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MAKALE BILGiSi/ ABSTRACT:
ARTICLE
INFORMATION: Ehrlichia spp. is tick-borne zoonotic pathogen that can infect humans and animals. Nowadays, among the tests used in the
diagnosis of ehrlichiosis, the importance of molecular methods is increasing steadily due to their high sensitivity and specificity.
Gelis / Received: The aim of this study was to determine the analytical sensitivity of a conventional polyme.rase chain reaction (PCR) targeting
24 Haziran 21 Ehrlichia spp- d'lsulﬁde 0x1doreductass: (DSB) gene. Ehrlichia Spp- DSB gene was cloned into the TOPO vector. A_fter TOPO
24 June 21 plasmid containing DSB gene were serially diluted, PCR targeting the Ehrlichia spp. DSB gene was performed. While working
on this research, blood and skin scraping samples of a stray dog clinically suspected with leishmaniasis as well as treated for
. X leishmaniasis arrived to our laboratory. Thereafter, PCRs targeting Ehrlichia spp. DSB and 16S rRNA and Leishmania kinetoplast
Ilige\gi)iﬁnz/ll?evlsed.‘ DNA (kDNA) genes were performed to identify the pathogen in blood and skin scraping samples of the stray dog. The analytical
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sensitivity of the PCR assay targeting Ehrlichia spp. DSB gene was 1 > copy plasmid/reaction using serially diluted TOPO
plasmid containing DSB gene. PCR targeting the Ehrlichia spp. DSB gene was positive and PCR targeting Leishmania spp. kDNA
was negative in blood and skin samples of the stray dog clinically suspected with leishmaniasis. Using nested PCR targeting
Ehrlichia spp. 16S rRNA, E. canis was identified in blood and skin scraping samples of the stray dog. In this study, PCR targeting
Ehrlichia spp. DSB gene has been shown to have high sensitivity. Also it was shown molecular methods can help clinicians in
differential diagnosis of ehrlichiosis and leishmaniasis to prevent inappropriate treatment.

ﬁfﬁgﬁ‘i‘“ Ehrlichia spp. disiilfid oksidorediiktaz genini hedefleyen polimeraz zincir
oxidoreductase reaksiyonunun analitik duyarhliginin belirlenmesi: Klinik olarak
gﬁ:ﬁgﬁ:g;g"” leishmaniasis'ten siiphelenilen bir kipekte ehrlichiosis'in molekiiler tams:
PCR OZET:

Leishmaniasis

Anahtar sozciikler:

Disiilfit oksirediiktaz

Ehrlichia canis

Ehrlichia spp. insan ve hayvanlar enfekte edebilen kene kaynakli zoonotik patojenlerdir. Giiniimiizde hastaligin tanisinda
kullanilan testler arasinda yiiksek duyarlilik ve 6zgiinliige sahip olan molekiiler yontemlerin 6nemi giderek artmaktadir. Bu
¢alismanin amac1 Ehrlichia spp. disiilfid oksirediiktaz (DSB) genini hedefleyen konvansiyonel polimeraz zincir reaksiyonunun
(PZR) analitik hassasiyetinin belirlenmesidir. Oncelikle Ehrlichia spp. DSB geni TOPO vektoriine klonlanmustir. DSB geni igeren
TOPO plazmidi seri olarak sulandirildiktan sonra Ehrlichia spp. DSB genini hedefleyen PCR gerceklestirilmistir. Bu arastirma

Ehrlichiosis iizerinde ¢aligmalar siirerken, klinik olarak leishmaniasis giiphesi bulunan ve leishmaniasis tedavisi alan bir sokak kopeginin kan
EC'Rh L. ve deri kazint1 6rnekleri laboratuvarimiza gelmistir. Sokak kdpegine ait kan ve deri kazint1 drneklerinde patojeni belirlemek
eishmaniasis

amactyla Ehrlichia spp. DSB ve 16S rRNA ile Leishmania spp. kinetoplast DNA (kDNA) genlerini hedef alan PCR testleri
yapilmistir. DSB geni igeren seri sulandirilmig TOPO plazmidi kullanilarak yapilan Ehrlichia spp. DSB genini hedefleyen PCR
testinin analitik hassasiyeti, 1 > kopya plazmit/reaksiyon olarak tespit edilmistir. Klinik olarak leishmaniasis siiphesi bulunan
sokak kopeginin kan ve deri kazint1 6rneklerinde Ehrlichia spp. DSB genini hedefleyen PCR pozitif, Leishmania spp. kDNA'y1
hedefleyen PCR testleri negatif olarak tespit edilmistir. Ehrlichia spp. 16S rRNA'y1 hedefleyen nested PCR testi ile, sokak
koépeginin kan ve deri kazinti 6rneklerinde E. canis olarak tanimlanmustir. Bu ¢alismada Ehrlichia spp. DSB genini hedefleyen
PCR'nin yiiksek duyarliliga sahip oldugu gosterilmistir. Ayrica molekiiler yontemlerin klinisyenlere ehrlichiosis ve leishmaniasis
ayirici tanisinda uygunsuz tedaviyi 6nlemede yardimei olabilecegi 6ngoriilmiistiir.
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1. Introduction

Ehrlichia spp. can cause serious and fatal disease in pet and farm animals as well as important health problems
in humans. Ehrlichiosis that is vector-disease occurs incidentally in humans due to ecological changes, population
structure, and host susceptibility (1,2). Ehrlichia canis, E. chaffeensis and E. ewingii are medical and veterinary
importance. Ehrlichia canis causes canine monocytic ehrlichiosis (CME) in dogs, while E. chaffeensis leads to
monocytic ehrlichiosis (HME) in humans (3,4).

Although zoonotic E. canis infection occurs in many parts of the world, the disease is more common in tropical
and sub-tropical regions (5,6). Clinically, an acute CME is characterized by fever, depression, dyspnea, anorexia,
weight loss, anorexia, lethargy, hemorrhagic disorders, anemia, thrombocytopenia, and leukocytosis or leukopenia after
an incubation period of 8-20 days. Following the acute stage, chronic infection causes weight loss, edema, epistaxis,
lymphadenopathy, organomegaly, skin rash, hemorrhage, and hypotensive shock (6,7). In the first reported cases of
ehrlichiosis in Turkey, intermittent character of fever, depression, hair in dullness, redness of the scrotum and bloody
nasal discharge complaints were observed in dogs (8). Ehrlichiosis prevalence was 15.9% (10/63) in Diyarbakir, 6.7%
(5/74) in Mersin, 28.0% (14/50) in Giresun and 13.3% in Izmir (8/60) as detected by microscopy, PCR targeting 16s
rRNA and Reverse Line Blotting (RLB) (9). Ehrlichiosis is often confused with leishmaniasis in terms of clinical
presentation (10). During leishmaniasis clinical, symptoms such as anorexia, dull hair, skin lesions, onychogryphosis,
weight loss, lymphadenopathy and organomegaly can be seen in dogs of all age. The seroprevalence of leishmaniasis
in dogs is approximately 15% in Turkey (ranging between 1.45% to 27.5% in various regions (11-14)

In addition to clinical findings, microscopic, serological, and molecular methods are used in the diagnosis of
ehrlichiosis. In acute stage of ehrlichiosis, diagnosis with microscopy can be made by observing the typical Ehrlichia
spp. morula. However, the sensitivity of the microscopy is very low and typical morulae have been detected in only
4% of positive cases (15-19). IFAT, Western Blot, and ELISA methods are most commonly techniques during
serological diagnosis (17). IFAT is the most commonly used serological test and prepared by E. canis antigen (18).
Molecular techniques are required for definitive diagnosis as serological tests cannot distinguish active infection (19).
With the development of molecular methods, the diagnosis of ehrlichiosis is achieved rapidly with high sensitivity and
specificity. The majority of PCR assays used in the diagnosis of E. canis, E. chaffeensis, and E. ewingii target 16S
rRNA, p28 or DSB genes (19-21). In experimental studies, the sensitivity of conventional PCR targeting /6S rRNA
gene was found to be low. For this reason, nested PCR method is used to determine the species in the same test and
increase the sensitivity (22-24).

The aim of this study was to determine the analytical sensitivity of a PCR targeting Ehrlichia spp. DSB gene
using serially diluted plasmid containing DSB gene. In addition, ehrlichiosis and leishmaniasis were investigated using
PCRs targeting Ehrlichia spp. DSB and 16S rRNA genes, and Leishmania spp. kDNA gene in blood and skin scraping
samples of a stray dog clinically suspected and treated for by a veterinarian in Izmir.

2. Material and Methods
Generation of Recombinant Plasmid DNA containing the Ehrlichia DSB gene by TOPO Cloning:

A positive control DNA previously identified as E. canis was used to generate plasmid DNA containing the
409 base pair (bp) region of the Ehrlichia spp. DSB gene. The 409 bp region of the Ehrlichia spp. DSB gene (GenBank:
AF403710.1) was isolated using the DSB-330 (5'-GATGATGTCTGAAGATATGAAACAAAT-3") and DSB-728 (5'-
CTGCTCGTCTATTTTACTTCTTAAAGT-3") primer pair as described previously (18,25-27). Briefly, 20 pl reaction
included 2 pl template DNA, 1,25 U Taq DNA polymerase (Thermo, USA), 3 mM MgCl,,0.2 mM dNTPs, the primers
(0,4 uM each) and 1x Taq Buffer. The PCR reaction was conducted using the following protocol: 10 min initial
denaturation step at 95 °C, followed by 35 cycles of 15 s at 95 °C, 30 s at 55 °C, and 30 s at 72 °C, and a final extension
of 10 min at 72 °C. The PCR product was showed on 1 % agarose gel electrophoresis and then purified with PCR
purification kit (Qiagen, USA). The PCR product was cloned into the pCR™II-TOPO vector according to the
manufacturer's instructions (Invitrogen, USA). Single colonies were selected and transferred to liquid 3 ml LB medium
containing kanamycin and incubated overnight at 37 °C at 225 rpm. Plasmid from liquid colonies was performed
according to the manufacturer's protocol (Qiagen, USA) (28,29). The presence of the Ehrlichia spp. DSB gene in the
recombinant plasmid DNA sample was confirmed by PCR as described above and sequencing (Figure 1).
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Determining the analytical sensitivity of PCR targeting DSB gene:

The concentration of the TOPO plasmid containing Ehrlichia spp. DSB gene was determined by Nanodrop,
the plasmids were diluted with 10%-10>-10*-10°-10%-10-1 copies/reaction in order to determine the analytical sensitivity.
Distilled water was used as negative control. The PCR targeting the Ehrlichia spp. DSB gene was performed as
described above (25-27).

Clinical samples and DNA isolation:

A stray dog with anorexia, weakness, fever, skin lesions, lymphadenopathy and thrombocytopenia were
initially diagnosed as leishmaniasis based on clinical findings. Blood and skin scraping samples collected by the
veterinarian for diagnostic purposes were send to our lab. The blood sample was centrifuged at 3000 rpm for 10 minutes
to obtain buffy-coat. DNA isolation from buffy-coat and skin scraping samples was performed with the QI Aamp DNA
Mini Kit (Qiagen, Germany) according to the manufacturer's protocol (30).

Molecular diagnosis:

To detect ehrlichiosis, two PCR methods targeting two different gene regions of EArlichia spp. were performed
with DNA samples obtained from blood and skin scraping materials. Initially, PCR targeting the DSB gene region for
Ehrlichia spp. diagnosis was performed as described above (26). To identify species of Ehrlichia spp., nested PCR
targeting 16S rRNA gene using primers specific for E. chaffeensis, E. canis and E. ewingii (31-33). In the initial
reaction, outer primers, ECC (5’-AGAACGAACGCTGGCGGCAAGC-3) and ECB (5°-
CGTATTACCGCGGCTGCTGGCA-3’), were used. In the second reactions were performed using 5 pl of the outside
reaction as template with each species-specific set [Primers HE1 (5’-CAATTGCTTATAACCTTTTGGTTATAAAT-
3’) and HE3 (5’-TATAGGTACCGTCATTATCTTCCCTAT-3’) for E. chaffeensis, primers ECANS5 (5°-
CAATTATTTATAGCCTCTGGCTATAGGA-3") and HE3 for E. canis-specific amplifications, primers EE52 (5°-
CGAACAATTCCTAAATAGTCTCTGAC-3") and HE3for E. ewingii] under the reaction conditions described above.
The PCR products were visualized on 2% agarose gel electrophoresis.

To detect leishmaniasis, a nested PCR targeting kinetoplast DNA (kDNA) was performed with DNA samples
obtained from blood and skin scraping materials (34). Outer  primers, CSB2XF
(CGAGTAGCAGAAACTCCCGTTCA) and CSBIXR (ATTTTTCGCGATTTTC-GCAGAACG) were used in first
reaction. Inner primers 13Z(ACTGGGGGTTGGTGTAAAATAG) and LiR (TCGCAGAACGCCCCT) were used in
the second reaction. The second reaction was implemented in total 30 nl volume under same condition like first reaction
(30). The PCR products were visulalized with 1% agarose gel electrophoresis. Three international reference controls
L. tropica (MHOM/SU/74/SAF-K27), L. major (MHOM/SU/73/5ASKH), L. infantum (MHOM/TN/80/IPT1), and
were used as positive control and distilled water was used as negative control.

3. Results
Determining the Analytical Sensitivity of PCR targeting Ehrlichia spp. DSB gene:

Confirmation of the cloning of the DSB gene isolated from the E. canis positive DNA sample into the TOPO
vector was performed by PCR and sequencing. The size of the PCR product obtained from E. canis was 409 bp as
shown in Figure 1. After cloning the PCR product into TOPO vector, blasting the sequence data of the plasmid showed
100% homology with E. canis isolate 73 disulfide oxidoreductase (DSB) gene (GenBank no: KY576856.1) and E. canis
disulfide oxidoreductase gene (AF403710.1). TOPO vector containing Ehrlichia spp. DSB gene was serially diluted to
10°-10°-10*-10°-10?-10-1 copy plasmid/reaction and the analytical sensitivity of the PCR targeting Ehrlichia spp. DSB
gene was 1 copy plasmid/reaction (Figure 2).
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1000 bp —

500 bp —

300 bp —

Figure 1: Agarose gel image of PCR products obtained from TOPO vector containing Ehrlichia spp. DSB
gene 1) Marker (Fermentas), 2) Negative control plasmid, 3) TOPO plasmid containing Ehrlichia spp. DSB gene to
be used as positive control

Sekil 1: Ehrlichia spp. DSB geni iceren TOPO vektoriinden elde edilen PZR iiriinlerinin agaroz jel
goriintiisii 1) Marker (Fermantas), 2) Negatif kontrol plazmit, 3) Pozitif kontrol olarak kullanilacak Ehrlichia spp.
DSB genini iceren TOPO plazmidi

1 2 3 4 5 6 7 8 9
Figure 2: Agarose gel image showing the analytical sensitivity of PCR targeting Ehrlichia spp. DSB gene. 1)
Marker (Fermentas), 2) 10° copyplasmid/reaction, 3) 10° copyplasmid/reaction, 4) 10* copyplasmid/reaction, 5) 10>
copyplasmid/reaction, 6) 10? copyplasmid/reaction, 7) 10! copyplasmid/reaction 8 ) 1 copyplasmid/reaction, 9)
Negative control
Sekil 2: Ehrlichia spp. DSB genini hedefleyen PZR' nin analitik duyarliligini gosteren agaroz jel goriintiisii.
1) Marker (Fermentas), 2) 10° kopya plazmit/reaksiyon, 3) 10° kopya plazmit/reaksiyon, 4) 10° kopya

plazmit/reaksiyon, 5) 10° kopya plazmit/reaksiyon, 6) 10° kopya plazmit/reaksiyon, 7) 10" kopya plazmit/reaksiyon, 8)
1 kopya plazmit/reaksiyon, 9) Negatif control

1000 bp —

500 bp —
300 bp —
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Molecular Diagnosis:

Leishmania spp. positivity was not detected by nested PCR targeting Leishmania spp. kinetoplast DNA in
blood and skin samples of the leishmaniasis suspected dog. Subsequently, EArlichia spp. DSB gene was detected by
PCR in both blood and skin scrapings (Figure 3). The PCR product obtained from nested PCR targeting /6S rRNA to
identify the Ehrlichia species had a size of 378 bp indicating that the species was E. canis in blood and skin samples
(Figure 4).

Figure 3: Agarose gel image of PCR targeting Ehrlichia spp. DSB gene in blood and skin scraping samples of the
dog 1) Marker (Fermentas), 2) Positive control TOPO plasmid containing Ehrlichia spp. DSB gene, 3) Blood sample
of the dog, 4) Skin sample of the dog, 5) Negative control
Sekil 3: Kopek kan ve deri kazinti 6rneklerinde Ehrlichia spp. DSB genini hedefleyen PZR' nin agaroz jel gériintiisii.
1) Marker (Fermentas), 2) Ehrlichia spp. DSB geni iceren pozitif kontrol TOPO plazmiti. 3)Kopek Kan drnegi, 4)

(A) 1+ 2 3 4 s B) + 2 3 4

Képek deri kazintisi 6rnegi, 5) Negatif kontrol
5
1000bp —
500 bp —
300bp —
=

Figure 4: (A) Agarose gel image of nested PCR targeting Ehrlichia spp. 16S rRNA PCR (first reaction) using ECC
and ECB external primers 1) Marker (Fermentas), 2) E. canis positive control, 3) Blood sample of dog, 4) Skin
scraping sample of dog, 5) Negative control, (B) Agarose gel image of nested PCR targeting Ehrlichia spp. 16S rRNA
PCR (second reaction) using ECANS and HE3 internal primers1) Marker (Fermentas), 2) E. canis positive control, 3)
Blood sample of dog, 4) Skin sample of dog, 5) Negative control
Sekil 4: (A) ECC ve ECB harici primerleri kullanilarak Ehrlichia spp. 16S rRNA PZR'yi (ilk reaksiyon) hedefleyen
nested PCR' nin agaroz jel goriintiisii 1) Marker (Fermentas), 2) E. canis pozitif control, 3) Kopek kan ornegi, 4)
Kopek deri kazintis1 ornegi, 5) Negatif control, (B) ECANS ve HE3 i¢ primerleri kullanilarak Ehrlichia spp. 16S
rRNA’ y1 (ikinci reaksiyon) hedefleyen nested PZR'nin agaroz jel goriintiisii Marker (Fermentas), 2) E. canis pozitif
control, 3) Képek kan érnegi, 4) Kopek deri kazintisi ornegi, 5) Negatif control

1000bp —

500 bp —
300bp —
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4. Discussion and Conclusion

Microscopic, serological, and molecular methods are often used to diagnose chrlichiosis. There are
disadvantages of microscopy such as difficulty to detect Ehrlichia spp. specific morulae which requires experienced
personnel and has low sensitivity and specificity (35). There are also disadvantages of serological diagnostic methods
such as Ehrlichia spp. to be used s antigen in these assays is difficult to cultivate in vitro and moreover cross reactions
and lack of antibody response in the early stages of infection may occur (17). For these reasons, molecular methods are
very important in the rapid and accurate diagnosis of the disease (17,32,36).

Ehrlichia spp. DSB gene is frequently used in the molecular diagnosis of the ehrlichiosis. The sensitivity of
multiplex real-time PCR generated by designing primers and probes targeting the DSB gene specific for E. chaffeensis,
E. ewingii, and E. canis species was 50 copy plasmid/reaction (25). In this study, analytical sensitivity of PCR targeting
the Ehrlichia spp. DSB gene was shown to be >1 copy plasmid/reaction. The significant difference among these assays
was thought to be due to the fact that the PCR test used in this study was only specific to Ehrlichia spp. DSB gene and
the real time PCR was not multiplexed to detect three different species.

PCR has been shown to have high sensitivity and specificity in the diagnosis of ehrlichiosis in humans (37).
Blood samples of 237 HIV-positive patients with high fever and suspected ehrlichiosis were examined by nested PCR
targeting the 16S rRNA gene, and ehrlichiosis was detected in 23 patients (9.7%). Among them, E. chaffeensis was
detected in 13 patients, E. ewingii was detected in four patients and mix infection was detected in the remaining four
patients (38). In another study targeting the 16S rRNA gene, E. chaffeensis was detected in seven blood samples of 38
patients (18.4%) with fever. Using microscopic examination, EArlichia spp. morulae was detected in only two patients
(5.2%). Acute disease was detected in two patients using serological methods and specific antibodies were detected in
six patients who were in recovery period (39). In a study targeting Ehrlichia spp. DSB gene region, 12 patients out of
118 patients with febrile disease were diagnosed with ehrlichiosis. E. chaffeensis was determined in in all PCR positive
samples using sequencing (40). According to our knowledge, there is not any study investigating ehrlichiosis in humans
in Turkey.

A number of serological and molecular studies have been conducted in different countries to determine the
prevalence of Ehrlichia infection in dogs. As a result of these studies, it has been reported that the frequency of Ehrlichia
infection is between 18-30% in Asia, 3.1-68% in Africa, 2.2-50% in Europe and 15.4-44.7% in America (26). Studies
conducted in Turkey are limited and mainly use serological methods to determine ehrlichiosis. In addition, various PCR
methods were used in these studies (9,41). In one study in different cities of Turkey, the seroprevalence of E. canis had
been reported to range between 4.8% and 69.4% (42). In another study conducted in 219 shelter dogs in Diyarbakir
located in Southeastern Anatolia, E. canis was detected in 32 (14.61%) dogs using nested PCR and Reverse Line
Blotting (RLB) (43). In a study conducted with 400 dogs in the Thrace region located in Northwestern Turkey, the
prevalence of E. canis was 0.75% by microscopy, 27.25% by serology and 11.75% using PCR (44).

In the first canine ehrlichiosis case detected in Turkey, the clinical findings were fatigue, depression, opacity
of hair, runny nose, generalized lymphadenopathy and the clinical diagnosis was confirmed by IFA test (8). In our
study, a dog presenting with anorexia, weakness, fever, skin lesions, lymphadenopathy and thrombocytopenia was
initially diagnosed with leishmaniasis and treated accordingly. As the dog did not benefit from the treatment, the
veterinarian sent us blood and skin scraping samples. EArlichia spp. DSB gene was detected by PCR in these samples.
Nested PCR targeting the /6S rRNA region identified E. canis in both blood and skin scraping samples.

During ehrlichiosis, skin lesions can be observed at site of tick bite (45). In this study, E. canis has been
detected in skin lesions possibly due to the exudate and blood occurred during the scraping process of the fragile skin.

Overall, ehrlichiosis is an important tick-borne infection that can infect humans and animals. Diagnosis and
treatment of the disease in humans and animals has utmost importance due to the fact that ehrlichiosis is zoonosis.
Izmir is Turkey's third largest city with a temperate climate is an important tick habitat features. In addition, people are
at risk for ehrlichiosis due to the uncontrolled stray dog problem and the fact that these dogs live with people. For these
reasons, it is considered that more research should be done in relation to the diagnosis and differentiation of ehrlichiosis
in humans and animals and the incidence of the disease should be determined with the data obtained on this subject.

Acknowledgements

The authors would like to thank to Dr. Munir Aktas and Dr. Sezayi Oziibek from University of Firat, Turkey
for providing Ehrlichia positive DNA. Also, the authors would like to thank Esra Atalay for technical support.



34

Vet Hekim Der Derg 93(1):28-36, 2022

Conflict of Interest

The authors did not report any conflict of interest or financial support.

Funding

During this study, any pharmaceutical company that has a direct connection with the subject of the research, a

company that provides and / or produces medical tools, equipment and materials, or any commercial company, during
the evaluation process of the study, no financial and / or moral support was received

Authors' Contributions

Motivation / Concept: Hiiseyin Can, Mert Doskaya

Design: Muhammet Karakavuk, Mert Doskaya

Control/Supervision: Hande Dagc1, Adnan Yiiksel Giiriiz, Mert Dogkaya

Data Collection and / or Processing: Muhammet Karakavuk, Mehmet Aykur, Hiiseyin Can

Analysis and / or Interpretation: Muhammet Karakavuk, Mehmet Aykur, Aysu Degirmenci Doskaya
Literature Review: Muhammet Karakavuk, Hande Dagc1, Aysu Degirmenci Ddskaya, Hiiseyin Can
Writing the Article: Muhammet Karakavuk, Mehmet Aykur, Hiiseyin Can

Critical Review: Aysu Degirmenci Doskaya, Hande Dagci, Yiiksel Giiriiz, Mert Doskaya

Ethical Approval

An ethical statement was received from the authors that the data, information and documents presented in this

article were obtained within the framework of academic and ethical rules, and that all information, documents,
evaluations and results were presented in accordance with scientific ethics and moral rules.

References

1.

2.

10.

11.

12.

13.

Paddock CD, Childs JE. Ehrlichia chaffeensis: A prototypical emerging pathogen. Clin Microbiol Rev
2003;16(1):37-64.

Hosgor M, Bilgic HB, Bakirc1 S, Unlii AH, Karageng T, Eren H. Detection of Anaplasma / Ehrlichia Species of
Cattle and Ticks in Aydin Region. Turkiye Parazitol Derg 2015;39(4):291-8.

Aysul N, Ural K, Cetinkaya H, Kuskucu M, Toros G, Eren H, et al. Doxycycline-chloroquine combination for the
treatment of canine monocytic ehrlichiosis Acta Sci Vet. 2012;40(2):1-7.

Maeda K, Markowitz N, Hawley R, Ristic M, Cox D, McDade J. Human infection with Ehrlichia canis, a
leukocytic rickettsia. N Engl J Med 1987;316(14):853-6.

Unver A, Rikihisa Y, Kawahara M, Yamamoto S. Analysis of 16S rRNA gene sequences of Ehrlichia canis,
Anaplasma platys, and Wolbachia species from canine blood in Japan. Ann N Y Acad Sci 2003;990:692-8.
Unver A, Rikihisa Y, Borku K, Ozkanlar Y, Hanedan B. Molecular detection and characterization of Ehrlichia
canis from dogs in Turkey. Vol. 118, Berliner und Munchener Tierarztliche Wochenschrift. 2005. p. 300—4.
Ristic M, Holland C. Canine ehrlichiosis. In: Rickettsial and chlamydial diseases of domestic animals. 1993. p.
169-86.

Dodurka HT, Bakirel U. Bir Kopekte Ehrlichiosis Olgusu. Istanbul Universitesi Vet Fakiiltesi Derg
2002;28(1):11-6.

Aktas M, Oziibek S, Altay K, Ipek NDS, Balkaya I, Utuk AE, et al. Molecular detection of tick-borne rickettsial
and protozoan pathogens in domestic dogs from Turkey. Parasites and Vectors 2015;8(1):4-9.

Ciaramella P, Oliva G, De Luna R, Gradoni L, Ambrosio R, Cortese L, et al. A retrospective clinical study of
canine leishmaniasis in 150 dogs naturally infected by Leishmania infantum. Vet Rec 1997;141(21):539-43.
Atasoy A, Pasa S, Ozensoy Toz S, Ertabaklar H. Kiy1 Ege Bolgesindeki Kopeklerde Visseral Leishmaniasis’in
Seroprevalansi. Kafkas Univ Vet Fak Derg 2009;16(1):1-6.

Balcioglu IC, Ertabaklar H, Pasa S, Ozbel Y, Toz SO. Investigating the seroprevalance of leishmaniasis in four
dog shelters in Antalya and its districts. Turkiye Parazitol Derg 2009;33(1):4-7.

Giiltekin M, Pasa S, Ural K, Balik¢1 C, Ekren Asici GS, Giiltekin G. Oxidative status and lipid profile among dogs



Vet Hekim Der Derg 93(1):28-36, 2022 35

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

at different stages of visceral leishmaniasis. Turkiye parazitoloji Derg 2017;41(4):183-7.

Bakirci S, Bilgi¢ HB, Kése O, Aksulu A, Hacilarlioglu S, Erdogan H, et al. Molecular and seroprevalence of
canine visceral leishmaniasis in West Anatolia, Turkey. Turkish J Vet Anim Sci 2016;40(5):637-44.
Ansari-Mood M, Khoshnegah J, Mohri M, Rajaei SM. Seroprevalence and risk factors of ehrlichia canis infection
among companion dogs of Mashhad, North East of Iran, 2009-2010. J Arthropod Borne Dis 2015;9(2):184-94.
Matjila PT, Leisewitz AL, Jongejan F, Penzhorn BL. Molecular detection of tick-borne protozoal and ehrlichial
infections in domestic dogs in South Africa. Vet Parasitol 2008;155(1-2):152-7.

Harrus S, Waner T. Diagnosis of canine monocytotropic ehrlichiosis (Ehrlichia canis): An overview. Vet J
2011;187(3):292-6.

Nakaghi ACH, Machado RZ, Ferro JA, Labruna MB, Chryssafidis AL, André MR, et al. Sensitivity evaluation of
a single-step PCR assay using Ehrlichia canis p28 gene as a target and its application in diagnosis of canine
ehrlichiosis. Rev Bras Parasitol Vet 2010;19(2):1-5.

Dantas-Torres F, Chomel BB, Otranto D. Ticks and tick-borne diseases: A One Health perspective. Trends
Parasitol 2012;28(10):437-46.

Wen B, Rikihisa Y, Mott JM, Greene R, Kim HY, Zhi N, et al. Comparison of nested PCR with
immunofluorescent-antibody assay for detection of Ehrlichia canis infection in dogs treated with doxycycline. J
Clin Microbiol 1997;35(7):1852-5.

Singu V, Peddireddi L, Sirigireddy KR, Cheng C, Munderloh U, Ganta RR. Unique macrophage and tick cell-
specific protein expression from the p28/ p30-outer membrane protein multigene locus in Ehrlichia chaffeensis
and Ehrlichia canis. Cell Microbiol 2006;8(9):1475-87.

Harrus S, Waner T, Aizenberg 1, Foley JE, Poland AM, Bark H. Amplification of ehrlichial DNA from dogs 34
months after infection with Ehrlichia canis. J Clin Microbiol 1998;36(1):73—6.

Seaman RL, Kania SA, Hegarty BC, Legendre AM, Breitschwerdt EB. Comparison of results for serologic testing
and a polymerase chain reaction assay to determine the prevalence of stray dogs in eastern Tennessee seropositive
to Ehrlichia canis. Am J Vet Res 2004;65(9):1200-3.

Sainz A, Roura X, Mir6 G, Estrada-Pefia A, Kohn B, Harrus S, et al. Guideline for veterinary practitioners on
canine ehrlichiosis and anaplasmosis in Europe. Parasites and Vectors 2015;8(1):1-20.

Doyle CK, Labruna MB, Breitschwerdt EB, Tang YW, Corstvet RE, Hegarty BC, et al. Detection of medically
important Ehrlichia by quantitative multicolor TagMan real-time polymerase chain reaction of the dsb gene. ] Mol
Diagnostics 2005;7(4):504-10.

Aguiar DM, Hagiwara MK, Labruna MB. In vitro isolation and molecular characterization of an Ehrlichia canis
strain from Sdo Paulo, Brazil. Brazilian J Microbiol 2008;39(3):489-93.

Labruna MB, McBride JW, Camargo LMA, Aguiar DM, Yabsley MJ, Davidson WR, et al. A preliminary
investigation of Ehrlichia species in ticks, humans, dogs, and capybaras from Brazil. Vet Parasitol
2007;143(2):189-95.

Doskaya M, Caner A, Degirmenci A, Wengenack NL, Yolasigmaz A, Turgay N, et al. Degree and frequency of
inhibition in a routine realtime PCR detecting Pneumocystis jirovecii for the diagnosis of Pneumocystis
pneumonia in Turkey. ] Med Microbiol 2011;60(7):937-44.

Can H, Inceboz T, Caner A, Atalay Sahar E, Karakavuk M, Ddskaya M, et al. Kist Orneklerinde Yeni Bir Tek
Tiip Multipleks Gergek Zamanli Polimeraz Zincir Reaksiyonu He Echinococcus granulosus ve Echinococcus
multilocularis’ in Saptanmasi. Mikrobiyol Bul 2016;50(2):266—77.

Can H, Déskaya M, Ozdemir HG, Sahar EA, Karakavuk M, Pektas B, et al. Seroprevalence of Leishmania
infection and molecular detection of Leishmania tropica and Leishmania infantum in stray cats of I'zmir, Turkey.
Exp Parasitol 2016;167:109-14.

Anderson BE, Sumner JW, Dawson JE, Tzianabos T, Greene CR, Olson JG, et al. Detection of the etiologic agent
of human ehrlichiosis by polymerase chain reaction. J Clin Microbiol 1992;30(4):775-80.

Dawson J, Biggie K, Warner C, Jenkins S, Levine J, Olson J. Polymerase chain reaction evidence of Ehrlichia
chaffeensis, an etiologic agent of human ehrlichiosis, in dogs from southeast Virginia. Am J Vet Res
1996;57(8):1175-9.

Murphy GL, Ewing SA, Whitworth LC, Fox JC, Kocan AA. A molecular and serologic survey of Ehrlichia canis,
E. chaffeensis, and E. ewingii in dogs and ticks from Oklahoma. Vet Parasitol 1998;79(4):325-39.

Noyes HA, Reyburn H, Bailey JW, Smith D. A nested-PCR-based schizodeme method for identifying Leishmania
kinetoplast minicircle classes directly from clinical samples and its application to the study of the epidemiology
of Leishmania tropica in Pakistan. J Clin Microbiol 1998;36(10):2877-81.

Adao DE V., Herrera CMT, Galarion LH, Bolo NR, Carlos RS, Carlos ET, et al. Detection and molecular



36

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Vet Hekim Der Derg 93(1):28-36, 2022

characterization of Hepatozoon canis, Babesia vogeli, Ehrlichia canis, and Anaplasma platys in dogs from Metro
Manila, Philippines. Korean J Vet Res 2017;57(2):79-88.

Childs JE, Sumner JW, Nicholson WL, Massung RF, Standaert SM, Paddock CD. Outcome of diagnostic tests
using samples from patients with culture- proven human monocytic ehrlichiosis: Implications for surveillance. J
Clin Microbiol 1999;37(9):2997-3000.

Vieira RF da C, Biondo AW, Guimardes AMS, Santos AP dos, Santos RP dos, Dutra LH, et al. Ehrlichiosis in
Brazil. Rev Bras Parasitol Veterinaria 2011;20(1):01-12.

Paddock CD, Folk SM, Shore GM, Machado LJ, Huycke MM, Slater LN, et al. Infections with Ehrlichia
chaffeensis and Ehrlichia ewingii in Persons Coinfected with Human Immunodeficiency Virus . Clin Infect Dis
2001;33(9):1586-94.

Standaert SM, Yu T, Scott MA, Childs JE, Paddock CD, Nicholson WL, et al. Primary Isolation of Ehrlichia
chaffeensis from Patients with Febrile Illnesses: Clinical and Molecular Characteristics . J Infect Dis
2000;181(3):1082-8.

Ndip LM, Labruna M, Ndip RN, Walker DH, McBride JW. Molecular and clinical evidence of Ehrlichia
chaffeensis infection in Cameroonian patients with undifferentiated febrile illness. Ann Trop Med Parasitol
2009;103(8):719-25.

Diizlii O, Inci A, Yildirim A, Onder Z, Ciloglu A. The investigation of vector-borne some protozoon and rickettsial
infections in dogs by Real Time PCR and the molecular characterizations of the obtained isolates. Vet J Ankara
Univ 2014;61:275-82.

Batmaz H, Nevo E, Waner T, Sentiirk S, Yilmaz Z, Harrus S. Seroprevalence of Ehrlichia canis antibodies among
dogs in Turkey. Vet Rec 2001;148(21):665—6.

Ozubek S, Saym Ipek DN, Aktas M. A molecular survey of rickettsias in shelter dogs and distribution of
Rhipicephalus sanguineus (Acari: Ixodidae) sensu lato in Southeast Turkey. J] Med Entomol 2018;55(2):459-63.
Cetinkaya H, Matur E, Akyazi I, Ekiz EE, Aydin L, Toparlak M. Serological and molecular investigation of
Ehrlichia spp. and Anaplasma spp. in ticks and blood of dogs, in the Thrace Region of Turkey. Ticks Tick Borne
Dis 2016;7(5):706-14.

Silveira JAG, Valente PCLG, Paes PRO, Vasconcelos A V., Silvestre BT, Ribeiro MFB. The first clinical and
laboratory evidence of co-infection by Anaplasma phagocytophilum and Ehrlichia canis in a Brazilian dog. Ticks
Tick Borne Dis 2015;6(3):242-5.



