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A total of 165 blood samples were collected in k2EDTA-containing tubes and
thin and thick smears of domestic ruminants were prepared. Direct sequencing of
polymerase chain reaction for detection of Theileria spp. using specific oligonucleotide
primers was performed on 18s rRNA gene sequence of the parasite in Qazvin province. Of
the 165 field samples obtained from domestic ruminants in the study area tested, 9.69%
(16) were positive for the presence of Theileria spp. by PCR and 2.42% by microscopic
examination for Theileria spp. in field-collected. Out of 165 positive blood samples,
4.24% were positive for Theileria annulata and 5.45% were positive for Theileria ovis
by PCR. The lowest detection limit of the PCR was two parasites per ml of infected blood,
which corresponds with a parasitemia of 0.00004%. Results of the molecular study revealed
that Theileria ovis is widespread in sheep and its prevalence was higher than Theileria

annulata.
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Theileria spp., the causative agents of
theileriosis, is hemoprotozoan parasites of
domestic, and wild mammals (Kocan and Kocan,
1991). Thecorrect identification of these organisms
is crucial for understanding their epidemiology
(Oura et al, 2004). Theileria lestoquardi and
Thelleria ovisare two notorious species, for ovine
and Theileria annulata for bovine theileriosis in
Iran (Shayan et al, 2008; Heidarpour Bami et al,
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2010; Azizi et al, 2008; Hashemi-Fesharaki, 1997).
According to clinical signs and morphological
observations, T. ovis is widespread all over the
country (Hashemi-Fesharaki, 1997). However, the
epidemiological aspects of ovine and bovine
theileriosisin Iran haven’t compl etely understood
(Haddadzadeh et al, 2004). There are several
methods for detecting and identifying these
hemoparasitesincluding microscopic examinations
of Giemsa-stained thin and thick blood smears, tick
salivary gland staining, serological tests and
clinical symptoms (Schnittger et al, 2004; Jongejan,
1983). In contrast to these usual methods, the use
of molecular techniqueswould allow direct, rapid,
specific and simultaneous detection of Theileria
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parasites (Schnittger et al, 2004; Jongejan, 1983).
The use of such methods has prepared
comprehensive information of epizootiology in
guantitative terms, but as sequencing of isolates
israrely undertaken, quaitative aspectsremain less
well understood. In the present study, 18 SrRNA
genes of Theileria sp. isolates from domestic
ruminants were sequenced to confirm and
determine prevalence and distribution of various
Theileria species involved in ovine and bovine
theileriosis in Qazvin province of Iran. Nuclear
ribosomal rRNA genes have been shown to
provide suitable targets to assist in the
identification of Theileria species (Katzer et al,
1998; Chaeet al, 1998; Allsopp and Allsopp, 2006).

MATERIALSANDMETHODS

Field of thestudy area

The survey wasdonein Qazvin province,
one of the 31 provincesof Iran, whichislocatedin
north-west of the central plateau of Iran (Fig. 1).
Itscenter isthecity of Qazvinand hasfive counties
including Qazvin, Abyek, Boeen- Zahra, Alborz,
and Takistan (Fig. 1). According to the census of
the veterinary organization of Qazvin provincein
2009, it has 164,000 cattle, 874,000 sheep, and
126,000 goats. Most of the livestock are of a
domestic race and low percentages are mixed
breeds, including Holstein (Iranian Veterinary
Organization, unpublished data). Sheep husbandry
is one of the most economically important jobsin
this province. Sheep and goats are kept together
and the sheep outnumbered goats in each flock
(Shemshad et al, 2010).
Collection of blood samples

In this study 66 flocks were visited from
April to September 2010 to detect the presence of
various Theileria spp. A totally of 165 peripheral
blood samples and thin and thick smears were
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collected monthly in k2EDTA from randomly
selected sheep, goats and cowsin Qazvin Province.
The selected animals were clinically investigated
and blood smearswere prepared from the marginal
ear veins. The smears were air-dried, fixed in
methanol inthefield and were sent to thelaboratory
inacold box kept at 4°C.
Examination of blood smears

The smears stained in 10% Giemsa
solution for 30 minutes and were observed with an
oil immersion lens with a magnification of 1000
under light microscopy to detect Theileria
piroplasms. Thefull length of theintraerythrocytic
mature Theileria organism was measured by a
graded ocular microscope with a magnification of
1000. Parasitemiawas cal culated by counting the
number of infected red blood cells by examination
of 100 microscopic fields (approximately 100,000
cells). The number of infected cells was then
expressed as a percentage.
DNA Extraction and PCR amplification

Genomic DNA was extracted using a
wholeblood DNA extraction kit (G-spin™, iINtRON
Biotechnology, Korea) according to the
manufacturer’sinstructions. Briefly, cellswerefirst
lysed in 180 ul lysis and incubated at 70°C. After
addition of 300 pl Bindings buffer and centrifuging
for 1min at 13,000 rpm, 500 washing buffer was
added and after vortexing, centrifuged twicefor 1
min. Finally, DNA was eluted from the carrier with
Elution buffer and was stored at -20°C until
subsequent analysis. In some cases, the DNA
isolated with the Phenol/Chloroform method. One
pair of screening primerswas used to amplify the
DNA of al Theileria spp. PCR amplification was
performed with the forward strand primer P1: 52
cacagggaggtagtgacaag 32 and reverse strand
primer P2: 52 aagaatttcacctatgacag 32 that was
specific to 18S rRNA gene of both Babesia and
Theileria species (Shayan et al, 2008) (Table 1).

Table 1. The sequences for primers used in PCR from hyper variable region
V of 18S rRNA gene of Babesia spp. and Theileria spp.

PCR product (bp) Name of primer Name of primer No.
389402 (Babesia) 52 cacagggaggtagtgacaag 32 18SrRNA genesense P1
426-430 (Thelleria) 52 aagaatttcacctatgacag 32 18SrRNA geneantisense P2
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Each 25 ml amplification reaction in iNtRON'’s
Maxime PCR premix kit component contained i-
Tag™ DNA polymerase (5U/ ul), dNTPs 2.5 mM
each, Reaction buffer (10x) 1x, gel loading buffer
1x, 1 pmol/ ul each of P1 and P2 reverse primer
derived from hyper variableregion V4 of 18SrRNA
(P1and P2), 5 ul template DNA and 13 ul distilled
water. The amplification conditions for the PCR
initiated with denaturation at 95°C for 5 min,
followed by 35-38 cycles of 94°C for 45 sec, 55°C
for 45 sec and 72°C for 45 sec and terminated with
afinal extensionat 72°Cfor 10 minand hold at 4°C
until use. Negative (no template) and positive
controls were always run at the same time. The
specific PCR products of the primary PCR was426—
430 bp. Appropriately sized amplicons were
confirmed by electrophoresisin ethidium bromide
stained 2% agarose gels which were then viewed

Biyd‘n_t\.if!fali

Kohkiloyeh
and

i

Ly
-I«N_/ “# Semnan

Chahalmahal

- Persian Gulf

629

by UV transillumination. For differentiation of
various Theileria species positive direct
sequencing of specific PCR products of the 18S
rRNA genesof Theileria spp., was sequenced and
analyzed (SEQLAB Sequence Laboratories
Gottingen, Germany). Forward primer was used for
sequencing. A BLAST search was performed with
the obtained sequences using the BLASTn
algorithm and compared with sequences deposited
in GenBank.

RESULTS

Blood sampleswere collectedin k2EDTA
from 102 sheep, 32 goats and 31cows, in 66 flocks
in Qazvin province. Thin and thick smears were
prepared from the ear veinsof al randomly selected
animals and their examination of domestic
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Fig. 1. Map of Iran and location of Qazvin province, Iran Meteorological organization 2010
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ruminants showed 0.0004% (2.42) parasitemiaand
ring form and Koch blue body of the parasite were
seen inside the red blood cells for Theileria spp.
piroplasms (Fig. 2). DNA was extracted from all
prepared peripheral blood of randomly selected
ruminants using phenol/chloroform method, and
G-spin™ -Kit. Amplification the DNA sampleusing
P1/P2 primer set for PCR and analysisthese PCR
products on the 2% agarose gel electrophoresis,
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showed 16 out of 165 blood samples (9.69%)
positive for Theileria sp. while this rate was only
4(2.42%) infield-collected samplesby microscopic
examination Giemsa-stained blood smears for
piroplasmic forms of Theileria annulata and
Theileriaovis. Out of 165 positive blood samples,
4.24% (7) were positivefor T. annulata and 5.45%
(2 for goat blood and 7 for sheep blood) were
positivefor T. ovisby PCR.

Fig. 2. Koch blue body and ring form of Theileria ovisin microscopic field by Giemsa staining method

Thelowest detection limit of the PCR was
two to three parasites per ml of infected blood,
which correspondswith aparasitemiacf 0.00004%.
Theileria-specific 18s rRNA primers P1 and P2
were used as a positive control and amplified the
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expected fragment. Not only, all of the positive
samples by thin and thick blood smears were also
positive by PCR, but also they were positive for
the dlides that no piroplasm and schizont stage
were seen by light microscopy (Fig. 3).
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Fig. 3. Agarose-gel electrophoresis of amplication products obtained from Theileria spp. genomic DNA
amplified using Theileria-specific primers (P1/P2) derived from the 18srRNA gene. Lane 1: DNA size marker
(1 kb Plus DNA Ladder, #SM 1343, Fermentas), Lane 2: T. ovis (sheep), Lane 3: T. ovis (goat), Lane 4: T. ovis

(goat), Lane 5: T. ovis (sheep), Lane 6: T. annulata (cattle), Lane 7: T. annulata (cattle), Lane 8: T. annulata
(cattle), Lane 9: positive control, Lane 10: distilled water (negative control).
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Having purified PCR product positive
samples, all of the expected 388-395 bp fragments
of 18SrRNA gene, were then sequenced and were
compared with sequences of related genera and,
confirmed all of them belong to the Theileria spp.
The BLAST search about Theileria ovisrevealed
highest similarities (100%) with partial sequence
data of Theileria ovis (FJ608733.1) (Italy), and
about Theileria annulata, 99% similarity with a
partial sequence of Theileria annulata
(HM628582.1) (Iran). The nucleotide sequences of
the 18S rRNA gene detected from domestic
ruminants of Qazvin Province have been deposited
in the GenBank database under the accession
numbers: IN412658— IN412673.

DISCUSSION

Theileriosis is an intraerythrocytic
disease, in infected domestic and wild ruminants
(Durrani etal, 2011; Parthibanl et al, 2010; Spitalska
et al, 2004). Itisone of the most important diseases
that causelarge economic lossesin every involved
country including Iran (Oliveira et al, 1995;
Heidarpour Bami et al, 2010). However, a gap of
information exists about the epidemiology of
theileriosis in Iran. In the present study, the
occurrence of various Theileria spp. infectionsin
sheep, goat and cow Qazvin province was
investigated using blood smear identification, and
PCR-direct sequencing. In the present study, PCR
on specific amplification of a388-395 bp fragment
of the hyper variableregion V4 of 18srRNA gene
of the parasite showed 4.24% from the blood
samples of the examined animalswere positivefor
T. annulata and 5.45% were positivefor Theileria
ovisand confirmed by sequencing. Results of the
molecular study showed that T. ovis has high
prevalencein sheep and its preval ence was higher
than T. annulata. Theresultswere similar to those
reported (Hashemi-Fesharaki, 1997) and revea ed
that T. ovisis distributed throughout the country.

The results obtained from field samples
collected from sheep indicated that amplification
of parasite DNA is more sensitive than detection
by light microscopy. We found that the sensitivity
of the examination was up to two piroplasms per
ml of ovine blood. Only Theileria ovis was
identified in sheep and goat flocksin the different
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regions. As most of the examined animals had no
clinical signs so, it can be concluded that that
subclinical infectionswere common, and couldn’t
be detected by microscopy examination.

The other reasons are that this method
does not detect positive animalsin the early phase
of infection and thelong-term carrier status, when
the parasitemia is very low or destruction of
piroplasmic forms in red blood cells as a
consequence of deletion of typical shape of
parasites in RBCs, the thickness, dirtiness or
unsuitable blood smear staining occurs. Ruminants
with clinical and sub clinical thelleriosisare sources
for tick infection sincethey carry piroplasms.

These results are similar to other
investigations (Azizi et a, 2008; Oliveiraet al, 1995;
Kirvar et al, 2000; Kirvar et al, 1998; Aktaset al,
2002; Altay et al, 2005). It seems that animal
movement plays a major role for spreading the
disease into the northern part of the county and
can cause theileriosis in sheep and cows. Many
factors like climatic condition, susceptibility of
breeds, distribution of vector system of breeding,
vaccination, and strategy of prophylactic and
treatment methods. The results show the
necessarily of using molecular methods in
determination of more accurate percentages of the
infection rate and epidemiological condition of the
animalsand performing prevention and controlling
programsin animals surviving piroplasminfection
or carrier animals harboring a very low parasite
level.

ACKNOWLEDGMENTS

Authors appreciateto Dr. Moheb-Ali, Dr.
Akhoondi, Mr. Satvat staff of department of
parasitology, Tehran University of medical sciences
and Dr. Ahmadi staff of Veterinary Faculty of
Tehran University for their helpful guidance. The
authorswould like to express their sincere thanks
to Dr. Saeed Talebi for his constructive comments
and helpful guidance throughout the survey.
Authorswish to expresstheir appreciation to staff
and bosses of all Veterinary Organization of the
counties of Qazvin Province for providing
information about sheep flocks and logistic support
and arealso obliged to rural people and shepherds
of the study areas for their cooperation and

J PURE APPL MICROBIO, 6(2), JUNE 2012.



632

SHEMSHAD et a.: PREVALENCE OF OVINEAND BOVINE THEILERIOSIS

permission to collect specimens during the entire
study period. This project was supported by the
Tehran University of Medical sciences, project
number: 89-04-27-11-690.

10.

REFERENCES

Aktas, M., Dumanli, N., Cetinkaya, B., Cakmak,
A. Field evaluation of PCRin detecting Theileria
annulatainfectionin cattlein the east of Turkey.
Vet. Rec., 2002; 150: 548-549.

Allsopp, MTEP,, Allsopp, B.A. Molecular
sequence evidencefor thereclassification of some
Babesia species. Annal. NewYork. Acad. Scienc.,
2006; 1081: 509-517.

Altay, K., Dumanli, N., Holman, RPJ., Aktas,
M. Detection of Theileria ovis in naturally
infected sheep by nested PCR. \et .Parasitol.,
2005; 127: 99-104.

Azizi, H., Shirin, B., Farzaneh Dehkordi, A.,
Salehi, F., Taghadosi, C. Detection of Theileria
annulata by PCR and its comparison with smear
method in native carrier cows. Biotech.
Parasitol., 2008; ISSN 1682-296X.

Chae, J., Lee, J., Kwon, O., Holman, P.J.,
Waghela, S.D., Wagner, GG Nucleotide sequence
heterogeneity in the small subunit ribosomal
RNA genevariable (VV4) region among and within
geographicisolates of Theileriafrom cattle, elk
and white-tailed deer. \et. Parasitol., 1998; 75:
41-52.

Durrani, A.Z., Younus, M., Kamal, N.,
Mehmood, N., Shakoori, A.R. Prevalence of
Ovine Theileria species in District Lahore,
Pakistan. Pakistan. J. Zool., 2011; 43(1): 57-
60.

Haddadzadeh, H.R., Rahbari, S., Khazraiinia,
P, Nabian, S. New concepts on limiting factors
of ovine and caprine malignant theileriosis
(OCMT) in Iran. Iranian. J. Vet. Res., 2004; 5:
43-46.

Hashemi-Fesharaki, R. Tick-borne diseases of
sheep and goats and their related vectorsin Iran.
Parasitol., 1997; 39: 115-117.

Heidarpour Bami, M., Khazraiinia, P.,
Haddadzadeh, H.R., Kazemi, B. Identification
of Theileria speciesin sheep in the eastern half
of Iran using nested PCR-RFL P and microscopic
techniques. Iranian. J. Vet. Res., 2010; 11(3):
262.

Jongejan, F., Morzaria, S.P, Mustafa, O.E.H.,
Latif, A.A. Infection rates of Theileria annulata
in the salivary glands of the tick Hyalomma

J PURE APPL MICROBIO, 6(2), JUNE 2012.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

marginatum rufipes. Vet. Parasitol., 1983; 13:
121-126.

Katzer, F., McKéllar, S., Kirvar, E., Shiels, B.
Phylogenetic analysis of Theileria and Babesia
equi in relation to the establishment of parasite
populations within novel host species and the
development of the diagnostic tests. Mol. Bioch.
Parasitol., 1998; 56: 169-175.

Kirvar, E., llhan, T., Katzer, F. et al. Detection
of Theileria annulata in cattle and vector ticks
by PCR using the Tamsl gene sequences.
Parasitol., 2000; 120(3):245-54.

Kirvar, E., llhan, T., Katzer, F. et al. Detection
of Theileria lestoquardi (hirci) in ticks, sheep,
and goats using the polymerase chain reaction.
Annal. NewYork. Academ. Sciences., 1998; 849:
52-62.

Kocan, AA., Kocan, K.M. Tick-transmitted
protozoan diseases of wildlifein North America
Bull. Soc. Vector. Ecology., 1991; 16: 94-108.
Oliveira, D., Vander-Weide, M., Miguel, A.,
Habela, M., Jacquiet, P.,, Jongejan, F. Detection
of Thelleriaannulatain blood samplesof carrier
cattleby PCR. J. Clin. Microbiol., 1995; 33(10):
2665-2669.

Oura, C.A.L., Bishop, R.P, Wampande, E.M.,
Lubega, GW., Tait, A. Application of areverse
line blot assay to the study of haemoparasites
in cattlein Uganda. Int. J. Parasitol., 2004; 34:
603-613.

Parthiban, M., Saranya, R., Magesh, M., Raman,
M. Detection of Theileria parasite in cattle of
Tamilnadu using nested PCR. J. Vet. Animal.
Sciences., 2010; 6(4): 162-165.

Schnittger, L., Yin, H., Qi, B. et a. Ahmed JS.
Simultaneous detection and differentiation of
Theileria and Babesia parasites infecting small
ruminants by reverse line blotting. Parasitol.
Res., 2004; 92(3):189-96.

Shayan, P., Hooshmand, E., Nabian, S., Rahbari,
S. Biometrical and genetical characterization of
large Babesia Ovisin Iran. Parasitol. Res., 2008;
103: 217-221.

Shemshad, K., Rafingjad, J., Kamali, K. et a.
Speciesdiversity and geographic distribution of
hardticks (Acari: Ixodoidea: Ixodidae) infesting
domestic ruminants, in Qazvin Province, Iran.
Parasitol. Res., 2012; 110: 373-380.

Spitalska, E., Torina, A., Cannella, V., Caracappa,
S, Olivier, A., Sparagano, E. Discrimination
between Theileria lestoquardi and Theileria
annulata in their vectors and hosts by RFLP
based on the 18S rRNA gene. Parasitol. Res,,
2004; 94: 318-320.



