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Summary: This study was carried out to investigate the presence and distribution of Theileria, Babesia and Anaplasma
species in cattle and their ticks from Sivas province. A total of 314 EDTA-blood samples and 610 ticks were analysed.
A part of 18S and 16SrRNA genes of Theileria/Babesia and Anaplasma species were amplified from the genomic
DNAs extracted of the blood samples and tick pools by with polymerase chain reaction (PCR). A total of 14 probes (two
catchall, two genera and ten species-specific) were bound on a membrane and then the PCR products were tested by
reverse line blot (RLB) assay. The partial sequences of the 18S and 16S rRNA genes of representative positive sam-
ples were determined. According to the results of the blood and tick samples analysed by RLB and sequencing, T.
buffeli (GenBank accesion number: KJ183080), A. centrale (KJ183082), A. marginale (KJ183083), A. bovis
(KJ183084), one Babesia genotype (Babesia sp. Sivas, KJ183081) and one Anaplasma genotype (Anaplasma sp.
Sivas, KJ210855) were detected. Babesia sp. Sivas were found to be 99% identical with B. occultans, Babesia sp.
Kashi and Babesia sp. Kayseri whereas Anaplasma sp. Sivas were found to be 99% and 98% identical with Anaplas-
ma sp. Clone 7 and A. bovis, respectively. Overall prevalences of Theileria and Anaplasma infections in cattle were
found to be 5.10% and11.15% by RLB, respectively. This study is the first molecular survey on species of Theileria,
Babesia and Anaplasma in cattle and ticks from Sivas.
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Sivas Yoresinde Sigir ve Kenelerde Theileria, Babesia ve Anaplasma Enfeksiyonlarinin Arastirilmasi
Ozet: Bu calismada, Sivas yoresinde sigir ve kenelerde Theileria, Babesia ve Anaplasma tirlerinin varligi ve yayginli-
ginin arastiriimasi amaglandi. Sidirlardan toplanan 314 EDTA’lI kan ve 610 kene 6rnegi analiz edildi. Kan ve keneler-
den elde edilen genomic DNA’lardan polimeraz zincir reaksiyonu (PZR) ile Theileria, Babesia ve Anaplasma turlerinin
18S ve 16S rRNA parsiyal gen bolgeleri amplifiye edildi. Bir membran lzerine toplam 14 prob (iki cathall/genel, iki soy
ve on tir) baglandi ve PZR urinleri reverse line blotting (RLB) ile analiz edildi. Pozitif érneklerin 18S ve 16S rRNA
genlerinin kismi dizileri belirlendi. RLB ve sekans analizi ile Sivas yoresinde sigir ve kenelerde; T. buffeli (KJ183080),
A. centrale (KJ183082), A. marginale (KJ183083), A. bovis (KJ183084) ve bir Babesia genotipi (Babesia sp. Sivas,
KJ183081) ile bir Anaplasma genotipi (Anaplasma sp. Sivas, KJ210855) tespit edildi. Babesia sp. Sivas izolatinin, B.
occultans, Babesia sp. Kashi ve Babesia sp. Kayseri izolatlari ile %99, Anaplasma sp. Sivas izolatinin ise Anaplasma
sp. Clone 7 ile %99 ve A. bovis ile %98 benzerlige sahip oldugu belirlendi. Sidirlarda Theileria ve Anaplasma enfeksi-
yonlarinin genel prevalansi, RLB'de sirasiyla %5.10 ve %11.15 olarak bulundu. Bu galisma Sivas ydresinde sigirlarda
ve kenelerde Theileria, Babesia ve Anaplasma tirlerinin belirlendigi ilk molekuler ¢alisma niteligindedir.

Anahtar kelimeler: Anaplasma, Babesia, kene, sigir, Sivas, Theileria

Genetically and pathogenetically different six Theil-

Introduction ; . . .
eria species have been found in cattle. Theileria an-

Theileria, Babesia and Anaplasma species are trans-
mitted by ixodid ticks and infect domestic and wild
animals throughout the world. The diseases cause
important economic losses in livestock industry.
Some of the species of these genera have zoonose
potential and known as emerging infectious diseases
(Inci et al., 2013; Inci et al., 2016; Uilenberg, 1995;
Uilenberg, 2001).
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nulata and T. parva are the most common pathogen
Theileria species of cattle. These two species cause
lympho-proliferative disease with high mortality. T.
sergenti/buffeli/orientalis group, T. mutans, T. velifera
and T. taurotragi are known as lower pathogenic or
apathogenic species (Uilenberg, 1995). Babesia bo-
vis, B. bigemina, B. divergens and B. major are
caused bovine babesiosis. Bovine babesiosis is an
important livestock problem in tropical and subtropi-
cal regions (Uilenberg, 1995). Bovine anaplasmosis
is caused by Anaplasma marginale, A. centrale, A.
phagocytophilum and A. bovis (Inokuma, 2007). A.
marginale is the most important species among these
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species and causes clinical infections characterized
with anemia and jaundice. A. centrale causes mild
infections in cattle (Dumler, 2001). A. phagocytophi-
lum (compiled from previously known as Ehrlichia
phagocytophila, E. equi and human granulocytic ehr-
lichiosis agent) is a causative agent of tick-borne
fever (TBF) in cattle. TBF characterized by high fe-
ver, depression, decreased milk production and re-
duced fertility (Pusterla et al., 1997; Woldehiwet and
Scott, 1993). A. bovis (previously E. bovis) infections
have been reported mainly in Asian and African
countries and much is not known about its epidemiol-
ogy (Dumler et al., 2001). The infection is known
asymptomatic but the pathogen can cause fever,
anorexia, debility, incoordination, anemia, pale mu-
cous membranes, weight loss, and enlargement of
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sequencing.
Materials and Methods
Collection of blood and tick samples

The blood and tick samples were collected from cat-
tle between April-September 2012 in Sivas (Sivas,
Kangal, Koyulhisar, Sarkisla, Yildizeli and Zara,
Table 1). A total of 314 blood samples in tubes with
EDTA were collected from apparently healthy ani-
mals above the age of one year from randomly se-
lected 70 farms. All animals are maintained outside
and accommodated in the barns during the night.
Blood samples taken from all the animals were exam-
ined for the presence of tick infestation. The ticks
were removed from the cattle manually and placed in

Tablo 1. The blood samples and tick species collected from cattle in Sivas

Location n Hyalom-  Hyalom- Rhipiceph- Rhipiceph- Haema- Boophi- Derma- Total

ma mar- ma ex- alus bursa alus physalis lus annu- centor

ginatum  cavatum turanicus sulcata latus margina-

tus
Sivas 55 148 13 32 293 3 146 2 637
Kangal 55 5 - 76 - - - 8 89
Koyulhisar 22 171 43 1 - - - - 215
Sarkigla 50 108 - 5 73 - - - 186
Yildizeli 51 19 2 - - - - - 21
Zara 51 10 - 54 - - - - 64
31 461 58 168 366 146
o,

Total (%) 4 (3804) (478 (1386) (3020) °(©025 (4505 10(082) 1212

lymph nodes, rarely abortion and death in cattle
(Donatien and Lestoquard, 1936; Kaufmann, 1996).

Molecular diagnostic methods such as polymerase
chain reaction (PCR) and PCR-based reverse line
blotting (RLB) have become widely used as sensitive
and specific tools for detection and discrimination of
tick-borne parasites in both their vectors and hosts
(Aktas et al., 2006; Aktas and Ozubek, 2015; Altay et
al., 2008a, 2008b, 2008c; Altay et al., 2012; Altay et
al.,2014; Ica et al., 2007b; Yildirim et al., 2013). The
capability of simultaneous detection of multiple patho-
gens in one sample is the superiority of reverse line
blotting (Altay et al., 2008a)

Babesiosis, theileriosis and anaplasmosis are the
main tick-borne diseases in Turkey (Inci et al., 2016).
These infestions are endemic and seen in almost all
regions of Turkey (Aktas et al.,, 2011; Altay et al.,
2008a; Altay et al.,2014; Ica et al., 2007a, 2007b; Inci
et al., 2013). Although Sivas has a suitable climate
for presenting Ixodid ticks, there is not available re-
search based on molecular diagnostic tools about tick
-borne diseases in this city. This study was carried
out to determine the presence and distribution of
Theileria, Babesia and Anaplasma species in cattle
and ticks using reverse line blot hybridizasyon and
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bottles containing 70% ethanol. The collected ticks
were identified according to their morphological fea-
tures under the stereo-microscope (Estrada-Pena et
al., 2004; Merdivenci, 1969). Randomly selected 610
tick specimens were divided into 53 pools and used
for total DNA extraction. The blood and tick samples
were stored at -20°C until to use in DNA extraction.

Microscopic examination

Thin blood smears of all sampled animals were pre-
pared with EDTA-blood samples during the field
study. Having been returned to the laboratory, the
blood smears were fixed in methanol for 5 min and
stained with 4% Giemsa stain for 30 min. The stained
blood smears were examined under microscope at
100x magnification for presence of Theileria spp.,
Babesia spp., and Anaplasma spp.. Approximately
100 microscopic field were examined per slide. Even
when only one pathogen was seen in the microscopic
examination the samples were recorded as positive.

Total DNA extraction from blood samples and tick
pools

Total DNA extraction from EDTA-blood samples were
performed using DNA extraction kit according to the
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Table 2. Theileria, Babesia and Anaplasma genera and species specific primers and probes

Primer or probe

Sequences (5°-3’)

Primers

RLB-F2 GACACAGGGAGGTAGTGACAAG

RLB-R2 biotin-CTAAGAATTTCACCTCTGACAGT

16S8FE GGA ATT CAG AGT TGG ATC ATG GCT CAG
B-GA1B biotin-CGGGATCCCGAGTTTGCCGGGACTTCTTCT
Probes

Catchall (Theileria spp.+Babesia spp.) Amino-TAATGGTTAATAGGA(AG)C(AG)GTTG
Theileria spp. Amino-TGATGGGAATTTAAACC(CT)CTTCCA

Theileria annulata

Theileria buffeli/orientalis

Babesia spp.

Babesia bigemina

Babesia bovis

Babesia major

Babesia divergens

Catchall (Anaplasma spp.+Ehrlichia spp.)
Anaplasma centrale

Anaplasma marginale
Anaplasma (E.) bovis

Anaplasma (E.) phagocytophylum

Amino-CCTCTGGGGTCTGTGCA
Amino-GGCTTATTTCGGWTTGATTTT
Amino-CCT(GT)GGTAATGGTTAATAGGAA
Amino-CGTTTTTTCCCTTTTGTTGG
Amino-CAGGTTTCGCCTGTATAATTGAG
Amino-TCCGACTTTGGTTGGTGT
Amino-GTTAATATTGACTAATGTCGAG
Amino-GGG GGA AAG ATT TAT CGC TA
Amino-TCG AAC GGA CCATAC GC
Amino-GAC CGT ATACGC AGC TTG
Amino-GTA GCT TGC TAT GRG AAC A
Amino-TTG CTA TRR AGA ATA RTT AGT GG

manufacturer’s instructions (Gene JETGenomic DNA
Purification Kit, Thermo Scientific, Waltham, MA,
USA). The frozen tick pools were crushed using ster-
ile disposable pestles (Axygen Biosciences, Tewks-
bury, MA, USA) in liquid nitrogen in eppendorf tubes
for extraction of total genomic DNA. The total DNAs
were isolated using commercial kit (DNeasy Blood
and Tissue Kit, Qiagen, Hilden, Germany) with re-
garding to manufacturer's recommendations. As a
modification of this recommendation, the crushed
ticks’ pool samples were overnight incubated at 56°C
in a shaking water bath with Proteinase K. All the
extracted DNA samples were stored at -20°C until
used in polymerase chain reaction.

Polymerase chain reaction and reverse line blot-
ting

The hypervariable V4 region of 18S rRNA gene of
Theileria and Babesia species and V1 region of 16S
rRNA gene of Anaplasma species were amplified
using two different primer sets (RLB-F2/RLB-R2 and
16S8FE/BGA1-B), the reverse primers of which are
biotin-labeled by PCR (Georges et al., 2001; Schouls
et al, 1999). The RLB-F2/RLB-R2 and 16S8FE/
BGA1-B primer pairs amplify a 390-430 bp fragment
of 18S rRNA gene of Theileria and Babesia species
and a 492-498 bp fragment of 16S rRNA gene of
Anaplasma species. The PCR products were hybrid-
ized with genus-and-species-specific probes for de-
tection of Theileria, Babesia and Anaplasma species.
Preparation, hybridisation and stripping of the RLB
membrane were performed as previously reported in
Aktas et al., (2011) and Altay et al., (2008a). The
primers and oligonucleotide probes containing a N-
(trifluoroacetamidohexyl-cyanoethyl, N, N-diisopropyl

phosphoramidite [TFA])-C6 aminolinker were synthe-
sized by a commercial company (Thermo Scientific,
Waltham, MA, USA). The sequences and references
of the primers and oligonucleotide probes used in this
study are listed in Table 2. All oligonucleotid probes
used in this study were perviously tested against dif-
ferent Theileria, Babesia and Anaplasma species and
gave positive results with their corresponding species
(Aktas et al., 2011; Altay et al., 2008a; Georges et al.,
2001; Schouls et al., 1999). Bovine total genomic
DNA isolated from non-infected calf blood was used
as negative control.

DNA sequencing of 18S and 16S rRNA genes

The hypervariable V4 region of 18S rRNA gene of
Theileria-Babesia species and V1 region of 16S
rRNA gene of Anaplasma species were sequenced.
The PCR products were purified from 1.6% agarose
gel after electrophoresis with a commercial kit
(Wizard SV gel and PCR clean-up system, Promega,
Madison, WI, USA). The purified PCR products were
sequenced by a commercial company (lontek, Istan-
bul, Turkey)

The partial sequences of 18S rRNA gene for T. buf-
feli and Babesia sp. and 16S rRNA gene for A. cen-
trale, A. marginale, A. bovis, and Anaplasma sp.
were determined. After the sequences were subject-
ed to BLAST similarity searches they were deposited
in the EMBL/GenBank databases (GenBank data-
base; National Center for Biotechnology Information,
National Enstitute of Health).

Results
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Prevalence of the tick-borne haemoparasites detect-
ed with the microscopic examination and RLB results
of cattle from Sivas are given in Table 3. of 314 blood
samples, 5.10% (16/314) were found as positive by
microscopic examination, whereas 16.24% (51/314)
were found as positive by reverse line blotting (Table
3).

Erciyes Univ Vet Fak Derg 2020;17(1): 32-38.

T. buffeli was determined in 45 (14.33%) cattle,
whereas mixed infections were observed in 3 cattle
(0.96%). Mixed infection of T.buffeli-A. bovis and A.
marginale-A. centrale were detected in one (0.32%)
and in two (0.64%) cattle, respectively.

The partial gene fragments of Theileria, Babesia and

Table 3. Microscopic examination and reverse line blotting results of cattle investigated for tick-borne haemo-

parasites (n: 314)

Reverse line blotting

Total infection

Mixed infection (%)
Single infection

Microscopic exami- (%) (%) A. bovis A. centrale
nation (%)

Theileria spp. 5(1.59) 16 (5.10) 15 (4.78)

T. buffeli 16 (5.10) 15 (4.78) 1(0.32) 0
Anaplasma spp. 11 (3.50) 35 (11.15) 30 (9.55)

A. centrale 21 (6.69) 19 (6.05) 0 2 (0.64)
A. marginale 13 (4.14) 11 (3.50) 0 2 (0.64)
A. bovis 1(0.32) 0 1(0.32) 0
Total 16 (5.10) 51 (16.24) 45(14.33) 1(0.32) 2(0.64)

Total prevalance of tick-borne haemoparasites in the
cattle was found as 16.24% by RLB. Prevalence of
Anaplasma spp. was 11.15%, whereas prevalence of
T. buffeli was 5.10%. The most abundant Anaplasma
species was identified as A. centrale (6.69%) fol-
lowed by A. marginale (4.14%). A. bovis was detect-
ed in only one sample (0.32%). On the other hand, T.
annulata, B. bigemina, B. bovis, B. divergens, B. ma-
Jor and A. phagocytophilum were not detected in the
cattle. Single infection any of Anaplasma species and

Anaplasma spp. amplified by PCR were used in RLB
and hybridised onto the membrane with specific oli-
gonucleotide probes. All the PCR positive samples
gave positive signals with their complementary
probes. The reverse line blot assay revealed that T.
buffeli, Babesia sp., A. centrale, A. marginale, A. bo-
vis and Anaplasma sp. existed in the cattle and their
tick (Table 3 and Table 4). Representative samples
were chosen and sequenced. BLAST similarity
searches showed that sequence of T. buffeli

Table 4. Tick polls used in reverse line blotting and results of reverse line blooting

RLB results (positive pool numbers)

- . o . Anaplasma
Tick species ntp np  Theileria +Babesia +EhrIit,:)hia posi- A. centrale  A. marginale
positive tive : :
Hyalomma . 5 5 1 . .
marginatum
Rhipicepha- o4 44 ; 7 1 5
lus turanicus
Rhipicepha- 86 8 ) ) } }
lus bursa
Boophilus 77 6 ) ) } }
annulatus
Hyalomma 29 3 y ) ) )
excavatum
Dermacentor 3 1 ) } } }
marginatus
Haemaphysa-
. 2 1 - - - -
lis sulcata
Total 610 53 6 8 1 5

ntp: ticks number used in pools, np: tick pool numbers
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(KJ183080), A. centrale (KJ183082), A. marginale
(KJ183083) and A. bovis (KJ183084) shared 100%
with sequences previously reported AF236094 (T.
buffeli), JQ839010 (A. centrale), KF696858 (A. mar-
ginale) and U03775 (Ehrlichia bovis) identity, respec-
tively. However, 8 samples from tick pools gave posi-
tive signals with catchall (6 with Theileria+Babesia
and 2 with Anaplasma+Ehrlichia catchall) probes
(Table 4).

The 6 samples also gave positive signal with Babesia
genera-specific probe. However, the samples did not
show any signal with the other species-specific
probes. One for Babesia genus-specific probe posi-
tive and one for Anaplasma+Ehrlichia catchall probe
positive representative samples of them were se-
quenced. Babesia genus-specific probe positive sam-
ple shared 99% identity to the 18S rRNA genes of
Babesia occultans (KC157568), Babesia sp. Kashi
(AY726557) and Babesia sp. Kayseri (EF434786).
The sequence of Anaplasma+Ehrlichia genus probe
positive sample was similar 99% to Anaplasma sp.
Clone A7 (AY851664) and 98% to A. bovis
(JN558822). The genotypes detected in the study
were named Babesia sp. Sivas and Anaplasma sp.
Sivas and deposited in GenBank with the accession
numbers; KJ183081 and KJ210855, respectively.

During the survey, 87 (27.70%) of the 314 cattle were
found to be infested with Ixodid ticks. A total of 1212
ticks were collected from the cattle. Seven different
tick species were identified from the cattle. The most
prevalent tick species was H. marginatum (38.04%)
followed by R. turanicus (30.20%), R. bursa
(13.86%). The other tick species detected from the
cattle were Boophilus annulatus (12.05%), Hyalom-
ma excavatum (4.78%), Dermacentor marginatus
(0.82%) and Haemaphysalis sulcata (0.25%) (Table

1).
Discussion and Conclusion

Theileriosis, babesiosis and anaplasmosis are among
the most important tick-borne diseases of domesticat-
ed animals. These infections, which are common in
tropical and subtropical regions including Turkey,
cause significant economic losses in animal hus-
bandry (Dumler et al., 2001; Inci et al., 2013; Kocan
et al., 2000; Uilenberg, 2001). Theileria, Babesia and
Anaplasma species have morphological and biologi-
cal differences as well as their pathogenicity. Com-
parative studies conducted at the molecular level in
recent years have shown that there are significant
genetic differences between species and there are
differences even among the isolates of the same
species (Altay et al., 2007; Ciloglu et al., 2018; Dum-
ler et al., 2001; Duzlu et al., 2011).

Reverse line blotting, in addition to allowing the iden-
tification of new species or genotypes, has high spec-
ificity and sensitivity (Altay et al., 2008a; Gubbels et

Kursat ALTAY

al.,1999; Nagore et al., 2004; Oura et al., 2004). In
this study, using RLB method; the presence of T.
buffeli, A. centrale, A. marginale and A. bovis was
detected in cattle and ticks from Central Anatolian
region of Turkey. In addition, two new isolates, one of
which was in Babesia genus and the other in Ana-
plasma genus, were found in the region. There are
molecular-based studies showing the presence of
new tick-borne parasite isolates in Turkey (Altay et
al., 2008a; Ica et al., 2007b). In this study, two
catchall (Theileria + Babesia spp. and Anaplasma +
Ehrlichia spp.), two strains (Theileria spp. and Babe-
sia spp.) and 10 species specific probes (T. annulata,
T. buffeli, B. bigemina, B. bovis, B. divergens, B. ma-
jor, A. centrale, A. marginale, A. bovis and A. phago-
cytophilum) were used in RLB (Table 3). Six Babesia
spp. probe positive and 2 Anaplasma + Ehrlichia spp.
probe samples did not give signals to the species-
specific probes in RLB. The Babesia sp. Sivas
(KJ183081) was found 99% to be similar to the DNA
sequences of Babesia sp. Kashi (AY726557) and
Babesia sp. Kayseri (AY726557) where as Anaplas-
ma sp. Sivas (KJ210855) were found to be 99% and
98% identical with Anaplasma sp. Clone 7 and A.
bovis, respectively. The results of the study show the
presence of new BabesialAnaplasma species or gen-
otypes in the region. In order to determine the effects
of these isolates on animal husbandry, studies on
determination of vector, host, prevalence and patho-
genesis are needed.

There are many molecular-based studies aimed at
detecting the presence and prevalence of theil-
erioisis, babesiosis, anaplasmois in cattle and ixodid
ticks from Turkey (Aktas et., 2011; Altay et al., 2008a;
2014; Ica et al., 2007a; 2007b; Yildirim et al., 2013).
However, there is not any molecular-based research
on tick-borne parasites in cattle in Sivas. This study is
the first investigation of the parasites in cattle and
their ticks from Sivas in the Central Anatolia Region
of Turkey using RLB and DNA sequencing. In this
study, 314 cattle were examined with RLB, the preva-
lences of T. buffeli, A. centrale, A. marginale and A.
bovis were determined as 5.10%, 6.69%, 4.14%, and
0.32%, respectively. The results showed that tick-
borne diseases prevalence is lower than in the other
parts of Turkey. The main reason for this is that there
are climatic and geographical differences in the re-
gion located in the continental climate zone.

It is important to diagnose disease in vector ticks, to
understand their epidemiology and to develop appro-
priate control strategies. T. lestoquardi in H. anatoli-
cum (Kirvar et al., 1998), T. annulata in Hyalomma
sp. (d'Oliveira et al., 1997), B. bigemina and B. bovis
in B. microphilus (Oliveira-Sequeira et al., 2005), T.
ovis and B. ovis in R. bursa (Aktas et al., 2006; Altay
et al., 2008c) were detected with PCR and DNA se-
quencing. In the study, H. marginatum, H. excava-
tum, R. bursa, R. turanicus, Hae. sulcata, B. annula-
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tus and D. marginatus were collected from cattle
(Table 4). As a result of RLB and sequence analysis
of the ticks pools, A. centrale, A. marginale and Ana-
plasma sp., in R. turanicus pools, Babesia spp. and
Anaplasma spp., H. marginatum, Babesia spp. in H.
excavatum pools were identified. The detection of
pathogens in ticks does not prove that they are natu-
ral vectors, but they provide valuable contribution to
the understanding of the diseases epidemiology.

As a result, in this study; T. buffeli, A. centrale, A.
marginale, A. bovis and 2 new species or genotype
(Babesia sp. Sivas and Anaplasma sp. Sivas) were
determined by using molecular methods in cattle and
ticks. The use of RLB method in such studies was
found to be important in terms of revealing new spe-
cies or genotypes. Further studies are needed on the
identification of vector, host and pathogenesis of
these genotypes.

Acknowledgements

We would like to thank veterinarians working in the
region and the owners and employees of the farms
for their cooperation during the field studies.

This work is supported by the Scientific Research
Project Fund of Sivas Cumhuriyet University with the
project number of V005.

References

Aktas M, Altay K, Dumanli N. PCR-based detection of
Theileria ovis in Rhipicephalus bursa adult ticks.
Vet Parasitol 2006; 140(3-4): 259-63.

Aktas M, Altay K, Dumanli N. Molecular detection
and identification of Anaplasma and Ehrlichia spe-
cies in cattle from Turkey. Ticks Tick Borne Dis
2011; 2(1): 62-6.

Aktas M, Ozubek S. Molecular and parasitological
survey of bovine piroplasms in the Black Sea Re-
gion, including the first report of babesiosis associ-
ated with Babesia divergens in Turkey. J Med Ento-
mol 2015; 52(6): 1344-50.

Altay K, Aktas M, Dumanli N. Theileria annulata
Tams1 geninin PCR-RFLP analizi. Turk Parazitol
Derg 2007; 31(3): 173-5.

Altay K, Aydin MF, Dumanli N, Aktas M. Molecular
detection of Theileria and Babesia infections in
cattle. Vet Parasitol 2008a; 158(4): 295-301.

Altay K, Aydin MF, Uluisik U, Aktas M, Dumanli N. Theil-
eria annulata ve Theileria buffelinin teshisinde muilti-
plex PCR'in kullaniimasi. Turk Parazitol Derg 2008b;
32(1): 1-3.

Altay K, Aktas M, Dumanli N. Detection of Babesia
ovis by PCR in Rhipicephalus bursa collected from

37

Erciyes Univ Vet Fak Derg 2020;17(1): 32-38.

naturally infested sheep and goats. Res Vet Sci
2008c; 85(1): 116-9.

Altay K, Dumanli N, Aktas M. A study on ovine tick-borne
hemoprotozoan parasites (Theileria and Babesia) in
the East Black Sea Region of Turkey. Parasitol Res
2012; 111(1): 149-53.

Altay K, Dumanli N, Aktas M, Ozubek S. Survey of Ana-
plama infections in small ruminants from East part of
Turkey. Kafkas Univ Vet Fak Derg 2014; 20(1): 1-4.

Ciloglu A, Inci A, Yildirim A, Onder Z, Duzlu O. Babe-
sia bigemina Kayseri/TUrkiye susunun in vivo ve in
vitro izolatlarinda apikal membran antijen-1 protein-
inin molekuler karakterizasyonu ve ekspresyonu.
Ankara Univ Vet Fak Derg 2018; 65(3): 239-46.

d'Oliveira C, van der Weide M, Jacquiet P, Jongejan
F. Detection of Theileria annulata by PCR in ticks
(Acari: Ixodidae) collected from cattle in Mauritania.
Exp Appl Acarol 1997; 21(5): 279-91.

Donatien A, Lestoquard F. Rickettsia bovis, nouvelle
espéce pathogéne pour le beeuf. Bull Soc Pathol
Exot 1936; 29: 1057-61.

Dumler JS, Barbet AF, Bekker CP, Dasch GA, Palm-
er GH, Ray SC, Rikihisa Y, Rurangirwa F R. Reor-
ganization of genera in the families Rickettsiaceae
and Anaplasmataceae in the order Rickettsiales:
unification of some species of Ehrlichia with Ana-
plasma, Cowdria with Ehrlichia and Ehrlichia with
Neorickettsia, descriptions of six new species com-
binations and designation of Ehrlichia equi and
'HGE agent' as subjective synonyms of Ehrlichia
phagocytophila. Int J Syst Evol Microbiol 2001; 51
(6): 2145-65.

Duzlu O, Inci A, Yildirim A. Karadeniz bdlgesi’'ndeki
sigirlardan elde edilen Babesia bovis suslarinin
molekuler karakterizasyonu. ERU Sag Bil Derg
2011; 20(1): 18-28.

Estrada-Pena A, Bouattour A, Camicas JL, Walker
AR. Ticks of Domestic Animals in the Mediterrane-
an Region. University of Zaragoza, Spain, 2004.

Georges K, Loria GR, Riili S, Greco A, Caracappa S,
Jongejan F, Sparagano O. Detection of haemopar-
asites in cattle by reverse line blot hybridisation
with a note on the distribution of ticks in Sicily. Vet
Parasitol 2001; 99(4): 273-86.

Gubbels JM, de Vos AP, van der Weide M, Viseras J,
Schouls LM, de Vries E, Jongejan F. Simultaneous
detection of bovine Theileria and Babesia species
by reverse line blot hybridization. J Cli Microbiol
1999; 37(6): 1782-9.

Ica A, Inci A, Yildirim A. Parasitological and molecular
prevalence of bovine Theileria and Babesia species


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Dumler+JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Barbet+AF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bekker+CP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Dasch+GA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Palmer+GH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Palmer+GH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ray+SC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rikihisa+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rurangirwa+FR%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Int%20J%20Syst%20Evol%20Microbiol.');

Erciyes Univ Vet Fak Derg 2020;17(1): 32-38.

in the vicinity of Kayseri. Turk J Vet Anim Sci
2007a; 31(1): 33-8.

Ica A, Vatansever Z, Yildirim A, Duzlu O, Inci A. De-
tection af Theileria and Babesia species in ticks
collected from cattle. Vet Parasitol 2007b; 148(2):
156-60.

Inci A, Yazar S, Tuncbilek AS, Canhilal R, Doganay
M, Aydin L, Aktas M, Vatansever Z, Ozdarendeli A,
Ozbel Y, Yildirim A, Duzlu O. Vectors and vector-
borne diseases in Turkey (Review). Ankara Univ
Vet Fak Derg 2013; 60(4): 281-96.

Inci A, Yildirim A, Duzlu O, Doganay M, Aksoy S. Tick
-borne diseases in Turkey: A review based on one
health perspective. PLoS Negl Trop Dis. 2016; 10
(12): e0005021.

Inokuma H. Vectors and reservoir hosts of Anaplas-
mataceae. Raoult D, Parola P, eds. In: Rickettsial
Diseases, Taylor & Grancis Group, LLC, New York.
2007; pp. 199-212.

Kaufmann J. Parasitic Infections od Domestic Ani-
mals. Birkhauser Verlag, Basel, Bostob, Berlin.
1996; p. 75.

Kirvar E, llhan T, Katzer F, Wilkie G, Hooshmand-
Rad P, Brown D. Detection of Theileria lestoquardi
(hirci) in ticks, sheep, goats using polymerase
chain reaction. Ann NY Acad Sci 1998; 849(1): 52-
62.

Kocan KM, Blouin EF, Barbet AF. Anaplasmosis con-
trol. Past, present, and future. Ann NY Acad Sci
2000: 916(1): 501-9.

Merdivenci A. Turkiye Keneleri _Uzerine Arastirmalar.
1. Baski, Kutulmus Matbaasi, Istanbul, 1969.

Nagore D, Garcia-Sanmartin J, Garcia-Pérez AL,
Juste RA, Hurtado A. Identification, genetic diversi-
ty and prevalence of Theileria and Babesia species
in sheep population from Nortern Spain. Int J Para-
sitol 2004; 34(9): 1059-67.

Oliveira-Sequeira TCG, Oliveira MCS, Araujo JP,
Amarante AFT. PCR-based detection of Babesia
bovis and Babesia bigemina in their natural host
Boophilus microplus and cattle. Int J Parasitol
2005; 35(1): 105-11.

Qura CA, Bishop RP, Wampande EM, Lubega GW,
Tait A. Application of a reverse line blot assay to
the study of haemoparasites in cattle in Uganda. Int
J Parasitol 2004; 34(5): 603-13.

Pusterla N, Huder J, Wolfensberger C, Braun U, Lutz
H. Laboratory findings in cows after experimental
infection with Ehrlichia phagocytophila. Clin Diagn
Lab Immunol 1997; 4(6): 643-7.

Kursat ALTAY

Schouls LM, Van De Pol I, Rijpkema SG, Schot CS.
Detection and Identification of Ehrlichia, Borrelia
burgdorferi sensu lato, and Bartonella Species in
Dutch Ixodes ricinus Ticks. J Clin Microbiol 1999;
37(7): 2215-22.

Yildirim A, Duzlu O, Inci A. Onder Z, Ciloglu A. Sigir-
larda Babesia bovis ve Babesia bigemina’nin re-
verse line blotting, nested PCR ve real time PCR
teknikleri lle karsilastirmali tanisi. Kafkas Univ Vet
Fak Derg 2013; 19(5): 895-902.

Uilenberg G. International collaborative research:
significance of tick-borne hemoparasitic diseases to
world animal health. Vet Parasitol 1995; 57(1-3): 19
-41.

Uilenberg G. Babesiosis. Service MW, ed. In: Ency-
clopedia of Arthropod-Transmitted Infections of
Man and Domesticated Animals, CABI Publishing,
Wallingford. 2001; pp. 53-60.

Woldehiwet Z, Scott GR. Tick-borne (pasture) fever.
Woldehivet Z, Ristic M, eds. In: Rickettsial Chla-
mydial Diseases of Domestic Animals, Pergamon
Press, Oxford, 1993; pp. 233-54.

38


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kocan+KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Blouin+EF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Barbet+AF%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Ann%20N%20Y%20Acad%20Sci.');
https://www.ncbi.nlm.nih.gov/pubmed/9384282
https://www.ncbi.nlm.nih.gov/pubmed/9384282
http://www.ncbi.nlm.nih.gov/pubmed/10364588?ordinalpos=58&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10364588?ordinalpos=58&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10364588?ordinalpos=58&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Uilenberg+G%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Vet%20Parasitol.');
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7F-4CT4DPH-1&_user=736663&_handle=V-WA-A-W-AW-MsSWYWW-UUA-U-AAZCZZDWUC-AAZBWVYUUC-CZDZEACV-AW-U&_fmt=full&_coverDate=08%2F31%2F2004&_rdoc=7&_orig=browse&_srch=%23toc%235057%232004%23999659990%2351404




