2012. Borrelia, Rickettsia, and Ehrlichia
species in bat ticks, France, 2010. Emerg. Infect. Dis. 18, 1966-1975. https://doi.
org/10.3201/eid1812.111237.

Starkoff, O., 1957. Ixodoidea della sicilia. Mem. della Soc. Entomologica Italiana 36,
97-104.

Starkoff, O., 1958. Ixodoidea d’Italia. Ed. Il Pensiero Scientifico, Roma, pp. 1-385.

Takada, N., Fujita, H., Yamaguchi, T., 1978. Studies on ixodid fauna in the northern part
of Honshu, Japan 2. Human cases of tick infestation, especiall many cases with a
large species Ixodes acutitarsus (Karsh, 1880). Jpn. J. Sanit. Zool 29, 216-218.

Yamaguti, N., Tipton, V.J., Keegan, H.L., Toshioka, S., 1971. Ticks of Japan, Korea, and
the ryukyu islands. Brigham Young Univ. Sci. Bullet. Biol. Series 15 (1), 1.


https://doi.org/10.1371/journal.pone.0167735
https://doi.org/10.1186/s13071-019-3303-4
https://doi.org/10.1186/s13071-019-3303-4
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0145
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0145
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0150
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0150
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0150
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0155
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0155
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0160
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0160
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0165
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0165
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0170
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0170
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0170
https://doi.org/10.1134/S0013873807040033
https://doi.org/10.1186/s13071-016-1316-9
https://doi.org/10.1007/s00436-008-1170-6
https://doi.org/10.1038/s41598-018-20138-1
https://doi.org/10.1038/s41598-018-20138-1
https://doi.org/10.3201/eid1812.111237
https://doi.org/10.1086/319347
https://doi.org/10.1086/319347
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0205
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0205
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0210
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0210
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0215
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0215
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0220
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0220
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0225
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0225
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0225
https://doi.org/10.1016/j.ttbdis.2018.05.011
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0235
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0235
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0235
https://doi.org/10.3201/eid1812.111237
https://doi.org/10.3201/eid1812.111237
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0245
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0245
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0250
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0255
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0255
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0255
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0260
http://refhub.elsevier.com/S1877-959X(21)00075-3/sbref0260

	First record of Ixodes simplex found on a human host, with a review of cases of human infestation by bat tick species occur ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Funding
	Authors’ contributions
	Declaration of Competing Interest
	Acknowledgements
	References


