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Abstract
This study aimed to determine Hepatozoon canis prevalence in dogs in the Siirt province 

of Turkey by the molecular method. The animal material of the study consisted of a total 
of 75 dogs that appeared clinically healthy. Two ml of blood sample were taken from the vena 
cephalica antebrachii. Then, DNA extraction was performed. Polymerase chain reaction (PCR) 
was performed to amplify the 666 bp 18S rRNA gene region of Hepatozoon canis. Two positive 
PCR products were purified and sequenced. As a result of Nested-PCR, H. canis specific bands 
in 666 bp size were obtained in 7 (9.33%) out of 75 dogs. The result of sequence analysis, the 
nucleotide sequence was registered in the NCBI GenBank database with accession numbers 
OL467380.1-OL467538.1. Hepatozoon canis registered in GenBank of sequence OL467380.1 
was found to be similar with other H. canis strains of registration numbers MW684292.1 with 
99.69% and MH615006.1-MK091085.1-MF797806.1 with 99.53% rates; and the sequence 
with registration number OL467538.1 was found to be similar to the series MW684291.1 with 
99.09% and MH615006.1-MK091085.1-KX 818220.1 with 99.08% rates by BLAST analysis. 
Hepatozoon canis prevalence of dogs in the Siirt province was determined as a result of this study. 
It is of great importance to take preventive measures, especially to fight ticks with appropriate 
acaricides, since there is no vaccine to prevent the disease.

Hepatozoon canis, PCR, DNA extraction, sequence

Hepatozoon canis is a tick-borne protozoan parasite classified in the phylum Apicomplexa, 
closely related to Plasmodium species and pyroplasms (Baneth et al. 2003; Gonen 
et al. 2004). Canine hepatozoonosis is a protozoal disease that primarily affects dogs, and 
is caused by Hepatozoon canis (O’Dwyer et al. 2001; Baneth et al. 2007). Hepatozoon 
canis and H. americanum are identified as two hepatozoa species that infect dogs (Rubini 
et al. 2009). Common species associated with canine hepatozoonosis are H. canis in 
Europe, Asia, Africa, and South America (O’Dwyer et al. 2001; Gonen et al. 2004), and 
H. americanum in the United States (Inokuma et al. 2002; Little et al. 2009; Baneth, 
2011; Altay et al. 2013). The vector of H. canis is Rhipicephalus sanguineus ticks, and 
vectors play an important role in the transmission of the disease (Baneth et al. 2003; 
Gavazza et al. 2003; Little et al. 2009; Baneth 2011).

Transmission of the infection to dogs occurs by ingestion of ticks or parts of ticks that 
contain mature H. canis oocysts (Gonen et al. 2004). Hepatozoon canis infection can 
range from an asymptomatic condition in dogs with low parasitaemia rates to a serious 
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life-threatening illness with fever, lethargy, anaemia, and emaciation in dogs with high 
parasitaemia (Baneth et al. 2003; Gonen et al. 2004; Baneth 2011). Clinical signs of 
H. canis infection vary depending on the age of the host, the degree of infection, and the 
presence of concomitant infections, although fever, lethargy, and weight loss are among 
the most prominent symptoms (Paşa et al. 2009; Altay et al. 2013; Aktas et al. 2015).

Microscopic examination (Elias and Homans 1988; Paşa et al. 2009; Baneth 2011), 
serological (IFAT, ELISA) (Baneth et al. 1996; Gonen et al. 2004; Karagenc et al. 
2006; Baneth 2011) and molecular methods (Inokuma et al. 2002; Rubini et al. 2005; 
O’Dwyer 2011) are used in the diagnosis of the disease. It is reported that molecular 
methods are more sensitive and specific than microscopic and serological methods in the 
diagnosis of hepatozoonosis and other blood parasites (Altay et al. 2019).

This study aims to determine H. canis prevalence in dogs of the Siirt province by the 
molecular method.

Materials and Methods
The study area

The Siirt province is located in the Southeastern Anatolia Region of Turkey (Fig. 1). The 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. 

Fig. 1. The Siirt province map. The black circle represents the study area.
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Animal material and sample collection
The animal material of the study consists of a total of 75 dogs that appeared clinically healthy. The animals 

were clinically examined and their age, sex, and presence of ticks were recorded. Blood samples of 2 ml were 
taken from the vena cephalica antebrachii of dogs into EDTA tubes and brought to the laboratory in a cold chain.

DNA extraction and PCR amplification 
DNA extraction was performed according to the kit protocol using the PureLink™ Genomic DNA Mini Kit 

(USA, K182002). The obtained DNAs were stored at −20 °C until PCR. 
Polymerase chain reaction was performed to amplify the 666 bp 18S rRNA gene region of Hepatozoon canis. The 

primers HepF (5’-ATACATGAGCAAAATCTCAAC-3’) and HepR (5’- CTTATTATTCCATGCTGCAG-3’) were 
used (Otranto et al. 2011; Dantas-Torres et al. 2012). Two hundred and fifty µM dNTPs, 2.5 mM MgCl in 25 µl 
mastermix2, 25 pmol forward and reverse primer, 1 U Taq Polymerase, 10X PCR buffer (0.8 M Tris-HCl, 0.2 M 
(NH4)2SO4, 0.2% w/v Tween-20), Nuclease Free Water and 2 µl of DNA were used. The reaction was created by 
pre-denaturation for 15 min at 95 °C, followed by 34 cycles of denaturation at 95 °C for 30 s, annealing at 57 °C 
for 30 s, and elongation at 72 °C for 1 min and 30 s with a final elongation of 7 min at 72 °C. The reaction was 
performed on Gradient PCR, Super Cycler (Kyratec, Australia). Subsequently, 1.5% agarose gel was prepared and 
stained with RedSafe™ Nucleic Acid Staining Solution. The PCR products were run on agarose gel afterward, 
and images were obtained on a gel imaging device (Syngene bioimaging system).

Sequence analysis
Two positive PCR products were purified and sequenced. The sequences of each amplicon were manually 

aligned and edited. 16S rRNA gene sequences were subjected to GenBank’s BLAST analysis. The nucleotide 
sequence was registered in the NCBI GenBank database with access numbers OL467380.1-OL467538.1.

Statistical analysis
The relationship between grouped variables was analyzed using an SPSS V16.0 for the chi-square test. A value 

of P < 0.05 obtained through the analysis was considered significant.

Ethical approval
Ethical approval for this study was obtained from the Siirt University Local Ethics Committee for Animal 

Experiments (Decision number 2021/01/05).

Results

As a result of Nested-PCR, positivity was detected in 11.11% (4/36) in male dogs 
and 7.69% (3/39) in females (Table 1). Hepatozoon canis specific bands in 666 bp size 
were obtained in 7 (9.33%) out of 75 dogs in total (Fig. 2). Tick infestation was detected 
in 41 (54.66%) dogs in clinical examinations. Ticks collected were identified as 
R. sanguineus ticks.

As a result of sequence analysis, the 
nucleotide sequence was registered 
in the NCBI GenBank database with 
accession numbers OL467380.1-
OL467538.1. Hepatozoon canis 
registered in GenBank of sequence 
OL467380.1 was found to be similar 
with other H. canis strains of registration 
numbers MW684292.1 with 99.69% 
and MH615006.1-MK091085.1-
MF797806.1 with 99.53% rates; and 
the sequence with registration number 
OL467538.1 was found to be similar to 
the series MW684291.1 with 99.09% 
and MH615006.1-MK091085.1- 
KX818220.1 with 99.08% rates by 
BLAST analysis.

Table 1. Distribution of H. canis infection according to 
age, sex, and presence of ticks.

Variable Number Positive  P
 of dogs (n) (n) (%)
Sex        

Female 39 3 7.69 NS
Male 36 4 11.11 

Age       
< 1 29 2 6.90 
1–3 30 3 10.00 NS
> 3 16 2 12.50 

Presence of ticks 
Evet 41 5 12.20 NS
Hayır 34 2 5.88 

Total 75 7 9.33 

NS - Non-significant
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Discussion

Canine hepatozoonosis is a common disease worldwide and has been reported in 
many countries (Altay et al. 2019). The geographical distribution of the disease-causing 
species differs depending on the type of tick that transmits the parasite even though 
canine hepatozoonosis is common all over the world (Altay et al. 2013). Rhipicephalus 
sanguineus type ticks that vectorize H. canis (Baneth et al. 2003; Baneth 2011) are 
common worldwide and they are frequently found in tropical and subtropical regions 
(Aguirre et al. 2004).

In studies carried out to determine the rate of H. canis infection in the world; 22.6% 
prevalence has been reported for blood smear examination and 67.7% prevalence has been 
reported for PCR tests in Brazil (Rubini et al. 2005). In other locations, 28.8% prevalence 
was reported in Kyrgyzstan (Altay et al. 2019), whereas this number was 41.4% in Nigeria 
(Kamani et al. 2013), 57.8% in Italy (Otranto et al. 2011), 33.1% in Israel (Baneth et al. 
1996), and 11.4% in Thailand (Jittapalapong et al. 2006).

First data on canine hepatozoonosis in Turkey was reported in a dog by Tüzdil (1933). In 
other studies carried out in Turkey, a prevalence of 10.8% was reported in Mersin (Aktas 
et al. 2015), 2.44% in Hatay (Aslantaş et al. 2020), 2% and 4.9% in Konya and Karaman 
provinces, respectively (Aydin et al. 2015), 5.3% in Kayseri (Düzlü et al. 2014), 3.9% 
in Nevşehir (Aktas et al. 2015), 0.5% in Samsun (Bölükbaş et al. 2016), and 18% in 
Giresun (Aktas et al. 2015). In Sakarya and Kocaeli, 21.5% and 17.4% prevalence rates 
were reported, respectively (Aktas et al. 2015). A prevalence of 42.8% was reported in 
Erzurum (Aktas et al. 2015) and 5.3% (Guven et al. 2017), while this number was 25.3% 
in Elazığ (Aktas et al. 2015). Aktas et al. (2013) also reported 15.87% prevalence in 
Diyarbakır. Some other results include 3.8% and 49.5% prevalence in Ankara determined 
by microscopic and PCR methods (Orkun et al. 2018), and 38.46%, 61.54%, and 69.23% 
in İzmir by microscopic, PCR, and IFAT methods, respectively (Karagenc et al. 2006). 
Similarly, 3.7%, 14.81%, and 20.37% prevalence was reported in Aydın (Karagenc 
et al. 2006) for microscopic, PCR, and IFAT methods, respectively. Karagenc et al. (2006) 
also reported 4.35%, 8.7%, 26.09% prevalence in Manisa and 5.05%, 24.24%, 37.37% 
prevalence in Muğla for the said methods, respectively.

Fig. 2.  18S rRNA amplification of H. canis in dogs using gradient PCR. Lanes: M - marker, P - positive control, 
N - negative control; lanes 2, 3, 6, and 7 are positive for H. canis (666 bp); lanes 1, 4, 5, and 8 are negative 
amplifications.
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Microscopic, serological and molecular methods are used in the diagnosis of the disease 
(Rubini et al. 2005; Karagenc et al. 2006; Baneth 2011). Among these, molecular 
methods are reported to be more sensitive and specific compared to microscopic and 
serological methods in the diagnosis of hepatozoonosis, and in other blood parasites as 
well (O’Dwyer et al. 2001; Otranto et al. 2011; Altay et al. 2019). As a result of this 
study, H. canis specific bands of the size of 666 bp were obtained in 7 (9.33%) of 75 dogs, 
by the PCR method. The results of this study are similar to the results of other authors 
(Düzlü et al. 2014; Aydin et al. 2015; Guven et al. 2017). Geographical conditions, 
vector population, sample size, sampling period, and methods used can be counted among 
the reasons for the differences observed between studies. 

Epidemiological factors such as habitat, environmental conditions, and the presence 
of the vector are the main factors in the development of H. canis infection (Tuna et al. 
2020). Rhipicephalus sanguineus ticks are the most important vector for H. canis in the 
Mediterranean basin (Baneth 2011; Dantas-Torres et al. 2012; Aktas et al. 2013). The 
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, a total of 41 (54.66%) dogs were found to be infested with 
R. sanguineus type ticks. No significant difference was found between the presence of ticks 
and the result on the other hand (P > 0.05).

It has been reported that the disease can be seen in both sexes (Gavazza et al. 2003). 
Some researchers (Paşa et al. 2009) reported that females are more sensitive than males, 
while others (Gomes et al. 2010; Aktas et al. 2015; Tuna et al. 2020) reported that males 
are more sensitive than females. In these studies, it is reported that there is no significant 
difference between the sexes (Paşa et al. 2009; Gomes et al. 2010; Aktas et al. 2015; 
Tuna et al. 2020). The positivity obtained in this study was found to be higher in males 
(11.11%) compared to females (7.69%), and no significant difference was detected 
(P > 0.05). The obtained results support the results of other studies (Gomes et al. 2010; 
Aktas et al. 2015; Tuna et al. 2020). 

Canine hepatozoonosis is a chronic disease that can infect dogs of all ages. In the study 
carried out by Paşa et al. (2009), H. canis infected dogs were reported to be between the 
ages of 2 and 8 years. In a study by Baneth and Weigler (1997), it is reported that the 
H. canis infection is most common in dogs younger than 6 months and dogs aged 5–10 
years. In some studies, it has been reported that more positivity is detected in adult dogs 
than in young dogs (Gomes et al. 2010; Aktas et al. 2015). In this study, dogs were divided 
into three age groups and the highest positivity was found in those older than 3 years. There 
was no significant difference between age groups (P > 0.05). These results are similar to 
the findings of other researchers (Gomes et al. 2010; Aktas et al. 2015). The reasons for 
the higher positivity in elderly dogs compared to young ones can be explained by increased 
exposure to the vector and cumulative exposure of older animals to the parasite (Aktas 
et al. 2015). 

As a result of the sequence analysis, the sequence registered in the NCBI GenBank 
database with the accession number OL467380.1 were found to be similar with other 
H. canis strains 99.69% (MW684292.1) and 99.53% (MH615006.1, MK091085.1, 
MF797806.1) rates and the sequence recorded with the accession number OL467538.1 
with 99.09% (MW684291.1) and 99.08% (MH615006.1, MK091085.1, KX818220.1) 
rates.

In conclusion, H. canis prevalence of dogs in the Siirt province has been determined in 
this study. It is of great importance to take preventive measures, especially to fight ticks 
with appropriate acaricides, since there is no vaccine to prevent the disease. Clinicians 
should be aware of this disease as well as others in the differential diagnosis of patients 
with ticks or tick infection anamnesis. It should be remembered that the elimination 
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of gametocytes from the peripheral blood is slow and an 8-week treatment is required 
in the treatment of the disease.

Conflict of Interest
The authors declare no conflict of interest.

References
Aguirre E, Sainz A, Dunner S, Amusategui I, López L, Rodríguez-Franco F, Luaces I, Cortés O, Tesouro MA 

2004: First isolation and molecular characterization of Ehrlichia canis in Spain. Vet Parasitol 125: 365-372
Aktas M, Özübek S, Altay K, Balkaya I, Utuk AE, Kırbas A, Şimsek S, Dumanlı N 2015: A molecular and 

parasitological survey of Hepatozoon canis in domestic dogs in Turkey. Vet Parasitol 209: 264-267
Aktas M, Özübek S, Ipek DNS 2013: Molecular investigations of Hepatozoon species in dogs and developmental 

stages of Rhipicephalus sanguineus. Parasitol Res 112: 2381-2385
Altay K, Aktas M, Dumanlı N 2013: Hepatozoonosis. In: Özcel MA (Ed.): Veteriner hekimliğinde parazit 

hastalıkları. Türkiye Parazitoloji Derneği, İzmir, pp. 1076-1077
Altay K, Aydın MF, Aytmirzakizi A, Jumakanova Z, Cunusova A, Dumanlı N 2019: Molecular survey 

of hepatozoonosis in natural infected dogs: First detection and molecular characterisation of Hepatozoon canis 
in Kyrgyzstan. Kafkas Univ Vet Fak Derg 25: 77-81

Aslantaş Ö, Çelebi B, Usluca S 2020: Investigation of vector-borne diseases in dogs. Harran Üniv Vet Fak Derg 
9: 154-160

Aydin MF, Sevinc F, Sevinc M 2015: Molecular detection and characterization of Hepatozoon spp. in dogs from 
the central part of Turkey. Ticks Tick Borne Dis 6: 388-392

Baneth G, Shkap V, Presentey B-Z, Pipano E 1996: Hepatozoon canis: the prevalence of antibodies and 
gametocytes in dogs in Israel. Vet Res Commun 20: 41-46

Baneth G, Weigler B 1997: Retrospective case-control study of hepatozoonosis in dogs in Israel. J Vet Intern Med 
11: 365-370

Baneth G, Mathew J, Shkap V, Macintire D, Barta J, Ewing S 2003: Canine hepatozoonosis: two disease 
syndromes caused by separate Hepatozoon spp. Trends Parasitol 19: 27-31

Baneth G, Samish M, Shkap V 2007: Life cycle of Hepatozoon canis (Apicomplexa: Adeleorina: Hepatozoidae) 
in the tick Rhipicephalus sanguineus and domestic dog (Canis familiaris). J Parasitol 93: 283-299

Baneth G 2011: Perspectives on canine and feline hepatozoonosis. Vet Parasitol 181: 3-11
Bölükbaş CS, Pekmezci D, Gürler AT, Pekmezci GZ, Güzel M, Açici M, Şinasi U 2016: Molecular survey of 

Hepatozoon canis in dogs from Samsun Province of Northern part of Turkey. Etlik Vet Mikrobiyol Derg 27: 104-107
Dantas-Torres F, Latrofa MS, Weigl S, Tarallo VD, Lia RP, Otranto D 2012: Hepatozoon canis infection in ticks 

during spring and summer in Italy. Parasitol Res 110: 695-698
Düzlü Ö, İnci A, Yıldırım A, Önder Z, Çiloğlu A 2014: The investigation of some tick-borne protozoon and 

rickettsial infections in dogs by Real Time PCRand the molecular characterizations of the detected isolates. 
Ankara Üniv Vet Fak Derg 61: 275-282

Elias E, Homans P 1988: Hepatozoon canis infection in dogs: clinical and haematological findings; treatment. 
J Small Anim Pract 29: 55-62

Gavazza A, Bizzeti M, Papini RA 2003: Observations on dogs found naturally infected with Hepatozoon canis 
in Italy. Rev Med Vet 154: 565-571

Gomes PV, Mundim MJS, Mundim AV, de Ávila DF, Guimarães EC, Cury MC 2010: Occurrence of Hepatozoon 
sp. in dogs in the urban area originating from a municipality in southeastern Brazil. Vet Parasitol 174: 155-161

Gonen L, Strauss-Ayali D, Shkap V, Vincent-Johnson N, Macintire D, Baneth G 2004: An enzyme-linked 
immunosorbent assay for antibodies to Hepatozoon canis. Vet Parasitol 122: 131-139

Guven E, Avcioglu H, Cengiz S, Hayirli A 2017: Vector-borne pathogens in stray dogs in Northeastern Turkey. 
Vector Borne Zoonotic Dis 17: 610-617

Inokuma H, Okuda M, Ohno K, Shimoda K, Onishi T 2002: Analysis of the 18S rRNA gene sequence 
of a Hepatozoon detected in two Japanese dogs. Vet Parasitol 106: 265-271

Jittapalapong S, Rungphisutthipongse O, Maruyama S, Schaefer JJ, Stich RW 2006: Detection of Hepatozoon 
canis in stray dogs and cats in Bangkok, Thailand. Ann NY Acad Sci 1081: 479-488

Kamani J, Baneth G, Mumcuoglu KY, Waziri NE, Eyal O, Guthmann Y, Harrus S 2013: Molecular detection and 
characterization of tick-borne pathogens in dogs and ticks from Nigeria. PLoS Negl Trop Dis, 7: e2108

Karagenc Tİ, Pasa S, Kirli G, Hosgor M, Bilgic HB, Ozon YH, Atasoy A, Eren H 2006: A parasitological, 
molecular and serological survey of Hepatozoon canis infection in dogs around the Aegean coast of Turkey. 
Vet Parasitol 135: 113-119

Little SE, Allen KE, Johnson EM, Panciera RJ, Reichard MV, Ewing SA 2009: New developments in canine 
hepatozoonosis in North America: a review. Parasit Vectors 2: 1-4

O’Dwyer LH, Massard CL, de Souza JCP 2001: Hepatozoon canis infection associated with dog ticks of rural 
areas of Rio de Janeiro State, Brazil. Vet Parasitol 94: 143-150



283

O’Dwyer LH 2011: Hepatozoonose canina brasileira. Rev Bras Parasitol Vet 20: 181-193
Orkun Ö, Nafiye K, Sürsal N, Çakmak A, Nalbantoğlu S, Karaer Z 2018: Molecular characterization of tick-borne 

blood protozoa in stray dogs from central Anatolia region of Turkey with a high-rate Hepatozoon infection. 
Kafkas Univ Vet Fak Derg 24: 227-232

Otranto D, Dantas-Torres F, Weigl S, Latrofa MS, Stanneck D, Decaprariis D, Capelli G, Baneth G 2011: 
Diagnosis of Hepatozoon canis in young dogs by cytology and PCR. Parasit Vectors 4:  1-6

Paşa S, Kiral F, Karagenc T, Atasoy A, Seyrek K 2009: Description of dogs naturally infected with Hepatozoon 
canis in the Aegean region of Turkey. Turkish J Vet Anim Sci 33: 289-295

Rubini A, dos Santos Paduan K, Cavalcante GG, Ribolla PEM, O’Dwyer LH 2005: Molecular identification and 
characterization of canine Hepatozoon species from Brazil. Parasitol Res 97: 91-93

Rubini A, Paduan K, Martins T, Labruna M, O’Dwyer L 2009: Acquisition and transmission of Hepatozoon canis 
(Apicomplexa: Hepatozoidae) by the tick Amblyomma ovale (Acari: Ixodidae). Vet Parasitol 164: 324-327

Tuna GE, Bakirci S, Ulutaş B 2020: Evaluation of clinical and haematological findings of mono-and co-infection 
with Hepatozoon canis in dogs. Animal Health Prod Hyg 9: 696-702

Tüzdil A 1933: Bizde ilk defa görülen bir Hepatozoon canis vakası (in Turkish, A case of Hepatozoon canis seen 
for the first time in our country). Türk Baytarlar Cemiyeti Mecmuası 13: 1165-1172


