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Introduction

Ixodid ticks (Acari: Ixodidae) are important vectors of 
pathogens threatening animal and human health. It is known 
that there are direct or indirect relationships of the ticks 
with about 200 disease effects, and it is biologically vector 
for some of these pathogens [34]. In particular, Theileria 
and Babesia species are very common in many countries, 
including Turkey and cause clinical and subclinical infections 
in domestic and wild animals causing significant economic 
losses [14, 21].

Six species were identified in the sheep and goats, 
namely T. lestoquardi, T. uilenbergi, T. luwenshuni, T. ovis, 

T. separata and T. recondita [14, 33, 37, 38]. Theileria species 
have significant differences in pathogenicity, vector tick, 
biological and genetic characteristics. Theileria lestoguardi, 
T. uilenbergi, and T. luwenshuni are highly pathogenic for 
small ruminants while T. ovis and T. separata have low 
pathogenicity [37]. Babesia ovis, B. motasi, B. crassa, B. 
taylori, B. foliata and B. lengau have been reported to cause 
babesiosis in sheep and goats [14, 15, 36].

Reverse line blotting (RLB) test was previously developed 
which provides the simultaneous diagnosis of Theileria and 
Babesia species. This method has been used successfully for 
diagnosis Theileria and Babesia species in the parasitological 
researches [9, 28]. 
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RÉSUMÉ

Détection des espèces Theileria et Babesia chez les ovins et les caprins 
par microscopie et méthodes moléculaires dans la province de Nigde, 
Turquie

La présente étude a été menée pour étudier la présence et la prévalence de 
Theileria et Babesia chez les ovins et les caprins de Nigde par des méthodes 
microscopiques et moléculaires. À cette fin, 690 petits ruminants, dont 520 
ovins et 170 caprins âgés de 1 à 10 ans, appartenant à 28 troupeaux situés 
dans la province de Nigde, en Anatolie centrale en Turquie, ont été choisis au 
total entre avril et juillet 2014. Des frottis sanguins ont été préparés à partir 
du des échantillons de sang, colorés au Giemsa, et examinés au microscope 
optique pour détecter les piroplasmes de Theileria et de Babesia. Les ADN 
de piroplasmes des espèces Theileria et Babesia ont été amplifiés en utilisant 
les amorces RLB-F2 et RLB-R2. Les produits de réaction en chaîne de la 
polymérase (PCR) ont été hybrides aux sondes spécifiques à une espèce 
connectées à la membrane. Les tiques ont été retirées des ovins et des caprins 
et ont été identifiées. Sur des échantillons de sang examinés au microscope, 
119 moutons (17,2%) étaient positifs pour Theileria spp. ou Babesia spp., 
alors qu’aucune chèvre n’était positive. Sur 690 animaux, 344 (49,8%) étaient 
positifs pour Theileria ou Babesia par méthode RLB. Theileria ovis était le 
parasite sanguin le plus répandu chez les ovins et les caprins dans la région 
avec 46,9%, suivi de B. ovis avec 3,5% et de Theileria sp. MK avec 1,4%. Les 
autres espèces de Theileria (T. lestoquardi, T. luwenshuni, T. uilenbergi) et les 
génotypes (Theileria sp. OT1, Theileria sp. OT3) et les espèces de Babesia 
(B. motasi, B. crassa) n’ont pas été détectés la région. Un total de 1361 
tiques ont été collectées chez des ovins et des caprins et ont été identifiées 
comme étant Rhipicephalus bursa, R. turanicus, Hyalomma marginatum, Hy. 
excavatum, Hy. anatolicum, Haemophsalis parva, Hae. punctata, Hae. sulcata 
et Dermacentor marginatus. Pour déterminer les parasites sanguins chez les 
ovins et les caprins, il a été déterminé que les résultats de la PCR et de la RLB 
étaient plus sensibles que la microscopie (P <0,05, χ2 = 105,823; P <0,05, ,2 
= 164,548) et la RLB par rapport à la PCR.
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Babesia ovis, B. crassa, B. motasi, T. ovis, T. uilenbergi, T. 
luwenshuni, T. separata, Theileria sp. MK, Theileria sp. OT1 
and Theileria sp. OT3 have been reported in sheep and goats 
of Turkey by various researchers [5, 9, 10, 20].

Tick-borne diseases caused by Theileria and Babesia 
species in sheep and goats have an important economic 
aspect. The aim of this study is to investigate the presence 
of Theileria and Babesia species infecting small ruminants in 
the Nigde province using microscopy and RLB.

Materials and methods

STUDY AREA

This study was carried out on a total of 690 small 
ruminants including 520 sheep and 170 goats between 1-10 
year olds belonging to 28 flocks of Nigde province, in Central 
Anatolia of Turkey (with an altitude of 1240 m, 37° 58’ N 
longitude-34°41’ E latitude) between April-July 2014. In the 
present study, Central, Bor, Camardi, Ulukisla, Altunhisar 
and Ciftlik districts were chosen as study sites in Nigde 
province. Annual average of precipitation is 348.8 mm, 
average temperature is 11.1°C and average relative humidity 
is 55% in Nigde.

BLOOD AND TICK COLLECTION

Blood samples were obtained from a total of 690 (520 
sheep -170 goats) small ruminants randomly selected from 
6 districts belong to 28 flocks in Nigde province 170 (130 
sheep-40 goats) in April, 185 (140 sheep-45 goats) in May, 185 
(140 sheep-45 goats) in June and 150 (110 sheep -40 goats) in 
July. Sheep and goat graze on communal mountain pastures. 
Blood samples were collected from punctured jugular vein 
of these animals in a steril tube containing EDTA and stored 
at -20°C until DNA extraction was performed. Blood smears 
were made for detection of Theileria and Babesia piroplasm 
and the animals were examined in the presence of the tick 
and the detected ticks were collected  from different herds. 
Depending on the behavior and appearance, the animals 
were healthy at the time of sampling, but no detailed clinical 
examination was performed. 

MICROSCOPIC EXAMINATION
 
The blood smears were fixed with methanol (Merck, 

Germany) for 5 minutes, stained with Giemsa at a dilution of 
5% for 20-30 minutes and then Giemsa-stained blood smears 
were examined microscopically with immersion oil at 1000x 
magnification for the presence of piroplasms (Babesia spp., 
Theileria spp.). The smears were recorded as positive for 
piroplasms if at least one parasites were detected in 100 oil 
immersion fields.

TICK IDENTIFICATION

All the sheep and goats included in the present survey were 
examined for ticks, which were collected and placed in tubes 

with 70% ethanol, then identified under stereomicroscope 
using appropriate keys [13]. 

GENOMIC DNA EXTRACTION

Total genomic DNA was extracted from EDTA blood by 
using a DNA isolation kit (Vivantis Technologies Sdn. Bhd. 
Revongen Corporation Center, Malaysia) according to the 
manufacturer’s instructions.

POLYMERASE CHAIN REACTION (PCR)

The PCR was performed in a touchdown thermocycler 
(Thermo Hybaid PX2 (Hybaid)) in a total reaction volume of 
25 μl containing PCR buffer. Five microliters of PCR product 
were visualized by UV transillumination in a 1.5 % agarose 
gel after electrophoresis and staining with ethidium bromide, 
and the remaining products were stored at +4 ◦C until used 
in the RLB.

PREPARATION OF RLB MEMBRANE

The procedure of RLB is described in detail in Gubbels 
et al. Briefly, a Biodyne C blotting membrane was activated 
at room temperature by incubation in 16% EDAC (1-ethyl-
3-(3-dimethyloamino-propyl)corbodiimide), washed in 
distilled water and placed in a MN45 Miniblotter (Isogen Life 
Sciences, Netherland). Probes were diluted to give 50-1200 
pmol/150µl in 500 mM NaHCO3 (pH 8.4). After membrane 
was incubated at room temperature for 10 min the liquid in 
the channels was removed by aspiration. Membrane removed 
from miniblotter was inactivated in 100 mM NaOH for 10 
min, washed at 60 ºC for 5 min in 2X SSPE 0.15% SDS.

REVERSE LINE BLOTTING

After amplification, 20 μL of the PCR products were 
diluted with 2 x SSPE/0.1% SDS buffer to a final volume 
of 150 μL. Prepared samples were heated at 100° C for 10 
min in a thermal cycler and cooled rapidly on ice for RLB 
hybridization. The membrane, maintained at +4°C in 20 
mM EDTA, was washed with 2X SSPE / 0.15% SDS for 
5 min at room temperature and placed in a Miniblotter. 
After aspiration of solutions in the membrane, 150 µl PCR 
products were inserted to slots and were incubated at 42˚C 
for 1 hour. Then solutions were aspirated and membrane 
was washed twice at 52˚C for 10min in 2X SSPE / %0.5 SDS. 
After washed, the membrane was treated at 42 ºC for 30 min 
with 10ml peroxidase labelled streptavidin-POD Konjugat 
(Roche, Germany) diluted 1:4000 in 2X SSPE 0.5% SDS. 
Following incubation, membrane washed twice at 42 ºC for 
10 min in 2X SSPE/%0,5 SDS and twice at room temperature 
for 5 min in 2X SSPE. Membrane was incubated in 10 ml 
of ECL solution (Amersham, England) for 1 min and was 
covered with acetate and after the air bubbles were removed 
it was waited 30 sec - 30 min in the dark under Kodak Biomax 
Light Film (U.S.A.) according to the strength of the signals 
and the bath process was started. Black specks formed on the 
films at the intersections of the probe and the PCR rows are 
considered positive.
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PRIMERS AND PROBS USED IN RLB

DNA samples extracted from sheep and goats were 
amplified in PCR due to the presence of all Theileria and Babesia 
species. The hypervariable V4 region of the 18S rRNA gene 
of the Theileria spp. and Babesia spp. was amplified by using 
RLB-F2 (5’GACACAGGGAGGTAGTGACAAG-3’) and 
RLB-R2 (Biotin-5’-CTAAGAATTTCACCTCTGACAGT-3’) 
primers for RLB assay [16]. Both RLBF2, RLBR2 primers and 
probs containing N – (Trifluoracetamidohexyl – eyanoethyl, 
N, N, - diisopropyl phoshoramidite (TFA)-C6 aminolinker) 
were synthesized by the “The Midland Certified Reagent (Co. 
Inc. USA) . The probes and their sequences are presented in 
Table I.

STATISTICAL ANALYSIS

The results obtained from microscopic examination, PCR 
and RLB were compared by Pearson chi-square (χ2 ) test 
for the evaluation of the incidence of Theileria and Babesia 
species (according to study site, month and age). Values of 
P<0.05 were considered to be statistically significant.

Results
A total of 690 blood samples comprising of 520 samples 

from sheep and 170 samples from goats were screened by 
microscopic examination, PCR and RLB for the presence of 
Theileria and Babesia species from Nigde province and the 
results were presented in Table 2.

As it is seen in Table 2, out of the 690 blood smears 
examined, 110 (15.9%) were positive for Theileria spp. and 
9 (1.3%) for Babesia spp. through microscopy. According 
to the months, when the distribution of positive samples of 
Theileria and Babesia spp. was compared, Babesia infections 
were statistically significant, but insignificant for Theileria 
(Theileria spp., P > 0.05, χ2 = 3.792; Babesia spp., P < 0.05, 
χ2 =8.064). Microscopically, the distribution of Theileria and 
Babesia infections was found to be significant (P <0.05, χ2 = 
93.812).

The DNA samples of PCR with RLB-F2 / RLB-R2 primers 
showed that 294 of 690 (42.6%) samples were detected 
positively. The highest rate of PCR positivity was detected 
in April (54.1%) while the lowest rate of PCR positivity was 
in May (35.7%) (Table II). According to the months, the 

Probe Sequence (5’-3’)   pmol/150µl Ref.
Theileria/Babesia Catchall TAATGGTTAATAGGA(AG)C(AG)GTTG        200 16
Theileria spp. TGATGGGAATTTAAACC(CT)CTTCCA        200 25
T. ovis TTTTGCTCCTTTACGAGTCTTTGC        400 25
T. lestoquardi ATTGCTTGTGTCCCTCCG        400 33
T. uilenbergi TGCATTTTCCGAGTGTTACT        400 33
T. luwenshuni TCGGATGATACTTGTATTATC        400 33
Theileria sp. OT1 ATCTTCTTTTTGATGAGTTGGTGT        400 25
Theileria sp. OT3 ATTTTCTCTTTTTATATGAGTTTT        400 25
Theileria sp. MK CATTGTTTCTTCTCATGTC        400 5
T. annulata CCTCTGGGGTCTGTGCA        400 16
Babesia Catchall 1 ATTAGAGTGTTTCAAGCAGAC        200 1
Babesia Catchall 2 ACTAGAGTGTTTCAAACAGGC        200 1
B. ovis GCGCGCGGCCTTTGCGTTTACT        400 25
B. motasi ATTGGAGTATTGCGCTTGCTTTTT        400 25
B. crassa TTATGGCCCGTTGGCTTAT        400   33
Babesia sp. TGCCGTGAATCGACATTCGTC         400 29

Table I: Sequence of oligonucleotide probes hybridized on the membrane and concentrations

Diagnostic method
Microscopic observation PCR RLB

Theileria spp. Babesia sp.
n + % + % + % + %

April 170 34 26.1 1 0.7 92 54.1 100 58.8
May 185 31 22.1 - - 66 35.7 78 42.2
June 185 24 17.1 3 2.1 71 38.4 83 44.9
July 150 21 19 5 4.5 65 43.3 83 55.3
Total 690 110 15.9 9 1.3 294 42.6 344 49. 8

Table II: Microscopy, PCR and RLB results of blood collected from sheep and goats in April, May, June and July.
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difference between the positivity rates of PCR was statistically 
significant (P<0,05, χ2 = 14,231)

The amplification products obtained as a result of the 
polymerase chain reaction were found to be infected with 
Theileria or Babesia species and genotypes as 344 (49.8%). The 
highest rate of RLB positivity was detected in April (58.8%) 
while the lowest rate of RLB was in May (42.2%) (Table II). 
According to months, the difference between RLB positivity 
rates was statistically significant (p <0,05, χ2 = 13,492).

In determining blood parasites in sheep and goats, the 
difference between microscopic examination, PCR and RLB 
results was statistically significant (P < 0.05, χ 2 =174.419). 
PCR and RLB was found to be more susceptible than to 
microscopy (P < 0.05, χ2 = 105.823; P < 0.05, χ2 = 164.548), 
and RLB than to PCR (<0.05, χ2 = 7.288).

Six hundred ninety DNA samples obtained from sheep 
and goats were examined for Theileria and Babesia infections 
by RLB. These results was given in Table III. 

As can be seen from Table III, both Theileria and Babesia 
specific probes (Figure 1) gave positive reactions with their 
corresponding specific probes in RLB. According to this, 
sheep and goats have been infected with T. ovis, Theileria 
sp. MK and B. ovis as single or mixed infection. In the RLB 
hybridization of PCR products, among 690 blood samples, 
324 samples (46.9%) were found positive for T. ovis, 10 
samples (1.4%) for Theileria sp. MK and 24 samples (3.5%) 
for B. ovis. Mix infections were determined as T. ovis + B. ovis 
and T. ovis + Theileria sp. MK in a total of 14 animals. 

Molecular prevalence in sheep was 317 (60.9%) for T. 
ovis, 8 (1.5%) for Theileria sp. MK, 21 (4%) for B. ovis, 9 
(1.7%) for T. ovis + B. ovis, 4 (0.7%) for T. ovis + Theileria sp. 
MK. Molecular prevalence in goats was 7 (4.1%) for T. ovis, 2 
(1.2%) for Theileria sp. MK, 3 (1.7%) for B. ovis and 1 (0.6%) 
for T. ovis + B. ovis. According to the results of RLB, incidence 
of Theileria and Babesia infections in sheep were statistically 
significant and were found to be higher than in the goats 
(P<0.05, χ2 = 169,835). Montly distribution of ixodid ticks 
collected from sheep and goats and the number of collected 
ticks by species and gender are shown in Table IV.

Total infection (%) Single infection (%) Mixed infection (%)

Months Host n T. ovis
Theileria 
sp. MK. B. ovis T. ovis

Theileria 
sp. MK. B. ovis

T. ovis+B. 
ovis

Theileria sp. 
MK+T. ovis

April

Sheep 130 96 (73.8) 6 (4.6) 3 (2.3) 90 (69.2) 3 (2.3) - 3 (2.3) 3 (2.3)

Goat 40 1 (2.5) - - 1 (2.5) - - - -

∑ 170 97 (57.1) 6 (3.5) 3 (1.8) 91 (53.5) 3 (1.7) - 3 (1.8) 3 (1.8)

May

Sheep 140 75 (53.6) - 1 (0.7) 75 (53.6) - 1 (0.7) - -

Goat 45 2 (4.4) - - 2 (4.4) - - - -

∑ 185 77 (41.6) - 1 (0.5) 77 (41.6) - 1 (0.5) - -

June

Sheep 140 70 (50) 1 (0.7) 9 (6.4) 67 (47.8) 1 (0.7) 6 (4.3) 3 (2.1) -

Goat 45 3 (6.7) 1 (2.2) 2 (4.4) 3 (6.7) 1 (2.2) 2 (4.4) - -

∑ 185 73 (39.5) 2 (1.1) 11 (5.9) 70 (37.8) 2 (1.1) 8 (4.3) 3 (1.6) -

July

Sheep 110 76 (69) 1 (0.9) 8 (7.2) 72 (65.4) - 5 (4.5) 3 (2.7) 1 (0.9)

Goat 40 1 (2.5) 1 (2.5) 1 (2.5) - 1 (2.5) - 1 (2.5) -

∑ 150 77 (51.3) 2 (1.3) 9 (6) 72 (48) 1 (0.6) 5 (3.3) 4 (2.6) 1 (1.3)

Total

Sheep 520 317 (60.9) 8 (1.5) 21 (4) 304 (58.5) 4 (0.7) 12 (2.3) 9 (1.7) 4 (0.7)

Goat 170 7 (4.1) 2 (1.2) 3 (1.7) 6 (3.5) 2 (1.2) 2 (1.1) 1 (0.6) -

∑ 690 324 (46.9) 10 (1.4) 24 (3.5) 310 (44.9) 6 (0.8) 14 (2.0) 10 (1.4) 4 (0.5 )

Table III: Distribution of Theileria and Babesia by RLB in sheep and goats according to the months

Figure 1: RLB image of PCR products belonging to positive control and 
field samples. Probes are shown in rows, and samples are applied in 
columns. 1-11, positive controls (1, T. lestoquardi; 2, T. ovis; 3, T. 
luwenshuni; 4, T. uilenbergi; 5, Theileria sp. MK; 6, Theileria sp. OT1; 
7, Theileria sp. OT3; 8, T. annulata; 9, B. ovis; 10, B. motasi; 11, B. 
crassa); 14-17, 19-28 field samples (14, 15, 23, 25 T. ovis; 16, 17, 20, 26, 
27, 28 B. ovis; 19, 22, 24 T. ovis + B. ovis; 21 T. ovis + Theileria sp. MK; 
12, 13 negative controls (genomic DNA of uninfected sheep); 18 buffer.
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Sheep and goats in the region were found to be infested 
with 9 different tick species during the collection of blood 
samples (Table IV). In the present study, a total of 1361 ticks 
(579♀, 782♂) were identified as 383 (28.1%) for R. bursa, 607 
(44.6%) for R. turanicus, 7 (0.5%) for Hy. marginatum, 247 
(18.1%) for Hy. excavatum, 23 (1.7%) for Hy. anatolicum, 21 
(1.5%) for Hae. parva, 7 (0.5%) for Hae. punctata, 40 (2.9%) 
for Hae. sulcata and 26 (1.9%) for D. marginatus.

Discussion

Turkey is a country where ticks can maintain their 
biological activity because of Turkey’s climate and vegetation. 
Therefore, tick-borne pathogens such as theileriosis and 
babesiosis are endemic in Turkey. Six species causing 
theileriosis in sheep and goats  (T. lestoquardi, T. uilenbergi, 
T. luwenshuni, T. separata, T. ovis ve T. recondita) 5 species 
causing babesiosis (B. ovis, B. motasi, B. crassa, B. taylori ve 
B. foliata) are described [14, 33, 36, 38]. 

In recent years, different genotypes have been identified 
called as Theileria sp. OT1, Theileria sp. OT3 ve Theileria sp. 
MK [5, 25] for Theileria,  called as Babesia sp. BQ1 Lintan, 
Babesia sp. BQ1 Ningxian, Babesia sp. Tianzhu, Babesia sp. 
Madang, Babesia sp. Hebei, Babesia sp. Liaoning, Babesia sp. 
Xinjiang for Babesia in sheep and goats. However, there is no 
detailed information on their pathogenicity and vectors [24, 
26]. Finally, an isolate called B. lengau-like was reported in 
Greece that caused the haemolytic anemia on the sheep [15]. 
In this study, the presence and the prevalence of Theileria 
and Babesia species in sheep and goats in Nigde province 
were investigated and T. ovis, Theileria sp. MK ve B. ovis 
was determined in sheep and goats. The presence of T. ovis, 
Theileria sp. MK and B. ovis have been reported sheep and 
goats in Turkey in previous studies [5, 9, 10, 20].

In the present study, it has been investigated the presence 
and distribution of Babesia and Theileria species in sheep and 
goats by using both conventional and molecular methods. 
For this purpose, of the 690 sheep and goats, 110 (15.9%) 
for Theileria and 9 (1.3%) for Babesia were positive by 
microscopy in Nigde province between April and July. Out 
of the same animals 294 (42.6%) were positive with PCR, 344 
(49.8%) with RLB were positive for Theileria and/or Babesia 
infections (Table II). These results show that PCR and RLB a 
significantly more sensitive than microscopy (P <0.05, χ2 = 
105.823, P <0.05, χ2 = 164.548), RLB is more sensitive than 
PCR for determining of blood parasites in sheep and goat as 
those in previous studies [6, 9, 20, 28]. 

Several studies were conducted about theileriosis ve 
babesiosis in sheep and goats using different methods in 
Turkey and it has been reported presence of T. lestoquardi, 
T. ovis, T. uilenbergi, T. luwenshuni, T. separata, Theileria sp. 
OT1, Theileria sp. OT3, Theileria sp. MK, B. ovis, B. motasi and 
B. crassa [5, 6, 9, 10, 20, 27]. In this study, T. ovis, Theileria sp. 
MK and B. ovis have been identified in sheep and goats and 
these results has been supported previous molecular studies.

It has been reported that ranging from 1.54% to 59% [3, 5, 
6, 9, 28, 30, 31] for theileriosis and ranging from 0.49% to 67.4% 
[2, 3, 4, 11, 22, 30] for babesiosis microscopic prevalence in 
sheep and goats in Turkey. In this study conducted on a total 
of 690 sheep and goats in Nigde province, the microscopic 
prevalence was determined as 15.9% for theileriosis and 1.3% 
for babesiosis and it was similar the microscopic prevalence 
values in studies conducted in other parts of Turkey. The 
microscopic prevalence margins of theileriosis and babesiosis 
are very wide (1.54-59% for theileriosis, 0.49-67.4% for 
babesiosis), geographical differences in the regions where 
the investigations are conducted, sample collection season, 
peripheral or systemic microscopic preparation, vector tick 
distribution may be changed. 

The first molecular method was used for the determination 
of sheep theileriosis in Eastern Anatolia Region of Turkey, 
and Theileria spp. was found positively as 41.2% [3]. Babesia 
ovis was detected as 8.25% in sheep and goats in the Eastern 
Anatolia Region [4]. RLB method was used in sheep in the 
Kayseri region for the first time in Turkey, and positivity was 
detected 2.7% for B. ovis, 34.2% for T. ovis [18]. Babesia and 
Theileria species and their distributions were investigated by 
RLB in the Eastern and Southeastern Anatolia Regions and 
the most common species were T. ovis with 34.56%, followed 
by B. ovis with 5.43% and Theileria sp. MK. with 1.30%. 
Theileria sp. OT3 was found to have the lowest spread with 
0.43% [5]. Sheep and goats in Yeşilhisar province of Kayseri 
province were examined by RLB and found positive as 3.7% 
for B. ovis and 37.6% for T. ovis [30]. In sheep and goats from 
Kayseri, Sivas and Yozgat in Central Anatolia region with 
RLB, B. ovis and T. ovis were found to be 2.6% and 33.9%, 
respectively [20]. It was reported that in sheep and goats in 
the Black Sea region T. ovis B. ovis Theileria sp. OT3 and 
Theileria sp. MK by RLB have spread 28.99%, %0.44, %2.04, 
%0.62, respectively [9]. In the Eastern Black Sea region, T. 
ovis was found 18.9%, Theileria sp. MK was 0.99%, Theileria 
sp. OT3 was 0.43% [6]. Ozubek ve Aktas [29] were reported 
novel Babesia sp. (3.5%) in goats, Mersin province, Turkey.  

In this study, out of the 690 sheep and goats examined, 
110 (15.9%) samples were positive for Theileria spp. and 9 
(1.3%) for Babesia spp. by microscopy. Besides, it was found 
that 344 (49.8%) of the total 690 sheep and goats were positive 
with respect to Theileria and/or Babesia infections by RLB. 
According to months, RLB positivity changed between 42.2% 
and 58.8% (Table IV), it were found to be infected 46.9% 
for T. ovis, 3.5% for B. ovis and 1.4% for Theileria sp. MK. 
in sheep and goats. The results obtained both in this study 
and in the previous study, even although the variation in 
the prevalence of Theileria and Babesia species in sheep and 
goats in the regions with different geographical features and 
climate it was showed that Theileria species more commonly 
and it was found almost every region in Turkey.

In the present study, it was found that the incidence 
of both Theileria and Babesia species was higher in sheep 
than in goats, and the difference was statistically significant 
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(P<0.05, χ2 = 169,835). Our finding that sheep has higher 
prevalence of Theileria spp. than goats is in agreement with 
the previous results reported [14, 25, 35]. This situation 
has been explained by the fact that the rate of parasitemia 
in animals recovering from babesiosis decreased rapidly to 
a level that could not be determined [17]. In this study, it 
was found that PCR and RLB are more susceptible (P < 0.05, 
χ2 = 105.823; P < 0.05, χ2 = 164.548) than the microscopic 
examination in determining blood parasites in sheep and 
goats RLB is more sensitive than PCR as in previous studies 
(p<0.05, χ2 = 7.288) Accordingly, it has been concluded that 
RLB has a high sensitivity and therefore can be used as a 
good diagnostic method in determining the proportion of 
porter animals in the population and mixed infections and 
new species or genotypes. 

In the present study, it was found 1% for Theileria sp. MK 
as similar to studies done by RLB method in Eastern Anatolia 
Region [5] and Black Sea Region [7, 9, 10]. Theileria ovis, 
which is highly distributed (28.99- 34.56%) in both regions, 
was found to be the most common species (31.12%) in this 
region. Babesia ovis prevalence which ranged from 0.4 to 
5.4%, in the Eastern Anatolian and Black Sea regions [9], was 
3.5% in this study. For the first time, Theileria sp. OT3 were 
detected in sheep in Spain [25], then in studies in Turkey 
shown in the presence with RLB [5, 7, 9] whereas, it was not 
found in this study.

Many Ixodidae ticks have been identified in sheep and 
goats in Turkey In a study conducted in Elazığ province, it 
was determined that sheep were infested with Hy. excavatum, 
Hyalomma detritum (Hy. detritum), Hyalomma marginatum 
(Hy. marginatum), R. sanguineus, R. bursa, Hae. parva, 
Hae. sulcata, Hae. punctata, Dermacentor marginatus 
(D. marginatus), Boophilus annulatus (B. annulatus), 
O. lahorensis, other species except for Hae. punctata, D. 
marginatus ve O. lahorensis are also found in goats [32]. 
The most common species was R. bursa in sheep and goats 
[12]. It has been noted that in the southern Marmara region, 
the most abundant species were R. bursa in sheep, the goats 
were infested with I. ricinus and R. bursa [8]. Adults of R. 
turanicus, R. bursa, Hae. parva, D. marginatus, Dermacentor 
niveus (D. niveus) and nymphs of I. ricinus, Hy. excavatum ve 
Ornithodoros sp. was found in the sheep, besides adults of R. 
turanicus, D. niveus, D. marginatus, Hae. parva and nymphs 
of Rhipicephalus spp. was collected in goats in Burdur region 
[39]. Rhipicephalus bursa, R. turanicus, R. sanguineus, D. 
niveus, Hy. marginatum, Hae. parva and Hae. sulcata have 
been reported in sheep and goats in Kayseri region [19]. 
Rhipicephalus bursa and R. sanguineus were detected in 
sheep in Mus and Malatya provinces [5]. Rhipicephalus 
bursa, Hae. punctata, D. niveus, D. marginatus, Hae. inermis, 
Hy. anatolicum anatolicum, Hy. anatolicum excavatum ve 
I. ricinus were found on the sheep in Nigde province [22]. 
Rhipicephalus bursa, Hy. marginatum ve Hy. detritum was 
detected in sheep in Amasya [23]. 

In this study, sheep and goats in Nigde province were 
found to be infested with 9 different species of ticks. A 
total of 1361 (579♀, 782♂) ticks were collected from tick-
infested animals and they identified as Rhipicephalus bursa, 
R. turanicus, Hyalomma marginatum, Hy. excavatum, Hy. 
anatolicum, Haemophsalis parva, Hae. punctata, Hae. sulcata 
and Dermacentor marginatus.
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