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Red deer (Cervus elaphus) are maintenance hosts for different
species of vector-borne pathogens. However, there are not many
studies reporting the presence of pathogens and their co-infec-
tions in live red deer populations during winter season. There-
fore, the aim of this study was to investigate the presence and
prevalence of vector-borne infections in red deer during winter
to determine the persistence of these infections. Blood samples
were analysed from 38 free-ranging adult red deer that had been
chemically immobilised during winter season in Norway. Thirty
animals (78.9%) were infected with Anaplasma phagocytophilum,
Babesia spp., or Bartonella spp. Seven animals were co-infected
with two pathogens, and four animals had triple infections. Se-
quence analysis revealed the presence of A. phagocytophilum, Ba-
besia divergens, Babesia odocoilei, Babesia bovis, and Bartonella
schoenbuchensis. This study shows that free-ranging red deer can
be considered as a potential host for zoonotic and nonzoonotic
pathogens in Norway.

Keywords: Anaplasma phagocytophilum, Babesia spp., Barton-
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INTRODUCTION

higher altitudes (Jore et al., 2011). A higher tick
density in certain areas may be attributed to large

Free-ranging red deer (Cervus elaphus) are consid-
ered as potential hosts for vector-borne pathogens
and may contribute to the persistence of different
pathogen species (Johnson et al., 2021). Tick spe-
cies such as Ixodes ricinus serve as a potential vec-
tor for a variety of zoonotic pathogens, including
Anaplasma phagocytophilum, Borrelia burgdorferi
sensu lato, and Babesia spp. In Norway, the distri-
bution of ticks has expanded further north and to

* Corresponding author. Email: irma.razanske@vdu.lt

established wild cervid populations (Gandy et al.,
2021).

Anaplasma  phagocytophilum replicates in
the granulocytes of mammalian hosts, causing
human granulocytic anaplasmosis (HGA) in hu-
mans as well as diseases in animals, including
tick-borne fever of ruminants and granulocytic
anaplasmosis in equines and canines (Woldehi-
wet, 2010; Stuen et al., 2013a). Some strains of
A. phagocytophilum are pathogenic to both hu-
mans and animals, whereas others are associated
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solely with animal diseases. In Norway, DNA of
A. phagocytophilum has been detected in I. rici-
nus ticks, sheep and wild ruminants, including
roe deer (Capreolus capreolus), red deer (Cer-
vus elaphus), and moose (Alces alces) (Stuen et
al., 2013a, b; Puraite et al., 2015). Additionally,
a few cases of human granulocytic anaplasmo-
sis have been reported (Stuen at al., 2008).

Babesia species are intraerythrocytic proto-
zoan parasites, causing tick-borne haemoproto-
zoan babesiosis disease worldwide. In Europe,
babesiosis has been reported in humans as
well as in various domestic and wild mammals
(Herwaldt et al., 2003). Although human cases
of babesiosis are rare, one case caused by Babe-
sia divergens has been documented in Norway
(Morch et al., 2015). In contrast, B. divergens
infection is widespread in cattle, particularly in
the coastal regions of southern Norway (Hasle
etal., 2010).

Bartonella species are gram-negative intra-
cellular bacteria that cause long-lasting intra-
erythrocytic infections in mammals (Chomel
et al., 2009). Blood-feeding arthropods, includ-
ing various species of biting flies, fleas, lice, and

hard ticks, have been confirmed or are suspect-
ed to be competent vectors for the transmission
of Bartonella spp. (Tsai et al., 2011). The deer
ked, Lipoptena cervi, which is the predominant
Lipoptena species in Europe, parasitises free-
ranging cervids such as roe deer, red deer, and
moose (Mysterud et al., 2016). Over the past few
decades, L. cervi has become widespread across
the Nordic countries (Vilimaki et al., 2010).
The objective of the present study was to in-
vestigate the presence and prevalence of vector-
borne infections in live red deer during winter
to determine the persistence of these infections.

MATERIALS AND METHODS

Study area and blood sampling. Blood samples
were collected from 38 chemically immobi-
lised free-ranging adult red deer, comprising 29
hinds and nine stags. The animals observed at
the feeding stations showed no clinical symp-
toms. The sampling took place at nine differ-
ent winter-feeding sites located in Agder and
Telemark counties in Norway, in January and
February 2014, 2015, and 2016 (Fig. 1). Two

Fig. 1. Sampling locations in the counties of Telemark and Agder in

Norway
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coastal sites were snow-covered for shorter pe-
riods, ranging from two to three weeks, whereas
the other seven sites were covered with snow for
at least two months. The animals were darted
and immobilised using a mixture of xylazine-
tiletamin-zolazepam (Rompun® dry powder,
Bayer AG, Leverkusen, Germany, and Zoletil
forte® dry powder, Virbac International, Carros
Cedex, France). Blood samples were obtained
from the jugular vein and collected in 9 ml
EDTA plastic tubes (Greiner Bio-One GmbH,
Germany). The tubes were frozen at -20°C and
stored until DNA extraction. The red deer were
healthy before immobilisation. They were fitted
with GPS collars and then released.

DNA extraction and PCR amplification.
DNA was extracted from 200 pl of each blood
sample using a commercial kit (GeneJET
Whole Blood Genomic DNA Purification Mini
Kit, Thermo Fisher Scientific, Lithuania), fol-
lowing the manufacturer’s instructions.

The samples were tested for A. phagocytophi-
lum and Babesia spp. DNA using a multi-plex
real-time PCR assay targeting a 98 bp frag-
ment of the A. phagocytophilum msp2 gene
and a 214 bp fragment of the Babesia spp. 18S
rRNA gene (Razanske et al., 2019). The multi-
plex real-time PCR reaction was performed in
a total volume of 15 yl, consisting of 1x Sensi-
Mix™ II Probe No-ROX (Bioline, UK), 1 uM of
each primer, 0.5 uM of each probe, and 100 ng
of extracted DNA. The PCR conditions includ-
ed an initial denaturation at 95°C for 10 min,
followed by 45 cycles of denaturation at 95°C
for 20 s and annealing/extension at 60°C for
1 min. Results were considered positive when
repeats yielded cycle threshold (Ct) values
<38.00. Amplification of a 381 bp fragment
of the A. phagocytophilum msp4 gene was ac-
complished using the primers MAP4AP5 and
MSP4AP3 in the first step of PCR, followed by
msp4f and msp4r in the nested PCR, as pre-
viously described (de la Fuente et al., 2005;
Bown e al., 2007). A partial 18S rRNA gene
fragment (380 bp) of Babesia spp. were am-
plified by nested PCR using primers BS1/BS2
and PiroA/PiroC (Armstrong et al., 1998; Rar
et al., 2005).

For the detection of Bartonella spp., a nested
PCR was used to amplify a 0.9-1.6 kb fragment
of the 165-23S rRNA intergenic spacer region
(ITS) (Kaewmongkol et al., 2011).

Positive, previously tested samples (A. phago-
cytophilum — KT070846; B. capreoli - KT279880
and Bartonella sp. - MF491746), and negative
reaction controls (distilled water without DNA)
were used in all reactions.

DNA sequencing and sequence analysis.
The obtained PCR products were visualised
under UV illumination after electrophoresis
on 1.5% agarose gels stained with ethidium
bromide using a 100 bp DNA ladder as a mo-
lecular-weight size marker (Thermo Fisher
Scientific, Lithuania). Amplicons were purified
using the GeneJET Gel Extraction Kit (Thermo
Fisher Scientific, Lithuania) and sequenced.

MEGA11: Molecular Evolutionary Genet-
ics Analysis version 11 (Tamura, Stecher, and
Kumar 2021) was used in DNA sequences
alignments and phylogenetic analysis. Phylo-
genetic trees were created using the Kimura-2
parameter model, neighbor joining (NJ) statis-
tical method. Sequences of A. phagocytophilum
strains, Babesia and Bartonella species were
downloaded from GenBank database and im-
plemented in the sequence alignment. The sta-
bility of inferred phylogenies was assessed by
bootstrap analysis of 1000 randomly generated
sample trees.

Nucleotide sequences were deposited in Gen-
Bank with the accession numbers MK626490-
MK626495 (msp4 gene of A. phagocytophilum),
MK612774-MK612777 (185 rRNA gene of
Babesia spp.), and MK620813-MK620817 (ITS
region of Bartonella spp.).

RESULTS

Prevalence

A total of 30 (78.9%) blood samples from red
deer were positive for at least one of the tested
pathogens (A. phagocytophilum, Babesia spp.
or Bartonella spp.) (Table 1). After perform-
ing a comparison of real-time PCR and nested
PCR results, it was found that higher infec-
tion rates were observed using real-time PCR
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Table 1. Detection of A. phagocytophilum, Babesia spp. and Bartonella spp. in red deer (Cervus ela-

phus) using real-time and nested PCR

Infection

Number of positive samples

Number of negative samples

A. phagocytophilum PCR! 12 (31.6%) 26

A. phagocytophilum PCR? 11 (28.9%) 27
Babesia spp. PCR! 18 (47.4%) 20

Babesia spp. PCR? 7 (18.4%) 31
Bartonella spp. PCR 21 (55.3%) 17

Double infection An + Bar PCR"? 5(13.2%) 33
Double infection Bab + Bar PCR"? 2 (5.3%) 36
Triple infection An + Bab + Bar PCR"? 4 (10.5%) 34

! real-time PCR, ? nested PCR, An - A. phagocytophilum, Bar — Bartonella spp., Bab — Babesia spp.

assay. A total of 12 (31.6%) of the tested ani-
mals were positive for A. phagocytophilum
and eight (47.4%) for Babesia spp. mean-
while, the infections using nested PCR were
11 (28.9%) and seven (18.4%), respectively.
Bartonella spp. DNA was detected in 55.3%
of red deer using nested PCR. Seven animals
were co-infected with two of the tested patho-
gens, while four were infected with all three.

Anaplasma phagocytophilum

Seven of the A. phagocytophilum positive sam-
ples of the partial msp4 gene were subjected
to phylogenetic analysis. Analysis of the ob-
tained sequences revealed the presence of 14
polymorphic sites, which enabled six variants
of the analysed fragment to be distinguished
(Table 2). All six sequence variants were iden-
tical to sequences from the GenBank database

(Fig. 2).

Babesia spp.

Seven PCR products of partial 18S rRNA gene
of Babesia spp. were sequenced, and two Babe-
sia species, B. odocoilei (n = 3) and B. divergens
(n = 4), were identified (Fig. 3). Comparison
with the data in the GenBank revealed three
B. odocoilei variants in European countries
with two polymorphic sites (Table 3). Babesia
odocoilei sequences derived from countries
in the American continent formed a separate
group. Babesia divergens sequences obtained in
this study were unique and showed two vari-
ants with one polymorphic site (Table 4). Ad-
ditionally, five variable positions were detected
by comparing the sequences with data from
the GenBank.

Bartonella spp.
Sequence analysis of the 165-23S rRNA ITS of
Bartonella isolates demonstrated eight strains

Table 2. Variable sites within the A. phagocytophilum msp4 gene sequences described in this study

Nucleotide position

Accession numbers

3 | 2430|4560 84]102]129] 171 180 186 | 201 | 240 | 246

MK626490 AT T G A T C€ C T T C T G T
MK626491 C A G C C

MK626492 C C C

MK626493 G C C T . A . . C
MK626494 C . . C cC A C
MK626495 c C T
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0Q451102 Anaplasma phagocytophilum Ixodes ricinus Lithuania
L MT793820 Anaplasma phagocytophilum Ixodes ricinus Lithuania
EU857671 Anaplasma phagocytophilum Ovis aries France
|- MZ348284 Anaplasma phagocytophilum Ovis aries Germany
- EU180065 Anaplasma phagocytophilum Cervus elaphus Slovakia
MF974853 Anaplasma phagocytophilum Cervus elaphus Hungary
El. MKG626495 Anaplasma phagocytophilum Cervus elaphus Norway (represents 2 individuals)
HQ661163 Anaplasma phagocytophilum Ovis aries Slovakia
KM205424 Anaplasma phagocytophilum Cervus elaphus Slovenia
MF974850 Anaplasma phagocytophilum Dama dama Hungary
® MK626490 Anaplasma phagocytophilum Cervus elaphus Norway (represents 3 individuals)
{ KM205429 Anaplasma phagocytophilum Cervus elaphus Slovenia

EU857672 Anaplasma phagocytophilum Ovis aries Franee
MH687349 Anaplasma phagocytophilum Cervus elaphus Norway
JN181096 Anaplasma phagocytophilum Ixodes ricinus Norway
a1 || 2] @MK626493 Anaplasma phagocytophilum Cervus elaphus Norway (represents 2 individuals)
B KU712166 Anaplasma phagocytophilum Capreolus capreolus Germany
KM205428 Anaplasma phagocytophilum Cervus elaphus Slovenia
EKP861636 Anaplasma phagocytophilum Ixodes ricinus Spain
o5 | |91 | @MK626494 Anaplasma phagocytophilum Cervus elaphus Norway
LOQS66983 Anaplasma phagocytophilum Bostaurus Switzerland

KT070844 Anaplasma phagocytophilum Alces alces Norway
64| @ MK626492 Anaplasma phagocytophilum Cervus elaphus Norway
‘{ HQ661155. Anaplasma phagocytophilum Ixodes ricinus Slovakia

MF974856 Anaplasma phagocytophilum Cervus elaphus Hungary

%] @ MK626491 Anaplasma phagocytophilum Cervus elaphus Norway (represents 2 individuals)
HQ661161 Anaplasma phagocytophilum Ixodes ricinus Slovakia

MK991962 Anaplasma ovis Haemaphysalis longicornis China

MG940868 Anaplasma ovis Dermacentor nuttalli China

KY659324 Anaplasma ovis Capra hircus Tunisia

E

Fig. 2. Phylogenetic tree of A. phagocytophilum msp4 gene sequences created using the neighbor-join-
ing clustering method and Kimura 2-parameter model (1000 replicates; bootstrap values indicated at
the nodes). Samples from this study are marked ® Sequence of Anaplasma ovis was used as outgroup

KU351827 Babesia cf. odocolei Dama dama Germany
KY242389 Babesia odocolei Cervus elaphus Poland
MG344773 Babesia sp. Cervus elaphus Czech Republic
® MKG612774 Babesia sf. odocoilei Cervus elaphus Norway (represents 2 individuals)
MN563145 Babesia odocoilei Cervus elaphus United Kingdom
MT151378 Babesia odocoilei Cervus elaphus Germany
MT350573 Babesia odocoilei Lipoptena cervi Poland
MW?759309 Babesia cf. odocoilei Alces alces Norway
MW969626 Babesia sp. deer clade Cervus elaphus United Kingdom
OR539596 Babesia odocoilei Ixodes ricinus United Kingdom
66 MN563150 Babesia odocoilei Cervus elaphus United Kingdom
MW?759308 Babesia cf. odocoilei Alces alces Norway
MN563153 Babesia odocoilei Cervus elaphus United Kingdom
53| @ MK612775 Babesia cf. odocoilei Cervus elaphus Norway
36 ON994409 Babesia sp. pudui Pudu puda Chile
ON994407 Babesia sp. pudui Pudu puda Chile
92, PP512757 Babesia odocoilei Ixodes fuscipes Uruguay
PP512756 Babesia odocoilei Ixodes fuscipes Uruguay
MW583462 Babesia odocoilei Ixodes scapularis Canada
MH366302 Babesia odocoilei Odocoileus virginianus Canada
981 KJ468236 Babesia odocoilei Ixodes scapularis USA
OR539588 Babesia sp. venatorum Ixodes ricinus United Kingdom
100! MK641006 Babesia sp. venatorum Ovis aries United Kingdom
KP742785 Babesia caperoli Izodes persulcatus Latvia
a7 | KM657248 Babesia caperoli Rangifer tarandus Germany
KU936881 Babesia caperoli Bostaurus Italy
KX839234 Babesia caperoli Equus caballus Italy
MT550684 Babesia divergens isolate Bos taurus United Kingdom
MG944238 Babesia divergens Homo sapiens Spain
MG344781 Babesia divergens Cervus elaphus Scech Republic
MG344772 Babesia divergens Bos taurus Ireland
L.C477143 Babesia divergens Bos taurus Ireland
KY296360 Babesia divergens Bos taurus United Kingdom
FJ944822 Babesia divergens Homo sapiens France
EF458225 Babesia divergens Bos taurus Ireland
® MK612777 Babesia divergens Cervus elaphus Norway (represents 2 individuals)
52| ® MK612776 Babesia divergens Cervus elaphus Norway (represents 2 individuals)

90

71

100

—
0.005

Fig. 3. Phylogenetic tree of Babesia spp. isolates based on 18S rRNA gene, created using the NJ clustering
method and Kimura-2 parameter model (1000 replicates; bootstrap values indicated at the nodes). Samples
from this study are marked e
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Table 3. Variable sites within the B. odocoilei

. ) Nucleotide position
Variants Accession numbers
174 204
1 MK612775, MW759308, MN563153 G A
) MK612774, MW759309, KU351827, MW969626, MG344773, T
KY242389, MN563145, MT151378, MT350573
3 OR539596, MN563150 T C
! Sequences obtained in this study.
Table 4. Variable sites within the B. divergens
. . Nucleotide position
Variants Accession numbers
3 294 295 296 298
1 MKe612776', G T A T T
2 MKe6127771, A
3 MG344772,1.C477143 C - - C A

! Sequences obtained in this study.

97.7% similar to B. bovis and 13 strains 97.7%
similar to B. schoenbuchensis (Fig. 4). The results
of the comparison of 546 bp sequences obtained
in this study revealed two strains of B. bovis with
15 variable sites (Table 5) and showed similarity

and A. alces from Norway. Meanwhile, B. sch-
oen-buchensis sequences showed 42 variable
sites (Table 6) and grouped with B. schoenbu-
chensis sequences isolated from different hosts
(C. elaphus, L. cervi, Lipoptena fortisetosa and

to B. bovis sequences isolated from C. capreolus  Oeciacus hirundinis) from European countries.

aa  @MK620816 Bartonella sp. Cervus elaphus Norway (represents 2 individuals)
@®MKG620817 Bartonella sp. Cervus elaphus Norway (represents 2 individuals)
@MK620815 Bartonella sp. Cervus elaphus Norway (represents 2 individuals)
PP531492 Bartonella schoenbuchensis Lipoptena cervi Czech Republic
(0Q184859 Bartonella sp. Oeciacus hirundinis Lithuania
MF491738 Bartonella sp. Cervus elaphus Norway
MF491738 Bartonella sp. Lipoptena cervi Lithuania
PP531482 Bartonella schoenbuchensis Lipoptena forti setosa Czech Republic
AY 116639 Bartonella schoenbuchensis France
[EU098131 Bartonella caperoli Spain
79 AB498009 Bartonella caperoli Apodemus mice Japan
AY 116640 Bartonella birtlesii France
881EU098130 Bartonella capreoli Spain

AB498010 Bartonella chomelii Apod emus mice Japan
62 —KM215715 Bartonella chomelii Bos taurus Spain

KU859907 Bartonella sp. Bos taurus Senegal
KJ522488 Bartonella sp. Haematopinus quadripertusus Israel
86 KU522488 Bartonella bovis Bos taurus Senegal
U859911 Bartonella bovis Bos taurus Senegal
OP888096 Bartonella bovis Bison bonasus Lithuania
KF218236 Bartonella bovis Bubalus bubalis Thailand
F491741 Bartonella sp. Capreolus capreolus Norway
MF491743 Bartonella sp. Alce alces Norway
@MKG620813 Bartonella sp. Cervus eigphus Norway (relpresents 2 individuals)

@®MK620814 Bartonella sp. Cervus elaphus Norway (represents 2

62

56

53

51

individuals
|AF312494 Bartonella bacilliformis Homo sapiens Peru
i DQ200886 Bartonella bacilliformis Homo sapiens Peru

Fig. 4. Phylogenetic tree of Bartonella spp. isolates based on 165-23S rRNA ITS sequences, created using
the NJ clustering method and Kimura-2 parameter model (1000 replicates; bootstrap values indicated at
the nodes). Samples from this study are marked o
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Table 5. Variable sites within B. bovis 16S-23S rRNA ITS sequences described in this study

Nucleotide position

Accession numbers

7 |22 74] 82|83 | 110 | 119 | 120 [ 133 | 134 [ 136 | 152 | 153 | 164 | 173

MK620813 T T T T C C

T T T T T T G T T

MK620814 A CcC A A T T

C C C C C C C C C

Table 6. Variable sites within B. schoenbuchensis 16S-23S rRNA ITS sequences described in this study

-g z Nucleotide position

4

GE[ 3| 15|27 | 34|55 58| 69| 93|99 110127130 | 156 | 178 | 225 | 231 | 236 | 252 | 340 | 342 | 350
1]

]

g ¢ T T T T T G G T T T T C T C G C C T G G
»

p=

2

]

§ T G G c A C G T G T T A A C
&

=

=

&

§ G C G A A G A C A C A G G G T T A

&

=

.S 2 Nucleotide position

2 2

gé 358 | 376 | 388 | 396 | 411 | 435 | 443 | 456 | 466 | 478 | 491 | 497 | 498 | 502 | 511 | 515 | 516 | 517 | 518 | 525 | 529
un

2

§ ¢ T A G G T T T G G A G C A A T G T T C T
&

=

2

g

§ T G T A A G A A T T T T A A A A T A
2

p

o~

2

g G G G A A A G A A A A A
¥

=

DISCUSSION L. cervi deer keds can carry several pathogens

In the present study, three pathogens includ-
ing A. phagocytophilum, Babesia spp., and Bar-
tonella spp. were detected in red deer during
the winter season. The results indicated a signif-
icant presence of double and triple co-infections
(28.9%) with A. phagocytophilum, Babesia spp.,
and Bartonella spp. (Table 1). Naturally existing
co-infections in free-living red deer populations
represent a potentially underestimated public
health risk. Vectors such as I. ricinus ticks and

simultaneously, increasing the likelihood of co-
transmission to animals (Nebbak et al., 2019;
Jaenson et al., 2024). According to Mysterud et
al. (2016), in Norway, adult deer keds emerge
and seek hosts from late summer to the end of
autumn, after which they spend the winter and
the rest of their lives on the same host (Kaunisto
etal., 2009). Additionally, a recent study report-
ed winter activity and host-seeking behaviour
of I ricinus ticks in Scandinavia (Kjellander et
al.,, 2023). Previous research also demonstrated
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that pathogens such as A. phagocytophilum can
alter the behaviour of Ixodes species ticks, like
I. scapularis, increasing factors such as activity
and cold resistance (Kjellander et al., 2023;
Neelakanta et al., 2010).

Identification of A. phagocytophilum in
the present study was obtained by real time and
nested PCR (31.6% and 28.9%, respectively)
(Table 1). The high infection rate detected dur-
ing the winter period on apparently healthy red
deer suggests that they have adapted to the infec-
tion and seems to be persistently infected with-
out showing clinical symptoms. It is known that
A. phagocytophilum may cause a chronic / sys-
temic infection in sheep, horses, dogs, cattle, and
red deer (Stuen et al., 2013a; Jahfari et al., 2014).
However, the detection of A. phagocytophilum
DNA in samples may also represent cases of
reinfection (Hovius et al., 2018). Previous stud-
ies reported a higher prevalence of A. phagocy-
tophilum (81.1% and 94%) in red deer collected
in Norway during the autumn hunting season
(Razanske et al., 2019; Stigum et al., 2019). In
tick-infested locations (during the autumn
hunting season), A. phagocytophilum was also
detected in moose (41.4%) (Puraite et al., 2015)
and in roe deer (88.1%) (Razanske et al., 2019).
Additionally, L. cervi also can transmit Ana-
plasma species. As suggested by Vichova et al.
(2011) and de Bruin et al. (2015) in the study
from Slovakia and Hungary, deer ked may be
mechanical vectors for the transmission of
A. phagocytophilum.

In this study, the detection of Babesia DNA-
was based on real-time PCR and nested PCR
(47.4% and 18.4%, respectively) (Table 1).
Previous studies revealed that red deer were
infected with four Babesia species, including
B. capreoli, B. divergens, B. odocoilei, and B. ve-
natorum (Razanske et al., 2019; Welc-Faleciak e
al., 2013). In the present study, zoonotic B. di-
vergens and non-zoonotic B. odocoilei species
were confirmed based on 185 rRNA gene se-
quencing analysis. Clinical babesiosis in free-
ranging wild ruminants appears to be rare, and
silent babesiosis seems to be normal (Penzhorn,
2006). However, severe infections due to B. di-
vergens and B. odocoilei were found in reindeer

(Langton et al., 2003), but they normally live in
tick-free areas (mountains) and are probably
not adapted to the infection. In this study, ap-
parently healthy adult red deer were studied,
and the persistent infections seemed to cause
asymptomatic babesiosis.

In the present study, a high Bartonella infec-
tion rate (55.3%) was detected in red deer dur-
ing the winter period. Out of 21 sequences iso-
lated, eight were identified as similar to B. bovis,
while 13 were similar to B. schoenbuchensis clade
(Fig. 4). The high prevalence of Bartonella ob-
served in the blood of red deer during the winter
period could indicate a persistent infection in
these animals. However, as L. cervi adults could
be found on cervid skin during wintertime,
transmission of Bartonella to red deer from in-
fected deer ked could occur during winter. Previ-
ously, Bartonella DNA was detected in 10.5% of
roe deer, 35.1% of red deer, 36% of moose, 85%
of adult wingless deer ked in Norway (Razan-
ske et al., 2018; Halos et al., 2004). The detected
Bartonella strains in red deer belonged to dif-
ferent lineages, one of which was closely related
to B. capreoli, B. chomelii, and B. schoenbuchen-
sis clade and the other to B. bovis (Halos et al.,
2004). However, only Bartonella strains from
the Bartonella clade associated with B. capreoli,
B. chomelii, and B. schoenbuchensis were identi-
fied in deer keds (Razanske et al., 2018; Halos
et al., 2004). Bartonella strains closely related
to B. schoenbuchensis and B. chomelii were de-
tected in other species of biting flies — louse fly
(Hippobosca equina) and sheep ked (Melophagus
ovinus) collected from wild and domestic ru-
minants in France and Romania (Chomel et al,,
2009; Billeter et al., 2008; Skonhoft et al., 2013).

The results of this study provide evidence
of multiple persistent vector-borne infections
in red deer in Norway. The relatively high
vector-borne infection rate detected in live,
free-ranging red deer during winter indicates
the role of red deer as a reservoir host. Addi-
tionally, the co-infection with three different
pathogens (A. phagocytophilum, Babesia spp.,
and Bartonella spp.) highlights the need for
further studies to fully understand the impact
of the zoonotic pathogens.



40 ISSN 1392-0146  eISSN 2029-0578 Biologija. 2025. Vol. 71. No. 1
ACKNOWLEDGEMENTS 7. Puraite I, Rosef O, Paulauskas A, Radzijevs-
kaja J. Anaplasma phagocytophilum infection
We thank Qyvin Froland and Tommy Granlien in moose (Alces alces) in Norway. Microbes
for their excellent technical assistance with im- Infect. 2015;17: 823-8.
mobilising and blood sampling. 8. Stuen S, Bergstrom K. Human anaplasmo-
sis — a hidden disease in Norway? Tidsskr Nor
FUNDING laegeforen. 2008;128:2579-81.
This research was partly funded by the Aust- 9. Herwaldt BL, Caccio S, Cherlinzoni F As-
Agder Fylkeskommune, Norway. pock H, Slemenda SB, Piccaluga P, Martinel-
li G, Edelhofer R, Hollenstein U, Poletti G,
Received 27 December 2024 Pampiglione S, Loschenberger K, Tura S,
Accepted 7 February 2025 Pieniazek NJ. Molecular characterization of
a non-Babesia divergens organism causing zo-
onotic babesiosis in Europe. Emerg Infect Dis.
References 2003;9:942-8.
10. Merch K, Holmaas G, Frolander PS, Kristofter-

1. Johnson N, Golding M, Phipps LP. Detection sen EK. Severe human Babesia divergens infec-
of tick-borne pathogens in red deer (Cer- tion in Norway. Int J Infect Dis. 2015;33:37-8.
vus elaphus), United Kingdom. Pathogens. 11. Hasle G, Bjune GA, Christensson D, Reed KH,
2021;10:640. Whist AC, Leinaas HP. Detection of Babesia

2. Jore S, Viljugrein H, Hofshagen M, Brun- divergens in southern Norway by using an im-
Hansen H, Kristoffersen AB, Nygard K, munofluorescence antibody test in cow sera.
Brun E, Ottesen P, Seevik BK, Ytrehus B. Mul- Acta Vet Scand. 2010;52:55.
ti-source analyse.s'revealis latitudinal s-hift.s in 12. Chomel BB, Boulouis HJ, Breitschwerdt EB,
r.ange.of.Ixodes r.zcmus at its northern distribu- Kasten RW, Vayssier-Taussat M, Birtles RJ,
tion limit. Parasit Vectors. 2011;4:1-11. Koehler JE, Dehio C. Ecological fitness and

3. Gandy S, Kilbride E, Biek R, Millins C, Gil- strategies of adaption of Bartonella species to
bert L. Experimental evidence for opposing their hosts and vectors. Vet Res. 2009;40:29.
effects of high deer density on tick-borne 13. Tsai YL, Chang CC, Chuang ST, Chomel BB,
pathogen prevalence and hazard. Parasit Vec- Bartonella species and their ectoparasites:

p p
tors. 2021;14:509. selective host adaption or strain selection

4. Woldehiwet Z. The natural history of Ana- between the vector and the mammalian
plasma  phagocytophilum. Vet Parasitol. host? Comp Immunol Microbiol Infect Dis.
2010;167:108-22. 2011;34:299-314.

5. Stuen S, Granquist EG, Silaghi C. Anaplasma 14. Mysterud A, Madslien K, Herland A, Vilju-
phagocytophilum — a widespread multi - host grein H, Ytrehus B. Phenology of deer ked
pathogen with highly adaptive strategies. (Lipoptena cervi) host-seeking flight activity
Front Cel Infect Microbiol. 2013a;3:31. and its relationship with prevailing autumn

6. Stuen S, Pettersen KS, Granquist EG, Berg- weather. Parasites Vectors. 2016;9:95.
strom K, Bown K], Birtles R]. Anaplasma 15. Vilimdki P, Madslien K, Malmsten J,

phagocytophilum variants in sympatric red
deer (Cervus elaphus) and sheep in southern
Norway. Ticks Tick Borne Dis. 2013b;4:197-
201.

Harkonen L, Hiarkonen S, Kaitala A, Kortet R,
Laaksonen S, Mehl R, Redford L, Ylénen H,
Ytrehus B. Fennoscandian distribution of an
important parasite of cervids, the deer ked



41

ISSN 1392-0146  eISSN 2029-0578 Biologija. 2025. Vol. 71. No. 1

16.

17.

18.

19.

20.

21.

22.

23.

(Lipoptena cervi), revisited. Parasitol Res.
20105107:117-25.

Razanske I, Rosef O, Radzijevskaja J, Bratchik-
ov M, Griciuviene L, Paulauskas A. Prevalence
and co-infection with tick-borne Anaplasma
phagocytophilum and Babesia spp. in red deer
(Cervus elaphus) and roe deer (Capreolus
capreolus) in Southern Norway. Int J Parasitol
Parasites Wildl. 2019;8:127-34.

de la Fuente J, Massung RF, Wong SJ, Chu FK,
Lutz H, Meli M, von Loewenich FD, Grzeszc-
zuk A, Torina A, Caracappa S, Mangold A]J,
Naranjo V, Stuen S, Kocan KM. Sequence
analysis of the msp4 gene of Anaplasma
phagocytophilum strain. ] Clin Microbiol.
2005;43:1309-17.

Bown KJ, Lambin X, Ogden NH, Petrovec M,
Shaw SE, Woldehiwet Z, Birtles R]. High-
resolution genetic fingerprinting of European
strains of Anaplasma phagocytophilumby use
of multilocus variable-number tandem repeat
analysis. J Clin Microbiol. 2007;45:1771-6.

Armstrong PM, Katavolos P, Caporale DA,
Smith RP, Spielman A, Telford SR 3rd. Diversi-
ty of Babesia infecting deer ticks (Ixodes dam-
mini). Am ] Trop Med Hyg. 1998;58:739-42.

Rar VA, Fomenko NV, Dobrotvorsky AK, Li-
vanova NN, Rudakova SA, Fedorov EG, Asta-
nin VB, Morozova OV. Tickborne pathogen
detection Western Siberia, Russia. Emerg In-
fect Dis. 2005;11:1708-15.

Kaewmongkol G, Kaewmongkol S, Bur-
mej H, Bennett MD, Fleming PA, Adams PJ,
Wayne AF, Ryan U, Irwin PJ, Fenwick SG.
Diversity of Bartonella species detected in
arthropod vectors from animals in Aus-
tralia. Comp Immunol Microbiol Infect Dis.
2011;34:411-7.

Tamura K, Stecher G, Kumar S. MEGAI11:
Molecular Evolutionary Genetics Analysis
Version 11. Mol Biol Evol. 2021;38:3022-7.

Nebbak A, Dahmana H, Almeras L, Raoult D,
Boulanger N, Jaulhac B, Mediannikov O, Pa-
rola P. Co-infection of bacteria and protozoan
parasites in Ixodes ricinus nymphs collected

24.

25.

26.

27.

28.

29.

30.

31.

in the Alsace region, France. Ticks Tick Borne
Dis. 2019;10:101241.

Jaenson TGT, Gray JS, Lindgren PE, Wil-
helmsson P. Coinfection of Babesia and Borrelia
in the tick Ixodes ricinus — a neglected public
health issue in Europe? Pathogens. 2024;13:81.

Mysterud A, Madslien K, Herland A, Vilju-
grein H, Ytrehus B. Phenology of deer ked
(Lipoptena cervi) host-seeking flight activity
and its relationship with prevailing autumn
weather. Parasit Vectors. 2016;9:95.

Kaunisto S, Kortet R, Hirkonen L, Hirkonen S,
Ylonen H, Laaksonen S. New bedding site ex-
amination-based method to analyse deer ked
(Lipoptena cervi) infection in cervids. Parasi-
tol Res. 2009;104:919-25.

Kjellander P, Bergvall UA, Chirico J, Ullman K,
Christensson M, Lindgren PE. Winter activity
of Ixodes ricinus in Sweden. Parasit Vectors.
2023;16:229.

Neelakanta G, Sultana H, Fish D, Anderson JF,
Fikrig E. Anaplasma phagocytophilum induces
Ixodes scapularis ticks to express an antifreeze
glycoprotein gene that enhances their survival
in the cold. J Clin Invest. 2010;120:79-3190.

Jahfari S, Coipan EC, Fonville M, van Leeu-
wen AD, Hengeveld P, Heylen D, Heyman P,
van Maanen C, Butler CM, Foldvari G, Szek-
eres S, van Duijvendijk G, Tack W, Rijks JM,
van der Giessen ], Takken W, van Wieren SE,
Takumi K, Sprong H. Circulation of four Ana-
plasma phagocytophilum ecotypes in Europe.
Parasit Vectors. 2014;7:365.

Hovius E, de Bruin A, Schouls L, Hovius J,
Dekker N, Sprong H. A lifelong study of a pack
Rhodesian ridgeback dogs reveals subclinical
and clinical tick-borne Anaplasma phagocyt-
ophilum infections with possible reinfection
or persistence. Parasit Vectors. 2018;11:238.

Stigum V, Jaarsma R, Sprong H, Roland-
sen C, Mysterud A. Infection prevalence and
ecotypes of Anaplasma phagocytophilum in
moose Alces alces, red deer Cervus elaphus, roe
deer Capreolus capreolus and Ixodes ricinus
ticks from Norway. Parasit Vectors. 2019;12:1.



42

ISSN 1392-0146  eISSN 2029-0578 Biologija. 2025. Vol. 71. No. 1

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vichova B, Majlathova V, Novakova M, Ma-
jlith 1, Curlik J, Bona M, Petko B. PCR de-
tection of re-emerging tick-borne pathogen,
Anaplasma phagocytophilum, in deer ked (Li-
poptena cervi) a blood-sucking ectoparasite of
cervids. Biologia. 2011;66:1082.

de Bruin A, van Leeuwen AD, Jahfari S, Tak-
ken W, Foldvari M, Dremmel L, Sprong H,
Foldvéri G. Vertical transmission of Bartonel-
la schoenbuchensis in Lipoptena cervi. Parasit
Vectors. 2015;8:176.

Welc-Faleciak R, Werszko J, Cydzik K, Bajer A,
Michalik J, Behnke JM. Co-infection and ge-
netic diversity of tick-borne pathogens in roe
deer from Poland. Vector Borne Zoonotic Dis.
2013;13:277-88.

Penzhorn BL. Babesiosis of wild carnivores
and ungulates. Vet Parasitol. 2006;138:11-21.

Langton C, Grey ]S, Waters PE, Holman P]J.
Naturally acquired babesiosis in a reindeer
(Rangifer tarandus tarandus) herd in Great
Britain. Parasitol Res. 2003;89:194-8.

Razanske I, Rosef O, Radzijevskaja J, Klep-
eckiene K, Lipatova I, Paulauskas A. Infec-
tions with Bartonella spp. in free-ranging
cervids and deer keds (Lipoptena cervi) in
Norway. Comp Immunol Microbiol Infect
Dis. 2018;58:26-30.

Halos L, Jamal T, Maillard R, Girard B, Guil-
lot J, Chomel B, Vayssier-Taussat M, Boulou-
is HJ. Role of Hippoboscidae flies as potential
vectors of Bartonella spp. infecting wild and
domestic ruminants. Appl Environ Microbiol.
2004;70:6302-5.

Billeter SA, Levy MG, Chomel BB, Breitschw-
erdt EB. Vector transmission of Bartonella spe-
cies with emphasis on the potential for tick
transmission. Med Vet Entomol. 2008;22:1-15.

Skonhoft A, Veiberg V, Gauteplass A, Olaus-
sen JO, Meisingset EL, Mysterud A. Balancing
income and cost in red deer management. J
Environ Manage. 2013;115:179-88.

Irma Razanské, Jana Radzijevskaja, Olav Rosef,
Indré Lipatova, Loreta Griciuviené,
Daiva Ambrasiené, Algimantas Paulauskas

NUOLATINES VEKTORIU PLATINAMOS
INFEKCIJOS ZIEMA LAISVAI BESIGANAN-
CIY TAURIUYJU ELNIU (CERVUS ELAPHUS)
POPULIACIJOJE NORVEGIJOJE

Santrauka
Taurieji elniai (Cervus elaphus) yra jvairiais vekto-
riais perneSamus patogenus palaikantys $eiminin-
kai. Néra daug tyrimy apie tauriyjy elniy patogenus
ir jy koinfekcijas ziemos sezong, todél $io tyrimo
tikslas buvo istirti vektoriy pernesamas infekcijas, jy
paplitimg ir islikima $ioje populiacijoje. I$analizuoti
38 laisvai gyvenanciy suaugusiy tauriyjy elniy krau-
jo méginiai, surinkti po jy cheminio imobilizavimo
ziemos sezono metu Norvegijoje. Trisde$imt gyviny
(78,9 %) buvo uzsikréte Anaplasma phagocytophi-
lum, Babesia spp. arba Bartonella spp., septyni gyvi-
nai buvo koinfekuoti dviem patogenais, o keturiems
nustatytos trys vienu metu pasireiSkusios koinfek-
cijos. Sekoskaitos metu identifikuota A. phagocy-
tophilum, Babesia divergens, B. odocoilei, Bartonella
bovis ir B. schoenbuchensis. Sis tyrimas rodo, kad
laisvai gyvenantys taurieji elniai Norvegijoje gali
bati potencialais zoonoziniy ir nezoonoziniy pato-
geny $eimininkai.
RaktazodzZiai: Anaplasma phagocytophilum,
Babesia spp., Bartonella spp., Cervus elaphus,

Norvegija
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