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Ehrlichia canis is the primary etiologic agent of canine monocytic ehrlichiosis, a tick-transmitted
disease of dogs. The aim of this study is to molecularly investigate the presence of E. canis and to
reveal its prevalence in dogs in Siirt province. The animal material of the study is consisted of a total
of 82 dogs. A region of the 16S ribosomal RNA gene of E. canis was targeted for PCR amplification.
As a result of the conducted Nested-PCR, positivity was detected at the rate of 10.53% (4/38) in male
dogs and 13.64% (6/44) in females, and Ehrlichia canis specific bands of size 389 bp were obtained
in 10 (12.20%) dogs in total. The phylogenetic tree was constructed with the Maximum Likelihood
(MCL) method, The nucleotide sequence was registered in the NCBI GenBank database with access
numbers OK331365.1-OK331366. Early detection of the disease by means of hematological,
serological, or molecular tests is very important in terms of prognosis. More studies should be
performed to determine vector-disease relationships in this region about ticks that vector the disease.
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Siirt ili képeklerinde Ehrlichia canis’in Molekiiler Yontemle Arastirilmasi ve
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Ehrlichia canis, kopeklerde kene araciligiyla bulasan bir hastalik olan képek monositik ehrlichiosis'in
birincil etiyolojik ajanidir. Bu c¢alismanin amaci, Siirt ilindeki kopeklerde E. canis varligmi molekiiler
olarak arastirmak ve yaygmligimi ortaya koymaktir. Arastirmanin hayvan materyalini toplam 82 kdpek
olusturdu. E. canis'in 16S ribozomal RNA geninin bir bdlgesi, PCR amplifikasyonu i¢in hedeflendi.
Yapilan Nested-PCR sonucunda erkek kopeklerde %10,53 (4/38), disilerde %13,64 (6/44) oraninda
pozitiflik saptanmig ve toplamda 10 (%12,20) hayvanda 389 bp biiyiikliigiinde Ehrlichia canis'e 6zgi
bantlar elde edilmistir. Filogenetik agag, Maximum Likelihood (MCL) yontemiyle olusturulmustur,
Niikleotid dizisi, OK331365.1-OK331366 erisim numaralartyla NCBI GenBank veritabanina

Filogeni kaydedilmistir. Hastaligin hematolojik, serolojik veya molekiiler testler ile erken teshisi prognoz
P;R acisindan olduk¢a onemlidir. Hastaligi vektorliigiinii yapan keneler hakkinda bu bolgedeki vektor-
'?'Ii;;{(iye hastalik iliskilerini belirlemek i¢in daha fazla ¢alisma yapilmasi gerektigi kanaatine varilmisgtir.
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Introduction

Ehrlichia is a tick-transmitted, obligate intracellular,
gram-negative bacteria associated with serious and
sometimes fatal diseases in humans and some domestic and
wild animals (Murphy et al., 1998; Ndip et al., 2005; Cihan
et al., 2010; Ajaj et al., 2020). E. canis is the primary
etiologic agent of canine monocytic ehrlichiosis (CME), a
tick-transmitted disease of dogs (Rodriguez-Vivas et al.,
2005; Sart et al., 2009; Vargas-Hernandez et al., 2012).
CME is prevalent in tropical and subtropical regions
around the world (Breitschwerdt et al., 1998; Sar1 et al.,
2009; icen et al., 201 1). The disease was first identified in
Algeria and was reported later in some countries of
Western Europe, America, Africa, and the Middle East
(Brouqui et al., 1991; Waner et al., 1999; Erdeger et al.,
2003).

The disease is transmitted through infected ticks or by
blood of infected dogs to other dogs (Sar1 et al., 2009). The
dominant type of tick Rhipicephalus sanguineus species in
dogs in Tiirkiye (which is known as the brown dog tick),
plays a role in the spread of the disease (Dodurka and
Bakirel, 2002; Erdeger et al., 2003; Ndip et al., 2005;
Rodriguez-Vivas et al., 2005; Sar1 et al., 2009; Aslantas et
al., 2020). All dog breeds can be infected with E. canis,
however it is reported that German shepherd dogs are more
susceptible to this disease than other breeds (Brouqui et al.,
1991; Erdeger et al., 2003).

CME progresses in acute, subclinical, and sometimes
chronic forms after an incubation period of 8-20 days.
Depression, lethargy, weight loss, anorexia, pyrexia,
stagnation, nasal discharge, dyspnea, lymphadenopathy,
edema of the extremities and scrotum, occasional epistaxis,
hypersensitivity and the presence of tics are reported for
the acute phase, as well as a series of central nervous
system findings, including cranial nerve damage (Dodurka
and Bakirel, 2002; Erdeger et al., 2003; Sari et al., 2009).
Clinical signs are usually absent in the subclinical form
(Sartetal., 2009; Ajaj et al., 2020; Aslan Celik et al., 2020).
Thrombocytopenia,  leukopenia and  normocytic,
normochromic anemia are the most important laboratory
findings of the disease (Cihan et al., 2010).

It has been reported that the disease can become chronic
and last for years if it cannot be diagnosed and treated in
time, and this chronic phase may be asymptomatic in some
dogs. More severe clinical findings may also occur in some
dogs compared to the acute phase findings (Dodurka and
Bakirel, 2002).

The diagnosis of ehrlichiosis is often difficult and
laboratory examinations are needed. Blood smears,
Immunofluorescence assay (IFA), Western Blot,
Enzyme-Linked Immuno Sorbent Assay (ELISA) and
Polymerase Chain Reaction (PCR) methods are used for
this purpose (Dodurka and Bakirel, 2002; Erdeger et al.,
2003; Rodriguez-Vivas et al., 2005; Carvalho et al.,
2008). PCR is used in the early diagnosis of ehrlichiosis
(Carvalho et al., 2008; Diizli et al., 2014) and it is a
recommended method (Malik et al., 2018). It is reported
that the most common gene region used in the
differentiation of different genotypes of E. canis is the
16S rRNA region in this method (Carvalho et al., 2008;
Diizlii et al., 2014).

It is very important to determine the presence and
prevalence of tick-borne pathogens in dogs, and to reveal
their molecular epizootiology, in order to take the
necessary treatment, control and prevention measures
(Diizlii et al., 2014). Studies on the investigation of E.canis
in dogs by molecular methods are quite limited in Tirkiye.
The aim of this study is to molecularly investigate the
presence of E. canis and to reveal its prevalence in dogs in
Siirt province.

Materials and Methods

The Study Area

The Siirt province is located in the Southeastern
Anatolia Region of Tiirkiye (37° 55' N, 41° 57' E). Siirt
province is in a semi-arid climate region, where the average
highest and lowest temperatures range between 36.9°C and
18.9°C in summer, and 8.7°C and -0.5°C in winter. Water
shortages are frequent during the summer.

Animal Material and Sample Collection

The animal material of the study is consisted of a total
of 82 dogs that appeared clinically healthy. The animals
were examined to record their age, sex, and any presence
of ticks. 2 mL blood samples were taken from the vena
cephalica antebrachii of each of the dogs into EDTA tubes,
which were then brought to the laboratory under cold chain
conditions.

DNA extraction, PCR amplification and Sequence
Analysis

DNA extraction from samples was performed with the
PureLink™ Genomic DNA Mini Kit (USA, K182002).
Nested PCR method was performed to amplify the 16S
rRNA gene region of Ehrlichia canis. ECC (5’
AGAACGAACGCTGGCGGCAAGC-3") and ECB (5°
CGTATTACCGCGGCTGCTGGCA-3") primers were
used in step 1 of Nested PCR, while ECAN5 (5-
CAATTATTTATAGCCTCTGGCTATAGGA-3")  and
HE3 (5" TATAGGTACCGTCATTATCT) were used in
step 2 (Murphy et al., 1998; Alves et al., 2014; Makino et
al., 2015; Ayan et al., 2020). Protocol for both reactions
was followed based on the suggestions of Ayan et al.
(2020). Reaction Gradient PCR was performed on a
SuperCycler (Kyratec, Australia) device. Subsequently,
1.5% agarose gel was prepared and stained with RedSafe™
Nucleic Acid Staining Solution. The PCR products were
run onanagarose gel afterwards, and images were
obtained on the gel imaging device (Syngene bio imaging
system).

Sequence and Phylogenetic Analysis

Two positive PCR products were purified and
sequenced for each sample. The sequences of each
amplicon were manually aligned and edited. 16S rRNA
gene sequences were subjected to GenBank's BLAST
analysis. The evolutionary history was inferred using the
Neighbor-Joining method. The evolutionary distances
were computed using the Maximum Composite Likelihood
method. Evolutionary analyses were conducted in
MEGAL11. Anaplasma platys was used as outgroup.
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Table 1. Molecular survey of Ehrlichia canis in dogs -
analysis for sex, age and presence of ticks

. Positive

Variable Number of dogs (n) (%)
Sex
Female 44 6 13.64 s
Male 38 4 10.53
Age
<1 27 3 1111
1-3 26 4 1538 NS
>3 29 3 10.34
Presence of ticks
Yes 24 6 25.00 .
No 58 4  6.90
Total 82 10 12.20

NS:Non-significant, ™: P<0.01

Figure 1. 16S rRNA amplification of E. canis using
nested-PCR. Lanes M: Marker, N: Negative control, P:
positive control, Lanes 5,12,13,27,48 and 52 represent E.
canis positive samples (389 bp).
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,
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Figure 2. The evolutionary history was inferred using the
Neighbor-Joining method. The percentage of replicate
trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the
branches. The evolutionary distances were computed
using the Maximum Composite Likelihood method.
Evolutionary analyses were conducted in MEGA11.
Anaplasma platys was used as outgroup.

Statistical Analysis

The data obtained in the study were analyzed using the
SPSS V16.0 program. The relationship between grouped
variables was calculated using chi-square test.

Ethical Approval

Ethical approval for this study was obtained from the
Siirt University Local Ethics Committee for Animal
Experiments (Decision number 2021/01/11).

Results

Tick infestation was detected in 24 (29.27%) dogs
during clinical examinations. The ticks were
morphologically identified as R. sanguineus. As a result of
the conducted Nested-PCR, positivity was detected at the
rate of 10.53% (4/38) in male dogs and 13.64% (6/44) in
females (Table 1), and Ehrlichia canis specific bands of
size 389 bp were obtained in 10 (12.20%) of 82 dogs in
total (Figure 1).

The phylogenetic tree was constructed with the
Neighbor-Joining method, using the DNA sequences.
Evolutionary analyses were conducted in MEGA1l
(Figure 2). E. canis strains were found to be 100% similar
with other (MN484597.1-MN396361.1-MH620200.1-
MK507008.1) registered E. canis strains in GenBank,
according to the BLAST analysis. The nucleotide sequence
was registered in the NCBI GenBank database with access
numbers OK331365.1-OK331366.

Discussion

In recent years, tick-borne diseases such as ehrlichiosis
have become widespread worldwide, threatening the health
of both humans and domestic and wild animals (Diizli et
al., 2014; Cetinkaya et al., 2016). The prevalence of E.
canis depends on the distribution of the vector R.
sanguineus which is largely seen in tropical and subtropical
regions (Rodriguez-Vivas et al., 2005; Cihan et al., 2010;
Kamani et al., 2013; Tanikawa et al., 2013; Iweriebor et al.,
2017). Many studies have been conducted around the
world to determine the epidemiology of CME in dogs, and
most of them are based on serological methods (Ndip et al.,
2005; Kiiciiker and Sahinduran, 2018). The results
obtained from the studies differ based on to the specifics of
the research and the tests implemented in the studies.

In studies carried out to determine the prevalence of
E.canis worldwide, 3.1% prevalence was determined in
Oklahoma (Murphy et al., 1998), while this number was
0.8% in North America (Beall et al., 2012), 69.4% by
serological method and 3.7% by PCR method in Brazil
(Tanikawa et al., 2013), and 82.4% by serological method
(IFAT) and 40.6% by molecular method (PCR) in
Colombia (Vargas-Hernandez et al., 2012). Meanwhile,
44.1% (Rodriguez-Vivas et al., 2005) and 29.26% (Ojeda-
Chi et al., 2019) E. canis prevalence was determined in
Mexico in two different studies, and 6.7% prevalence was
determined in Buenos Aires (Cicuttin et al., 2016). This
rate was 32% in Cameroon (Ndip et al., 2005), 11% in
Nigeria (Kamani et al., 2013), 6.36% in Algeria (Dahmani
et al., 2015), 28% in Pakistan (Malik et al., 2018), 2% in
Malaysia (Nazari et al., 2013), 30% in Israel (Baneth et al.,
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1996), 10.2% in lIraq (Ajaj et al., 2020), 4.7% in Japan
(Inokuma et al., 1999) and 16.18% in Italy (Ebani, 2019).

E. canis was first diagnosed in 1997 in Tirkiye by
Dodurka and Bakirel (2002), and studies on the prevalence
of E. canis were mainly conducted towards the detection of
antibodies in dogs (Diizli et al., 2014; Kiiciiker and
Sahinduran, 2018; Haydardedeoglu et al., 2019).

In studies conducted in Tiirkiye using rapid diagnostic
test Kits, 17.7% prevalence has been reported in Antalya
(Kiiciiker and Sahinduran, 2018), while the ratio was 4.8%
in Diyarbakir (Igen et al., 2011), 1% in Igdir (Sar1 et al.,
2009), and 3% in Osmaniye (Gokmen et al., 2019).

In studies carried out using serological methods, on the
other hand, a prevalence of 25.8% with the IFA method
and 3.2% with the Dot-ELISA method was determined in
and around Ankara by Erdeger et al. (2003). The same
researchers reported a prevalence of 74% with the IFA
method and 65.4% with the Dot-ELISA method in Aydin
and Mugla provinces. Cihan et al. (2010) reported a
prevalence of 69.4% with the IFA method in Balikesir and
[zmir provinces. In Sinop, a prevalence of 18.28% was
determined by ELISA method (Giines et al., 2012). In
studies carried out by Batmaz et al. (2001) in Bursa,
Balikesir, Izmir, Sanlurfa, Adana and Antalya,
seropositivity of 13.99%, 13.16%, 40.63%, 7.41%, 65.39%
and 11.11% was reported, respectively. As a result of the
serological study carried out by Haydardedeoglu et al.
(2019) on 40 Aksaray Malakl1 shepherd dogs, all dogs were
found to be negative for E. canis.

In studies carried out with PCR methods, 41.5%
prevalence was determined in Aydin (Karageng et al.,
2005), while the ratio was 14.5% in Kayseri (Diizli et al.,
2014), 9.77% in Erzurum (Guven et al., 2017), and
30.56%, 8.89%, 14.29%, 0.00%, 0.00%, respectively in
Mersin, Adana, Gaziantep, Hatay and Batman provinces
(Aslantas et al., 2020). Similarly, 0% seropositivity was
reported in a study performed in Konya (Guo et al., 2017).

E. canis strain OK331366.1 was found to be 100%
similar with MN484597.1 (India), MN396361.1 (Ttirkiye),
MH620200.1 (USA) and MK507008.1 (Cuba) strains.
Also OK331365.1 strain was found to be 99% similar with
MH620200.1 (USA), MK507008.1 (Cuba) and
MF789353.1 (Panama) strains registered in GenBank,
according to the BLAST analysis.

Rhipicephalus sanguineus ticks are the vector of E.
canis. These ticks are spread around worldwide, and are
especially common in tropical and subtropical regions
(Aguirre et al., 2004). Siirt province is under the influence
of a typical Mediterranean climate with mild and rainy
winters and hot and dry summers. This situation provides
a suitable environment for vector ticks. In this study, as a
result of morphological identification of ticks collected
from 24 dogs, all ticks were determined to be the R.
sanguineus type.

A prevalence of 12.20% was determined in this study
using the PCR method. These results obtained are similar
to some of studies by the following researchers: Batmaz et
al. (2001), Giines et al. (2012), Kamani et al. (2013), Diizlii
et al. (2014), Kiigiiker and Sahinduran (2018), and Ajaj et
al. (2020). Geographical conditions, climatic diversity,
sample size, age range of the population, habitat of
animals, presence of ticks and methods used can be

counted among the reasons for the differences observed
between other studies.

It is reported that no positivity was found in a study
conducted with rapid diagnosis test kits in Siirt province
(Aslan Celik et al., 2020). In this study, a prevalence of
12.20% was determined by the nested-PCR method. The
possible reasons for the difference between the two studies
include the sampling period, sample size, and methods
used. In addition, the use of PCR method is recommended
for the accurate diagnosis of ehrlichiosis (Malik et al.,
2018).

In terms of gender, the highest positivity rate was seen
in females, but no statistically significant difference was
detected between sexes in this study. These results support
the works of researchers (Cihan et al., 2010; Guven et al.,
2017; Malik et al., 2018).

Malik et al. (2018) showed that dogs younger than one
year are more susceptible than those older than one year,
while in another study carried out by Rodriguez-Vivas et
al. (2005) it was reported that dogs aged 2-4 years were
more susceptible. No statistically significant difference
was found between the two age groups in any of these
studies. In the present study, the highest positivity ratio was
detected in the 1-3 age group (15.38%), and the lack of
statistically significant difference between age groups
supports the findings of previous research.

A positive correlation between infection and tick
presence was reported in a study conducted by Aktas et al.
(2013) while Malik et al. (2018) reported that there is no
positive correlation between infection and the presence of
ticks. The detection of a statistically significant difference
between the presence of ticks and infection in this study
supports the work carried out by Aktas et al. (2013).

Conclusion

The current prevalence of E. canis in Siirt province has
been investigated by this study. CME should be considered
in dogs presenting to the clinic with stated symptoms of the
disease. Early detection of the disease by means of
hematological, serological, or molecular tests is very
important in terms of prognosis. More studies should be
performed to determine vector-disease relationships in this
region about ticks that vector the disease.
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