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Prevalence and co-infection of mosquito-
and tick-borne pathogens in domestic dogs
suspected for canine babesiosis in Lithuania

Jana Radzijevskaja',
Dovilé Tamolitnaité’,
Vytautas Sabiinas?,

Asta Aleksandraviciené',
Algimantas Paulauskas’

'Vytautas Magnus University,
K. Donelaicio St. 58,
Kaunas 44248, Lithuania

?Linas Veterinary Clinic,
Debreceno St. 5,
Klaipéda 94175, Lithuania

During the past decade, vector-borne diseases (VBDs) have been
continuously spreading in Europe, including Lithuania. VBDs are
caused by bacteria, parasites, or viruses transmitted by the bite of
hematophagous arthropods (mainly ticks and mosquitoes). Ca-
nine vector-borne diseases (CVBDs) are a growing global threat.
Since the majority of these diseases have a zoonotic potential,
their management requires a multidisciplinary approach. Global
warming and simplified rules for travelling with animal compan-
ions provide ideal conditions for the circulation and spreading
of vector-borne pathogens in non-endemic geographical regions.
Information on CVBD agents at the local and regional levels al-
lows veterinarians to better recognize the pathogens that can af-
fect dogs, thus facilitating diagnosis and treatment. The aim of
the present study was to investigate the prevalence and co-infec-
tion of mosquito- and tick-borne pathogens in domestic dogs
using molecular DNA analysis methods. Blood samples were
collected from dogs presented at different veterinary clinics in
six regions of Lithuania. A total of 100 blood samples from dogs
suspected for canine babesiosis were screened for the presence of
tick-borne pathogens Anaplasma phagocytophilum, Borrelia spp.,
Babesia canis and mosquito-borne pathogens Dirofilaria spp.
Results of real-time PCR analysis demonstrated the presence of
D. repens in 23.0%, A. phagocytophilum in 35.0%, Babesia spp. in
81.0%, and Borrelia spp. in 19.0% of examined dogs. Double, tri-
ple, or even quadruple co-infections were detected. The present
study is the first investigation of multiple vector-borne pathogens
in dogs from Lithuania using molecular detection methods. Our
findings demonstrate a high infection rate of vector-borne patho-
gens in dogs and suggest that co-infections with anaplasmosis,
borreliosis, babesiosis, and dirofilariosis in dogs are expected in
Lithuania.
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INTRODUCTION

In humans and animals, vector-borne dis-
eases (VBDs) are caused by bacteria, para-
sites or viruses transmitted by the bite of he-
matophagous arthropods (mainly ticks and
mosquitoes) (Beugnet, Marié, 2009). Canine
vector-borne diseases (CVBDs) are a growing
global threat. The majority of these diseases
have a zoonotic potential therefore their man-
agement requires a multidisciplinary approach
(Parola et al., 2005). Climatic changes, together
with an increase in the movement of domestic
dogs across Europe, have caused an increase in
the geographical range of several vector-borne
parasites (Cringoli et al., 2001).

Dirofilariosis is an emerging vector-borne
parasitic zoonotic infection caused by nema-
todes of the genus Dirofilaria and transmitted
by mosquitoes (Simon et al., 2012). The major-
ity of cases in humans and animals are caused
by two Dirofilaria species, Dirofilaria repens
and Dirofilaria immitis, (McCall et al., 2008).
The definitive mammalian hosts for Dirofi-
laria pathogens are primarily domestic dogs
and wild canids. Adult nematodes of D. repens
most often are found in subcutaneous tissues,
whereas D. immitis is the causal agent of ca-
nine and feline cardiopulmonary dirofilariosis
(Genchietal., 2005). The microfilariae are found
in peripheral blood and waiting to be picked up
by a mosquito. Most of D. repens-infected dogs
are asymptomatic. In some dogs, the infection
induces localized dermatitis, skin nodules,
pruritus, thinning, and asthenia (Genchi et al,,
2009). In Lithuania, the first case of canine sub-
cutaneous dirofilariosis was recorded in 2010.
A recent study conducted in Lithuania reported
2.7% overall prevalence of D. repens infection
in pet and shelter dogs (Sabtuinas et al., 2019).
Accurate identification of D. repens species in
dogs is clinically important because of the zo-
onotic concerns and therapeutic implications
in veterinary clinics.

Tick-borne infection canine babesiosis cau-
sed by Babesia canis is an emerging infectious
disease in Europe (Irwin, 2009). Although
previously uncommon, canine babesiosis has

become quite frequent in Lithuania during
the past decade. Expansion of B. canis in Lithu-
ania, as in other European countries, is directly
related to the expanding range of the main
vector — Dermacentor reticulatus tick (Paulaus-
kas et al., 2015). Tick-borne infection caused
by bacterium Anaplasma phagcytophilum is
a well-known disease in Europe and the USA.
Due to the spread of Ixodid ticks, the geo-
graphical distribution of A. phagocytophilum
is expanding to the regions of Northern Eu-
rope (Carrade et al., 2009). A. phagocytophi-
lum has been detected in blood samples from
a wide range of wild and domestic animals.
Most dogs naturally infected with A. phagocyt-
ophilum probably remain healthy, as indicated
by the high number of healthy seropositive
dogs relative to dogs with the clinical disease
(Kohn et al., 2011).

Lyme borreliosis (LB) is a zoonotic disease
caused by the spirochete Borrelia burgdorferi
sensu lato (Littman et al., 2006). The disease is
transmitted primarily by ticks feeding on mam-
mals and birds, with the most common vectors
in Europe being Ixodes ricinus and Ixodes per-
sulcatus. Much less is known about LB in ani-
mals than about the disease in humans (Goos-
sens et al., 2001). The most common symptom
of LB in dogs is migratory arthritis; carditis,
glomerulonephritis, and neuritis are less com-
mon. In Europe, antibodies to B. burgdorferis.l.
and clinical symptoms of LB in dogs have been
reported in several studies (reviewed by Goos-
sens et al., 2001). If Lyme borreliosis is diag-
nosed early and treated correctly, the outcomes
are generally considered to be excellent and
dogs recover quickly. PCR tests for B. burgdor-
feri s.1. from blood can detect active infection
sooner than serologic tests.

Infection with A. phagocytophilum and Bor-
relia spp. in dogs is mostly asymptomatic or
characterized by nonspecific clinical signs,
therefore it is especially important to use appro-
priate methods for early diagnosis of pathogens.

Co-infections with different VBDs are com-
mon, because some species are transmitted
in the same arthropod vector (Vichova et al,
2014). Most vector-borne diseases have the
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special feature of causing similar clinical signs
and abnormal laboratory findings in dogs. Co-
infected cases are complicated for practition-
ers and may cause failures in diagnosis, treat-
ment, and prognosis (Cardoso et al., 2010;
Gaunt et al.,, 2010; De Tommasi et al., 2013).
The aim of the present study was to inves-
tigate the prevalence and co-infection of mos-
quito- and tick-borne pathogens in domestic
dogs using molecular DNA analysis methods.

MATERIALS AND METHODS

Blood samples from dogs of different breeds
and age groups suspected for canine babesio-
sis were collected by veterinary practitioners
from seven Lithuanian veterinary clinics (in
Marijampolé, Vilnius, Klaipéda, Panevézys,
Kédainiai, and two veterinary clinics in Kau-
nas) from 2016 to 2019 (Table 1).

A total of 100 blood samples were analyzed
for the presence of different vector-borne path-
ogens using molecular detection methods (Ta-
ble 1). DNA was isolated from 200-ul aliquots
of EDTA blood using the GeneJet Whole Blood
Genomic DNA purification kit (Thermo Fisher
Scientific, Lithuania) as per manufacturer’s in-
structions.

Partial internal transcribed spacer region 2
(ITS2) of the ribosomal RNA and cytochrome ¢
oxidase subunit I (coxI) gene were used as tar-
gets in PCR for identification of Dirofilaria mi-
crofilariae species (Rishniw et al., 2006). PCR
results were evaluated by agarose gel electro-
phoresis.

The samples were screened for the presence
of tick-borne pathogens A. phagocytophilum,
Babesia spp. and Borrelia spp. using multiplex
real time-PCR assay designed by Maksim Brat-
chikov (Sakalauskas et al., 2019) to amplify
a 98 bp fragment of msp2 gene from A. phago-
cytophilum, a 214 bp fragment of 185 rRNR
gene from Babesia spp., and a 77 bp fragment
of 23S rRNR gene from Borrelia spp. Multiplex
TaqMan real time-PCR was performed in a to-
tal volume of 15 pl consisting of 100 ng of ex-
tracted DNA, (1x) SensiMix™ II Probe No-ROX
(Bioline), 1 uM of each primer, and 0.5 uM

of each probe. The following PCR conditions
were used: 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. For all real-time PCR reactions,
samples were considered positive if they had
a cycle threshold (CT) value <40. Positive sam-
ples from real-time PCR were used in further
amplifications in order to obtain PCR prod-
ucts for sequence analysis. Partial msp4 gene
of A. phagocytophilum and 168 (rrs)-23S (rrlA)
intergenic spacer (ITS region) of Borrelia spp.
were amplified by nested PCRs. The amplifi-
cation of B. canis DNA through conventional
PCR was performed using primers BAB GF2
and BAB GR2, which amplify a 559 bp region
of the 185 rRNA gene of B. canis (Adaszek et al.,
2009).

Representative positive PCR products were
extracted from the agarose gel and purified
using the GeneJet PCR purification kit (Ther-
mo Fisher Scientific, Lithuania) as per manu-
facturer’s instructions and further subjected
to sequence analysis. The obtained sequences
were analyzed using the Mega software pack-
age, version X, and compared with the sequence
data available from GenBank using the BLAST
program. Phylogenetic trees were constructed
on the basis of the sequence distance method
using the Neighbor joining and Maximum
Likelihood algorithms.

RESULTS AND DISCUSSION

Detection of D. repens

The identification of D. repens was performed
on the basis of 484 bp fragments of ITS-2 re-
gion. Blood samples positive for microfilaria
were then verified with a D. repens-specific
primer set based on partial (209 bp) ampli-
fication of coxI gene, as described by Rish-
niw et al. (2006). Based on both PCR assays,
D. repens was identified in 23.0% of examined
dogs (Figs. 1, 2; Table 1). The sequence analy-
sis of the partial coxI gene showed that two
D. repens sequences were 99-100% identical
to the corresponding D. repens sequences de-
posited in GenBank. Two coxI gene sequences
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Fig. 1. PCR amplification of par-

tial ITS-2 region of filarial spe-
cies visualized by electrophore-
sis in a 1.5% agarose gel: 2-6, 14
tracks D. repens-positive samples;
M - molecular weight marker
50 bp; K - negative control; K+

positive control

Fig. 2. PCR amplification of
partial coxI gene of D. re-
pens visualized by electro-
phoresis in a 1.5% agarose
gel. 1-7 tracks D. repens-
positive samples; M - mo-
lecular weight marker 50 bp;
K - negative control; K+ pos-
itive control

Table 1. Vector-borne pathogens detected in dogs in different veterinary clinics in Lithuania

it D. trepens Real time PCR Nested PCR
n/N A. phagocytophilum | Borrelia spp. | Babesia spp. | A. phagocytophilum

Kédainiai 1/1 1/1 0/1 1/1 0/1
Vilnius 0/5 5/5 5/5 5/5 2/5
Panevézys 1/8 4/8 3/8 8/8 1/4
Marijampolé 1/4 3/4 2/4 4/4 0/3
Klaipéda 0/5 2/5 1/5 5/5 0/2
Kaunas 20/77 20/77 8177 58/77 2/20
Total 23/100 35/100 19/100 81/100 5/35

(17 Kr, 1Mar; Table 2) were 100% identi-
cal to corresponding sequences of D. repens
previously detected in dogs from Lithuania
(Sabunas et al., 2019), while three other cox1
sequences of D. repens were distinguished
from the sequences available in GenBank
based on one nucleotide substitutions (T/C) at
the positions 146 nt in the analysed sequence
(Table 2). Three coxI gene sequences of D. re-
pens were deposited in GenBank under acces-
sion numbers MT345562 (1Ked), MT345563
(10Sn), MT345564 (41Sn). Phylogenetic rela-

tionship among cox1 gene sequences of filari-
oid nematodes are presented in Fig. 3. Results
of this study demonstrated that at least two
cox1 gene haplotypes of D. repens circulate in
Lithuania.

Detection of A. phagocytophilum, Borrelia spp.

and Babesia spp.

Results of real-time PCR analysis demon-
strated the presence of DNA of Babesia spp. in
81.0% (81/100), A. phagocytophilum in 35.0%
(35/100), and Borrelia spp. in 19.0% (19/100) of
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Table 2. Variable nucleotides detected in coxI gene sequence (209 bp) of D. repens isolates from Lithu-

ania and other countries

Samples

Nucleotide positions

146 155

C G

10Sn Dirofilaria repens Lithuania

41Sn Dirofilaria repens Lithuania

1Ked Dirofilaria repens Lithuania

17Kr Dirofilaria repens Lithuania

1Mar Dirofilaria repens Lithuania

MH469227 Dirofilaria repens Lithuania

MG?787424 Dirofilaria repens Slovakia

AJ271614 Dirofilaria repens Italy

MH469229 Dirofilaria repens Lithuania

KC142193 Dirofilaria repens Slovakia

MF695085 Dirofilaria repens Austria

HlH (3 H 33|13

MH469227 Dirofilaria repens Lithuania
MH469229 Dirofilaria repens Lithuania
MG787424 Dirofilaria repens Slovakia
KC142193 Dirofilaria repens Slovakia
AJ271614 Dirofilaria repens ltaly

@ 1Mar Dirofilaria repens Lithuania

17Kr Dirofilaria repens Lithuania
& 1Ked Dirofilaria repens Lithuania

& 10Sn Dirofilaria repens Lithuania

@& 41Sn Dirofilaria repens Lithuania
L——— MF695085 Dirofilaria repens Austria

0.010

MG912908 Dirofilaria repens Brasil

Fig. 3. Phylogenetic tree of the coxI gene sequences of D. repens created using the Neighbor-

Joining method and bootstrap analysis of 1000 replicates. Sequences with accession numbers

were taken from GenBank for comparison. Samples sequenced in the present study are marked

examined dogs (Table 1). For positive A. phago-
cytophilum samples, CT values varied from 14
to 39 cycles. For positive Babesia samples, CT
values varied from 18 to 36 cycles. For Borre-
lia spp. positive samples, CT values ranged be-
tween 33 and 38 cycles, which demonstrated
low bacteremia in the analysed samples.

In all positive samples, B. canis was identified
based on amplifications of 559 bp fragments of

18S rRNA in species-specific PCR. A. phago-
cytophilum msp4 gene was successfully ampli-
fied in five out of 35 (14.3%) samples positive
for this pathogen by real-time PCR. Sequence
analysis of the partial (381 bp) msp4 gene of
A. phagocytophilum showed that all three se-
quences were 100% identical to each other and
to the corresponding sequences deposited in
the GenBank database (Fig. 4).
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KF445234 Anaplasma phagocytophilum Canis familiaris Brazil
KF747335 Anaplasma phagocytophilum Canis familiaris Slovenia
KF445231 Anaplasma phagocytophilum Canis familiaris Brazil
KF031405 Anaplasma phagocytophilum Ixodes ricinus Italy
JNB56293 Anaplasma phagocytophilum Canis familiaris Germany
JN181113 Anaplasma phagocytophilum Ixodes ricinus Lithuania
JN181085 Anaplasma phagocytophilum Ixodes persulcatus Latvia
@ 2r Pnvz Anaplasma phagocytophilum Canis familiaris Lithuania
@ 1Vin Anaplasma phagocytophilum Canis familiaris Lithuania

@ 61 Sn Anaplasma phagocytophilum Canis familiaris Lithuania

KM205444 Anaplasma phagocytophilum Ixodes ricinus Slovenia

GU265848 Anaplasma phagocytophilum Capreolus capreolus Austria

|

0.1

KF031430 Anaplasma phagocytophilum Ixodes ricinus ltaly
JN181102 Anaplasma phagocytophilum Ixodes ricinus Lithuania
JX197267 Anaplasma phagocytophilum Ixodes ricinus France

JQ178338 Anaplasma phagocytophilum [zodes ricinus Italy
94

Fig. 4. Phylogenetic tree of the msp4 gene sequences of A. phagocytophilum created using the Maximum

Likelihood method and bootstrap analysis of 1000 replicates. Sequences with accession numbers were

taken from GenBank for comparison. Samples sequenced in the present study are marked

Amplification of partial ITS region (varied
from 450 to 1500 bp depending on Borrelia
species) of Borrelia spp. by nested PCR were
not successful, most likely because of a low
load of bacteria in examined samples. Real-
time PCR method was more effective in identi-
tying of Borrelia DNA.

Vector-borne infections are increasingly
important to the health of people and other
animals worldwide. Tick-borne diseases are of
great medical importance worldwide and af-
fect dogs’ health through the transmission of
pathogens by blood sucking Ixodidae ticks.
The geographic distribution of infected ticks
has expanded because of bird migration as
well as environmental and climatic changes.
Climate change has already affected a wide
range of vector-borne diseases in Europe.
Ticks and mosquitoes, the diseases they trans-
mit have a geographical range restricted by
host movement and climatic factors. The in-
creased mobility of domestic dogs has resulted
in rapid extension of the geographical ranges
for their ectoparasites and carried pathogens
(Gray et al., 2008). All these factors may in-
crease the risk of babesiosis, dirofilariosis, an-
aplasmosis, and Lyme borreliosis for dogs in
Lithuania.

Co-infections

A. phagocytophylum spp. and Borrelia spp. co-
infection was detected in nine samples (9%).
Borrelia spp. and Babesia spp. co-infection
was found in three samples (3%). In six sam-
ples (6%), A. phagocytophylum and B. canis
co-infection was detected. Triple infections
with A. phagocytophilum, B. canis, and Bor-
relia spp. were detected in seven samples.
The high number of co-infections is due to
the fact that ticks may be co-infected with sev-
eral pathogens, with a subsequent high like-
lihood of co-transmission to animals. Out of
23 D. repens-infected dogs, 14 (60.9%) were
co-infected with different tick-borne patho-
gens: four (28.6%) samples were co-infected
with B. canis; three (21.4%) samples were co-
infected with A. phagocytophilum and Borre-
lia spp.; two (14.2%) samples were co-infected
with A. phagocytophilum and B. canis; other
two (14.2%) samples were co-infected with
A. phagocytophilum; one sample (7.1%) was
infected with Borrelia spp. Quadruple co-in-
fection with D. repens, A. phagocytophilum,
Borrelia spp., and B. canis was detected in two
samples (14.2%). The highest co-infection rate
(28.6%) was detected between D. repens and
B. canis pathogens. In warm climate countries,
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where a large spectrum of different vectors
is found, co-infections in dogs with Ehrli-
chia, Anaplasma, Babesia, Borrelia, Bartonel-
la, Rickettsia, and Dirofilaria are detected
(Beall et al., 2008; Sainz et al., 2015; Capel-
li et al., 2018). Findings of the present study
suggest that co-infections with anaplasmosis,
babesiosis, and dirofilariosis in dogs are ex-
pected in Lithuania. Co-infection cases are
complicated for practitioners and may cause
failures in diagnosis, treatment, and progno-
sis (Cardoso et al., 2010; De Tommasi et al.,
2013). The results of this study may be useful
in developing molecular diagnostic kits for in-
fectious diseases using a real-time multiplex
PCR method, which can detect multiple path-
ogens simultaneously (Courtney et al., 2004;
Hojgaard et al., 2014). Diagnostic kits for dif-
ferent vector-borne diseases could be based
on epidemiological data of different countries
(De Tommasi et al., 2013).

CONCLUSIONS

The present study is the first investigation of
multiple vector-borne pathogens in dogs from
six different locations in Lithuania using mo-
lecular detection methods. Our study dem-
onstrated a high prevalence of mosquito- and
tick-borne infections in Lithuanian dogs and
suggested that co-infections with anaplasmo-
sis, borreliosis, babesiosis, and dirofilariosis are
expected. Double, triple, or even quadruple co-
infections were detected in the present study.
Annual testing for mosquito- and tick-borne
infections using modern molecular diagnostic
methods is recommended for veterinarians.
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TARP NAMINIU SUNU BABEZIOZES UZKRA-
TA PLATINANCIU UODU IR ERKIU PATO-
GENU BEI KOINFEKCIJU ATVEJU NUSTATY-
MAS LIETUVOJE

Santrauka

Pastaraisiais metais stebimas vis didesnis vektoriy
perneSamy ligy plitimas j naujas geografines te-
ritorijas Europoje, taip pat Lietuvoje. Vektorinés
kilmés ligas sukelia bakterijos, parazitai ar viru-
sai, kuriuos platina nariuotakojai kraujasiurbiai,
dazniausiai - erkés ir uodai. I$ Suny vektoriy per-
neSamy ligy labiausiai pasaulyje paplitusios erkiy
pernesamos ligos. Siy infekcijy kontrolé yra svarbi
dél patogeny zoonotinio potencialo. Skirtingi pa-
togenai gali sukelti panasius ligos simptomus ir tai
apsunkina ligy diagnozavimg. Vektoriy plitimas
ne endeminiuose geografiniuose regionuose sieja-
mas su globaliu atsilimu, Zemés tkio veiklos po-
ky¢iais bei Zmoniy kelionémis su savo augintiniais
j naujus regionus. Nuosekli informacija apie Suny

vektoriy pernesamus sukéléjus naujose vietovése

ar regionuose leidzia veterinarijos gydytojams
tiksliau ir grei¢iau nustatyti patogenus, galincius
sukelti $uny ligas, palengvina ligy diagnozavimg ir
gydyma. Sio tyrimo tikslas — molekuliniais DNR
analizés metodais jvertinti naminiy $uny uzsikre-
timg uody ir erkiy platinamais patogenais bei nu-
statyti koinfekcijy paplitima. Suny kraujo méginiai
buvo surinkti i§ skirtingy Lietuvos veterinarijos
kliniky $eSiuose Lietuvos regionuose. IS viso 100
$uny kraujo meéginiy buvo patikrinta dél erkiy
platinamy patogeny Anaplasma phagocytophilum,
Borrelia spp., Babesia canis ir uody pernesamy pa-
togeny Dirofilaria spp. PGR analizé atskleidé, kad
23 % $uny uzsikrété D. repens, 35 % — A. phagocy-
tophilum, 19 % — Borrelia spp. ir 81 % — Babesia spp.
Suny kraujo méginiuose buvo aptiktos dvigubos,
trigubos ar net keturgubos koinfekcijos. Siame ty-
rime $iuolaikiniais molekuliniais tyrimo metodais
pirma kartg buvo jvertintas naminiy $uny uzsikré-
timas skirtingais vektoriy perne$amais patogenais
Lietuvoje bei nustatytos anaplazmozés, boreliozés,
babeziozés ir dirofiliariozés sukéléjy koinfekcijos.

Raktazodziai: naminiai $unys, Babesia canis,
Dirofilaria repens, Anaplasma phagocytophilum,
Borrelia burgdorferi sensu lato, Lietuva



