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Climate change is increasing the worldwide burden of tick-borne diseases (TBDs). Dramatic increases in human cases of borreliosis
have been reported during the past few decades, including from Finland, located in North Europe. As human exposure to ticks
carrying pathogens is increasing, so likely is exposure of dogs and cats. However, feline or canine TBD cases are not notifiable.
Likewise, no combined databases of cases exist in Finland, hindering assessment of related trends. Here, we utilize crowdsourced
tick samples to reveal how commonly and to which species of TBPs dogs and cats are exposed locally. Borrelia spp., Rickettsia spp.,
Anaplasma phagocytophilum, Neoehrlichia mikurensis, Babesia spp., Francisella tularensis, Bartonella spp., and tick-borne enceph-
alitis virus (TBEV) were screened using qPCR from a total of 3697 Ixodes ricinus and 2355 Ixodes persulcatus removed from dogs
and cats. Furthermore, the spatial occurrence of the screened pathogens was mapped on the national level. An overwhelming
majority (99%) of ticks removed from dogs and cats were adults. Prevalence rates in adult ticks were 26.2% for Borrelia, 9.3% for
Rickettsia, 1.1% for A. phagocytophilum, 1.1% for TBEV, 0.6% for N. mikurensis, and 0.4% for Babesia. Bartonella and F. tularensis
were not detected. All detected pathogens were observed from ticks removed from both host species and both tick species. Borrelia
and Rickettsia were detected from every Finnish administrative region, whereas the occurrence of other pathogens was sporadic.
This study shows that dogs and cats in Finland are frequently exposed to ticks and TBPs, highlighting that methods for protecting
the animals from ticks should be further promoted. The ticks removed from dogs and cats were almost exclusively adult ticks,
despite juvenile life stages being more numerous in nature. This raises questions about the numbers of juvenile ticks successfully
feeding on dogs and cats and how dogs and cats are thus potentially contributing to tick population upkeep.
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1. Introduction

Ticks and tick-borne diseases (TBDs) form a substantial threat
to human and pet welfare across the world. During recent
years, some hundreds of thousands of human TBD cases
have been reported annually in Europe [1]. Particularly the
disease burden of Lyme borreliosis has increased dramatically
[2]. Following this trans-European trend, the numbers of both
Lyme borreliosis and tick-borne encephalitis (TBE) cases have
been increasing also in Finland [3], with new peak numbers of
human cases reported for both in 2023. As human exposure to
ticks carrying tick-borne pathogens (TBPs) appears to be
increasing, so likely is pet exposure.

Two tick species commonly bite humans and pets in Fin-
land, the sheep tick (Ixodes ricinus) and the taiga tick (Ixodes
persulcatus) [4]. Previous studies conducted in Finland have
shown that both dogs and cats are common hosts for ticks, with
over 80% of roughly 20,000 ticks received via a nationwide
citizen science campaign in 2015 being collected from dogs
and cats [4]. Likewise, 59.5% out of ~78,000 tick observations
made to an online tick surveillance website in 2021 (Punkkilive;
www.punkkilive.fi/en) were reported from dogs or cats [5].
Finally, a recent study conducted at veterinary clinics in Fin-
land revealed TBPs in 17% of ticks collected from dogs and cats
[6]. Unfortunately, unlike for human cases, feline or canine
TBD cases are not notifiable and no comprehensive and/or
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open databases for these cases exist in Finland. As such, data on
canine and feline cases are not readily available, complicating
the assessments of related trends.

Members of several groups of TBPs capable of infecting
dogs and cats have been reported from ticks in Finland. The
most commonly detected pathogens are bacteria of the Borrelia
burgdorferi sensu lato (henceforth BBSL) group, causing Lyme
borreliosis in humans [7–9]. Approximately one fifth of quest-
ing I. ricinus and I. persulcatus nymphs and one third of quest-
ing adults carry BBSL locally [7–12]. Overall, clinical
manifestations are more commonly reported from dogs than
cats [13, 14]. However, while relatively high seroprevalence has
been reported for particularly dogs [15–17], seropositive ani-
mals commonly appear asymptomatic. It is currently unknown
if symptomatic disease cases are linked to specific species/
strains of BBSL. In any case, pets are likely encountering
more ticks carrying BBSL due to rising tick numbers [8]. As
such, more symptomatic cases may be expected as exposure
rates increase.

Bacteria of the genus Rickettsia are typically the second
most common pathogens detected in ticks in Finland. They
appear to be more common in urban than peri-urban or rural
environments locally, with approximately one in 10 nymphs
carrying the pathogens in urban green spaces [7, 8, 10, 11, 18,
19]. Feline disease cases caused by tick-borne species R. conorii
and R. massiliae have been reported from Europe [20, 21], as
well as canine cases caused byR. ricketsii andR. conorii [21, 22].
As far as we are aware, no human, feline, or canine cases of tick-
borne rickettsiosis have ever been reported from Finland.

Anaplasma phagocytophilum and Neoehrlichia mikurensis
are pathogenic bacteria from the family Anaplasmataceae that
have also consistently been detected in questing I. ricinus and
I. persulcatus in Finland, although at markedly lower preva-
lence than BBSL or Rickettsia [7, 9, 10, 23]. Cases of canine and
feline anaplasmosis are caused by A. phagocytophilum and
A. platys in Europe [24], the latter of which has not been
reported from ticks in Finland. As with borreliosis, feline cases
appear to be less common than canine, although both can be
considered rare [24, 25].N.mikurensis is a novel, zoonotic TBP
that has emerged in Europe and Asia in recent decades [26].
For humans, disease cases have most commonly been reported
in immunocompromised patients, but some also from previ-
ously healthy people [26, 27]. No feline cases have been
reported, whereas cases of canine neoehrlichiosis have been
reported from Germany and Switzerland [28, 29]. While dis-
ease cases currently appear rare, it is possible that the pathogen
has only recently emerged in tick populations in Finland and
elsewhere [10]. As such, it may become more common in the
future, increasing human, feline, and canine exposure to
infected ticks and, consequently, disease cases.

Babesia spp. are protozoan parasites primarily transmitted
by ticks, with worldwide economic, veterinary, and medical
impact [30]. Over 20 species of Babesia pathogenic to domestic
animals have been identified, with at least seven species linked
to canine and four species to feline babesiosis [31, 32]. Species
causing feline babesiosis are not found in Europe, and feline
cases therein are correspondingly extremely rare and imported
[31]. For species associated with dogs, Ba. vogeli, Ba. gibsoni

and Ba. canis are found in Europe, with most disease cases
caused by Ba. canis [32]. Babesia canis is mainly vectored by
Dermacentor reticulatus ticks, which have not yet been detected
from Finland. Correspondingly, while cases of canine babesio-
sis have been reported from Finland, there is no conclusive
evidence that any have been acquired from within the country
[33, 34]. However, northward expansion of D. reticulatus has
been observed in recent years, which may also provide novel
opportunities for introduction via, for example, migrating birds
[35, 36].

The TBE virus (TBEV) has become more common in Fin-
land during the past few decades. This has been seen in both the
increasing numbers and geographical distribution of TBE cases
[37], as well as novel virus foci detected based on screening of
ticks and reservoir hosts [10, 38]. Consequently, not only
humans but also dogs and cats are likely exposed to the virus
more commonly. However, cats appear not to suffer clinical
manifestations from TBEV infections. While clinical manifes-
tations appear quite rare for dogs as well (relative to the high
exposure dogs have) [39], severe cases and mortality have also
been reported [40]. Due to their tendency to roam around in
vegetation and collect ticks effectively, the use of dogs as senti-
nels for TBEV has been considered [41, 42]. However, due to
the presence of also severe cases of TBE and the possibility of
using other species as sentinels [43], protecting dogs from ticks
should take priority.

While data exist on the prevalence rates of several TBPs in
questing ticks in Finland [7, 8, 11, 12, 18, 44–53], there is only
limited information regarding the pathogens encountered by
dogs and cats or the rates of these encounters [6]. In an effort to
gain insight into tick and TBP exposure of dogs and cats in
Finland, we utilized samples from a citizen science campaign
organized by the University of Turku tick project (www.puutia
iset.fi) in 2015 [4] to analyze the diversity and prevalence of
TBPs found from I. ricinus and I. persulcatus ticks removed
from dogs and cats. Likewise, we looked at differences in the
spatial occurrence of these pathogens at the administrative
region and municipality levels.

2. Materials and Methods

2.1. Tick Data. Tick samples from a citizen science campaign
organized by the University of Turku tick project in 2015 were
utilized in this study [4, 9]. In the campaign, researchers asked
the public to send ticks to the University of Turku, where they
were morphologically identified to species level and life stage
[4]. In total, 14,889 ticks removed from cats and dogs that could
be identified to the species level were received via the letters.

2.2. Laboratory Analyses. Out of the 14,889 ticks from dogs
and cats, 6081 were screened for the presence of Borrelia spp.,
A. phagocytophilum, Rickettsia spp., Babesia spp., N. mikuren-
sis, F. tularensis, Bartonella spp., and TBEV (Figure 1). Only a
subset of the citizen science samples could be analyzed due to
financial restraints. Since the majority of the citizen science
samples were I. ricinus from southern Finland and collected
from dogs [4], we did not perform random sampling. Instead,
we aimed to collect a representative set of study samples to
enable robust statistical testing. Thus, samples were selected

2 Transboundary and Emerging Diseases

 tbed, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/5574554 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.puutiaiset.fi
https://www.puutiaiset.fi
https://www.puutiaiset.fi
https://www.puutiaiset.fi


0 100 200 km

ðAÞ ðBÞ
FIGURE 1: Continued.
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to roughly equally represent both tick species (I. ricinus and
I. persulcatus), hosts of interest (dogs and cats), and the major
collection areas of the whole collection. Out of the 6081 sam-
ples, 1873 were gathered from samples analyzed for previous
studies [4, 9]. For the remaining 4208 samples, total DNA and
RNA were extracted from ticks using NucleoSpin 96 RNA kits
and RNA/DNA buffer sets (Macherey-Nagel, Germany), fol-
lowing the kit protocols (NucleoSpin 96 RNA Core Kit: Rev.
05/April 2014 and RNA/DNA buffer set: Rev. 09/April 2017).
DNA extracts were stored at −20°C and RNA samples at
−80°C to await further analyses.

The listed pathogens were screened from DNA or RNA
(TBEV) extracts using quantitative real-time PCR (qPCR;
reverse transcription qPCR for TBEV). Multiplexed assays
were used for screening of A. phagocytophilum, Babesia spp.,
andN. mikurensis (multiplex 1), and Rickettsia spp., Bartonella
spp., and F. tularensis (multiplex 2) to save time and reagents
[12]. The primers “Bb23S” [54], originally designed for screen-
ing BBSL, have been observed to also amplify B. miyamotoi, a
relapsing fever spirochete not part of the BBSL species complex
(unpublished own data). As such, samples that were not
screened for specific Borrelia species have to be considered as
carryingBorrelia spp. rather than BBSL. Consequently, we refer
to Borrelia spp. when collectively discussing all detections of

Borrelia made in the current study. The assay protocols, pri-
mers, and probes have been reported previously [9, 12].

2.3. Statistical Analysis. Due to the low number of nymphs
(n= 68), analyses regarding differences in pathogen occurrence
between ticks removed fromdogs and cats and between the two
tick species were made only for adults (n= 6006). We used
generalized linear mixed models (GLMM) with binary distri-
butions and logit link functions to estimate the probabilities of
carrying each pathogen (i.e., receiving the value “1”) and
included administrative region (site of collection) as a random
variable to control for spatial variation in the data. The admin-
istrative region of Åland Islands was dropped from analyses
due to only one sample originating from the area, leading to
problems with confidence limits and complete separation in
models [55]. We ran single analyses for each pathogen, includ-
ing tick species, host species, and an interaction term (tick ×
host) as fixed effects in the models.

All the models were run with the GLIMMIX procedure of
SAS v. 9.4. using residual pseudo likelihood estimation. Denomi-
nator degrees-of-freedomwere approximated for the fixed effects
by the Kenward–Roger method. Multiple, a posteriori, pairwise
comparisons for differences of the estimatedmarginalmeans (i.e.,
ls-means in SAS) were adjusted by the Tukey–Kramer method.
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FIGURE 1: Geographical locations of analyzed tick samples removed from dogs (A) and cats (B). Finnish administrative regions are presented
in panel (C):ÅL,Åland; CF, Central Finland; CO, Central Ostrobothnia; KA, Kainuu; KH, Kanta-Häme; KL, Kymenlaakso; LL, Lapland; NK,
North Karelia; NO, North Ostrobothnia; NS, North Savo; OB, Ostrobothnia; PH, Päijät-Häme; PM, Pirkanmaa; SA, Satakunta; SF, Southwest
Finland; SK, South Karelia; SO, South Ostrobothnia; SS, South Savo; UM, Uusimaa.
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3. Results

Out of the 14,889 ticks removed from dogs and cats, 14,747
(99%) were adults, 140 (0.9%) nymphs, and 2 (0.1%) larvae.
Out of these, 11,884 (79.8%) ticks were identified as I. ricinus
and 3005 (20.2%) as I. persulcatus. While not documented in a
way that allows further analysis, it was noted during the pro-
cessing of the crowdsourced samples that ticks removed from
dogs and cats were often in visible stages of engorgement,
indicating considerable times of attachment prior to
removal [56].

A total of 4423 ticks collected from dogs (4395 adults and
28 nymphs) and 1658 ticks collected from cats (1619 adults and
39 nymphs) were screened for the presence of the listed TBPs
(altogether 6081 samples). Out of these, 3697 were identified as
I. ricinus (3684 adults and 13 nymphs) and 2355 as I. persulca-
tus (2322 adults and 33 nymphs). Overall, 35.0%Æ 1.2% (95%
confidence limits) of adults and 20.9%Æ 9.7% of nymphs car-
ried at least one of the screened pathogens. Prevalence rates in
adult ticks were 26.2%Æ 1.1% for Borrelia spp., 9.3%Æ 0.7%
for Rickettsia spp., 1.1%Æ 0.3% for A. phagocytophilum,
1.1%Æ 0.3% for TBEV, 0.6%Æ 0.2% for N. mikurensis, and
0.4%Æ 0.1% for Babesia spp. (see Table S1 for nymph preva-
lence). Bartonella spp. and F. tularensis were not detected in
adults or nymphs. Prevalence rates in adults by tick and host
species are reported in Table 1. All the detected pathogens were
observed from ticks removed from both host species as well as
both tick species. Co-infections with two or more pathogens
were detected in 224 ticks (3.7Æ 0.4%).

Differences in the probability of carrying Borrelia spp. were
detected both between ticks collected fromdogs (0.25 [0.21–0.29];
95% confidence interval) and cats (0.21 [0.17–0.25]) (F1, 6002=
7.26, p¼ 0:007), as well as between I. ricinus (0.25 [0.21–0.29])

and I. persulcatus (0.20 [0.17–0.25]) (F1, 528=5.34, p¼ 0:020).
The probability of carrying A. phagocytophilum was higher for
I. ricinus (0.015 [0.009–0.024]) than I. persulcatus (0.005
[0.002–0.013]) (F1, 213= 4.52, p¼ 0:030). Likewise, there
appeared to be a trend towards I. ricinus having a higher
probability of carrying Rickettsia spp. (0.11 [0.08–0.14]) than
I. persulcatus (0.08 [0.06–0.11]) (F1, 537= 3.48, p¼ 0:060).
Finally, the probability of carrying N. mikurensis appeared to
be higher for ticks removed from dogs (0.007 [0.004–0.010])
than for ticks removed from cats (0.003 [0.001–0.007])
(F1, 6004= 3.66, p¼ 0:056). No other differences between tick
or host species were observed. All interaction terms between
tick and host species were non-significant (p>0:05). Please
observe that values reported above are predicted probabilities
obtained from the statistical models, which may differ from
prevalence rates reported in Table 1.

Regarding the spatial occurrence and prevalence of TBPs,
varying sample numbers and the rarity of certain pathogens
translated into wide confidence intervals for many administra-
tive regions and pathogens (Table S2; Figure 2). For this reason,
prevalence estimates were not made on the municipality level,
only presence/absence classification (Figure 3). Furthermore,
we refrained from statistical analysis of the prevalence data at
the administrative region scale due to these factors, instead
focusing on observing trends from the raw data, which is pro-
vided in Table S2. It should be noted that smaller sample sizes
in certain administrative regions may influence the observed
prevalence, especially for rare pathogens. Borrelia spp. and
Rickettsia spp. were the only pathogens that were detected
from tick samples from every Finnish administrative region
(Figure 2). While there was variation in estimated Borrelia
prevalence, no apparent spatial trends in occurrence could be
identified (Figure 2A; Table S2). For Rickettsia, prevalence

TABLE 1: Positive sample numbers and prevalence (%) of analyzed pathogens (with 95% CL) in adult ticks by host and tick species.

Pathogen

Positive samples per category (prevalence and 95% CL)

Host
(no. analyzed)

Tick species
(no. analyzed)

Dog
(4388)

Cat
(1618)

I. ricinus
(3684)

I. persulcatus
(2322)

Borrelia spp.
1194a

(27% Æ 1%)
379a

(23.4% Æ 2%)
1002b

(27.2% Æ1.4%)
571b

(24.6% Æ 1.8%)

A. phagocytophilum
41

(1% Æ 0.3%)
26

(1.6% Æ 0.6%)
54b

(1.5% Æ0.4%)
13b

(0.6% Æ 0.3%)

Rickettsia spp.
396

(9% Æ 0.8%)
161

(10% Æ 1.5%)
388

(10.5% Æ 1%)
169

(7.3% Æ 1.1%)

Babesia spp.
19

(0.4% Æ 0.2%)
3

(0.2% Æ 0.2%)
20

(0.5% Æ 0.2%)
2

(0.1% Æ 0.1%)

N. mikurensis
34

(0.8% Æ 0.3%)
5

(0.3% Æ 0.3%)
33

(0.9% Æ 0.3%)
6

(0.3% Æ 0.2%)

TBEV
46

(1% Æ 0.3%)
18

(1.1% Æ0.5%)
45

(1.2% Æ0.4%)
19

(0.8% Æ 0.4%)

Note: Only ticks with positive species identification were used in the table. No detections of Bartonella spp. or F. tularensis were made.
Abbreviation: TBEV, tick-borne encephalitis virus.
aStatistically significant (p <0:05) differences between host species. See text for details.
bStatistically significant (p<0:05) differences between tick species. See text for details.
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FIGURE 2: Continued.
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appeared to be highest in the central and eastern parts of Fin-
land (Figure 2B). Borrelia and Rickettsia were detected from
127 and 120 municipalities (out of a total of 309), respectively
(Figure 3A, B). The highest estimated prevalence rates for
A. phagocytophilum, N. mikurensis, and Babesia were observed
in southern administrative regions (Figure 2C,E,F). These three
pathogens were detected from 29, 22, and 12 municipalities,
respectively (Figure 3C,E,F). TBEV occurrence was mostly
focused around the coastline and archipelago of the Baltic
Sea and large inland lakes (Figure 2D). TBEV was detected
from 33 municipalities (Figure 3D).

4. Discussion

Dogs and cats are commonly exposed to ticks and TBPs in
Finland. The crowdsourcing study conducted in 2015, from
which the utilized tick samples originated, showed that out of
the 16,971 tick samples paired with host data, 55.9% were
collected from dogs, whereas a further 27.6% were from cats
[4]. In the current study, we screened a subset of 6081 of these
samples for the TBPs most commonly detected from questing
ticks in Finland, revealing that ticks infesting dogs and cats also
frequently carry pathogens. During the processing of the
crowdsourced samples, it was noted that ticks removed from
dogs and cats were often in visible stages of engorgement,
indicating considerable times of attachment prior to removal
[56]. The same observation was made from ~5700 pictures
uploaded during 2021 to the tick surveillance website Punkkil-
ive (www.punkkilive.fi), which showed ticks in visible stages of
engorgement in 42.6% of pictures (with 59.5% of all observa-
tions reported from dogs or cats) [5]. These findings conform

to reports of long attachment times of ticks removed from dogs
and cats from Germany and Austria [57] and suggest that
protection of dogs and cats from ticks is regularly insufficient.
Consequently, even pathogens that require a longer time to
transfer from an infected tick to the host (such as Borrelia
spp. and A. phagocytophilum) likely frequently have enough
time to transfer when feeding on dogs or cats [58, 59].

One curiosity regarding the data of ticks removed from cats
and dogs (and humans) in crowdsourcing campaigns are the
mirrored life stage ratios compared to wild populations. In the
crowdsourced data set used here, 99% of ticks removed from
cats and dogs were adults [4]. Likewise, in a study conducted at
several Finnish veterinary clinics, 98.5% of ticks removed from
dogs and cats were adults [6]. Finally, in ~5700 pictures
uploaded to the Punkkilive-website in 2021, adult ticks could
be identified in 55.8%, whereas nymphs only in 14% [5]. These
results starkly contrast observations regarding I. ricinus from
field surveys, where larvae and nymphs have consistently been
observed to be more numerous than adults [7, 8, 18, 60]. How-
ever, for the somewhat less common I. persulcatus, more adults
are typically collected than nymphs, indicating some differ-
ences in behavior between these species [7, 12, 61]. While there
is a well-documented preference for large hosts for adult ticks
and medium to small hosts for juvenile tick life stages, the
almost complete lack of juveniles observed here is nevertheless
peculiar. Dogs come in many different sizes, only some of
which may be classified as “large hosts”—several dog breeds
are medium, with also high variation in, for example, fur length
and undercoat characteristics. Thus, several breeds should be
suitable hosts for at least nymphs. Indeed, dogs have previously
been identified as common sources of blood meals for larvae

Neoehrlichia mikurensis
1.51–2
1.01–1.5
0.51–1
0.01–0.5
0

ðEÞ

Babesia spp.
0.51–1
0.01–0.5
0

ðFÞ
FIGURE 2: Prevalence of (A) Borrelia spp., (B) Rickettsia spp., (C) A. phagocytophilum, (D) tick-borne encephalitis virus, (E)N. mikurensis, and
(F) Babesia spp. in ticks removed from dogs and cats by administrative region.
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FIGURE 3: Continued.

8 Transboundary and Emerging Diseases

 tbed, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/5574554 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ðCÞ ðDÞ
FIGURE 3: Continued.
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based on bloodmeal analysis [62]. Similarly, cats are likely to
encounter juvenile ticks, not only because of their size but also
their stalking behavior when outdoors. Likewise, the division of
tick life stages to hosts of different sizes is in reality not clear-
cut, with the biology of the host itself also being highly relevant
[63]. For example, juvenile ticks are commonly detected feed-
ing on several species of deer [64–66], animals classified as
“large hosts.” Furthermore, on an island in Finland, up to
37% of questing nymphs at a study site were observed to
have fed on deer as larvae [53], indicating that larvae also
commonly utilize these large hosts. Consequently, we would
have expected a significant proportion of juvenile ticks among
the samples fromdogs and cats. Themost likely explanation for
this phenomenon is that people (including veterinarians) do
not find or detect the small juvenile ticks from the fur of the
animals. It is also possible that a large portion of juvenile ticks

are destroyed beyond recognition during removal, so citizen
scientists have nothing left to send. Dogs and cats have gener-
ally been seen as dead-end hosts for ticks, but this observation
calls to question whether they may in fact be contributing to
tick population upkeep by feeding juvenile ticks. In any case, if
nymphs feeding on dogs and cats are routinely missed, the
exposure of these animals to TBPs may be even greater than
has been observed.

The prevalence rates of the analyzed TBPs generally con-
form to values reported from questing ticks all over Finland [7,
8, 10–12, 18, 23, 46–49, 51, 60, 67]. Borrelia spp. were the most
commonly detected pathogens, as also observed in the afore-
mentioned field surveys. Compared to a recent study analyzing
ticks removed from dogs and cats at veterinary clinics in Fin-
land [6], we observed higher prevalence of Borrelia and TBEV
and lower prevalence of Babesia and A. phagocytophilum.

ðEÞ ðFÞ
FIGURE 3: Presence of (A) Borrelia spp., (B) Rickettsia spp., (C) A. phagocytophilum, (D) tick-borne encephalitis virus, (E) N. mikurensis, and
(F) Babesia spp. in ticks removed from dogs and cats by municipality. Municipalities from which the pathogen was detected from are colored
green.
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While some of the ticks analyzed here were feeding on the same
hosts and/or had engorged already on the host, the overall
prevalence rate in adults was in line with field surveys. In
fact, higher prevalence rates have been observed in questing
ticks in several field study sites [12, 18], indicating that collect-
ing feeding ticks from dogs and cats does not inflate prevalence
estimates to any noticeable degree. However, it should be noted
that varying stages of engorgement may also reduce TBP detec-
tion numbers to an unknown degree—as may be the case here.

Regarding the spatial occurrence of pathogens, uneven geo-
graphical distribution of samples hindered analyses. For two
administrative regions (out of 18), less than 20 samples were
available, whereas for another three regions, only 40–70 sam-
ples were available. In addition, the rarity of several pathogens
created wide confidence intervals despite adequate sample
sizes. While the issue of rare pathogens and confidence inter-
vals is difficult to overcome (e.g., we analyzed 1003 samples
from Southwest Finland but still produced wide confidence
intervals for rare A. phagocytophilum, Babesia spp., and
TBEV), future collection efforts should specifically target
administrative regions that have been identified as providing
too few samples in order to mitigate error due to inadequate
sample sizes. Targeted media and citizen science campaigns
could be organized to specifically activate citizens in these areas.

Rickettsia spp. and A. phagocytophilum were detected
equally from ticks removed from cats and dogs, but the proba-
bility of carrying the pathogens appeared to be slightly higher in
I. ricinus than I. persulcatus. However, these interspecific dif-
ferences are unlikely to have any major biological significance.
While several species of Rickettsia have been reported to cause
rickettsiosis in cats and dogs [20, 68], diagnosed feline or canine
cases caused by the species vectored by ticks in Finland (R. hel-
vetica, R.monacensis,Candidatus R. tarasevichiae) [9] have not
been reported. The same is true regarding human cases, despite
the relatively high prevalence in ticks in Finland [7, 8, 10, 11,
18]. As such, tick-mediated rickettsiosis appears to currently
not havemuch importance from a veterinary or medical point-
of-view in Finland. Regarding A. phagocytophilum, diagnosed
cases have been reported from cats [69]—also in Finland
[25]—but rarely. For dogs, seropositivity between 4% and
45% has been reported locally [17, 70], but diagnosed cases
nevertheless appear rare [71]. In any case, the high exposure of
dogs and cats to ticks, as well as the potential increase in
exposure due to increasing tick numbers, means that anaplas-
mosis should be retained as a possible diagnosis.

N. mikurensis was mostly found from ticks collected from
the southern parts of Finland and in low prevalence. While the
timing of the arrival of this pathogen to Finland and the rate of
its spread therein are unknown, its initial establishment was
detected in 2015 on an island in southwestern Finland, where
tick and TBP surveillance had been ongoing since 2012 [10].
However, several positive samples from across Finland were
likewise already found from the crowdsourced samples used in
the current study, which were also collected in 2015 [9]. It is
likely that sporadic introductions have been and are taking
place, with climate change potentially creating novel areas suit-
able for circulation of the pathogen. The occurrence of
N. mikurensis seems to be focused on southern Finland [7],

where shrews and deer were recently identified as potential
additional sources of N. mikurensis infections in I. ricinus
nymphs (in addition to voles) [53]. Particularly the densities
of deer (white-tailed deer,Odocoileus virginianus, and roe deer,
Capreolus capreolus) are highest in the southern parts of Fin-
land, potentially enhancing enzootic cycles of the pathogen
locally. While no feline or canine cases of neoehrlichiosis
have been reported from Finland thus far, the first human
case was identified in 2023 [72]. The status of N. mikurensis
as an emerging zoonotic pathogen means that it should be kept
under surveillance.

The prevalence of Babesia spp. was low, conforming to
previous reports regarding questing ticks, where the pathogen
has been reported consistently but in low prevalence [7, 8, 10,
18, 51]. Feline and canine babesiosis have been reported from
several countries in Europe, but cases have generally been
linked to species of Babesia that have not been detected from
ticks in Finland [31, 34, 73]. Indeed, while some cases of canine
babesiosis have been reported from Finland as well, these were
shown to be Ba. canis infections acquired from elsewhere in
Europe [33]. As far as we are aware, no infections acquired
within Finland have been reported [74, 75]. As with N. mikur-
ensis, the occurrence of Babesia in ticks appears to be centered
around areas with high deer densities, which is not surprising,
given their likely role as reservoirs of the locally present spe-
cies [76].

Finally, TBEV was detected from ticks removed from both
cats and dogs. The prevalence rates observed in the current
study were similar to rates reported from questing ticks in
Finland [50, 52, 67], but somewhat higher than those reported
recently from ticks removed from dogs and cats at veterinary
clinics in Finland [6]. While the prevalence of TBEV is quite
low and occurrence highly focal, the high numbers of tick
encounters for cats and dogs increase the chances of exposure
to the virus, with chances further amplified by increasing tick
densities. In addition to increasing tick numbers, novel TBEV
foci have been reported from Finland during the past few dec-
ades, including from within the capital region, where human
and canine activity is high [37, 38]. With more ticks and TBEV
foci, the exposure rates of dogs and cats to infected ticks are
likely to keep increasing. While TBE is apparently asymptom-
atic in cats, even fatal cases have been reported for dogs [40].
Consequently, efforts to increase tick knowledge among the
public and to protect dogs from ticks need to be continued.

5. Conclusions

This study shows that dogs and cats in Finland are frequently
exposed to ticks carrying TBPs capable of causing infections.
Furthermore, Borrelia spp. appear to be present in all the areas
with the highest human and pet activity, indicating that most
pets making outdoor visits in Finland are under risk of Borrelia
infection. Future work should encompass the identification of
detected pathogens to the species level in order to, for example,
identify potential novel threats. As the risk of TBDs may be
expected to continue to rise due to thewarming climate, further
efforts should be undertaken to increase tick knowledge and
awareness among pet owners, including by highlighting that
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there is a tangible risk of tick exposure up to roughly 66°
northern latitude. Likewise, methods for protecting the animals
from ticks should be promoted and further developed. Finally,
the ticks removed from dogs and cats were almost exclusively
adult ticks, despite juvenile life stages being more numerous in
nature. This raises questions about the ability of dogs and cats
to successfully feed and disperse juvenile ticks. The contribu-
tion of dogs and cats in the upkeep of tick populations requires
further study, particularly in urban areas where these animals
may visit specific green spaces several times daily, giving
engorged ticks ample opportunities to return to nature.

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declare no conflicts of interest.

Funding

This research was supported by Suomen Kulttuurirahasto, Maj
ja Tor Nesslingin Säätiö, and Jane ja Aatos Erkon Säätiö.

Acknowledgments

We thank Roosa Lassila and Satu Kylänpää for their help with
laboratory work and Maija Lamppu for handling and identifi-
cation of crowdsourced tick samples. Likewise, we are
extremely grateful to the thousands of citizens who sent us ticks
during the tick collection campaign.

Supporting Information

Additional supporting information can be found online in
the Supporting Information section. (Supporting Information)
Table S1. Nymph samples (n= 67) positive for screened patho-
gens with prevalence and 95% confidence limits. Table S2.
Numbers of positive samples and prevalence rates (with 95%
confidence limits) of different pathogens in ticks removed from
dogs and cats on the administrative region level. See Figure 1
for geographical locations of administrative regions.

References

[1] A. R. Marques, F. Strle, and G. P. Wormser, “Comparison of
Lyme Disease in the United States and Europe,” Emerging
Infectious Diseases 27, no. 8 (2021): 2017–2024.

[2] N. Watts, M. Amann, N. Arnell, et al., “The 2018 Report of the
Lancet Countdown on Health and Climate Change: Shaping
the Health of Nations for Centuries to Come,” The Lancet 392,
no. 10163 (2018): 2479–2514.

[3] E. Sajanti, M. Virtanen, O. Helve, et al., “Lyme Borreliosis in
Finland, 1995–2014,” Emerging Infectious Diseases 23, no. 8
(2017): 1282–1288.

[4] M. Laaksonen, E. Sajanti, J. J. Sormunen, et al., “Crowdsour-
cing-Based Nationwide Tick Collection Reveals the Distribution

of Ixodes ricinus and I. persulcatus and Associated Pathogens in
Finland,” Emerging Microbes & Infections 6, no. 1 (2017): 1–7.

[5] J. J. Sormunen, N. Kulha, T. Y. Alale, T. Klemola,
I. E. Sääksjärvi, and E. J. Vesterinen, “For the People by the
People: Citizen Science Web Interface for Real-Time Monitor-
ing of Tick Risk Areas in Finland,” Ecological Solutions and
Evidence 4, no. 4 (2023): e12294.

[6] F. Zakham, E. M. Korhonen, P. T. Puonti, et al., “Molecular
Detection of Pathogens From Ticks Collected From Dogs and
Cats at Veterinary Clinics in Finland,” Parasites & Vectors 16,
no. 1 (2023): 1–10.

[7] J. J. Sormunen, T. Andersson, J. Aspi, et al., “Monitoring of
Ticks and Tick-Borne Pathogens Through a Nationwide
Research Station Network in Finland,” Ticks and Tick-Borne
Diseases 11, no. 5 (2020): 101449.

[8] J. J. Sormunen, N. Kulha, T. Klemola, S. Mäkelä, E.-M. Vesilahti,
and E. J. Vesterinen, “Enhanced Threat of Tick-Borne Infections
Within Cities? Assessing Public Health Risks Due to Ticks in
Urban Green Spaces in Helsinki, Finland,” Zoonoses and Public
Health 67, no. 7 (2020): 823–839.

[9] M. Laaksonen, T. Klemola, E. Feuth, et al., “Tick-Borne Pathogens
in Finland: Comparison of Ixodes ricinus and I. persulcatus in
Sympatric and Parapatric Areas,” Parasites & Vectors 11, no. 1
(2018): 556.

[10] J. J. Sormunen, T. Klemola, J. Hänninen, et al., “The Importance
of Study Duration and Spatial Scale in Pathogen Detection—
Evidence From a Tick-Infested Island,” Emerging Microbes &
Infections 7, no. 1 (2018): 1–11.

[11] J. J. Sormunen, R. Penttinen, T. Klemola, et al., “Tick-Borne
Bacterial Pathogens in Southwestern Finland,” Parasites &
Vectors 9, no. 1 (2016): 1–10.

[12] V.-M. Pakanen, J. J. Sormunen, E. Sippola, D. Blomqvist, and
E. R. Kallio, “Questing Abundance of Adult Taiga Ticks Ixodes
persulcatus and Their Borrelia Prevalence at the North-
Western Part of Their Distribution,” Parasites & Vectors 13,
no. 1 (2020): 1–9.

[13] R. K. Straubinger, A. F. Straubinger, B. A. Summers,
R. H. Jacobson, and H. N. Erb, “Clinical Manifestations,
Pathogenesis, and Effect of Antibiotic Treatment on Lyme
Borreliosis in Dogs,” Wiener Klinische Wochenschrift 110,
no. 24 (1998): 874–881.

[14] C. Tørnqvist-Johnsen, S. A. Dickson, K. Rolph, et al., “First
Report of Lyme Borreliosis Leading to Cardiac Bradydysr-
hythmia in Two Cats,” Journal of Feline Medicine and Surgery
Open Reports 6, no. 1 (2020): 2055116919898292.

[15] H. A. T. Goossens, A. E. van den Bogaard, and
M. K. E. Nohlmans, “Dogs as Sentinels for Human Lyme
Borreliosis in The Netherlands,” Journal of Clinical Microbiol-
ogy 39, no. 3 (2001): 844–848.

[16] B. Gerber, K. Haug, S. Eichenberger, C. E. Reusch, and
M. M.Wittenbrink, “Follow-Up of BerneseMountainDogs and
Other Dogs With Serologically Diagnosed Borrelia burgdorferi
Infection: What Happens to Seropositive Animals?” BMC
Veterinary Research 5, no. 1 (2009): 1–8.

[17] C. Pérez Vera, S. Kapiainen, S. Junnikkala, K. Aaltonen,
T. Spillmann, and O. Vapalahti, “Survey of Selected Tick-Borne
Diseases in Dogs in Finland,” Parasites & Vectors 7, no. 1
(2014): 1–9.

[18] T. Klemola, J. J. Sormunen, J. Mojzer, S. Mäkelä, and
E. J. Vesterinen, “High Tick Abundance and Diversity of
Tick-Borne Pathogens in a Finnish City,” Urban Ecosystems
22, no. 5 (2019): 817–826.

12 Transboundary and Emerging Diseases

 tbed, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/5574554 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1155/tbed/5574554


[19] J. J. Sormunen, S. Kylänpää, E. Sippola, et al., “There Goes the
Neighbourhood—A Multi-City Study Reveals Ticks and Tick-
Borne Pathogens Commonly Occupy Urban Green Spaces,”
Zoonoses and Public Health 72, no. 3 (2025): 313–323.

[20] M. G. Pennisi, R. Hofmann-Lehmann, A. D. Radford, et al.,
“Anaplasma, Ehrlichia and Rickettsia Species Infections in
Cats: European Guidelines From the ABCD on Prevention
and Management,” Journal of Feline Medicine and Surgery 19,
no. 5 (2017): 542–548.

[21] N. Król, A. Obiegala, M. Pfeffer, E. Lonc, and D. Kiewra,
“Detection of Selected Pathogens in Ticks Collected From Cats
and Dogs in the Wrocław Agglomeration, South-West
Poland,” Parasites & Vectors 9, no. 1 (2016): 1–7.

[22] R. Cocco, G. Sanna, M. G. Cillara, et al., “Ehrlichiosis and
Rickettsiosis in a Canine Population of Northern Sardinia,”
Annals of the New York Academy of Sciences 990, no. 1 (2003):
126–130.

[23] J. J. Sormunen, R. Penttinen, T. Klemola, E. J. Vesterinen, and
J. Hänninen, “Anaplasma phagocytophilum in Questing Ixodes
ricinus Ticks in Southwestern Finland,” Experimental and
Applied Acarology 70, no. 4 (2016): 491–500.

[24] S. E. Little, “Ehrlichiosis and Anaplasmosis in Dogs and Cats,”
Veterinary Clinics of North America: Small Animal Practice 40,
no. 6 (2010): 1121–1140.

[25] H. M. Heikkilä, A. Bondarenko, A. Mihalkov, K. Pfister, and
T. Spillmann, “Anaplasma phagocytophilum Infection in a
Domestic Cat in Finland: Case Report,” Acta Veterinaria
Scandinavica 52, no. 1 (2010): 1–5.

[26] C. Silaghi, R. Beck, J. A. Oteo, M. Pfeffer, and H. Sprong,
“Neoehrlichiosis: An Emerging Tick-Borne Zoonosis Caused
by, Candidatus, Neoehrlichia mikurensis,” Experimental and
Applied Acarology 68, no. 3 (2016): 279–297.

[27] A. Portillo, P. Santibáñez, A. M. Palomar, S. Santibáñez, and
J. A. Oteo, “’Candidatus Neoehrlichia mikurensis’ in Europe,”
New Microbes and New Infections 22 (2018): 30–36.

[28] P. P. V. P. Diniz, B. S. Schulz, K. Hartmann, and
E. B. Breitschwerdt, “Candidatus Neoehrlichia mikurensis,
Infection in a Dog From Germany,” Journal of Clinical
Microbiology 49, no. 5 (2011): 2059–2062.

[29] R. Hofmann-Lehmann, N. Wagmann, M. L. Meli, et al.,
“Detection of “Candidatus Neoehrlichia mikurensis” and Other
Anaplasmataceae and Rickettsiaceae in Canidae in Switzerland
and Mediterranean Countries,” Schweiz Arch Tierheilkd 158,
no. 10 (2016): 691–700.

[30] L. Schnittger, A. E. Rodriguez, M. Florin-Christensen, and
D. A. Morrison, “Babesia: A World Emerging,” Infection,
Genetics and Evolution 12, no. 8 (2012): 1788–1809.

[31] B. L. Penzhorn and M. C. Oosthuizen, “Babesia Species of
Domestic Cats: Molecular Characterization Has Opened
Pandora’s Box,” Frontiers in Veterinary Science 7 (2020): 134.

[32] V. Matijatko, M. Torti, and T. P. Schetters, “Canine Babesiosis
in Europe: How Many Diseases?” Trends in Parasitology 28,
no. 3 (2012): 99–105.

[33] J. Hytönen, J. Oksi, J. J. Sormunen, and O. Vapalahti,
“Kotieläimet JA Puutiaisvälitteiset Taudit,” in Kuka Pelkää
Punkkia?, (Kustannus Oy Duodecim, Helsinki, 2021).

[34] A. J. Birkenheuer, J. Buch, M. J. Beall, J. Braff, and
R. Chandrashekar, “Global Distribution of Canine Babesia Species
Identified by a Commercial Diagnostic Laboratory,” Veterinary
Parasitology, Regional Studies and Reports 22 (2020): 100471.

[35] G. Földvári, P. Široký, S. Szekeres, G. Majoros, and H. Sprong,
“Dermacentor reticulatus: A Vector on the Rise,” Parasites &
Vectors 9, no. 1 (2016): 1–29.

[36] V. Capligina, M. Seleznova, S. Akopjana, et al., “Large-Scale
Countrywide Screening for Tick-Borne Pathogens in Field-
Collected Ticks in Latvia During 2017–2019,” Parasites &
Vectors 13, no. 1 (2020): 1–12.

[37] R. Uusitalo, M. Siljander, T. Dub, et al., “Modelling Habitat
Suitability for Occurrence of Human Tick-Borne Encephalitis
(TBE) Cases in Finland,” Ticks and Tick-Borne Diseases 11,
no. 5 (2020): 101457.

[38] T. Smura, E. Tonteri, A. Jääskeläinen, et al., “Recent Establishment
of Tick-Borne Encephalitis FociWithDistinct Viral Lineages in the
Helsinki Area, Finland,” Emerging Microbes & Infections 8, no. 1
(2019): 675–683.

[39] L. Levanov, C. P. Vera, and O. Vapalahti, “Prevalence Estimation
of Tick-Borne Encephalitis Virus (TBEV) Antibodies in Dogs
From Finland Using Novel Dog Anti-TBEV IgG MAb-Capture
and IgG Immunofluorescence Assays Based on Recombinant
TBEV Subviral Particles,” Ticks and Tick-Borne Diseases 7, no. 5
(2016): 979–982.

[40] C. Kleeb, L. Golini, K. Beckmann, P. Torgerson, and F. Steffen,
“Canine Tick-Borne Encephalitis: Clinical Features, Survival
Rate and Neurological Sequelae: A Retrospective Study of 54
Cases (1999–2016),” Frontiers in Veterinary Science 8 (2021):
782044.

[41] S. Roelandt, P. Heyman, M. De Filette, et al., “Tick-Borne
Encephalitis Virus Seropositive Dog Detected in Belgium:
Screening of the Canine Population as Sentinels for Public
Health,” Vector-Borne and Zoonotic Diseases 11, no. 10 (2011):
1371–1376.

[42] M. Pfeffer and G. Dobler, “Tick-Borne Encephalitis Virus in
Dogs—Is This an Issue?” Parasites & Vectors 4, no. 1 (2011):
1–8.

[43] K. M. Paulsen, C. G. das Neves, E. G. Granquist, et al.,
“Cervids as Sentinel-Species for Tick-Borne Encephalitis Virus
in Norway—A Serological Study,” Zoonoses and Public Health
67, no. 4 (2020): 342–351.

[44] N. Kiran, I. Brila, T. Mappes, et al., “Effects of Rodent
Abundance on Ticks and Borrelia: Results From an
Experimental and Observational Study in an Island System,”
Parasites & Vectors 17, no. 1 (2024): 157.

[45] F. Zakham, A. J. Jääskeläinen, J. Castrén, et al., “Molecular
Detection and Phylogenetic Analysis of Borrelia miyamotoi
Strains From Ticks Collected in the Capital Region of Finland,”
Ticks and Tick-Borne Diseases 12, no. 2 (2021): 101608.

[46] J. Junttila, R. Tanskanen, and J. Tuomi, “Prevalence of Borrelia
burgdorferi in Selected Tick Populations in Finland,” Scandina-
vian Journal of Infectious Diseases 26, no. 3 (1994): 349–355.

[47] J. Junttila, M. Peltomaa, H. Soini, M. Marjamäki, and
M. K. Viljanen, “Prevalence of Borrelia burgdorferi in Ixodes
ricinus Ticks in Urban Recreational Areas of Helsinki,”
Journal of Clinical Microbiology 37, no. 5 (1999): 1361–1365.

[48] J. Mäkinen, I. Vuorinen, J. Oksi, M. Peltomaa, Q. He, and
M. Marjamäki, “Prevalence of Granulocytic Ehrlichia and
Borrelia burgdorferi Sensu Lato in Ixodes ricinus Ticks Collected
From Southwestern Finland and FromVormsi Island in Estonia,”
APMIS 111, no. 2 (2003): 355–362.

[49] X. Han, M. Aho, S. Vene, M. Peltomaa, A. Vaheri, and
O. Vapalahti, “Prevalence of Tick-Borne Encephalitis Virus in
Ixodes ricinus Ticks in Finland,” Journal of Medical Virology 64,
no. 1 (2001): 21–28.

[50] A. E. Jääskeläinen, T. Tikkakoski, N. Y. Uzcátegui, A. N. Alekseev,
A. Vaheri, and O. Vapalahti, “Siberian Subtype Tickborne
Encephalitis Virus, Finland,” Emerging Infectious Diseases 12,
no. 10 (2006): 1568–1571.

Transboundary and Emerging Diseases 13

 tbed, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/5574554 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



[51] A. N. Alekseev, H. V. Dubinina, A. E. Jääskeläinen,
O. Vapalahti, and A. Vaheri, “First Report on Tick-Borne
Pathogens and Exoskeletal Anomalies in, Ixodes persulcatus,
Schulze (Acari: Ixodidae) Collected in Kokkola Coastal
Region, Finland,” International Journal of Acarology 33, no. 3
(2007): 253–258.

[52] A. Jääskeläinen, E. Tonteri, I. Pieninkeroinen, et al., “Siberian
Subtype Tick-Borne Encephalitis Virus in Ixodes ricinus in a
Newly Emerged Focus, Finland,” Ticks and Tick-Borne
Diseases 7, no. 1 (2016): 216–223.

[53] J. J. Sormunen, J. Mänttäri, E. J. Vesterinen, and T. Klemola,
“BloodMeal Analysis Reveals Sources of Tick-Borne Pathogens
and Differences in Host Utilization of Juvenile Ixodes ricinus
Across Urban and Sylvatic Habitats,” Zoonoses and Public
Health 71, no. 4 (2024): 442–450.

[54] J. W. Courtney, L. M. Kostelnik, N. S. Zeidner, and
R. F. Massung, “Multiplex Real-Time PCR for Detection of
Anaplasma phagocytophilum and Borrelia burgdorferi,” Journal
of Clinical Microbiology 42, no. 7 (2004): 3164–3168.

[55] A. Albert and J. A. Anderson, “On the Existence of Maximum
Likelihood Estimates in Logistic Regression Models,” Biome-
trika 71, no. 1 (1984): 1–10.

[56] J. Gray, G. Stanek, M. Kundi, and E. Kocianova, “Dimensions
of Engorging Ixodes ricinus as a Measure of Feeding
Duration,” International Journal of Medical Microbiology
295, no. 8 (2005): 567–572.

[57] J. Probst, A. Springer, and C. Strube, “Year-Round Tick
Exposure of Dogs and Cats in Germany and Austria: Results
From a Tick Collection Study,” Parasites & Vectors 16, no. 1
(2023): 70.

[58] J. J. Fourie, A. Evans, M. Labuschagne, et al., “Transmission of
Anaplasma phagocytophilum (Foggie, 1949) by Ixodes ricinus
(Linnaeus, 1758) Ticks Feeding on Dogs and Artificial
Membranes,” Parasites & Vectors 12, no. 1 (2019): 1–10.

[59] M. J. Cook, “Lyme Borreliosis: A Review of Data on
Transmission Time After Tick Attachment,” International
Journal of General Medicine (2014): 1–8.

[60] J. J. Sormunen, T. Klemola, E. J. Vesterinen, I. Vuorinen,
J. Hytönen, and J. Hänninen, “Assessing the Abundance,
Seasonal Questing Activity, and Borrelia and Tick-Borne
Encephalitis Virus (TBEV) Prevalence of Ixodes ricinus Ticks
in a Lyme Borreliosis Endemic Area in Southwest Finland,”
Ticks and Tick-Borne Diseases 7, no. 1 (2016): 208–215.

[61] I. Uspensky, The Taiga Tick Ixodes persulcatus (Acari:
Ixodidae), the Main Vector of Borrelia burgdorferi Sensu Lato
in Eurasia, Lyme Disease (SMGroup, Dove, 2016).

[62] M. Collini, F. Albonico, R. Rosà, et al., “Identification of Ixodes
ricinus Blood Meals Using an Automated Protocol With High
Resolution Melting Analysis (HRMA) Reveals the Importance
of Domestic Dogs as Larval Tick Hosts in Italian Alpine
Forests,” Parasites & Vectors 9, no. 1 (2016): 1–10.

[63] A. Mysterud, C. Hügli, and H. Viljugrein, “Tick Infestation on
Medium-Large-Sized Mammalian Hosts: Are All Equally
Suitable to Ixodes ricinus Adults?” Parasites & Vectors 14,
no. 1 (2021): 254.

[64] A. Mysterud, I. L. Hatlegjerde, and O. J. Sørensen, “Attach-
ment Site Selection of Life Stages of Ixodes ricinus Ticks on a
Main Large Host in Europe, the Red Deer (Cervus elaphus),”
Parasites & Vectors 7 (2014): 1–5.

[65] G. Carpi, L. Bertolotti, E. Pecchioli, F. Cagnacci, and A. Rizzoli,
“Anaplasma phagocytophilum groEL Gene Heterogeneity in
Ixodes ricinus Larvae Feeding on Roe Deer in Northeastern

Italy,” Vector-Borne and Zoonotic Diseases 9, no. 2 (2009):
179–184.

[66] N. D. Fabri, H. Sprong, T. R. Hofmeester, et al., “Wild Ungulate
Species Differ in Their Contribution to the Transmission of
Ixodes ricinus-Borne Pathogens,” Parasites & Vectors 14, no. 1
(2021): 1–15.

[67] A. E. Jääskeläinen, T. Sironen, G. B. Murueva, et al., “Tick-
Borne Encephalitis Virus in Ticks in Finland, Russian Karelia
and Buryatia,” Journal of General Virology 91, no. 11 (2010):
2706–2712.

[68] M. Wächter, M. Pfeffer, N. Schulz, et al., “Seroprevalence of
Spotted Fever Group Rickettsiae in Dogs in Germany,” Vector-
Borne and Zoonotic Diseases 15, no. 3 (2015): 191–194.

[69] I. Schäfer and B. Kohn, “Anaplasma phagocytophilum Infection
in Cats: A Literature Review to Raise Clinical Awareness,”
Journal of Feline Medicine and Surgery 22, no. 5 (2020): 428–
441.

[70] S. Kapiainen, “The Prevalence of Anaplasma phagocytophilum
in Finnish Dogs,” Licentiate Thesis (2016), University of
Helsinki, Faculty of Veterinary Medicine, Department of
Equine and Small Animal Medicine.

[71] J. E. A. Mäkitaipale, “Anaplasma phagocytophilum-Tartunta
Koiralla: Kaksi Tapausselostusta,” Suomen Eläinlääkärilehti
117 (2011): 227–232.

[72] U. Hohenthal, J. Tikkala, V. Rinne, et al., “Clinical Picture and
Outcome of the First Identified Case of Human Neoehrlichia
mikurensis Infection in Finland,” Ticks and Tick-Borne
Diseases 16, no. 1 (2025): 102395.

[73] L. Solano-Gallego and G. Baneth, “Babesiosis in Dogs and Cats
—Expanding Parasitological and Clinical Spectra,” Veterinary
Parasitology 181, no. 1 (2011): 48–60.

[74] L. Solano-Gallego, Á. Sainz, X. Roura, A. Estrada-Peña, and
G. Miró, “A Review of Canine Babesiosis: The European
Perspective,” Parasites & Vectors 9, no. 1 (2016): 1–18.

[75] A. Bajer, M. Kowalec, V. A. Levytska, et al., “Tick-Borne
Pathogens, Babesia spp ada Borrelia burgdorferi s.l., in Sled and
Companion Dogs From Central and North-Eastern Europe,”
Pathogens (Basel, Switzerland) 11, no. 5 (2022): 499.

[76] S. N. Karshima, M. N. Karshima, and M. I. Ahmed, “Animal
Reservoirs of Zoonotic Babesia Species: A Global Systematic
Review and Meta-Analysis of Their Prevalence, Distribution
and Species Diversity,” Veterinary Parasitology 298 (2021):
109539.

14 Transboundary and Emerging Diseases

 tbed, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/5574554 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Ticks and Tick-Borne Pathogens Encountered by Dogs and Cats: A North European Perspective
	1. Introduction
	2. Materials and Methods
	2.1. Tick Data
	2.2. Laboratory Analyses
	2.3. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Data Availability Statement
	Conflicts of Interest
	Funding
	Acknowledgments
	Supporting Information
	References




