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Abstract

Background: Because ixodid ticks are vectors of zoonotic pathogens, including Borrelia, information of their abun-
dance, seasonal variation in questing behaviour and pathogen prevalence is important for human health. As ticks are
invading new areas northwards, information from these new areas are needed. Taiga tick (Ixodes persulcatus) popula-
tions have been recently found at Bothnian Bay, Finland. We assessed seasonal variation in questing abundance of
ticks and their pathogen prevalence in coastal deciduous forests near the city of Oulu (latitudes 64 65 )in 2019.

Methods: We sampled ticks from May until September by cloth dragging 100 meters once a month at eight study
sites. We calculated a density index (individuals/100 m?) to assess seasonal variation. Samples were screened for Borre-
lia burgdorferi (sensu lato) (including B. afzelii, B. garinii, B. burgdorferi (sensu stricto) and B. valaisana), Borrelia miyamotoi,
Anaplasma phagocytophilum, Rickettsia spp., Neoehrlichia mikurensis, Francisella tularensis and Bartonella spp., Babesia
spp. and for the tick-borne encephalitis virus.

Results: All except one nymph were identi ed as I. persulcatus. The number of questing adults showed a strong peak
in May (median: 6.5 adults/100 m?), which is among the highest values reported in northern Europe, and potentially
indicates a large population size. After May, the number of questing adults declined steadily with few adults still sam-
pled in August. Nymphs were present from May until September. We found a striking prevalence of Borrelia spp. in
adults (62%) and nymphs (40%), with B. garinii (51%) and B. afzelii (63%) being the most common species. In addition,
we found that 26% of infected adults were coinfected with at least two Borrelia genospecies, mainly B. garinii and B.
afzelii, which are associated with di erent host species.

Conclusions: The coastal forest environments at Bothnian Bay seem to provide favourable environments for I. per-
sulcatus and the spread of Borrelia. High tick abundance, a low diversity of the host community and similar host use
among larvae and nymphs likely explain the high Borrelia prevalence and coinfection rate. Research on the infestation
of the hosts that quanti es the temporal dynamics of immature life stages would reveal important aspects of patho-
gen circulation in these tick populations.

Keywords: Finland, Coastal forest, Co-infection, Ixodes persulcatus, Temporal tick dynamics

*Correspondence: veli-matti.pakanen@oulu.

2 Ecology and Genetics Research Unit, University of Oulu, PO. Box 3000,
90014 Oulu, Finland

Full list of author information is available at the end of the article

" The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the articles Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is notincluded in the articles Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



Pakanen et al. Parasites Vectors (2020) 13:384 Page 2 of 9

Background are often habitat speci c causing spatial variation in tick
Zoonotic pathogens transmitted by vectors are increas abundance and pathogen prevalence [8, 21-23].
ingly important for human health [1]. In the northern
hemisphere, ixodid ticks are the most important vectors Methods
for several pathogens of medical and veterinary interestYVe examined seasonal variation in questing tick abun
particularly the TBE-virus (TBEV) and various Borrelia dance at 8 sites on the coast of Bothnian Bay in-Fin
species [2—4]. Information on tick population dynam land (65°01-64°52N; 24°41-25°29E; Fig.1). These
ics, seasonal variation in questing behaviour and patho sites were chosen on the basis of earlier information
gen prevalence are therefore important for public health. on the existence of ticks (VMP, unpublished observa
In northern Eurasia, Ixodes ticks have been describedions). The study sites were early successional deeidu
to have mainly unimodal or bimodal seasonal patternsous forests (Fig2), with willows (Salix sp.), reedbed
around the warmer months of the year [5-9]. However, (Phragmites australis) and coastal meadows or pas
as their abundance and questing behaviour are dependtures separating them from the shoreline. The distance
ent on multiple environmental factors [9-11], it is di-  to the shoreline varied from 180 m to 900 m. The for
cult to predict seasonal dynamics across the vast rangeests included mainly birch (Betula pendula) and alder
of these species - especially when species’ distributionAlnus incang, but also some European bird cherry
change. (Prunus padu$, willows (Salixspp.) and rowan (Ser
Global warming due to climate change has bene ted bus aucuparia). Undergrowth included e.g. dwarf cor
ixodid species as winters have become more benign anfiel (Cornus suecica), arctic bramble (Rubus arcticus)
tick activity periods have become longer and warmer inand different hay species. These coastal areas are very
the north [12—15], the e ects of which are evident for low and flat, and the coastal forests are characterized
example in altitudinal studies [6]. Consequently, tick by standing water tables in early May to June.
populations have increased, and their distributions have Because these areas are covered by snow until late
shifted northwards [14.16,17]. As ticks invade new areas April, we started sampling in May. Each site was sam
and face dierent environments, their abundance and pled once a month. We used the standard cloth drag
seasonal questing activity may be di erent from those in ging method to examine an index for tick density [24].
the core areas [5, 10], warranting also localized studies. We dragged a 1 m 1 m white flannel flag that was
One of the main vectors of Borrelia in Eurasia is theconnected to a plastic tube. Each sampling occasion
taiga tick, Ixodes persulcatus, see [18]. Its distributionincluded dragging for 100 m on the surface of vegeta
currently extends from Fennoscandia to Japan [B3]. tion. We stopped every 10-15 m to collect ticks into
e taiga tick has been identi ed in Fennoscandia only 1.5 ml plastic tubes with 70% ethanol. Each month, we
recently [19,20], and this species has been reported tosampled slightly different transects within the same
have invaded new areas west- and northwards in nerth forest fragment. Dragging was done only when it had
ern Europe, up to north-western Finland and easternnot been raining on that day and the vegetation was
Sweden [1517]. However, their abundance and seasonadry. We dragged during the day between 10:00 h and
questing behaviour in these newly discovered areas of I18:00 h. Air temperature at the time of sampling var
persulcatus establishment have not been examined witded between 9-23 °C. Collected ticks were identified
standard methods in Finland (but see Laaksonen et alto the species level using morphological keys [25] and/
[17] for a seasonal pattern of ticks collected v@acitizen or a duplex gPCR assay targeting the ITS2 region of I.
science campaign in Finland). Questing |. persulcatugPersulcatus and . ricinus, as described previously [26].
typically show a rapidly increasing peak in the spring that
fades quickly [18], but some seasonal variation can occuPathogen analysis
[5]. Total DNA and RNA was extracted from tick samples
We studied I. persulcatus at the north-western part using NucleoSpiff RNA kits and RNA/DNA bu er sets
of their distribution range at Bothnian Bay, Finland (Macherey-Nagel, Duren Germany), following the kit
(between latitudes 64—65°), with the standard cloth drag protocols (NucleoSpin 96 RNA Core Kit: Rev. 05/April
ging method. We examined (i) the abundance of questing2014 and RNA/DNA bu er set: Rev. 09/April 2017). RNA
I. persulcatus using a density index, (ii) seasonal variaextracts were stored at 80 °C for later analyses. DNA
tion in questing activity, and (iii) prevalence of a suite of extracts were stored at 20 °C. In addition to the ticks
pathogens. We concentrated on coastal deciduous-for collected from study sites, we also included 7 adults that
ests because these coastal areas are known to harbourwere collected from an area close to Tomppa, Hailuoto in
persulcatus [1517], and because the host communities the analyses.
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Borrelia: [8]; for Rickettsia: [22]), with the following med

i cations regarding Borrelia: the reaction volume was
increased to 15 pl, with 3 pl DNA template, and the ther
mal cycling pro le was run for 50 cycles with an anneal
ing temperature of 54 °C.

Statistical analysis

We used a generalised linear mixed model (GLMM,
binomial errors, logit link) to examine the probability of
Borrelia infection (tick infected or not byBorrelia burg
dorferi (s.l.) between stages (nymphs vs adults) and linear
temporal change across the months from May until Sep
tember by including the sampling site (8 sites) as a-+an
dom factor. e model was ran using function ‘glmer’ in
package Ime4 [27] in R version 3.6.1. [28].

Fig. 1 Location of sampling sites at Bothnian Bay, Finland. Key: 1,
Hietasaari, Oulu; 2, Kempeenlahti, Oulu; 3, T mpp , Hailuoto; 4,

Rautaletto, Hailuoto; 5, Kuivas ikk , Hailuoto; 6, Savilahti, Siikajoki; 7, Results o L
S renper |, Siikajoki; 8, Puhkiavanper , Lumijoki) Seasonal variation in the density index

We agged 4.0 km of transect (8 transects, 100 per
month from May until September) and collected ako

DNA samples were screened for bacterial pathogensgether 207 1. persulcatus tlcks_(_79 females, 78 males,
Borrelia burgdorferi (s.l.) (including speci c analyses for 40 ”y”?phs a_md 10 larvae; Additional |&: Table S3),
B. afzelii,B. garinii, B. burgdorferi (s.s.) and B. valaisana),the ratio being 15.6/4/1 b(_atween adults/_nymphs/lar
Borrelia miyamotoi, Anaplasma phagocytophilumRick vae. ere was g_clear peak in abundance in May, dur
ettsia spp., Neoehrlichia mikurensigrancisella tular M9 which densities ranged between 5 and 36 adults per
ensisand Bartonella spp., and for protozoan parasites100 ", with a median of 6.5 (average of 10.0 3.6 SE)

Babesiaspp. Furthermore, RNA samples were screeneo(Fig'3a’ b). After May, their numbers gradually declined

for tick-borne encephalitis virus (TBEV). e primers until August. e observed activity period of adults

used for each pathogen are provided in Additional & lasted 101 days from the 1st May_ until 9th AUQFJS.L
Tables S1 and S2. Nymphs were less numerous but their observed activity

Real-time quantitative PCR (henceforth abbreviated season lasted 120 days from 10th May until 6th Septem

gPCR) assays were carried out using SensiFA$Tobe be_r (Fig.3a). We observed larvae only in June at 2 sites
Lo-ROX Kit (for DNA) and SensiFAST Probe Lo-ROX (Flg. 3b). One _of th_e nymphs go_llected from Rautaletto,
One-Step Kit (for RNA) (Bioline, Luckenwalde, Ger Hailuoto was identi ed as I. ricinus and was removed
many). All DNA/RNA samples were analyzed in two from further analyses.
replicate reactions carried out on 96 or 384-well plates.
At least two non-template negative controls (template Pathogens )

e prevalence of B. burgdorferi (s.l.) was 62% (95% CI:

replaced with distilled water) were used in each assay. o ; : : I 0 o (1.
e positive controls used are provided in Additional 05-70%) out of 163 sampled adults (males 65%, 95% CI:

le 1: Text S1. Samples were considered positive Wher§4__7§%’r; |79; Temalles 60%, 95% CII: |50—.70%i B4,
successful ampli cation was detected in both replicate Additional le 3: Table S4, Additional le4: Table S5).

reactions or in 2 consecutive assays. Assay protocols ar§'® was s!te speci ¢ var|at|o_n in mfec_tlon _rates V\.”th
reported in the Additional le 1: Text S1 Rautaletto in the island of Hailuoto having highest infec

Samples found positive for Rickettsia by qPCR Weréion ra:)tes (FigAa?. Out O_fh40 nyanhs, 40% (95% Cl:
subsequently ampli ed by conventional PCR and Sange 5-55%) were infected with Borrelia spp. However, no

sequenced in order to determine species (AdditionaIStatiStiC_"’_"ly signi cant di erences in Borrelia infection
le 1: Table S1). Likewise, some B. burgdorferi (s.l.) 1005probablllty between adults and nymphs were found after

tive samples that could not be identi ed to the genospe apcounting for variatior_m within months_and sites (Tablg
cies level or that gave unconventional signals in qPCH_'9-40)- Prev_?lebrllce dllld not th%W ‘? linear change across
were Sanger sequenced to determine species (Additiona,tplfa Sezson (Table). None of the larvae (n 9) were

le 1: Table S1). Assay protocols and mastermix contents" ected.

for PCR ampli cation were as reported previously (for
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Fig. 2 Sampling sites were characterised by birch trees with varying amounts of undergrowth. (Kuivas ikk , Hailuoto, 10th May 2019)

e most common B. burgdorferi (s.l.) genospecies among infected nymphs (n 16; B. garinii: 38%;B.

were B. garinii (51% of infected adults) an8. afzelii afzelii: 50%; B. burgdorferis(s.): 6%; B. miyamotoi:
(63% of infected adults), while prevalence was low foB%). Mixed infections occurred in 26 adults (26% of
B burgdorferi §.s.) (7%). Only 4% of samples includedll infected individuals) but only one (6%) was found

B. miyamotoi, whereas B. valaisianavas not detected. among nymphs (Additional le 4: Table S5). ese
e distribution of these Borrelia species was similar

mostly consisted of co-infections between B. garinii
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and B. afzelii (19 samples). In addition to these, threein Helsinki (12 unique sequences) and a reference sam
samples with B. gariniiand B. burgdorferig.s.), three ple (GenBank: CP009058.1).
with B. afzelii and B. miyamotoi, one with B. afzeliiand Two adults were infected byA. phagocytophilum and
B. burgdorferi §.s.) and one witlB. garinii and B. miy-  six adults were infected with Rickettsia (5/6 with R.
amotoi were detected. tarasevichiae and 1/6 with R. helvetica). We found no
Partial sequencing of the agellingene for a subset samples positive for TBEV, Bartonella spp., Babesia
of B. burgdorferi §.l.) positive samples revealed fourspp.,F. tularensis or N. mikurensis
samples of B. gariniithat di ered from each other by
3-8 bp over the 355 bp product, but were 100% iden Discussion
tical to dierent B. garinii sequences reported from Questingl. persulcatus showed unimodal seasonal quest
Russia, Japan and China (e.g. one sample with -Gering behaviour in coastal deciduous forests in the north-
Bank reference samples LT631698.1, KU672558.1 andestern part of its range in northern Finland, with an
CP003151.1). ese sequences also di ered by 8-10 bp activity period lasting for at least 101 days. A strong peak
from concurrently sequenced B. garinibbtained from in abundance was observed in May, which was followed
I. ricinus nymphs from Helsinki in southern Finland by a gradual decline, with questing adults still present at
(Additional le 5: Table S6). In addition, a further
three samples from the Bothnian Bay coast with iden
tical sequences were highly similar to two referenBe
bavariensis sequences (Additional 16: Table S6). Bor
relia afzelii sequences from the Bothnian Bay (2 unique
sequences) were identical to sequences from I. ricinu

Fig. 4 Borrelia prevalence ( 95 Cl) of questing I. persulcatus in

coastal deciduous forests at Bothnian Bay, Finland in 2019. a Among
adults separately for each of the eight sites. b In general for adults
and nymphs. See Fig. 1 for site locations. Abbreviations: HIE, Hietasaari;
KEM, Kempeleenlahti; KUI, Kuivas ikk ; PUH, Puhkiavanper ; RAU,
Rautaletto; SAV, Savilahti; ™, S renper ;T M,T mpp

Table 1 Generalised linear mixed model examining the
probability of Borrelia spp. infection in |. persulcatus individuals

Variable Coe cient SE Z-value P-value
Intercept 0114 1103 0.104 0917
Stage (adult) 0.742 0.395 1.878 0.060
Month 0.087 0.166 0522 0.601
Random

Site Variance: 0.160 n 8

Fig. 3 Seasonal variation in abundance of questing |. persulcatus

(individuals/100 m?) in coastal deciduous forests at Bothnian Bay, No. of observations 203

Finland in 2019. a Adults separately for each of the eight sites. b Mean Notes: Results from a generalised linear mixed model (binomial errors, logit link)
standard error (SE) for adults, nymphs and larvae (see Additional examining the e ects of developmental stage and linear change with month
le 2; Table S3 for data) and including site as a random factor (see Fig. 1) on probability of Borrelia

infection in I. persulcatus individuals
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low (0.5 individuals/100 ) densities until August but approximations of tick population size, the relatively high
absent in September. Similar activity patterns have beerdensity-index found in this study that suggests a thriv
observed in previous studies concerning |. persulcatusng population is somewhat surprising. is is because
populations from the species core distribution in Russiathe general environmental conditions in the Oulu region
[18, 29], but in our study the observed peak was higherare suboptimal in terms of the growing season (155-165
and the length of the season longer than expected irdays; https://iimatieteenlaitos. /), cumulative tempera
these northern conditions [5]. However, the length of the ture sum is lower (1100-1200 °C) and precipitation (260—
guesting season may also re ect variation in host avail 320 mm per year), compared to those suggested for taiga
ability and the start of behavioural diapause [30]. Quest ticks [10]. e high density-index may therefore re ect

ing was most likely initiated in late April after the snow more favourable conditions in the coastal forests. Indeed,
melted [18]. us, the risk of tick bites was high start I. persulcatus seem to be less abundant further from the
ing from late April until June. Importantly, there was coast in northern Finland [17]. At least, the main hosts
also strong geographical variation in questing activity, asof adult I. persulcatus, cervids [18] such as moose (Alces
some areas also had higher numbers of questing adults ialces) and roe deer (Capreolus capreolus) are relatively
July (Fig. 3a). common in this region.

e peak density index (median 6.5 and mean 10 ticks e high density-index of questing I. persulcatus adults
per 100m?) of adults was among the highest reported foris concurrent with a longer residence at the coast of the
I. persulcatus in northern Europe (Tablg). Recent stud Bothnian Bay than currently known. Sightings of blood-
ies from Karelia and western Siberia are closest to thesucking ticks have been made from the 1930s onwards by
median values observed in our study (Karelia: mediarpeople living in Siikajoki (1960s), Lumijoki (1980s), Hai
3.5 adults/100 m, [11]; western Siberia: median 2.7 luoto (1930s), Oulu (1970s) and li (1970s; [®§], Juha
adults/100 n?, [31]). However, tick densities can show Markkola and Jari Ylénen personal communication).
strong spatial variation, as indicated by the particu An early examination of tick distribution in Finland in
larly high density of I. persulcatus observed on an islandhe 1950s, executed as a questionnaire to veterinarians,
nearby at northern Bothnian Bay (75 adults/100°n{32]).  did not nd ticks in this region [36]. It is possible that
One of our study sites also displayed a higher tick densityicks have been low in abundance during these periods
than other sites, with 36 adults/100 frin May. e den -  at northern Ostrobothnia and perhaps located mostly
sities of adult I. persulcatus observed at these sites in thwithin the coastal forests of the Bothnian Bay. However,
Bothnian Bay are closer to values reported from the eastgiven the current distribution of I. persulcatus and |. rici
ern parts of the species’ range [33], but comparison camus [17], it is perhaps more likely that these old obser
be di cult due to di erent methodologies. vations were |. persulcatus rather than I. ricinus. us,

While we acknowledge that the tick density esti the recent ndings might not re ect recent expansion to
mates obtained by cloth dragging do not give precise

Table 2 Reported densities of adult Ixodes persulcatus ticks during their peak occurrence in Europe and Siberia

Site Lat Long Median Mean Range n*  kmP Habitat Years Reference

Bothnian Bay, Finland 6500 2500 6.5 10.0 50 36.0 8 08 Decid. forest 2019 This study

Eastern Finland 6240 3100 002¢ 00 11 96 235 Forest 2008 2009 Bugmyrin et al. [49]

Norrbotten, Sweden 6544 2346 0.7¢ 1279 00 753 7 21 Mixed forest 2015 2016 Jaenson & Wilhemsson [32]
Karelia, Russia 6207 3396 06°9¢ 09°9¢ 02 25°d 2 Forest 1982 1990 Bugmyrin et al. [11]

Karelia, Russia 6207 3396 35%4 4009 21 91°4€ 9 25189 Various 1995 2017 Bugmyrin etal. [11]

Karelia, Russia 6150 3312 24¢ 2,04 11 26 3 1382 Forest 2006 2010 Bugmyrin et al. [50]

Karelia, Russia 6126 3316 1.2¢ 134 02 44 14 1091 Forest 2006 2010 Bugmyrin et al. [50]

Karelia, Russia 6212 3350 0.7¢ 0.74 00 19 10 1190 Forest 2006 2010 Bugmyrin etal. [50]

Western Siberia, Russia 56 20 84 57 27° 38° 17 118 1 c8 Forest 2006 2013 Romanenko and Leonovich [31]

@ The number of sampled sites

b Length of the dragged distance in km

¢ Values are calculated from yearly data

9 Peak was not distinguished with seasonal cloth dragging

€ Values were approximated from Fig. 1 in Bugmyrin et al. [11]

Note: Mean and median number of adult Ixodes persulcatus ticks collected per 100 m? during their peak occurrence in Northern Europe and Siberia
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this region of the Bothnian Bay, but rather an increase inwithin the coastal areas of the Bothnian Bay as well as
abundance [19, 20, 37]). between di erent areas in Finland. While none of the B.

e number of adults was four times that of nymphs, garinii sequences obtained from I. persulcatus were igden
re ecting the limited applicability of cloth dragging in tical, they displayed 100% identity matches with various
measuring abundance of immature stages of I. persulcasequences reported from Russia, Japan and China, which
tus [18,33]. Indeed, as opposed to I. ricinus nymphs thatconsequently also appear to mostly originate fromper
are also more easily collected by dragging, |. persulcatusulcatus. is suggests the possible presence of an east
nymphs rarely feed on larger hosts such as humans. Ouern and/or |. persulcatus associated strain (or strains). In
results nonetheless revealed that the questing season abntrast, nine identical B. garinisequences were attained
nymphs was longer than that of the adults, extendingfrom nine I. ricinus nymphs collected from di erent areas
until September with a minimum activity period of 120 in Helsinki. It remains to be determined whether the
days. apparent existence of dierent B. gariniB. garinii-like

We found a striking prevalence of Borrelia in I. per strains in the Bothnian Bay coast and Helsinki is a conse
sulcatus across our study sites: 62% of adults and 40% qfience of some tick species speci ¢ factor or, for example,
nymphs carried Borrelia. ese values concur with the geographical variation in available host animal species.
generally higher infection rate of I. persulcatus comparedWhatever the cause, these observations are in line with
to . ricinus, for whichBorrelia prevalence usually varies recently reported observations from across Europe, which
between 0-45% [38-40]. Naturally, Borrelia prevalence igevealed that little geographical structuring within B. gari
lower in large scale studies that include a variety of envinii strains can be detected [47]. is is expected to be at
ronments. For example, a citizen science study, whicHeast partly on account of their highly mobile avian reser
sampled ticks across Finland, fourBlorrelia prevalence voir hosts, which may e ectively and quickly transfer dif
of about 22% in adult I. persulcatus [4]. Our results fromferent strains across vast geographical ranges.
coastal forests therefore stand out signi cantly. Similar In addition, a further three sequences from the Beth
high Borrelia prevalence (up to 69%) has been describedian Bay were found to be identical with each other and
among|. persulcatus for some speci c localities in larch highly similar to two reference samples of B. bavariensis.
and larch-birch forests in Russia [41]. Interestingly, aBorrelia bavariensis is a genospecies closely associated
recent study ofl. persulcatus populations in the Swedish with B. garinii, which has not been reported from Finland
islands at the Bothnian Bay also reported hidgorrelia thus far [48]. Unfortunately, due to their close likeness,
prevalence (55%; [32]). the reliable di erentiation of B. bavariensis and B. garinii

High infections rates can be expected among |. persulrequires more thorough molecular methods, such as mul
catus, as both immature stages feed on small host specidgocus sequence analysis [48]. Consequently, the possible
that are reservoirs of Borrelia [18]. Similar proportions presence of B. bavariensis samples reported as B. garinii
of B. garinii and B. afzelii infections among adult ticks in GenBank also cannot be discounted, further complicat
suggests that both birds and small mammals act as hostiig the identi cation of the genospecies, particularly based
of the immature stages [32]. Such feeding patterns given sequences of a single target gene. As such, the precise
a plausible explanation for the relatively high coinfec identity of these three B. bavariensis-like samples remains
tion rate of 26% among Borrelia-infected adult ticks that undetermined. In any case, the occurrence of these di er
occurred mainly with B. gariniiand B. afzelii. Coinfec ent B. gariniiB. bavariensis-like bacteria at the Bothnian
tion rates of these genospecies varies (e.g.482). Other Bay may explain why the genospecies-speci c qPCR analy
explanations for coinfections include interrupted feed ses gave missing or abnormal signals in their case.
ing [44] and transmission oBorrelia through co-feeding
on hosts [45]. Importantly, we also found a low diversity conclusions

of other tick-borne pathogens. is is consistent with \we show a relatively high peak abundance of questing I.
results from the Swedish side of the Bothnian Bay andyersulcatus in May at the north-western part of their dis
may indicate a low diversity of host species for the larvakripytion, along with gradually declining questing activity
and nymph stages [32]. A low host diversity may increasqowards the autumn. Overall, the activity period of I. per
the overall infection rate among adult ticks [46]. ese gylcatus lasted until August among adults and until Sep
intriguing results warrant further studies on the feeding temper among nymphs. Furthermore, this |. persulcatus
patterns of I. persulcatus on dierent hosts and on the population had a very high prevalence of Borrelia but low
Borrelia species infecting their hosts. diversity of other pathogens. Taken together, our results

Interestingly, agellin amplicons from a subset of B. 5yggest that these coastal forest environments may-pro
burgdorferi 6.1.) positive samples revealed conserved Byjde favourable environments for reproduction and sur
afzelii sequences but varyin@. garinii sequences, both yjyal of I. persulcatus, and the spread of Borrelia.
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