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Abstract 

Background: Lyme borreliosis and other tick-borne diseases emerge from increased interactions between humans, 
other animals, and infected ticks. The risk of acquiring a tick-borne infection varies across space and time, so knowl-
edge of the occurrence and prevalence of pathogens in ticks can facilitate disease diagnosis in a specific area and the 
implementation of mitigation measures and awareness campaigns. Here we identify the occurrence and prevalence 
of several pathogens in Ixodes ricinus ticks in Wester Ross, Northwest Scotland, a region of high tourism and tick expo-
sure, yet data-poor in terms of tick-borne pathogens.

Methods: Questing I. ricinus nymphs (n = 2828) were collected from 26 sites in 2018 and 2019 and tested for the 
presence of tick-borne pathogens using PCR-based methods. Prevalence was compared with other regions of Scot-
land, England, Wales, and the Netherlands.

Results: Anaplasma phagocytophilum (4.7% prevalence), Borrelia burgdorferi sensu lato (s.l.) (2.2%), Babesia from clade 
X (0.2%), Rickettsia helvetica (0.04%), and Spiroplasma ixodetis (0.4%) were detected, but no Neoehrlichia mikurensis, 
Borrelia miyamotoi, or Babesia microti. Typing of A. phagocytophilum using a fragment of the GroEL gene identified the 
presence of both ecotype I and ecotype II. Genospecies identification of Borrelia burgdorferi s.l. revealed B. afzelii (53% 
of infected nymphs), B. garinii (9%), B. burgdorferi sensu stricto (7%), and B. valaisiana (31%). We found similar preva-
lence of A. phagocytophilum in Wester Ross as in the Netherlands, but higher than in other parts of Great Britain. We 
found lower B. burgdorferi s.l. prevalence than in England or the Netherlands, and similar to some other Scottish stud-
ies. We found higher prevalence of B. valaisiana and lower prevalence of B. garinii than in other Scottish studies. We 
found S. ixodetis at much lower prevalence than in the Netherlands, and R. helvetica at much lower prevalence than in 
England and the Netherlands.

Conclusions: As far as we know, this is the first description of S. ixodetis in Great Britain. The results are relevant for 
disease surveillance and management for public and veterinary health. The findings can also aid in designing tar-
geted public health campaigns and in raising awareness among outdoor recreationists and professionals.

Keywords: Lyme borreliosis, Anaplasmosis, Hard tick-borne relapsing fever, Tick-borne diseases, One Health, Cross-
sectional study
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Background
Ixodes ricinus is the most abundant and widespread tick 
species in Europe [1] and, as a generalist feeder, transmits 
multiple pathogens of medical and veterinary importance 
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[2]. The primary public health concerns are Lyme borreli-
osis, caused by Borrelia burgdorferi sensu lato (s.l.) infec-
tion, and tick-borne encephalitis (TBE), both of which 
have increased in incidence in several European coun-
tries in recent decades [3–7]. TBE virus was detected in 
the UK (England) for the first time in 2018 [8].

Ixodes ricinus also transmits other pathogens, includ-
ing Anaplasma phagocytophilum, Borrelia miyamo-
toi, Neoehrlichia mikurensis, Rickettsia helvetica, 
Spiroplasma ixodetis, and several Babesia species. These 
are currently the key known pathogens that can cause 
disease in livestock, wild animals, and/or humans [9, 
10]. Although the number of studies describing human 
infections involving these other tick-borne pathogens is 
increasing, their incidence is largely unknown, awareness 
is low, and adequate diagnostic modalities are often lack-
ing in routine settings [10, 11].

Information on the geographical distribution and prev-
alence of pathogens in ticks helps to evaluate the risk of 
exposure through tick bites and, consequently, the risk 
of disease. This raises awareness of the appropriate tick-
borne pathogens in areas of risk and can contribute to 
prevention, identification, diagnosis, and treatment of 
these diseases in humans and animals. This is particularly 
relevant to regions where the pathogens, and hence the 
accompanying diseases, are currently considered absent 
due to the lack of data on the presence and prevalence of 
these pathogens in ticks. For example, soon after becom-
ing aware of the presence of B. miyamotoi and TBE virus 
in questing ticks in the Netherlands, local health profes-
sionals identified the first cases of hard tick-borne relaps-
ing fever and TBE in human patients and could thus 
administer appropriate treatment [12, 13]. Awareness, 
accurate diagnosis, and hence treatment of a disease can 
therefore depend on the knowledge of the local presence 
of the pathogen in the environment.

One region in Europe that is data-deficient in terms 
of these emerging pathogens is Northwest Scotland. 
It is an area of potential high relevance to tick-borne 
pathogens, as it has high tick host populations, both 
wild, such as deer and small mammals, and livestock, 
especially sheep [14]. Northwest Scotland, including 
the Wester Ross area, is a sparsely populated region 
that has long been visited by tourists and is still grow-
ing in popularity. In 2019, 12 million visitors visited the 
Scottish Highlands [15], and Wester Ross is one of the 
most popular destinations in the Highlands, thanks to 
its dramatic mountain scenery and beaches. Many visi-
tors engage in recreational outdoor activities that have 
potentially high exposure to ticks. Moreover, woodland 
expansion is being actively encouraged by government 
policies and supporting subsidies, and this is resulting 
in land cover changes [16] with potential consequences 

for the populations of ticks, their hosts, and hence the 
prevalence of tick-borne pathogens. We therefore con-
sider Northwest Scotland to be of interest in view of the 
potential health concerns arising from disease caused 
by exposure to tick-borne pathogens.

The aim of this study is to provide a first assessment 
of the presence of a range of pathogens in questing I. 
ricinus ticks from Wester Ross, including a prelimi-
nary estimate of their prevalence. Specifically, we aim 
to test I. ricinus for the presence of A. phagocytophi-
lum, B. burgdorferi s.l., B. miyamotoi, N. mikurensis, R. 
helvetica, S. ixodetis, Ba. microti, and Babesia species 
from clade X, formerly known as Babesia sensu stricto 
(s.s.) [17–19]. Samples positive for A. phagocytophilum, 
B. burgdorferi s.l., and Babesia species from clade X are 
further specified to the ecotype, genospecies, and spe-
cies level, respectively. Importantly, we place these new 
presence and prevalence data in context by compar-
ing them with previously published and other unpub-
lished data from other regions of Scotland, England and 
Wales, and the Netherlands, as an example from conti-
nental Europe.

Methods
Tick collection
Ticks were collected from 26 sites in Wester Ross in 
Northwest Scotland, United Kingdom (57°24′–57°42′ N, 
5°–5°54′ W), in 2018 and 2019 (Fig.  1). The four habi-
tats of the sites were young Scots pine (Pinus sylvestris) 
woodlands (15–20  years old), mature Scots pine wood-
lands (minimum 50  years old), mature birch (Betula 
spp.) woodlands, and open moorland sites dominated by 
heather (Calluna and Erica spp.). A total of 2828 quest-
ing I. ricinus ticks (69 adult females, 72 adult males, and 
2687 nymphs) were collected using the blanket drag/
cloth lure method and kept for analysis in Eppendorf 
vials containing 70% ethanol. Previous studies have con-
firmed that 100% of the ticks identified from blanket 
drags in Scotland, including the Northwest region, are 
I. ricinus: in woodland sites across Scotland including 
Northwest Scotland, 2000 questing nymphs identified to 
species level were I. ricinus [20], in two studies carried 
out in the Northeast region of Scotland, 2500 and 1000 
nymphs, respectively, identified to species level were I. 
ricinus [21], and in the North of Scotland, 4383 questing 
ticks (2700 larvae, 1550 nymphs, and 133 adults) identi-
fied were I. ricinus [22]. Therefore, we assumed that all 
ticks counted were I. ricinus. All the 2828 questing ticks 
were used for molecular analysis. For detailed informa-
tion on the geographical location, land cover type, and 
times of data collection on the sites, see Fig. 1 and Addi-
tional file 1.



Page 3 of 11Olsthoorn et al. Parasites Vectors          (2021) 14:430  

Pathogen identification
Ticks were kept in Eppendorf vials filled with 70% etha-
nol until return from the field. All ticks (n = 2828) were 
then washed in distilled water, briefly dried, separated 
individually into polymerase chain reaction (PCR) plates, 
and kept at –20  °C until DNA extraction. All ticks were 
extracted with ammonium hydroxide as described pre-
viously [23]. The ticks were analysed individually for the 
presence of tick-borne pathogens with different (multi-
plex) real-time PCR (qPCR) protocols, based on various 
target genes, as described: B. burgdorferi s.l. [24], B. miy-
amotoi [13], N. mikurensis [25], A. phagocytophilum [26, 
27], Babesia microti [28], S. ixodetis [28], R. helvetica [29], 
and Babesia spp. from clade X, which has been designed 
to detect Ba. divergens, Ba. venatorum (formerly called 
EU1-3), Ba. capreoli and Ba. odocoilei [30]. Samples posi-
tive for B. burgdorferi s.l. were subjected to conventional 
PCR and Sanger sequencing of the intergenic spacer 

region for genospecies identification [31]. Samples posi-
tive for A. phagocytophilum were subjected to conven-
tional PCR and Sanger sequencing of a fragment of the 
GroEL region for ecotyping [32]. All qPCRs were carried 
out on a LightCycler 480 (Roche Diagnostics Nederland 
B.V., Almere, the Netherlands) in a final volume of 20 μl 
with iQ Multiplex Powermix, 3 μl of sample, and 0.2 μM 
for all primers and different concentrations for probes 
[33]. Positive controls and negative water controls were 
used on every plate tested. To minimise contamination 
and false-positive samples, the DNA extraction, PCR mix 
preparation, sample addition, and qPCR analyses were 
performed in separate air-locked dedicated labs.

We could not test for the presence of tick-borne viruses 
such as TBE virus and Louping ill virus, as this would 
have required a more expensive and labour-intensive 
sampling strategy and testing procedure.

Fig. 1 Geographical locations of the sites used for tick collection in Wester Ross, Northwest Scotland. The map was created using the free and open 
source QGIS 3.8. The location of the sites was recorded with a handheld GPS, the shapefile of the United Kingdom was obtained from Runfola D, 
Anderson A, Baier H, Crittenden M, Dowker E, Fuhrig S, et al. (2020) geoBoundaires: A global database of political administrative boundariies. PLoS 
ONE 15(4)
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Comparison with other regions
We sourced data from different studies to compare the 
presence and prevalence of the tested pathogens in 
questing I. ricinus from Wester Ross, Northwest Scot-
land, with those in other regions of Scotland, England 
and Wales, and the Netherlands [28] as an example from 
mainland Europe. A previously unpublished dataset from 
26 sites in Scotland (Grampian and Inverness-shire) was 
also used for prevalence of B. burgdorferi s.l., A. phago-
cytophilum, and Babesia species from clade X (Gilbert 
and Rocchi, unpublished data). For additional B. burg-
dorferi prevalence in Scotland and for the prevalence of 
all the pathogens in England and Wales, data from pub-
lished studies were used [21, 25, 34–43]. The ticks from 
the Netherlands and the ticks from Wester Ross were 
analysed with the same molecular methods in the same 
laboratory, following the methods described above, 
allowing direct comparison of the prevalence. Note that 
the prevalence from the published literature [21, 25, 34–
37, 40–43] and unpublished data from Gilbert and Roc-
chi were derived using slightly different DNA extraction 
and PCR protocols, which may have slightly different 
specificities and sensitivities, so direct comparisons are 
undertaken with that caveat in mind. Gilbert and Rocchi 
(unpublished) used the following techniques: DNA from 
nymphs (pools of three) was extracted using a KingFisher 
Flex magnetic particle processor (Thermo Scientific) and 
a MagMAX CORE nucleic acid purification kit (Thermo 
Fisher). Anaplasma phagocytophilum and B. burgdorferi 
s.l. nucleic acids were subjected to specific TaqMan RT-
PCR [26], which is the same method used for A. phago-
cytophilum [26] but different from B. burgdorferi s.l. in 
our Wester Ross ticks [24]. Babesia spp. DNA was ampli-
fied according to Hilpershauser et  al. (2020) [44]. Posi-
tive samples were Sanger-sequenced (Eurofins MWG) 
and analysed using DNAStar Lasergene (version 15), and 
sequences were compared against the BLAST repository 
(https:// blast. ncbi. nlm. nih. gov/ Blast. cgi) to obtain para-
site speciation. Prevalence estimates of nymphs assumed 
that a positive pool resulted from one positive nymph, i.e. 
the number of positive pools divided by the number of 
nymphs tested for each site. The overall prevalence for 
each pathogen cited in the results from the Gilbert and 
Rocchi data was the mean of all the site-level prevalence 
values.

Results
We detected the following pathogens tested in the 2828 
questing I. ricinus ticks from Wester Ross, from highest 
to lowest prevalence: A. phagocytophilum (4.7% preva-
lence; 132/2828), B. burgdorferi s.l. (2.2%; 63/2828), S. 
ixodetis (0.4%; 12/2828), Babesia spp. from clade X (0.2%; 
5/2828), and R. helvetica (0.04%; 1/2828). See Additional 

file 1 for more details. Of the Anaplasma-positive ticks, 
86% (80/93) were identified as the zoonotic ecotype I and 
14% (13/93) as the non-zoonotic ecotype II. Four geno-
species of B. burgdorferi s.l. were detected in the fol-
lowing proportions of positive nymphs: B. afzelii (53%, 
24/63), B. valaisiana (31%, 14/63), B. garinii (9%, 4/63), 
and B. burgdorferi s.s. (7%, 3/63). Two genospecies of 
Babesia from clade X were detected, in the following pro-
portions of positive nymphs: Ba. venatorum (40%, 2/5) 
and Ba. divergens (60%, 3/5).

Comparison with other regions
The presence and prevalence of the tick-borne pathogens 
from other regions of Scotland, England and Wales, and 
the Netherlands are summarised in Table 1.

Anaplasma phagocytophilum was present at a higher 
prevalence than in studies from England, and at a similar 
prevalence as the Netherlands. We found B. burgdorferi 
s.l. prevalence to be lower than in England or the Neth-
erlands, and similar to some other Scottish studies. We 
found a higher prevalence of B. valaisiana and lower 
prevalence of B. garinii than in other studies from Scot-
land (not shown in table). We found S. ixodetis at much 
lower prevalence than in the Netherlands, and R. hel-
vetica at much lower prevalence than in England and the 
Netherlands.

Discussion
We revealed the presence of the following tick-borne 
pathogens in ticks in Wester Ross, Northwest Scotland: 
A. phagocytophilum, B. burgdorferi s.l., Babesia spe-
cies from clade X (Ba. venatorum and Ba. divergens), R. 
helvetica, and S. ixodetis, the last being the first record 
described for Great Britain. This study assessed only the 
presence of the DNA from the chosen pathogens, and 
not their viability or infectivity. However, numerous stud-
ies already implicate I. ricinus as their vector. We cannot 
assume infectiousness from PCR results, and therefore 
we cannot translate prevalence estimates of the patho-
gens to infection risk in humans.

Anaplasma phagocytophilum
The most frequently detected pathogen group was A. 
phagocytophilum, with a prevalence higher than in Eng-
land and Wales, but comparable to locations in the Neth-
erlands and elsewhere in Europe [45]. The two ecotypes, 
I and II, are known to circulate in I. ricinus [27], and we 
found both in Wester Ross. The ecotype II is probably 
non-zoonotic, and most likely maintained by roe deer 
(Capreolus capreolus), which are present at our survey 
sites in Wester Ross [46]. Anaplasma phagocytophilum 
ecotype I is probably zoonotic and can also cause disease 
in livestock. It is probably maintained in enzootic cycles 

https://blast.ncbi.nlm.nih.gov/Blast.cgi


Page 5 of 11Olsthoorn et al. Parasites Vectors          (2021) 14:430  

Ta
bl

e 
1 

Pr
ev

al
en

ce
 (P

re
v)

 ±
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s 
(C

I) 
of

 t
he

 te
st

ed
 p

at
ho

ge
ns

 a
nd

 t
he

ir 
re

sp
ec

tiv
e 

ge
no

sp
ec

ie
s 

in
 q

ue
st

in
g 

Ix
od

es
 ri

ci
nu

s 
tic

ks
 fr

om
 W

es
te

r R
os

s 
(N

or
th

w
es

t 
Sc

ot
la

nd
) a

nd
 fr

om
 o

th
er

 re
gi

on
s 

of
 S

co
tla

nd
, E

ng
la

nd
, W

al
es

, a
nd

 th
e 

N
et

he
rla

nd
s. 

Pr
es

en
ce

 (+
) o

r a
bs

en
ce

 (−
) o

f e
ac

h 
ge

no
sp

ec
ie

s 
is

 in
di

ca
te

d 
if 

de
te

ct
ed

 in
 a

t l
ea

st
 o

ne
 s

tu
dy

 
in

 e
ac

h 
re

gi
on

. W
es

te
r 

Ro
ss

 (
N

or
th

w
es

t 
Sc

ot
la

nd
) 

– 
ne

w
 d

at
a;

 O
th

er
 r

eg
io

ns
 o

f 
Sc

ot
la

nd
 –

 c
om

bi
na

tio
n 

of
 p

ub
lis

he
d 

an
d 

ne
w

 d
at

a;
 E

ng
la

nd
 a

nd
 W

al
es

 –
 p

ub
lis

he
d 

da
ta

; t
he

 
N

et
he

rla
nd

s 
– 

pu
bl

is
he

d 
da

ta

Pa
th

og
en

W
es

te
r R

os
s 

(N
or

th
w

es
t 

Sc
ot

la
nd

)

O
th

er
 re

gi
on

s 
of

 S
co

tla
nd

En
gl

an
d 

an
d 

W
al

es
Th

e 
N

et
he

rla
nd

s

Pr
ev

95
%

 C
I

Pr
ev

95
%

 C
I

Re
fe

re
nc

es
Pr

ev
95

%
 C

I
Re

fe
re

nc
es

Pr
ev

95
%

 C
I

Re
fe

re
nc

es

An
ap

la
sm

a 
ph

ag
oc

yt
op

hi
lu

m
4.

7
3.

9–
5.

5
0.

7
0.

0–
1.

6
G

ilb
er

t a
nd

 R
oc

ch
i (

un
pu

bl
.) 

(G
ra

m
-

pi
an

 a
nd

 In
ve

rn
es

s-
sh

ire
)a

2.
3

0.
68

1.
4–

3.
5

H
an

sf
or

d 
et

 a
l.2

01
5 

[3
6]

(S
ou

th
 E

ng
la

nd
)

Bo
w

n 
et

 a
l. 

20
08

 [4
1]

(K
ie

ld
er

)

5.
5

5–
6

Kr
aw

cz
yk

 e
t a

l. 
20

20
 [2

8]

Ec
ot

yp
e 

I
+

 
N

A
N

A
+

 

Ec
ot

yp
e 

II
+

 
N

A
N

A
+

 

Ec
ot

yp
e 

IV
−

N
A

N
A

+
 

Bo
rr

el
ia

 b
ur

gd
or

fe
ri 

s.l
.

2.
2

1.
7–

2.
8

5.
6

N
A

Ja
m

es
 e

t a
l.2

01
3 

[3
5]

 (m
ai

nl
y 

G
ra

m
-

pi
an

 a
nd

 In
ve

rn
es

s-
sh

ire
)

3.
9

3.
3

2.
7–

5.
5

N
A

H
an

sf
or

d 
et

 a
l.2

01
5 

[3
6]

 (S
ou

th
 

En
gl

an
d)

Be
tt

rid
ge

 e
t a

l.2
01

3 
[3

8]

13
.3

12
.6

–1
4.

1
Kr

aw
cz

yk
 e

t a
l. 

20
20

 [2
8]

5.
9

2.
9–

9.
0

G
ilb

er
t a

nd
 R

oc
ch

i (
un

pu
bl

.) 
(G

ra
m

-
pi

an
 a

nd
 In

ve
rn

es
s-

sh
ire

)a
18

.1
N

A
(N

or
th

 E
ng

la
nd

)
H

an
sf

or
d 

et
 a

l.2
01

7 
[3

7]
(S

al
is

bu
ry

)

2.
2

1.
9–

2.
6

G
an

dy
 2

02
0 

[2
2]

 (G
ra

m
pi

an
)

3.
75

N
A

H
al

l 2
01

8 
[3

9]
(L

ak
e 

D
is

tr
ic

t o
ve

ra
ll)

1.
7

1.
4–

2.
2

M
ill

in
s 

et
 a

l. 
20

16
 [3

4]
 (m

ai
nl

y 
W

es
t 

an
d 

Ce
nt

ra
l)

3.
95

3.
37

–4
.5

9
Cu

ll 
et

 a
l.2

02
1 

[4
0]

(E
ng

la
nd

 a
nd

 W
al

es
)

B.
 a

fz
el

ii
+

 
+

 
+

 
+

 

B.
 g

ar
in

ii
+

 
+

 
+

 
+

 

B.
 b

ur
gd

or
fe

ri 
s.s

.
+

 
+

 
+

 
+

 

B.
 v

al
ai

sia
na

+
 

+
 

+
 

+
 

Ba
be

sia
 c

la
de

 X
0.

2
0.

06
–0

.4
0.

6
0.

0–
1.

9
G

ilb
er

t a
nd

 R
oc

ch
i (

un
pu

bl
.) 

(G
ra

m
-

pi
an

 a
nd

 In
ve

rn
es

s-
sh

ire
)a

0
0–

0.
36

Bo
w

n 
et

 a
l.2

00
8 

[4
1]

(K
ie

ld
er

)
0.

9
0.

7–
1.

1
Kr

aw
cz

yk
 e

t a
l. 

20
20

 [2
8]

Ba
. c

ap
re

ol
i

−
N

A
N

A
+

 

Ba
. v

en
at

or
um

+
 

N
A

N
A

+
 

Ba
. o

do
co

ile
i

–
N

A
N

A
+

 

Ba
. d

iv
er

ge
ns

+
 

N
A

N
A

+
 

Ri
ck

et
ts

ia
 h

el
ve

tic
a

0.
04

0–
0.

2
N

A
N

A
N

A
3

0.
95

–8
.5

Ti
js

se
-K

la
se

n 
et

 a
l.2

01
1 

[4
2]

 (a
ll 

En
gl

an
d 

an
d 

Sc
ot

la
nd

)b
4.

2
3.

8–
4.

7
Kr

aw
cz

yk
 e

t a
l. 

20
20

 [2
8]

Sp
iro

pl
as

m
a 

ix
od

et
is

0.
4

0.
2–

0.
7

N
A

N
A

N
A

N
A

N
A

N
A

22
.9

22
–2

3.
9

Kr
aw

cz
yk

 e
t a

l. 
20

20
 [2

8]

N
eo

eh
rli

ch
ia

 m
ik

ur
en

sis
0.

0
 <

 0
.1

N
A

N
A

N
A

0
0–

0.
4

H
an

sf
or

d 
et

 a
l.2

01
5 

[3
6]

(S
ou

th
 E

ng
la

nd
)

12
.2

11
.5

–1
2.

9
Kr

aw
cz

yk
 e

t a
l. 

20
20

 [2
8]



Page 6 of 11Olsthoorn et al. Parasites Vectors          (2021) 14:430 

Sa
m

pl
e 

si
ze

s 
as

 fo
llo

w
s:

 A
na

pl
as

m
a 

ph
ag

oc
yt

op
hi

lu
m

, 1
8/

21
42

 p
os

iti
ve

 n
ym

ph
s 

fr
om

 2
6 

si
te

s;
 B

or
re

lia
 b

ur
gd

or
fe

ri 
s.l

., 
23

8/
22

64
 fr

om
 2

6 
si

te
s;

 B
ab

es
ia

 c
la

de
 X

, 2
/3

62
 fr

om
 2

2 
si

te
s

a  P
re

va
le

nc
e 

va
lu

es
 fr

om
 G

ilb
er

t a
nd

 R
oc

ch
i (

un
pu

bl
is

he
d)

 a
re

 fr
om

 n
ym

ph
s 

(p
oo

ls
 o

f t
hr

ee
), 

de
fin

ed
 a

s 
th

e 
nu

m
be

r o
f p

os
iti

ve
 p

oo
ls

 d
iv

id
ed

 b
y 

th
e 

nu
m

be
r o

f n
ym

ph
s 

te
st

ed
 p

er
 s

ite
, t

he
n 

av
er

ag
ed

 o
ve

r a
ll 

si
te

s
b  A

lth
ou

gh
 th

is
 s

tu
dy

 w
as

 p
ar

tly
 c

ar
rie

d 
ou

t i
n 

Sc
ot

la
nd

, a
ll 

Ri
ck

et
ts

ia
 h

el
ve

tic
a-

po
si

tiv
e 

tic
ks

 w
er

e 
fo

un
d 

in
 D

ev
on

, E
ng

la
nd

Ta
bl

e 
1 

(c
on

tin
ue

d)

Pa
th

og
en

W
es

te
r R

os
s 

(N
or

th
w

es
t 

Sc
ot

la
nd

)

O
th

er
 re

gi
on

s 
of

 S
co

tla
nd

En
gl

an
d 

an
d 

W
al

es
Th

e 
N

et
he

rla
nd

s

Pr
ev

95
%

 C
I

Pr
ev

95
%

 C
I

Re
fe

re
nc

es
Pr

ev
95

%
 C

I
Re

fe
re

nc
es

Pr
ev

95
%

 C
I

Re
fe

re
nc

es

0
0–

3.
13

Ja
hf

ar
i e

t a
l.2

01
2 

[2
5]

(a
ll 

En
gl

an
d 

an
d 

Sc
ot

la
nd

)

Bo
rr

el
ia

 m
iy

am
ot

oi
0.

0
 <

 0
.1

N
A

N
A

N
A

0.
4

N
A

H
an

sf
or

d 
et

 a
l.2

01
5 

[3
6]

(S
ou

th
 E

ng
la

nd
)

3
2.

6–
3.

4
Kr

aw
cz

yk
 e

t a
l. 

20
20

 [2
8]

0.
6

N
A

H
an

sf
or

d 
et

 a
l.2

01
7 

[3
7]

(S
al

is
bu

ry
)

0.
2

0.
08

–0
.3

8
Cu

ll 
et

 a
l.2

02
1[

40
]

(E
ng

la
nd

 a
nd

 W
al

es
)

Ba
be

sia
 m

ic
ro

ti
0.

0
 <

 0
.1

N
A

N
A

N
A

0
0–

0.
36

Bo
w

n 
et

 a
l.2

00
8 

[4
1]

(K
ie

ld
er

)
5.

1
4.

6–
5.

6
Kr

aw
cz

yk
 e

t a
l. 

20
20

 (2
8)



Page 7 of 11Olsthoorn et al. Parasites Vectors          (2021) 14:430  

by deer species other than roe deer [32]. In Northwest 
Scotland, red deer (Cervus elaphus) are the most com-
mon deer species, and likely to be the main natural res-
ervoir host.

Borrelia burgdorferi s.l.
The second most abundant group of tick-borne patho-
gens was B. burgdorferi s.l., with a prevalence of 2.2%. 
This prevalence is comparable to that reported in two 
of the four other large cross-sectional surveys from fur-
ther south and east in Scotland, in the Grampian region 
(2.2%) [21], and across Scotland but focussing mainly in 
West and Central Scotland (1.7%) [34]. The other two 
large-scale Scottish surveys found higher prevalence: 
5.6% from across Scotland, but mainly focussed on the 
Grampian region [35], and 5.9% from Grampian, Moray, 
and Inverness-shire (Gilbert and Rocchi, unpubl.). Stud-
ies from England and Wales showed similar prevalence 
to studies in Scotland, except in a study from Salisbury 
(South England), where the prevalence was 18.1% [37]. 
This higher figure is more comparable to the prevalence 
from the Netherlands (13.3%) and other parts of conti-
nental Western Europe (10.2%) [47].

Similarly to other studies in Scotland [21, 34, 43], the 
rodent-associated B. afzelii was the genospecies that con-
stituted most (53%) of the B. burgdorferi s.l. complex of 
spirochetes in Wester Ross.

We found that in Wester Ross, 7% of the B. burgdorferi 
s.l. complex was comprised of B. burgdorferi s.s., which is 
a similar proportion as that reported in all the large Scot-
tish surveys [21, 34, 43]. The reservoir host of B. burg-
dorferi s.s. zoonotic genospecies in Europe has not been 
firmly established, but recent studies, including from 
Scotland, suggest a dominant role for squirrels [48–50].

Interestingly, the two bird-associated genospecies, B. 
garinii and B. valaisiana, comprised markedly differ-
ent proportions in Wester Ross from those in previous 
Scottish surveys, which showed far greater proportions 
of B. garinii (18.2% [21], 28.8% [34], and 36% [43]) and 
smaller proportions of B. valaisiana (7.6% [34], 8% [43], 
and 10.7% [21]). We found the opposite trends, with 
only 9% of B. burgdorferi s.l. comprising B. garinii and 
31% comprising B. valaisiana. The habitats surveyed in 
Wester Ross (pine and birch woodlands and open moor-
land) are similar to those in the other Scottish surveys, 
and are expected to comprise similar bird species, so we 
do not know why B. valaisiana dominates in Wester Ross 
as compared to the apparent dominance of B. garinii in 
the rest of Scotland. One possible explanation is competi-
tion between the pathogens within the host or the vector, 
and/or that there is a certain amount of host specificity 
of each of the bird genospecies between bird species. 
There is some evidence that B. garinii can associate with 

squirrels [49], so perhaps there are higher squirrel densi-
ties in some of the more southern Scottish survey sites 
than in Wester Ross [51].

The genospecies composition is relevant from a pub-
lic health perspective, as different genospecies lead to 
different clinical symptoms in human Lyme disease 
patients. Borrelia afzelii is associated with a skin con-
dition, acrodermatitis chronica atrophicans (ACA), B. 
garinii with neuroborreliosis, and B. burgdorferi s.s. with 
Lyme arthritis [2, 52, 53], whereas B. valaisiana may not 
be pathogenic [54]. As we found a high percentage of B. 
afzelii, general practitioners need to be aware of ACA 
and its manifestations.

The genospecies composition is also interesting from 
an ecological perspective. Habitat is an important deter-
minant of vertebrate community composition. All the 
B. burgdorferi s.l.-positive ticks in this study were from 
mature birch and mature Scots pine woodlands, and both 
these habitat types are likely to support diverse vertebrate 
communities, but may differ in their species composition. 
The low bird-associated B. garinii prevalence suggests 
that rodents play a more important role in Lyme disease 
hazard than do birds in the study area. Further research 
on bird and rodent densities at the sites could elucidate 
the mechanisms driving the relative composition of Bor-
relia burgdorferi s.l. genospecies in Wester Ross.

Babesia species
Babesia species from clade X were detected in Wester 
Ross at a prevalence of 0.2%, compared to 0.6% in other 
regions of Scotland (Gilbert and Rocchi, unpubl.). Two 
of the four common Babesia species from I. ricinus were 
detected. The first, Ba. venatorum, has been associ-
ated with some disease cases in humans in Europe [55, 
56] and has recently been found in sheep [57] and dogs 
[58] in the UK, although the main natural vertebrate host 
for Ba. venatorum is probably roe deer in Europe [59, 
60]. Babesia divergens, the second detected genospe-
cies, is of zoonotic importance: it has several zoonotic 
reservoirs, including deer and cattle, both of which have 
high cultural and economic value in Wester Ross. It has 
been found all across Europe affecting cattle [61, 62] as 
well as humans [61, 63–65], Recently, in July 2020, the 
first human case of Ba. divergens in the UK was reported 
in Southwest England [66]. Babesia capreoli and Ba. 
odocoilei were not detected, but they are present in the 
Netherlands. No human cases have been associated with 
either of the two latter pathogens in Europe [67].

Rickettsia helvetica
We found very low prevalence (0.04%) of R. helvetica 
in Wester Ross, Northwest Scotland. This pathogen has 
previously been detected in ticks in England at a 3% 
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prevalence [42] and in several European countries at 
prevalence between 4.2% and 16.7%, including the Neth-
erlands (this study), Poland [69], Germany [70], Austria 
[71], Slovenia [72], and Spain [73], and has been the sub-
ject of several cases in humans with febrile illness and 
perimyocarditis [74–76]. It is therefore considered an 
emerging human pathogen [77]. As R. helvetica is effi-
ciently transmitted vertically in ticks (i.e. transovarial and 
trans-stadial transmission), ticks themselves can be con-
sidered as reservoirs hosts [68]. Which vertebrate hosts 
contribute most to the life cycle of R. helvetica has not be 
fully investigated yet, but the pathogen has been detected 
in bank vole, wood mouse, shrew, wild boar, and roe deer 
[68, 78, 79]. The prevalence of R. helvetica is very low, and 
one may wonder whether or how a tick-borne pathogen 
can be maintained in an enzootic cycle with such a low 
prevalence. One possible explanation is that ticks with R. 
helvetica are not maintained in a regional enzootic cycle 
but (continuously) introduced by migratory birds [80].

Spiroplasma ixodetis
We detected the relatively unknown tick-borne pathogen 
S. ixodetis (0.4% prevalence), and this is the first record 
for Great Britain. The bacterial parasite Spiroplasma 
ixodetis was first isolated from Ixodes pacificus ticks in 
the USA in 1995 [81], and it has previously been found 
in Slovakia in all active life stages of I. ricinus including 
larvae [82–84], which suggests that transmission can be 
transovarial. The role of hosts in the S. ixodetis trans-
mission cycle is unknown [28]. Several European stud-
ies have described human cases of cataract and uveitis in 
newborn babies that showed evidence of transplacental 
infection with S. ixodetis [85, 86].

Neoehrlichia mikurensis, Borrelia miyamotoi, and Babesia 
microti
Although we did not observe N. mikurensis, B. miy-
amotoi, or Ba. microti in questing nymphs from Wester 
Ross, this cannot necessarily be interpreted as a com-
plete absence of enzootic circulation of these pathogens, 
because the prevalence of some of these pathogens can 
be low, for example, 0.1% for N. mikurensis in regions 
of Denmark [87], 0.6% for Ba. microti in Poland [88] 
and 1.5% in the UK (ticks pulled from dogs) [89], and 
0.8% for B. miyamotoi in regions of Germany [90] and 
0.5% in England (Table  1). In our sample of 2828 ticks, 
a prevalence of 0.1% would mean that there would be an 
expectation of around three ticks that test positive in our 
sample size. Therefore, it could be that the pathogens are 
present but were undetected, especially if the circula-
tion of the pathogens is very localised or occurs in habi-
tats insufficiently monitored in this study. In a separate 
study, also in Wester Ross, we did find Ba. microti in one 

engorged tick pulled from a wood mouse (Apodemus syl-
vaticus) (Olsthoorn et al. unpubl.). Neoehrlichia mikuren-
sis has so far not been found in any study that tested for it 
in Great Britain [36, 37], so there is a realistic possibility 
that this pathogen is not circulating in Scotland.

We tested 8282 questing nymph and adult ticks, and it 
is possible that a tiny proportion of the ticks analysed may 
have been non-ricinus, although this is highly unlikely, as 
previous studies from Scotland identified 100% of quest-
ing ticks (9883 in total) to be I. ricinus [20–22].

Conclusions
In the first surveys of tick-borne pathogens in Northwest 
Scotland, in a region much frequented by tourists, we 
identified and quantified the prevalence of A. phagocy-
tophilum, B. burgdorferi s.l., Babesia species from clade 
X (Ba. venatorum and Ba. divergens), R. helvetica, and 
S. ixodetis, the latter being the first record described for 
Great Britain. Anaplasma phagocytophilum occurred at 
higher prevalence than elsewhere in Great Britain, while 
B. burgdorferi s.l. was less prevalent than in England or 
the Netherlands, though similar to other Scottish stud-
ies. This new knowledge has implications for public and 
veterinary health in terms of improving diagnoses and 
treatment and better targeting of awareness and mitiga-
tion strategies.

Further research is needed to investigate the life cycles 
and mechanisms of transmission of these pathogens. 
Anaplasma phagocytophilum and Ba. divergens, both of 
zoonotic importance, are transmitted by deer, an impor-
tant cultural and economic asset in the Wester Ross area 
as well as other parts of Europe. Rickettsia helvetica has 
been found in several vertebrates, but its life cycle is 
unclear and needs further investigation. More studies in 
different habitats are needed to shed light on the ecologi-
cal determinants of genospecies composition of B. burg-
dorferi s.l.
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