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Abstract:

The present study aims to examine the prevalence of bacteria pathogenic for animals in their tick vectors

along the Black Sea coast of Turkey. A total of 313 ticks were collected on several host animals from
Samsun and Ordu Provinces in the Middle Black Sea coastline of Turkey in 2006-2013. All ticks were
molecularly screened for infectious agents. According to PCR results, Rickettsia aeschlimannii (1.59%),
Rickettsia raoultii (0.9%) and Rickettsia slovaca (0.9%) were detected while Borrelia and Francisella
were not detected in these ticks. Three tick samples were also positive for rickettsial DNA; however, the
infectious agent could not be identified at the species level. The results of the current study highlight that
Rickettsia of the spotted fever group occurs more frequently than thought and should be taken into account
for patients from the Black Sea region with tick-bites.
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Introduction

Ticks are blood-feeding ectoparasites, which are
considered as important disease vectors affecting
terrestrial vertebrates. A wide range of viral, bacte-
rial (including rickettsial) and protozoan pathogens
are transmitted by ticks; ticks can also serve as ma-
jor pathogen reservoirs, maintaining the presence
of pathogens over time in local areas (SONENSHINE
& ROE 2014, ESTRADA-PENA & JONGEJAN 1999).
The incidence of tick-borne diseases is increasing
around the world (ESTRADA-PENA et al. 2012). Tick-
borne diseases (TBDs) are important both for health
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and for major economic losses (ESTRADA-PENA &
JONGEJAN 1999, SHpYNOV et al. 2004). TBDs are
widespread in Turkey (ERGONUL 2006, ORKUN et
al. 2014a, SEN et al. 2011). The spotted fever group
(SFG) rickettsiae, such as Rickettsia hoogstraal-
11, R. roultii, R. aeschlimannii and R. slovaca, are
mainly harboured in some Ixodes, Rhipicephalus,
Haemaphysalis, Dermacentor and Hyalomma spe-
cies (GARGILI et al. 2012, OrRKUN et al. 2014b, KE-
SKIN et al. 2016). Babesiosis and theileriosis are the
most prevalent TBDs in several parts of Turkey and
20—60% of cattle are infected by these agents at least
in one season (Acicrt et al. 2016, BiLGic et al. 2017).
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Molecular screening of ticks for tick-borne
pathogenic bacteria is one of the emerging tech-
niques, which could be utilised to determine the
occurrence of pathogens at specific regional or
geographic scales. The present study was conduct-
ed to determine the occurrence and prevalence of
three tick-borne pathogenic bacterial groups, i.e.
Rickettsia, Francisella and Borrelia, in a collec-
tion of ticks from cattle in the Black Sea region
in Turkey

Materials and Methods

Sample Collection

Tick samples were collected from cattle at 12 lo-
calities in the Ordu and Samsun Provinces located
in the Middle Black Sea coastline of Turkey (Fig.
1). The region is situated in the northern part of
Turkey and has a wet, humid climate with annual
summer and winter temperatures of 23 °C and 7
°C, respectively. All of the collected ticks were
placed into labelled small plastic tubes containing
70% ethanol. The collected tick samples were pre-
served and deposited at the Acarology Laboratory
(Gaziosmanpasa University, Department of Biol-
ogy) for taxonomic identification. Descriptions
and identification keys of FiLippova (1977, 1997)
and ESTRADA-PENA et al. (2017) were used for tick
identification.

DNA Isolation

Genomic DNA was individually extracted from
each tick sample using a genomic DNA isolation
kit developed by Molecular Biology laboratory,
Tokat Gaziosmanpasa University, Tokat, Turkey
(Turkuaz Genomic DNA Isolation Kit, patent pend-
ing). Briefly, ticks were washed with distilled water
for 5 min and dried on a sterile filter paper. Ticks
were minced using a sterile scalpel blade in sterile
Eppendorf tubes containing 180 pl of Turkuaz lysis
buffer and 40 pl of proteinase K (Roche, Mannheim,
Germany) and incubated overnight at 56 °C. After-
wards, 250 pul of absolute ethanol was added to the
samples and vortexed. The samples were then trans-
ferred to DNA spin filter tubes and centrifuged at
12,000 x g for 1 min. The filters were washed once
with 250 pl Turkuaz washing buffer 1 (TWB1) and
Turkuaz washing buffer 2 (TWB2) by centrifuging
at 12,000x g for 1 min. The DNA on the filters were
eluted with 100 ul 72 °C ddH,O and stored at +4°C
until the agarose gel electrophoresis. DNA concen-
tration and purity were evaluated with a spectro-
photometer (Eppendorf Biophotometer, Eppendorf,
Hamburg, Germany).
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PCR and DNA Sequencing

For detection of Rickettsia, Borrelia and Franci-
sella species, collected tick samples were tested
by polymerase chain reaction (PCR) using spe-
cific primers (Table 1). PCR was performed using
Dream Taq Green PCR Master Mix (Thermo Scien-
tific, Waltham, MA). PCR conditions were similar
to those used by REGNERY et al. (1991), BERRADA
& TELFORD (2010) and BARBOUR et al. (1996) for
the detection of Rickettsia, Francisella and Borre-
lia, respectively. A positive DNA sample was used
as a positive control, while ddH2O was taken as a
negative control. The PCR products were run and
visualised on 1% agarose gel electrophoresis. For
the presence of rickettsial DNA, all samples were
first screened by PCR using primers RpCS.877p and
RpCS.1258n, which amplify a 381-bp fragment of
the rickettsial citrate synthase gene (g/t4). After-
wards, each positive sample for g/t4 was screened
with the primer pairs (Rr190.70p and Rr190.602n)
targeting a 532-bp portion of the outer membrane
protein A (ompA) gene of Rickettsia spp.

Positive gtl4 and ompA amplicons were se-
quenced by Macrogen Inc. (Amsterdam, The Neth-
erlands). The consensus nucleotide sequences were
compared with other rickettsiae sequences present
in the GenBank (National Center for Biotechnology
Information, NCBI) using the Basic Local Align-
ment Search Tool (BLAST). Only, the positive
ompA amplicons were submitted at the GenBank
using the Banklt tool.

Results

A total of 45 cattle were examined for tick infesta-
tion at 12 localities in the Ordu and Samsun Prov-
inces. Totally, 313 tick samples were collected. Cat-
tle were infested by low numbers of ticks, ranging
from 1 to 90. Tick samples were identified as seven
species: Dermacentor marginatus (16 males, 26 fe-
males and 1 nymph), Haemaphysalis concinna (1
nymph), Haemaphysalis punctata (100 males and
156 females), Hyalomma marginatum (24 males, 5
females and 1 nymph), Ixodes ricinus (11 males, 43
females, 5 nymphs), Rhipicephalus annulatus (5 fe-
males) and Rhipicephalus bursa (6 males, 4 females
and 9 nymphs).

Borrelia and Francisella were not detected
from the collected tick samples, while rickettsial
DNA was detected in 14 tick samples (infection rate
4.47%) belonging to 2 tick species, i.e. H. margina-
tum and D. marginatus (Table 1) that were collected
from different hosts. According to nucleotide se-
quences, R. aeschlimannii was detected in 5 (sample
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Fig 1. Map of the study area, Samsun and Ordu Provinces in Turkey. Specific localities of tick collection are shown
with asterisks (black: rickettsia negative cases; red: rickettsia positive cases).

ID: S28, S29, S32, S33 and S34) out of 30 samples
of H. marginatum (infection rate 16.66%) collected
from cattle in Samsun Province. On the other hand,
R. raoultii was detected in three samples of D. mar-
ginatus (sample ID: 057, 0102 and O104) while R.
slovaca was detected in other three samples of D.
marginatus (sample ID: 059, 061 and 063); these
were collected from the same host sampled from
cattle in Ordu Province. Two additional D. margi-
natus ticks (0106 and S2) and one H. marginatum
tick (S41) were revealed to be positive for rickettsial
DNA by electrophoresis of amplicons; however, no
sequence was obtained to confirm infection and to
identify the Rickettsia species despite resequencing
attempts.

Rickettsial DNA was not found in H. concinna,
H. punctata, I. ricinus, R. annulatus and R. bursa
ticks. All sequences obtained from this study were
99.4-100% identical to the corresponding sequence
of the Rickettsia strains (Table 2).

Discussion

The prevalence of TBDs in Turkey has increased
during the past decade (OrRkUN et al. 2014a,
ORKUN et al. 2014b, KEskIN et al. 2016, KARASAR-
TOVA et al. 2018) both of medical and veterinary
importance, while tick-borne diseases (TBDs.
The aim of the current study was to examine the
presence of Borrelia, Francisella and Rickettsia
species in ticks collected from the Middle Black

Sea coastline of Turkey. According to our results,
the presence of R. aeschlimannii in H. margi-
natum ticks from Samsun as well as R. raoultii
and R. slovaca in D. marginatus ticks from Ordu
Province are the first reports of these species from
these provinces.

Rickettsia aeschlimannii is the causative
agent of Mediterranean spotted fever (MSF)-like
cases in the areas where H. marginatum is abun-
dant. The presence of R. aeschlimannii has been
demonstrated in Hyalomma ticks from some part of
Europe, Asia and Africa (FERNANDEZ-SOTO et al.
2003, SapryNoOvV et al. 2004, OrRKUN et al. 2014b).
In Turkey, this pathogenic rickettsia was detected
in H. marginatum, H. aegyptium and Rhipicepha-
lus turanicus ticks (ORKUN et al. 2014a, ORKUN
et al. 2014b, KeskIN et al. 2016). According to
BLAST comparisons with the GenBank database,
our R. aeschlimannii strains (ompA) (accession
number MH548520) were 100% similar to Rick-
ettsia aeschlimannii isolate Ro-771 (MF379307.1)
and Rickettsia aeschlimannii strain EgyRickHimp-
El-Arish-16 (HQ335157.1).

Rickettsia slovaca and R. raoultii were detect-
ed from D. marginatus ticks. These species are the
causal agents of scalp eschar and neck lymphadenop-
athy (SENLAT syndrome or TIBOLA/DEBONEL)
in humans (PArROLA et al. 2013). The sequences
obtained here for R. raoultii (accession number:
MH548521) were 100% identical with R. raoultii
strain WB13/Dm R Casola Valsenio (HM161794)
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Table 1. PCR primer pairs used in the study and target genes.

Anneal-
Pathogens | Target gene | Primer Name Primer Sequence 5’ - 3’ AMP | ing Tem- Reference
(bp) | perature
‘0
sis gene (gltd) | RpCS.1258n ATTGCAAAAAGTACAGTGAACA etal. (1991)
Rickettsia | Quter mem- Rr190.70p ATGGCGAATATTTCTCCAAAA REGNERY
brane protein 532 48
gene (ompd) | Rr190.602n AGTGCAGCATTCGCTCCCCCT etal. (1991)
TUL4F-435n | GCTGTATCATCATTTAATAAACTGCTG BERRADA
. Membrane
Francisella . 428 49 & TELFORD
protein (Tul4) | TUL4R-863p TTGGGAAGCTTGTATCATGGCACT (2010)
F]agel]in gene FlaLS AACAGCTGAAGAGCTTGGAATG BARBOUR
Borrelia 575 55
(flaB) FlaRS CTTTGATCACTTATCATTCTAATAGC et al. (1996)

Table 2. Ticks and Rickettsia species were detected in this study.

. No. Rickettsia- . . . .

Ticks Nymph | Female | Male | Total positive ticks (%) Rickettsia species | Accession no

. 3 males (6.97%) R. raoultii MH548521
Dermacentor marginatus ! 26 16 B3 females (6.97%) R. slovaca MH548522
Haemaphysalis concinna 1 1
Haemaphysalis punctata 56 100 156

. 4 males (13.33%) . "
Hyalomma marginatum 1 5 24 30 1 female (3.33) R. aeschlimannii MHS548520
Ixodes ricinus 5 43 11 59
Rhipicephalus annulatus 5 5
Rhipicephalus bursa 9 4 6 19
17 139 157 313

and R. raoultii clone 6b (JN400406). Similar results
have recently been reported by ORKUN et al. (2014a,
b) and KeskinN et al. (2016) who found 100% simi-
larity of the species with R. raoultii strain WB13/
Dm R Casola Valsenio (HM161794). Likewise, our
R. slovaca strains (accession number: MH548522)
were also 100% identical with R. slovaca isolate
Ro-211 (MF379300.1), R. slovaca str. D-CWPP
(CP003375) and others.

In the present study, DNA of Borrelia (the caus-
ative agent of Lyme disease) and Francisella (the
causative agent of tularemia) were not detected in
tested ticks. Although they are rarely reported, lyme
disease and tularemia cases in humans have been se-
rologically documented in some localities of Turkey.
Moreover, recent studies showed that Borrelia burg-
dorferi sensu stricto and Borrelia afzelii were detect-
ed in some tick species (Hyalomma marginatum, H.
excavatum and Haemaphysalis parva) infesting hu-
mans (ORKUN et al. 2014, KARASARTOVA et al. 2018).
On the other hand, tularemia cases in Turkey are con-
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sidered to be principally water-borne (drinking unch-
lorinated water or uncontrolled spring water); how-
ever, tick-borne tularemia cases are sometimes seen
in Turkey (YESILYURT et al. 2011). Therefore, ticks
do not seem to play a significant role in the trans-
mission of Borrelia and Francisella in the Black Sea
Region. Further studies are needed to explore the
possible vector role of ticks for the transmission of
Borrelia and Francisella species in Turkey.

In conclusion, this study reports the presence
of R. raoultii, R. slovaca and R. aeschlimannii in
ticks collected from the Black Sea region of Tur-
key. Therefore, ticks (especially D. marginatus and
H. marginatum) have the potential to transmit rick-
ettsial diseases in this region. The findings of the
previous and current study suggest that ticks sig-
nificantly contribute to the transmission of rickett-
sial pathogens in Turkey. Therefore, it is suggested
that spotted fever group bacteria should be surveyed
in patients with tick-bites in the Black Sea Region,
Turkey.
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