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Abstract

The sheep tick Ixodes ricinus is the primary vector for various zoonotic diseases, including Lyme borreliosis and tick-borne
encephalitis (TBE), in Europe. Because both abundance of ticks and prevalence of tick-borne pathogens in these organisms have
increased in many locations and under different environments, we designed a study to survey the occurrence of ticks and
pathogens in an urban area, namely, the city of Turku, in SW Finland. In summer 2017, we collected >700 ticks, primarily from
city parks, suburban forest patches, and recreational arecas. Comprehensive subsets of ticks were screened for presence of all
common tick-borne pathogens. Half of the ticks carried at least one pathogen. The most common pathogens detected were the
causative agents of Lyme borreliosis, i.e., bacteria belonging to the Borrelia burgdorferi sensu lato group. Their prevalence was
37% in nymphal and 47% in adult ticks, which are high in comparison with surveys conducted elsewhere in northern Europe.
Similarly, Rickettsia spp. (primarily R. helvetica) were also detected in a relatively high proportion of the samples (11% of both
nymphs and adults). The TBE virus was not found in a relatively small subsample, but we detected (albeit at a low prevalence of
0-6% of nymphs and adults) the bacterial pathogens Borrelia miyamotoi, Anaplasma phagocytophilum and Candidatus
Neochrlichia mikurensis and the protozoan Babesia spp., which are also known agents of zoonotic diseases. The relatively high
abundance of ticks and high diversity and overall prevalence of tick-borne pathogens suggest a lively and dense presence of
mammalian and avian tick hosts in the city. Our results indicate a higher risk of encountering tick-borne pathogens in urbanized
areas of southern Finland than previously known. Moreover, the possibility of acquiring tick-borne diseases from urban envi-
ronments likely exists throughout most of Europe, and it should be acknowledged by health care professionals.
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Introduction transmission of such diseases requires a contact, or an arthro-
pod vector, between an infected animal and a human, zoono-
Zoonotic diseases (or zoonoses) are infections that are trans-  ses are prone to establish in densely populated urban areas, if

mitted from animals to humans. The emergence of many such  such urban environments can also sustain rich communities of
diseases is linked to globalization, urbanization, and climate animal hosts and vectors of the pathogens.
change (Mills et al. 2010; Hassell et al. 2017). Because The broadly distributed sheep tick Ixodes ricinus (Acari:
Ixodidae) is a primary vector for the causative agents (bacte-
ria, viruses and protozoans) of various diseases affecting
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and de la Fuente 2014; Jore et al. 2014; Medlock and Leach
2015; Alkishe et al. 2017). Warmer winters, prolonged grow-
ing season and other climatic changes are suggested to have
direct effects on tick and pathogen performance and indirect
effects on tick dynamics via density and range shifts in host
animal populations.

In Finland (Fig. 1), ticks and tick-borne diseases are recog-
nized as threats, especially in the Aland Islands between
Finland and Sweden, as well as in other archipelagos and
coastal areas of the Baltic Sea, the area in which research
has primarily been directed (Wahlberg et al. 1989; Mékinen
etal. 2003; Alekseev et al. 2007; Wilhelmsson et al. 2013a, b;
Lindblom et al. 2016). Since 2000, however, it has become
clear that ticks and health problems due to tick-borne diseases
are no longer delimited to particular island biotopes or coastal
regions of the country. Ultimately, a national crowdsourced
tick collection campaign in 2015 confirmed that both
I vicinus and I. persulcatus (the taiga tick) are widespread
and can carry pathogens across their large distribution ranges
up to the Arctic Circle (Laaksonen et al. 2017, 2018).

Of the 20,000 ticks sent to researchers by residents
(Laaksonen et al. 2017), a large portion of them originated
from urbanized areas near cities and towns in the southern part
of Finland, which was expected to reflect the denser human
population of these regions and thereby conceal the actual tick
abundance in different environments and geographical loca-
tions. However, even a relatively low tick abundance can be
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an important source of human pathogen exposure in urban and
suburban recreational areas, semi-natural forest patches, and,
for example, maintained city parks due to the high numbers of
possible contacts between humans and ticks (Rizzoli et al.
2014; Paul et al. 2016). Numerous investigations conducted
in urbanized areas (reviewed in Rizzoli et al. 2014), for exam-
ple in Helsinki (Finland), Budapest (Hungary), Kosice
(Slovakia), Warsaw (Poland), and near Paris (France), have
indicated well-established tick populations with a correspond-
ing, or even a higher, prevalence of tick-borne pathogens
when compared to the endemic, more natural areas nearby
(Junttila et al. 1999; Foldvari et al. 2011; Pangracova et al.
2013; Paul et al. 2016; Kowalec et al. 2017).

Tick observations in cities indicate that abundant and
species-rich mammalian and/or avian faunae inhabit urban-
ized areas. Ticks at the adult stage blood-feed on medium-
and large-sized mammals, while small mammals and
ground-feeding song birds serve as maintenance hosts for lar-
val and nymphal stages. Small rodents (e.g. voles, mice, and
squirrels), hedgehogs, and shrews are common in urban areas
and are known to circulate tick-borne pathogens there, mean-
ing that they are recognized pathogen-reservoir hosts of
I ricinus (Rizzoli et al. 2014).

The current tick-sampling study was conducted in the city
of Turku (60° 27° N, 22° 15" E; population 320,000 in the
Turku region and 200,000 within the city), SW Finland, in
the early summer of 2017 to examine how urbanized
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Fig. 1 Tick sampling in the city of Turku, SW Finland, in the summer of2017. The symbols denote cloth-dragging sites (Online Resource 1) as grouped

into nine study areas by their colour. © OpenStreetMap
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landscapes such as city parks, yards, suburban forest patches,
and recreational areas are hosting Ixodes ticks, and whether
the pathogen prevalence of these ticks differs from that of the
ticks occupying the more rural, natural landscapes nearby
(Sormunen et al. 2016a, b, ¢, 2018). Comparisons to two ear-
lier tick samplings that were conducted in the city of Turku [in
the summer of 2000 (Mékinen et al. 2003) and the summer of
2013 (Sormunen et al. 2016b, c¢)] revealed that I. ricinus
emerged and is currently also present in urban city parks with-
in (1 km) of the city centre and that the tick abundance has
manifoldly increased since the year 2000 in two suburban
islands used for recreational activities. The current study also
reports remarkably high Borrelia burgdorferi sensu lato (the
causative agent for Lyme borreliosis) prevalence as well as
several recently emerged pathogens that were unobserved, or
unstudied, during earlier city investigations (Mékinen et al.
2003; Sormunen et al. 2016b, c).

Material and methods
Study areas and tick sampling

Tick sampling was conducted in ten distinct areas, all located
in the city of Turku (Fig. 1), between late May and early July
of 2017. Five of the areas (hereafter “primary study areas”)
were sampled four times at weekly or biweekly intervals,
whereas another five (hereafter “secondary”) areas were vis-
ited only twice. The data tabulated in Online Resource 1 de-
scribe the study area and exact study sites within the areas, as
well as dates of sampling.

Two of the study areas were suburban islands (Ruissalo and
Hirvensalo, which were a primary and secondary study area,
respectively) that were also monitored in earlier city investi-
gations (Mékinen et al. 2003; Sormunen et al. 2016b, c¢). Eight
other study areas were located on the mainland. Urban city
parks, yards and vegetation-flanked walkways in the grid-
planned city centre of Turku were divided into eastern and
western sides using the Aura River (Fig. 1), forming one pri-
mary study area each. One primary study area was established
within the main campus area of the University of Turku, while
the fifth one was close to housing estates in Koroinen/Halinen
(Fig. 1). Two city parks on the eastern side of the city,
Urheilupuisto and Samppalinna, were also sampled during
earlier studies (Mékinen et al. 2003; Sormunen et al. 2016b, c).

In addition to Hirvensalo Island, the suburban areas
Katariina, Kuninkoja, Littoinen and Luolavuori were visited
twice during the sampling period and were thus considered as
secondary areas. Although all these areas also contain walking/
jogging/nature trails for recreational purposes, the primary
study area Ruissalo Island is by far the most popular district
of the city for many types of outdoor activities, such as walk-
ing, jogging, biking, golfing, berry-picking, bird-watching,

swimming, camping, and music festivals, and it is visited by
hundreds of thousands of people annually. All five primary and
one secondary (Hirvensalo Island) study areas consisted of 3—5
nearby but separate study sites (Fig. 1; Online Resource 1). In
the other four secondary areas, only one site was studied.

In the study sites, collection of questing ticks was conduct-
ed using a cloth-dragging method, in which a 1-m* white
cotton cloth was dragged through ground vegetation at a slow
walking pace. Ticks that attached to the cloth were counted
according to their developmental stage (larva, nymph, adult
male or adult female) every ten metres, and all ticks caught
using this method were preserved in ethanol-filled Eppendorf
tubes and stored at —20°C for further analyses. Cloth-dragging
was always conducted in dry weather from 8:00-16:00.
Actual 10-m dragging transects within sites were not marked
and thus were not exactly the same over consecutive sampling
sessions. In most instances, 200-300 m (i.e., 20-30 drags)
were dragged during a sampling session (mean 270 m; range
100—600 m). According to current knowledge, /. ricinus is the
only exophilic Ixodes species occurring in the study area. We
have not previously sampled (Sormunen et al. 2016a, b, c,
2018) 1. persulcatus individuals or identified them from
crowd-sourced material (Laaksonen et al. 2017, 2018) from
the Turku region.

Laboratory work

From the 706 sampled I. ricinus, a comprehensive subsample
of 449 ticks was almost immediately screened after collection
(in June—July 2017) for presence of bacterial and protozoan
pathogens of human or veterinary importance. This subsample
included eight I. ricinus larvae, 388 nymphs, 28 adult males
and 25 adult females. Most (95%) larvae from all the study
areas and a random selection of nymphs from Ruissalo Island
remained unscreened at that stage.

Total DNA was extracted from ticks in the first subsample
using NucleoSpin® Tissue kits (Macherey-Nagel, Germany)
according to the kit protocols (Rev. 13/March 2014).
Extracted DNA was stored at —20°C until analysis.

Ticks in the subsample were analysed for presence of
B. burgdorferi s.1. spirochetes, including genospecies
B. afzelii, B. burgdorferi s.s., B. garinii, and some uncon-
firmed ones. The latter group may still contain individuals
from the abovementioned or other genospecies; for example,
B. valaisiana has recently been detected from tick samples
collected in the Turku region (Laaksonen et al. 2018). This
non-specificity results from the analysis method, which was
not specifically aimed at the genospecies level (see below). In
addition, the presence of Borrelia miyamotoi (a tick-borne
relapsing fever spirochete), Anaplasma phagocytophilum (a
bacterium that causes human granulocytic anaplasmosis),
Rickettsia spp. (a bacterium that causes spotted fever),
Candidatus Neoehrlichia mikurensis (a bacterium that causes
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neochrlichiosis), Bartonella spp. (a bacterium that causes
many issues, for example, cat scratch disease), and Babesia
spp. (a protozoan that causes babesiosis) were analysed.

Another subsample of 157 ticks was selected in May of
2018 to analyse presence of TBE virus (TBEV). These sam-
ples included 3 larvae, 147 nymphs and 7 adults. Most (146/
157) of these ticks were collected from Ruissalo Island, while
the rest (11/157) were from the university’s main campus area.
The presence of bacterial and protozoan pathogens was not
addressed in this subsample. Ticks in the second subsample
were processed using NucleoSpin 96 RNA kits and RNA/
DNA buffer sets (Macherey-Nagel, Diiren, Germany) accord-
ing to the kit protocols (RNA Kit: Rev. 05 April 2014 and
RNA/DNA buffer set: Rev. 08 May 2014). RNA was stored at
—80°C and DNA was stored at —20°C until analysis.

The bacterial pathogens B. burgdorferi s.l., B. miyamotoi,
A. phagocytophilum, Rickettsia spp., and C. N. mikurensis
and the protozoan pathogens Babesia spp. in tick samples
were screened using real-time quantitative PCR (qPCR) as
described before (Sormunen et al. 2016b, ¢, 2018;
Laaksonen et al. 2018). All DNA samples were analysed
using three replicate reactions performed in 384-well plates.
At least three blank water samples were used as negative con-
trols in each assay. The samples were considered positive only
when a successful amplification was detected in all three rep-
licate reactions. Samples that were identified as positive for
Babesia and Rickettsia were subsequently sequenced to deter-
mine the species, as described before (Laaksonen et al. 2018;
Sormunen et al. 2018).

For the B. burgdorferi s.l. genospecies identification, two
genospecies-specific duplex assays were used, with one for
B. miyamotoi and B. garinii (Bmi/Bga) and another for
B. afzelii and B. burgdorferi s.s. (Baf/Bbss) (Online Resource
2; Tveten 2013). For Bmi/Bga, we used an 8 pL reaction vol-
ume, and it contained 4 pL of SensiFAST Probe Lo-ROX Kit
(Bioline, Germany), 200 nM Bmi primer, 300 nM Bga primer,
100 nM Bmi probe, 150 nM Bga probe and 3 puL of DNA
template. Assays for Baf/Bbss were likewise run in 8 pL total
volumes, containing 4 pL of SensiFAST Probe Lo-ROX kit,
200 nM Baf primer, 300 nM Bbss primer, 100 nM Baf probe,
150 nM Bbss probe and 3 puL of DNA template. Samples that
were not found to be positive during either duplex assay were
placed in the unconfirmed category.

The thermal cycling profile used for the Bmi/Bga and Baf/
Bbss assays started at 95°C for 5 min, followed by 50 cycles
of 95°C for 10 s and 60°C for 30 s. Thermal cycling was
performed at the Finnish Microarray and Sequencing Centre
(FMSC, Turku, Finland) using a QuantStudio™ 12K Flex
Real-Time PCR System (Life Technologies Inc., Carlsbad,
CA, USA). All qPCR results were analysed using
QuantStudio™ 12K Flex Software v.1.2.2.

Tick-borne encephalitis virus RNA was screened by real-
time reverse transcription-PCR as described by Schwaiger and
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Cassinotti (2003) and modified by Laaksonen et al. (2017).
All samples were run in triplicate at the FMSC using the
QuantStudio™ 12K Flex Real-Time PCR System. Water sam-
ples were used as blank controls in each PCR batch.
Additionally, multiple strains of TBEV RNA were used as
positive controls in each batch of reactions to confirm speci-
ficity. Positive control samples emitted strong signals during
each reaction.

Statistical analyses

We refrained from performing formal analyses of the differ-
ences in tick abundance among the sampling areas, because
the null hypothesis regarding equal abundance is redundant to
start with; no plausible biological arguments would lead us to
expect the same quantity of ticks in very different types of
urban and suburban biotopes.

Reasonably high numbers of samples and positive patho-
gen findings among the nymphs, however, enabled compari-
sons related to the prevalence of B. burgdorferi s.l. (three
confirmed genospecies were pooled with the positives of un-
confirmed genotypes), Rickettsia spp., and
A. phagocytophilum between island and mainland samples.
We chose to pool the samples from the islands and the main-
land for statistical tests because sufficiently large sample sizes
were not obtained from individual areas, apart from Ruissalo
Island and the university campus study areas. In addition,
suburban Ruissalo and Hirvensalo Islands can be viewed as
passages to the rural, more natural and endemic tick areas of
the Turku Archipelago (Mékinen et al. 2003; Sormunen et al.
2016a), enabling an interesting comparison to the highly
structured areas on the mainland.

The probability that a nymph will be positive for
B. burgdorferi s.1. (or for Rickettsia spp. or
A. phagocytophilum in separate models) was modelled using
a generalized linear model (GLM) with binary error distribu-
tion and a logit link function. The island-mainland classifica-
tion was the only fixed explanatory factor. No random factors
were set. Model-derived, mean probability estimates with
their asymmetric 95% confidence intervals are given through-
out the results. The GLMs were run with the GLIMMIX pro-
cedure in SAS v. 9.4 (Stroup 2013).

Results
Tick abundance

From 24 km of cloth-dragged sampling routes, 706 I ricinus
ticks (i.e., 2.94 individuals per 100 m?) were sampled from the
urban and suburban areas of Turku city. Online Resource 1
tabulates tick abundance data by study areas, by study sites
within areas and by tick development stages. As expected, tick



Urban Ecosyst

abundance varied greatly among study areas and varied con-
siderably among sites from the same area. The highest tick
density index was obtained from Ruissalo Island (Table 1),
and generally, the island sites hosted more ticks than those
of most of the mainland sites, although the campus area of
the University of Turku was an exception among the mainland
areas; a relatively high tick density index was obtained there
(Table 1). No ticks were caught on short-mown lawns at any
site, but ticks were present, for example, on the grassy edges
of city parks, the grassy sides of walkways and the uncared-for
“backyards” of the university campus area along with subur-
ban forest patches.

In general, nymphs were the most frequently sampled de-
velopmental stage, while adults were dragged in relatively low
numbers (Table 1; Online Resource 1). High numbers of lar-
vae were counted in some of the drags on some days, indicat-
ing the clumped spatial and temporal distribution of the larval
stage. The high number of larvae partially explains the rela-
tively high tick density index in the university campus area
(Table 1; Online Resource 1).

Prevalence of pathogens

Half (223/449) of the screened ticks carried at least one bac-
terial or protozoan pathogen; co-occurrences of pathogens
were also frequent. The most common pathogens were those
belonging to the B. burgdorferi s.l. group, which consisted, at
the least, of the confirmed genospecies B. afzelii,
B. burgdorferi s.s. and B. garinii (Fig. 2). Over half (15/25,
i.e., 60%) of the females, approximately 39% of the males (11/
28) and 36.6% of the nymphs (142/388) were positive for one
of the three confirmed or unconfirmed genospecies of

B. burgdorferi s.l. (Fig. 2). One larva was also found to carry
B. burgdorferi s.1. bacteria.

Both the protozoan parasite Babesia spp. and the bacterium
C. N. mikurensis were infrequently detected in the samples,
and the latter was only found in the nymphal stage (Fig. 2).
The relapsing fever bacterium B. miyamotoi was also rare; two
positives were found among the nymphs and one among adult
females (Fig. 2). Rickettsia spp. was a relatively common
pathogen and was observed in almost equal prevalence (11—
12%) at all life stages (but note that only eight larvaec were
screened). The overall prevalence of A. phagocytophilum was
approximately 4%, and it was occasionally observed in both
the nymphal and adult samples (Fig. 2). All samples were
negative for Bartonella spp. in the first subsample and for
TBEV in the second subsample, when these pathogens were
analysed. Sequencing was successfully performed for 4/6
Babesia and 39/50 Rickettsia-positive samples. All the
Babesia were identified as B. venatorum and all the
Rickettsia were R. helvetica.

The probability of identifying a B. burgdorferi s.l.-positive
sample was higher [0.388 (95% CI: 0.336-0.443)] in the island
nymph samples compared to those from the mainland [0.258
(95% CI: 0.166-0.376)] (GLM: Fy_ 335 =3.95, P=0.048). This
difference was primarily caused by B. garinii, which was rare
on the mainland but relatively frequent in island samples
(Table 2). The other identified B. burgdorferi s.1. genospecies
and the unconfirmed ones were almost equally likely to appear
in both island and mainland samples (Table 2).

The probability that a nymph would be positive for
Rickettsia spp. was lower in the island [0.093 (95% CI:
0.066—0.131)] than that in the mainland [0.197 (95% CI:
0.118-0.311)] samples (GLM: F; 335=5.67, P=0.018).

Table 1  Sampling effort (cloth-dragged in metres) and density indices (individuals per 100m?) of Ixodes ricinus ticks in urban and suburban areas of
Turku city, SW Finland, from late May to early July in 2017
Area Dragged (m) Larvae Nymphs Males Females Stages pooled
Islands
Ruissalo, suburban 3330 1.74 11.89 0.27 0.33 14.23
Hirvensalo, suburban 1070 0.00 1.78 0.37 0.19 2.34
Islands total 4400 1.32 943 0.30 0.30 11.34
Mainland
Eastern side of the city, urban 5030 0.00 0.14 0.04 0.02 0.20
Western side of the city, urban 5080 0.02 0.14 0.00 0.02 0.18
University area, urban 4050 2.79 0.86 0.22 0.17 4.05
Koroinen/Halinen, suburban 3570 0.00 0.36 0.06 0.06 0.48
Katariina, suburban 450 0.00 0.67 0.44 0.22 1.33
Kuninkoja, suburban 410 0.00 0.00 0.00 0.00 0.00
Littoinen, suburban 500 0.00 0.00 0.00 0.00 0.00
Luolavuori, suburban 500 0.00 0.20 0.00 0.00 0.20
Mainland total 19,590 0.58 0.34 0.08 0.06 1.06
Total 23,990 0.72 2.01 0.12 0.10 2.94
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However, the probability of finding A. phagocytophilum did
not differ between the island [0.037 (95% CI: 0.021-0.065)]
and mainland [0.061 (95% CI: 0.023-0.151)] samples (GLM:
Fl, 386 — 074, P= 0390)

Although the data do not indicate any obvious differences
between island and mainland samples for any of the low prev-
alence pathogens (Table 2), all three ticks that were positive
for B. miyamotoi were sampled from Ruissalo Island.

Co-occurrences of two or more bacterial or protozoan path-
ogen species were detected for nearly 8% (35/449) of the
screened samples and for nearly 16% (35/223) of the ticks that
carried pathogens of any kind (singly or co-occurrence).
Numerous different co-occurring combinations were observed
in the nymphal and adult stages (Online Resource 3).
Interestingly, over half (5/9) of the detections of C. N.
mikurensis in the nymphal stage were co-occurrences with
other bacterial pathogens, and in four ticks, the co-
occurrence was with B. afzelii (only 0.8 such ticks can be
expected under the independence assumption). The probabil-
ity of co-occurrence for all the pathogen detections did not
differ overall between the island [0.151 (95% CI: 0.105—
0.211), 27/178] and the mainland [0.182 (95% CI: 0.093—
0.324), 8/44] samples (GLM: F;_ 55, =0.26, P=0.614).

Discussion

A relatively high pathogen diversity with almost all
established and putative tick-borne pathogens of northern
Europe was found in /. ricinus ticks thriving in urbanized
areas of Turku city. The highest pathogen prevalence was
obtained for bacteria in the B. burgdorferi s.l. group (37%
for nymphs and 49% for adults). The prevalence therein was
even higher than that recently reported for Finland, the
neighbouring countries of Sweden and Estonia and the rest
of Europe in general (Geller et al. 2013; Wilhelmsson et al.
2013a; Sormunen et al. 2016b; Laaksonen et al. 2017; Strnad
et al. 2017). In comparison to the situation that prevailed 4—
17 years earlier, we found the tick in the grassy edges of
maintained city parks and other urban sites with central loca-
tions in the city. However, ticks were clearly most abundant in
forested patches of suburban islands and uncared-for
“backyards” of the university campus area close to the city
centre.

Tick and host animal abundance in the city

Tick densities have been rising overall in northern Europe (see
Introduction). In addition, the tick distribution range has
spread 300—400 km up to the Arctic Circle in Finland during
the past few decades (Ohman 1961; Laaksonen et al. 2017).
Compared to previous investigations in Turku (Mékinen et al.
2003; Sormunen et al. 2016b), a greater-than-tenfold increase
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was observed for /. ricinus abundance, and this time we found
occasional ticks also in city parks in the grid-planned centre.

Thriving /. ricinus populations need maintenance hosts for
each life stage. The circulation of pathogens is possible when
sufficient reservoir hosts are available (Rizzoli et al. 2014).
Despite the locations of the study areas being in close proximity
to one another, and hence having highly similar climatic con-
ditions, there are some noteworthy differences between the
island and mainland sites concerning tick host animals. On
the islands, roe deer (Capreolus capreolus), white-tailed deer
(Odocoileus virginianus) and raccoon dogs (Nyctereutes
procyonoides) have become abundant enough in recent years
to warrant a culling campaign by city officials. By contrast, our
mainland study areas are largely devoid of deer and raccoon
dogs. All the study areas are inhabited by many birds, rodents
(Microtus agrestis, Myodes glareolus and Apodemus
flavicollis), European hedgehog (Erinaceus europaeus),
shrews (Sorex spp.), European hare (Lepus europaeus),
European badger (Meles meles), and even predators such as
red fox (Vulpes vulpes) and mustelids (Mustela erminea and
M. nivalis) (e.g. Lappalainen and Vuorisalo 1996; Laine and
Lehikoinen 2013; Tirri and Vsa 2015). Unfortunately, we do
not have relevant data to connect the tick observations from the
summer of 2017 to the specific host animal abundance that
prevailed in distinct tick sampling areas at that time (and during
some earlier years to account for the long life cycle of the tick).

Tick-borne pathogens in the city

As expected the prevalence of B. burgdorferis.l. was higher in
adult (49%) than that in nymph (37%) samples. In contrast to
many other studies, we also detected one positive larva.
Because transovarial transmission can occur for B.
burgdorferi s.1., B. miyamotoi (van Duijvendijk et al. 2016)
and, e.g., for Rickettsia (see below), larval bites cannot be
ignored as possible risk factors for humans.

Most of the pathogens were detected at approximately
equal prevalence in island and mainland samples. However,
B. burgdorferi s.1. was detected more often in island samples,
mostly due to one genospecies, B. garinii, which was detected
in 11% of the island nymphs but was relatively rare (5%) in
mainland ticks. While the exact reasons for this phenomenon
cannot be determined, this observation may be linked to song
birds and their status as favoured reservoir hosts of B. garinii
(Kurtenbach et al. 2002; Taragel'ova et al. 2008; Jahfari et al.
2017; Millins et al. 2018). Overall, the densities of most bird
species are higher in the more natural, semi-urban environ-
ments of Ruissalo and Hirvensalo than those in the maintained
and structured environments of the city centre. Along with
dozens of other species (Laine and Lehikoinen 2013), com-
monly reported bird hosts of ticks, namely, thrushes (Turdus
spp.) and European robins (Erithacus rubecula) (Taragel'ova
et al. 2008; Marsot et al. 2012; Heylen et al. 2017), are
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Fig. 2 Prevalence (%) of bacterial and protozoan (Babesia) pathogen
detections among larvae, nymphs, adult males and adult females of
Ixodes ricinus ticks collected via cloth-dragging in Turku city, SW
Finland, from late May to early July 2017. Occurrences of multiple path-
ogens were also observed in a single tick. The abbreviations ‘Unconf.

abundant nesting birds on the islands. While the same species
also inhabit more urban areas of Turku, such as the university
campus area (Tirri and Vosa 2015), their role as tick hosts

Bbsl” and ‘CNm’ denote unconfirmed genospecies in the Borrelia
burgdorferi sensu lato group and the bacterium Candidatus
Neoehrlichia mikurensis, respectively. Note the low samples size (n) for
screened larvae.

might be less common there, for example, because of more
patchily distributed habitats and because of thrushes, which
tend to forage on maintained park lawns that are not humid

Table 2  Numbers [prevalence %] of bacterial and protozoan (Babesia) pathogen detections among larvae, nymphs, adult males and adult females of
Ixodes ricinus ticks that were cloth-dragged in islands (Ruissalo and Hirvensalo) and in mainland sites

Stage n® B. afzelii  B. burgdorferi  B. garinii  Unconf.  B. miyamotoi A. phagocytophilum Rickettsia CNm®  Babesia
S.S. Bbsl® spp. spp.
Islands
Larvae 3 0[0%]  0[0%] 0[0%]  0[0%]  0[0%] 0 [0%] 0[0%]  0[0%] 1[33.3%]"
Nymphs 321322 31[9.6%] 27 [8.4%] 35[10.9%] 35[10.9%] 2 [0.6%] 12 [3.7%] 30 [94%] 8[2.5%] 4[1.3%]
Males 12 2016.7%] 2 [16.7%] 1[83%]  0[0%] 0 [0%] 1[8.3%] 2[16.7%] 0[0%] 0[0%]
Females 13 0[0%]  2[15.4%] 2[154%] 5(38.5%] 1[7.7%] 1[7.7%] 2[154%] 0[0%] 0[0%]
Total 349350 33[9.4%] 31[8.9%] 38[10.9%] 40[11.4%] 3 [0.9%] 14 [4.0%] 34[9.7%] 8[2.3%] 5[1.4%]
Mainland
Larvae 5 0[0%]  0[0%] 0 [0%] 1[20.0%]" 0[0%] 0 [0%] 1[20.0%]* 0[0%] 0[0%]
Nymphs 66 416.1%] 6[9.1%] 3[4.6%]  4[6.1%] 0 [0%] 416.1%] 13[19.7%] 1[1.5%] 1[1.5%]
Males 16 1[63%] 1[6.3%] 1[63%] 3 [18.8%] 0[0%] 1[6.3%] 1[63%] 0[0%] 0[0%]
Females 12 1[83%] 2[16.7%] 1[83%] 2(167%] 0[0%] 0 [0%] 1[83%] 0[0%] 0[0%]
Total 99 6[6.1%] 91[9.1%] 5[5.1%]  10[10.1%] 0 [0%] 5[5.1%)] 16[162%] 1[1.0%] 1[1.0%]

#Sample size of screened ticks in each developmental stage
® Unconfirmed genospecies of Borrelia burgdorferi sensu lato group
¢ Bacterium Candidatus Neochrlichia mikurensis

9Note the low sample size for screened larvae
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enough for tick questing. Hence, reduced contacts between
ticks needing reservoir hosts, for whatever reasons, may in-
hibit the establishment of B. garinii in urban city environ-
ments. This observation serves as an interesting example of
the impact of the landscape structure and the small spatial
grain at which the occurrence of pathogens may vary
(Millins et al. 2018; Sormunen et al. 2018).

Interestingly, in contrast to B. burgdorferi s.l., Rickettsia
(mostly R. helvetica) bacteria were detected considerably
more often in mainland nymphs than in their island counter-
parts. As discussed above, differences in the available host
animals and the spatially fragmented habitats available in ur-
ban areas may have an effect. Because high nymphal
Rickettsia prevalence is likely a consequence of a higher pro-
portion of tick larvae feeding on infected reservoir hosts [al-
though the transovarial transmission of Rickettsia has also
been documented (Burgdorfer et al. 1979; Azad and Beard
1998; Sprong et al. 2009)], the higher infection rate on the
mainland is likely caused by differences in larval host utiliza-
tion. Further studies in the form of blood meal analyses are
planned to determine the identity of the larval blood meals of
infected nymphs, and, subsequently, the source of the high
Rickettsia prevalence in urban /. ricinus nymphs.

Because the prevalence of TBEV in I. ricinus is typically
0.5-2% in Finland (Jaaskeldinen et al. 2010, 2016), it is not
unexpected that we did not find that pathogen in the rela-
tively small subsample (157 ticks) that was extracted for
RNA. The large archipelago around Turku and the Aland
Islands are known risk areas for TBE (Tonteri et al. 2015).
According to the National Infectious Diseases Register
(which is maintained by the National Institute for Health
and Welfare), approximately 10-20 people contract TBE in
Turku or nearby areas every year (Tonteri et al. 2015), in
spite of the relatively high vaccination coverage against
TBE in these areas. Furthermore, as TBE cases have
emerged and novel TBEV foci have been found in new
areas (Tonteri et al. 2015; Jddskeldinen et al. 2016;
Sormunen et al. 2018), the possible current or future pres-
ence of TBEV in the city of Turku cannot be overlooked.

Co-infections with different tick-borne pathogens may
result in unpredictable and severe diseases in humans
(Swanson et al. 2006). In our samples, several different
pathogen combinations were found. C. N. mikurensis
seemed to co-occur with B. afzelii more frequently than
expected under random co-occurrence. This higher-than-
expected prevalence has been found several times before
for this particular pathogen combination (Andersson
et al. 2013; Glatz et al. 2014; Kjelland et al. 2018;
Laaksonen et al. 2018; Sormunen et al. 2018), and the
finding seems to be associated with wild rodents (espe-
cially with the bank vole, Myodes glareolus) that act as
common reservoir hosts for both pathogens (Andersson
and Raberg 2011; Andersson et al. 2014).

@ Springer

Conclusion

In the city of Turku, SW Finland, mice, voles, squirrels,
shrews, and song birds likely feed tick larvae, whereas
European hares, raccoon dogs, foxes and deer at the least are
potential hosts for nymphs and adults. European hedgehogs
might be potential hosts for all life stages, and they deserve
further attention (see Foldvari et al. 2011). Both the roe deer
and raccoon dog abundances have increased during the last
two decades, and at present, they are common on islands and
(semi-) rural areas around the city. Although our sample size
was only moderate, we detected all the common tick-borne
pathogens that are frequently associated with 1. ricinus in
Europe, apart from TBEV. For two pathogens,
B. burgdorferis.l. and Rickettsia spp., the prevalence was high
in urban ticks when compared to the (mean) values reported
elsewhere in Finland.

We conclude that /. ricinus ticks are present in most of
the urban and suburban areas in the city of Turku, and
they are especially abundant on Ruissalo Island, which is
the most popular area for outdoor recreational activities
within the city. These ticks are numerous in other urban
areas in Finland as well (Junttila et al. 1999; Laaksonen
et al. 2017). These findings highlight the importance of
raising awareness of ticks in urban areas, where citizens
may generally still believe that the tick risk is minimal.
The high prevalence of pathogens, especially
B. burgdorferi s.l., together with a large human popula-
tion and spatially varying tick densities, poses a consider-
able risk of tick-borne diseases in the city of Turku. The
possibility that a person will be infected even within a city
centre, not only in southern Finland but across most of
Europe, should be acknowledged by local and national
health care professionals.
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