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Abstract

Vector-borne pathogens are increasingly recognised in European wildlife, but little
is known about their occurrence in European badgers (Meles meles), particularly in the
Baltic region. Badgers may play a role in maintaining and transmitting pathogens relevant
to animal and human health. This study aimed to investigate the presence and diversity
of selected vector-borne pathogens in European badgers from Lithuania. Spleen samples
from 24 badgers were screened for eight pathogens (4Anaplasma spp., Babesia spp.,
Bartonella spp., Borrelia spp., Hepatozoon spp., Mycoplasma spp., Neoehrlichia mikurensis,
and Rickettsia spp.) using PCR assays. Seventeen of 24 badgers (70.8%) were infected with at
least one pathogen. Babesia spp. was the most prevalent, detected in 15 individuals (62.5%),
followed by Anaplasma phagocytophilum (3/24; 12.5%) and Mycoplasma spp. (3/24;
12.5%). No evidence of infection with Bartonella spp., Borrelia spp., Hepatozoon spp.,
Neoehrlichia mikurensis, or Rickettsia spp. was found. Phylogenetic analysis confirmed
that the detected sequences corresponded to Babesia sp. type A, A. phagocytophilum and
Mycoplasma spp. This study provides the first molecular evidence of vector-borne pathogens
in European badgers from Lithuania. The results suggest that badgers may contribute to the
maintenance of multiple vector-borne pathogens in natural ecosystems.
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Introduction

The European badger (Meles meles) is a medium-
sized, opportunistic, omnivorous mammal widely distribu-
ted across Europe and western Asia (Kurek et al. 2022).
This species is highly adaptable and can thrive in diverse
habitats, including forests, mountainous regions, and ur-
banised areas (Graham et al. 2020). Despite ongoing ur-
banisation, European badger populations have increased
in recent years, largely due to their ecological flexibility
(Geiger et al. 2018, Szekeres et al. 2025).

European badgers are well known for constructing ex-
tensive burrow systems, called setts, which can be used not
only by conspecifics but also by other carnivores, such as
the red fox (Vulpes vulpes) and raccoon dog (Nyctereutes
procyonoides) (Wodecka et al. 2016, Guardone et al. 2020,
Tieri et al. 2024). Such burrow sharing and close spatial
overlap may facilitate contact with a wide range of ectopa-
rasites and the pathogens they transmit (Do Linh San 2007,
Guardone et al. 2020). In addition, the omnivorous diet and
foraging behaviour of badgers increase their exposure to
various sources of infection, potentially positioning them as
important hosts in the epidemiology of several zoonotic and
wildlife diseases (Silk et al. 2017, Guardone et al. 2020).

Badgers have been found to carry a variety of pat-
hogens, including bacteria, protozoa, and viruses, some of

which are of significant veterinary and public health con-
cern (Battisti et al. 2020, Guardone et al. 2020, Lindhorst
et al. 2024). Among bacterial agents, Mycobacterium bo-
vis, the causative agent of bovine tuberculosis, is the most
extensively studied due to its impact on livestock and po-
tential zoonotic transmission (Blanco Vazquez et al. 2021,
Tieri et al. 2024). Molecular studies have detected Babe-
sia spp. and Hepatozoon spp., protozoan parasites trans-
mitted mainly by ticks (Bartley et al. 2017, Guardone et al.
2020, Szekeres et al. 2025). Anaplasma phagocytophilum
and Borrelia burgdorferi sensu lato, agents responsible
for granulocytic anaplasmosis and Lyme borreliosis, have
been identified in badger blood and associated ticks (Gern
and Sell 2009, Wodecka et al. 2016, Szewczyk et al. 2019).
Other vector-borne pathogens, such as Bartonella spp. and
Rickettsia spp., have also been detected in European bad-
gers (Gerrikagoitia et al. 2012, Jurczyk et al. 2022).

In Lithuania, the European badger population has
increased markedly over the past decades (Zoomuziejus
2025). However, despite its ecological relevance, this spe-
cies remains poorly studied, and data on the occurrence
of vector-borne pathogens are lacking. This study aimed
to investigate the occurrence of vector-borne pathogens in
European badgers from Lithuania. Understanding the pre-
sence and distribution of these pathogens in local badger
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populations will contribute to a broader knowledge of their
epidemiology in the Baltic region and help assess potential
risks to domestic animals and humans.

Material and methods

Sample collection and DNA extraction

Spleen samples were collected from 24 European
badgers that were either legally hunted or found road-
killed in four districts of Lithuania (Klaipéda, Marijam-
pole, Tel§iai and Siauliai) in 2024. Genomic DNA was
extracted from the spleen tissue using a Genomic DNA
Purification Kit (Thermo Fisher Scientific, Lithuania) ac-
cording to the manufacturer’s instructions. The purity and
concentration of the extracted DNA were measured using
a anoDrop 2000 spectrophotometer (Thermo Fisher Scien-
tific, Lithuania), and the DNA was diluted to a final con-
centration of 100 ng/uL. All DNA samples were stored at
—20°C until further molecular analyses.

Pathogen DNA amplification

Screening for the presence of eight vector-borne pat-
hogens (4Anaplasma spp., Babesia spp., Bartonella spp.,
Borrelia spp., Hepatozoon spp., Mycoplasma spp., Neoe-
hrlichia mikurensis, and Rickettsia spp.) was performed
using different PCR assays.

Three multiplex real-time PCR reactions were app-
lied: the first assay targeted Anaplasma spp. (23S rRNA),
Borrelia spp. (23S rRNA), and N. mikurensis (groEL). The
second multiplex assay was designed to detect Babesia
species using two genetic targets, glt4 and the internal
transcribed spacer (ITS) region. The third multiplex real-
time PCR assay simultaneously targeted Bartonella spp.
(ssrA) and Rickettsia spp. (gltA). Detailed information on
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primer and probe sequences, and target genes is provided
in Table 1. Real-time PCR reactions were performed in a
final volume of 15 pl, comprising 7.5 pl 2x Sensi Mix™ II
Probe No-ROX (Bioline, England), 0.3 pul primer—probe
mixtures (containing 1 pM of each primer and 0.5 pM of
each probe), 6.2 ul nuclease-free water, and 1 pul of tem-
plate DNA. Thermal cycling conditions included an initial
denaturation step at 95°C for 10 min, followed by 45 am-
plification cycles consisting of denaturation at 95°C for
20 s, annealing at 60°C for 1 min, and extension at 72°C
for 20 s. Samples were considered positive if reproducib-
le amplification was obtained with threshold cycle (Ct)
values below 38.

In addition, conventional PCR assays were applied for
the detection of Hepatozoon spp. and Mycoplasma spp.,
targeting the /8S rRNA and 16S rRNA genes, respectively.
Hepatozoon spp. DNA amplification was carried out using
the primers HepF (ATACATGAGCAAAATCTCAAC)
and HepR (CTTATTATTCCATGCTGCAG) (Inokuma et
al. 2002). PCR reactions were performed in a final volu-
me of 20 pL containing 1% DreamTaq Green Master Mix
(Thermo Fisher Scientific, Lithuania), primers at a final
concentration of 0.5 pM each, nuclease-free water, and
2 uL of extracted DNA. Thermal cycling conditions con-
sisted of an initial denaturation step at 95°C for 5 min,
followed by 35 cycles of denaturation at 94°C for 60 s,
annealing at 53°C for 30 s, and extension at 72°C for 60 s,
with a final extension at 72°C for 10 min. The expected
amplicon size was approximately 625 bp.

Mycoplasma spp. amplification was performed with
the primers 322s (GCCCATATTCCTACGGGAAGCAG-
CAGT) and 938as (CTCCACCACTTGTTCAGGT-
CCCCGTC), as previously described by Varanat et al.
(2011). PCR reactions were carried out in a total volume

Table 1. Primers and target genes used for multiplex real-time PCR assays

Pathogen Target gene Primers Sequence 5'-3' Reference
Anaplasma spp. 23S rRNA forward TGACAGCGTACCTTTTGCAT Dahmani et al. 2015,
reverse GTAACAGGTTCGGTCCTCCA Dahmani et al. 2018
probe CTTGGTTTCGGGTCTAATCC
Babesia spp. 18S rRNA forward CAGCTTGACGGTAGGGTATTGG Radzijevskaja et al. 2008
reverse TCGAACCCTAATTCCCCGTTA
probe CGAGGCAGCAACGG
ITS forward CTCACACAACGATGAAGGACGCA Azagi et al. 2021
reverse AACAGAGGCAGTGTGTACAATACATTCAGA
probe GCA+GAATTTAG+CAAAT+CAACAGG
Bartonella spp. SSrA forward AGTTGCAAATGACAACTATGCGG Mardosaite-Busaitiené et al.
reverse AAGGCTTCTGTTGCCAGGYG 2019
probe ACCCCGCTTAAACCTGCGACGGTT
Borrelia spp. 23S rRNA forward GCTTCAGCCTGGCCATAAATAG Sakalauskas et al. 2019
reverse AGCGAGTCTTAAAAGGGCGATTTAGT
probe TCACTCGGSTTCGGGTCTACCACATCT
Neoehrlichia groEL forward GCAAATGGAGATAAAAACATAGGTAGTAAA Jenkins et al. 2019
mikurensis reverse CATACCGTCAGTTTTTTCAACTTCTAA
probe TTACAGTTGAGGAAAGTAAGGGA
Rickettsia spp. gltA forward TGCMGAYCATGAGCACAATGCTTC Sakalauskas et al. 2019

reverse
probe

CCCAAAGTGAKGCAATACCCGT
TGCCGGCTCATCYGGAGCTAACCC
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Table 2. Primers and PCR protocols used for nested PCR assays

Pathogen Target gene

Primer sequence 5'—-3’

PCR conditions Reference

HS1: AITGGGCTGGTAITGAAAT
HS6a: CCICCIGGIACIAIACCTTC

Anaplasma spp. groEL

HS43: ATWGCWAARGAAGCATAGTC
HSVR: CTCAACAGCAGCTCTAGTAGC

Babesia spp. 18S rRNA

BS1: GACGGTAGGGTATTGGCCT

BS2: ATTCACCGGATCACTCGATC

PiroA: AATACCCAATCCTGACACAGGG
PiroC: CCAACAAAATAGAACCAAAGTCCTAC

PCR1: 3% (94°C 1 min, 48°C  Sumner et al. 1997,
2 min, 70°C 1 min 30 s), then Liz et al. 2002

37x% (88°C 1 min, 52°C 2 min,

70°C 1 min 30 s), 68°C 5 min

PCR2: 3% (94°C 1 min, 48°C

2 min, 70°C 1 min 30 s), then

37x% (88°C 1 min, 55°C 2 min,

70°C 1 min 30 s), 68°C 5 min

PCR1: 94°C 3 min, 35% (94°C Armstrong et al. 1998
60 s, 58°C 60's, 72°C 90 s),

72°C 3 min

PCR2: 94°C 3 min, 35% (94°C

60 s, 64°C60s, 72°C 90 s),

72°C 3 min

of 25 puL containing 5x MyTaq reaction buffer (Bioline
Reagents Ltd., London, UK), MyTaq DNA polymerase
(1 U), primers at a final concentration of 1 uM each, nucle-
ase-free water, and 2 uL of extracted DNA. The thermal
cycling protocol included an initial denaturation at 95°C
for 2 min, followed by 35 cycles of denaturation at 94°C
for 20 s, annealing at 68°C for 25 s, and extension at 72°C
for 30 s, with a final extension step at 72°C for 3 min. The
expected amplicon size was approximately 600 bp.

Samples that tested positive for Anaplasma spp. and
Babesia spp. in the initial screening were subsequently
subjected to nested PCR (Table 2). For Anaplasma spp., the
groEL gene was amplified in two successive rounds using
the primer pair HS1a/HS6a and HS43/HSVR; the resulting
amplicon was approximately 1300 bp. Reactions were car-
ried out in a final volume of 25 puL containing 1x Dream-
Taq Green Master Mix (Thermo Fisher Scientific, Vilnius,
Lithuania), primers at a final concentration of 0.4 uM each,
nuclease-free water, and 2 pL template DNA. For primary
amplification, 2 pL of extracted DNA was used, whereas
1 uL of the first-round PCR product served as a template in
the second round.

For Babesia spp., a fragment of the /85 ¥YRNA gene
was amplified using the primer sets BS1/BS2 and PiroA/
PiroC in the first and second amplification rounds, respec-
tively. PCR reactions were performed in a final volume of
20 pL using 1x MyTaq Mix (Bioline, USA), primers at a
final concentration of 0.5 uM each, nuclease-free water,
2U DNA polymerase, and 2 pL of template DNA for the
first round, or 2 pL of the first-round PCR product for the
second amplification.

Positive and negative controls were included in each
PCR run. Nuclease-free water was used as a negative con-
trol, while DNA of the respective pathogen, previously
confirmed by sequencing, served as a positive control.

Pathogen DNA sequencing

PCR products obtained by conventional and nested
PCR assays from the positive samples were subsequent-
ly sequenced. PCR products were separated on a 1.5%
agarose gel stained with ethidium bromide. All positive

samples were purified from agarose gel using the Gen-
Jet PCR purification kit (ThermoFisher Scientific, Vilnius,
Lithuania) and sent to Macrogen (Amsterdam, The Nether-
lands) for sequencing.

Data analysis

The obtained DNA sequences were edited using
MEGA X software, (Kumar et al. 2018) and aligned with
available sequences in GenBank using BLASTn prog-
ramme. Phylogenetic trees were constructed using the
Maximum Likelihood method and bootstrap analysis with
1000 replicates. Representative sequences obtained in this
study were submitted to the GenBank database under the
accession numbers PX210510 for the /8SrRNA of Ba-
besia sp., PX216856 for the groEL gene of Anaplasma
phagocytophilum, and PX227288 for the 16S rRNA of My-
coplasma sp.

Results

Prevalence

Of the 24 European badgers examined, 17 (70.8%)
were infected with at least one of the screened pathogens.
Babesia spp. (15/24; 62.5%) infection was the most pre-
valent, followed by Anaplasma spp. (3/24; 12.5%) and
Mpycoplasma spp. (3/24; 12.5%). Babesia spp.-positive in-
dividuals originated from the Telsiai (9/9), Siauliai (3/5)
and Klaipéda (3/5) districts, while no Babesia spp. infec-
tions were recorded in Marijampolé (0/5). Anaplasma spp.
and Mycoplasma spp. infections were detected exclusively
in badgers collected in the TelSiai district (in both cases,
3 individuals out of 9). Co-infections with two pathogens
were observed in four individuals: two were infected with
Babesia spp. and Anaplasma spp., and two with Babe-
sia spp. and Mycoplasma spp. All co-infections were de-
tected in badgers collected in TelSiai. Bartonella spp. or
Hepatozoon spp. were not detected in any of the animals
examined.
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Sequence analysis
Babesia spp.

All Babesia-positive samples were successfully sequ-
enced. The 15 partial /85 rRNA gene sequences obtai-
ned in this study were identical to each other and showed
100% identity with Babesia sp. type A sequences previous-
ly reported from badgers in France (PP621229), Spain
(PP979585 and MW578973), Italy (MK742771), the Uni-
ted Kingdom (KX528553) and China (MG799845) (Fi-
gure 1). A 100% match was also observed with sequences
derived from a tick and red fox in Spain (MW829613 and
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KT223484), as well as from a tick in the United Kingdom
(OR730825).

Anaplasma spp.

All three Anaplasma-positive samples had identical
groEL sequences, showing 100% identity with 4. phago-
cytophilum sequences previously reported from humans
in Poland (MG570466 and KF015601), horses in Swe-
den and Germany (AY 529490 and AF482760), and wild
boar and red fox in the Czech Republic (MT498616). In
the phylogenetic tree, they grouped with high bootstrap
support (98%) within the A. phagocytophilum cluster,

PPY79585 Babesia sp. badger type A Meles meles Spain

# FX210510 Babesia sp. Meles meles (n 15) Lithuania

FPPE21229 Babesia sp. badger type A Mele s meles France
OR730825 Babesia sp. badger type A lodes canisuga United Kingdorm
MWYE296 13 Babesia sp. badgertype A lxodesricinus Spain

— MW578973 Babesia sp. badyertype AMeles meles Spain
ME74277 1 Babesia sp. Meles meles taly

MHE44530 Babesia sp. Meles meles China

MG7 29345 Babesia sp. badger type A Meles meles China

KX 5258553 Babesia sp. badger type A Meles meles United Kingdom
KT223484 Babesia sp. badger type ANupesvulpes Spain

a7 A¥144700 Babe sia microti Canis lupus familiaris Spain

Figure 1. Phylogenetic tree
of partial sequences of the
18S rRNA gene of Babesia spp.

Samples isolated from European
badgers in this study are marked

WT503981 Babesiavulpes Canis lupus familiari s Russia
OM510441 Babesia microti Myctereute s procyonoi des South Korea
OR730523 Babesia vulpes lmdes hexagonus United Kingdom
PCEB5063 Babesia vulpes Felis silvestris Spain
KT223483 Babe sia vulpes Yulpes vulpes Spain
 K¥175167 Babesia vulpesulpes vulpe s Slovakia
KT223485 Babesia sp. badgertype B Meles meles Spain
100 L mG7995846 Babesia sp. badger type B Meles meles China

K 470047 Babesia microti Homo sapiens Poland

—100‘ WT745583 Babesia microti Microtus agrestis Lithuania
WMH3517 43 Babesia microti lodes ricinusMHomo sapiens Swe den

with “¢”. The number of samples

represented by the sequence is

. . —
given in parentheses (n x) 00z

AY150056 Theileria arnulata Bos taurus France

WW013535 Anaplasma phagocytophilum Sciurusvulgaris Czech Republic
AY281823 Anaplasma phago cytophilum ldes ricinus Germany

WWWI13536 Anaplasma phagocytophilum Erinaceus roumanicus Czech Republic
WWI13537 Anaplasma phagocytophilum Erinaceus europaeus Czech Republic
711397 Anaplasma phagocytophilum kodes ricinus Lithuania

|| P%711401 Anaplasma phagocytophilum kodes ricinus Lithuania

CR167084 Anaplasma phagocytophilum Meles mels s Poland

OR1E67111 Anaplasta phagocytophilur Mele s meles Hungary

{HME|57233 Anaplasma phagocytophilum o des ricinus Spain

@ PR216856 Anaplasma phagocytophilum (n3) Meles meles Lithuania
MT428616 Anaplasma phagocyto philum Sus scrofa Czech Republic

MG570466 Anaplasma phagocytophilum Homa sapiens Poland

KFO15601 Anaplastna phagocytophilurm Homo sapiens Poland

100} Ay523490 Anaplasma phagocytophilum Eggus caballus Sweden

Figure 2.Phylogenetic tree of the
Anaplasma  phagocytophilum
groEL gene

AF482780 Anaplasma phagocytophilum Eqgus caballus Germany
OMN153215 Anaplasma phagocytophilum Yulpes vulpes C zech Republic

HOB28907 Anaplasma phagocytophilum o des ricinus Russia
r KYEB1623 Anaplasma platys Taiwan

Samples isolated from European
badgers in this study are marked

1o0 L EUS16388 Anaplasrna platys Brasil
— K¥523038 Anaplasma marginale Uganda

with “¢”. The number of samples
represented by the sequence is
given in parentheses (n x) e

100 LAF165812 Anaplasma marginale USA
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PP5290117 Mycoplasma sp. Procyon lotor Germany
@ XXX Mycoplasma sp. (n3) Meles me les Lithuania
Q0749685 Mycoplasma sp. Meles meles Serbia
Q749887 Mycoplasma sp. Meles meles Hungary

Q7496590 Mycoplasma sp. Meles meles Germany
Q0749638 Mycoplasma sp. Meles meles Serbia
PQO202030 Mycoplasma sp. Lontra longicaudis Brazl

72 IKY175160 Mycoplasma sp. Wulpes vulpe s Slovakia
82| PPRSN15S Mycaplasma sp. Procyon Iotor Germany

— KF7437 10 Mycopla srma sp. Procyon lotor USA

KF743707 Mycoplasma sp. Procyon lotor USA

KF743733 Mycoplasma sp. Procyon lotor USA

PP590051 Mycoplasma sp. Procyon lotor Germany

oo

together with sequences previously reported from bad-
gers in Poland (OR167094) and Hungary (OR167111),
as well as from other wild and domestic hosts in Europe
(Figure 2).

Mycoplasma spp.

All three Mycoplasma-positive samples had identical
16S ¥rRNA sequences and clustered with Mycoplasma sp.
strains previously detected in European badgers from Ser-
bia (0Q749689), Hungary (0Q749687), and Germany
(0Q749690), as well as in other carnivores such as rac-
coons (Procyon lotor) in Germany (PP590117) (Figure 3).

Discussion

This study provides the first molecular evidence of
vector-borne pathogens in European badgers from Lit-
huania. Among the eight pathogens screened, only Babe-
sia spp., A. phagocytophilum, and Mycoplasma spp. were
detected. Co-infections of Babesia with A. phagocytophi-
lum or Mycoplasma were also observed. These findings
highlight the potential role of badgers as hosts for multiple
vector-borne pathogens and contribute to the expanding
knowledge of evidence on pathogen diversity in European
wildlife.

Many infections (62.5%) detected in this study were
caused by Babesia spp., making it the dominant pathogen
in the examined European badgers. The same prevalence
of Babesia spp. in badgers was reported in other European
countries, suggesting that these parasites are widely distri-
buted across the range of the species (Bartley et al. 2017,
Santoro et al. 2019, Guardone et al. 2020, Lindhorst et al.
2024, Szekeres et al. 2025). The /8S rRNA sequences ob-
tained in this study were identical to those of Babesia sp.
type A. In addition, Babesia types B and C have been iden-
tified in badgers from several European countries (Bart-
ley et al. 2017, Santoro et al. 2019, Lindhorst et al. 2024),
indicating that a genetically conserved lineage circulates
among badger populations across different geographical

‘MGQAEEZB Candidatus Mycoplasma haematobovis Bostaurus Cuba
93 | MG248630 Candidatus Mycoplasma haermatobovis Bostaurus Cuba
‘AEEBWSB Candidatus Mycoplasma turicensis Prionailurus iriomotensis Japan

29 | KMETE 263 Candidatus Mycoplasma turicensis Felis catus Brazil
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IMFE14159 Mycoplasma sp. Felis sivestris sikestris Bosnia and Herzegovina

Figure 3. Mycoplasma spp. phy-
logenetic tree of the /6S rRNA
gene

Samples isolated from European
badgers in this study are marked
with “*”. The number of samples
represented by the sequence is
given in parentheses (n x)

regions. Infections with other Babesia genotypes have also
been reported in previous studies (Bartley et al. 2017, San-
toro et al. 2019). The high prevalence of Babesia spp. in
badgers raises questions about their role as reservoir hosts.
Although the pathogenicity of Babesia sp. type A in bad-
gers remains unclear, related Babesia species are known to
cause disease in domestic and wild carnivores, and cross-
species transmission cannot be excluded (Paulauskas et al.
2014, Zygner et al. 2021, Fayos et al. 2025). Therefore,
the detection of a widely distributed lineage in Lithuanian
badgers contributes to the understanding of the ecology of
Babesia spp. in European wildlife and highlights the need
for further research.

Anaplasma phagocytophilum is a well-recognised
tick-borne pathogen with a broad host range, including
wild and domestic mammals, and is the causative agent
of human granulocytic anaplasmosis (Stuen et al. 2013,
de la Fuente et al. 2016). In this study, 4. phagocytophi-
lum was detected less frequently (12.5%) compared with
Babesia spp. Reports from other European countries in-
dicate that badgers may serve as hosts for this bacterium
(Szewczyk et al. 2019, Guardone et al. 2020, Lindhorst
et al. 2024, Szekeres et al. 2025). The co-occurrence with
Babesia spp. observed in this study may reflect over-
lapping transmission routes through shared tick vec-
tors, particularly /xodes spp., which are known to trans-
mit both pathogens (Bown et al. 2008). Further research
with larger sample sizes and vector investigations is ne-
eded to clarify the role of badgers in the epidemiology of
A. phagocytophilum.

Mycoplasma spp. DNA was detected in several in-
dividuals in this study. Haemotropic Mycoplasma species
are increasingly recognised in wildlife, yet their taxonomy
and pathogenic potential remain poorly understood (Millan
et al. 2021). Previous studies have reported these bacteria
in badgers from several European countries (Millan et al.
2018, Lindhorst et al. 2024, Tieri et al. 2024). In Lithuania,
Mycoplasma spp. has previously been detected in domestic
cats and their ectoparasites (fleas and ticks) (Razgiinaité et
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al. 2024). The detection of Mycoplasma spp. in Lithuanian
badgers adds to the evidence of their wide distribution
across European wildlife. However, further studies are
needed to clarify species identity, host specificity, and
possible health impacts in both wildlife and domestic
animals.

In this study, no evidence of infection with Barto-
nella spp., Borrelia spp., Hepatozoon spp., Neoehrlichia
mikurensis, or Rickettsia spp. was found in the examined
badgers. However, these pathogens have previously been
reported in Lithuania in a range of hosts and vectors, inclu-
ding wildlife, domestic animals, ticks, lice and fleas (Pau-
lauskas et al. 2008, Lipatova et al. 2015, Radzijevskaja et
al. 2018, Baltriinaité et al. 2020, Aleksandraviciené et al.
2021, Razgunaité et al. 2021, Snegiriovaité et al. 2025a,
2025b). In other European countries, these pathogens have
occasionally been identified in badgers, for example, Bar-
tonella spp. DNA was detected in badgers in Spain (Millan
et al. 2021), whilst Borrelia spp. was reported in individu-
als from Switzerland and Poland (Gern and Sell 2009, Wo-
decka et al. 2016). Infection induced by Hepatozoon spp.
was detected in badgers in Spain and Hungary (Ortufio et
al. 2022, Szekeres et al. 2025), and Neoehrlichia mikuren-
sis was recently detected in tissues of badgers from Central
Europe (Hornok et al. 2017). In addition, Rickettsia spp.
DNA was revealed in badgers in Poland (Jurczyk et al.
2022). These findings suggest that although our study did
not reveal infections with these agents, badgers in other
parts of Europe may serve as incidental or potential reser-
voir hosts, reflecting regional variation in pathogen circu-
lation and vector distribution.

Conclusions

This study is the first report exhibiting a relatively
high prevalence of vector-borne pathogens in Europe-
an badgers in Lithuania. The detection of Babesia spp.,
Anaplasma phagocytophilum, and Mycoplasma spp.,
including cases of co-infection, demonstrates that badgers
may play a role in the maintenance of multiple pathogens
within natural ecosystems. Moreover, as badger populati-
ons can reach high local densities and frequently overlap
with human and domestic animal habitats, their role in the
epidemiology of vector-borne diseases deserves further
attention. Further research is required to investigate other
potential pathogens that European badgers may harbour,
as their role in the epidemiology of vector-borne diseases
may extend beyond the pathogens identified in this study.
Larger sample sizes and integrated analyses of vectors are
needed to clarify the reservoir competence of badgers and
to assess the potential risks of cross-species transmission to
domestic animals and humans.
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