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Abstract Theileria annulata is common in tropical and
subtropical regions especially in Iran and causes great
economic losses in cattle industry. In Iran the epidemio-
logical aspects of bovine theileriosis in different breeds of
cattle is poorly understood. The aim of present study is
comparison of the number of 7. annulata carriers in the two
major cattle breeds (Holstein—Friesian and Sistani) in Sis-
tan of Iran by giemsa and polymerase chain reaction (PCR)
methods. During winter 2013, 160 native cattle, from the
two major breeds in Sistan, with the mean age of more than
one year and without typical clinical symptoms of theile-
riosis were selected. At first, a thin layer smear was held
from their ear sublime vein blood for Giemsa staining
method. In order to do PCR assay, jugular vein blood
sample of each cow was taken. The PCR employs primers
specific for the 721-bp gene fragment encoding the 30-kDa
major merozoite surface antigen of 7. annulata. By PCR
method, 38 (47.5 %) Holstein blood samples and 22
(27.5 %) Sistani blood samples had DNA of T. annulata
and considered positive (The correlation was significant at
values of P < 0.05). By checking 160 blood smears with
light microscope and lens x 100, only 10 samples
(6.25 %) were positive for T. annulata. Statistical com-
parison between PCR and smear method showed that the
PCR method is more sensitive and accurate in comparison
to Giemsa staining method to diagnose the asymptomatic
carriers of 7. annulata.
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Introduction

Theileria annulata is the causative agent of Mediterranean
or tropical Theileriosis (d’Oliveira et al. 1995). This par-
asite is an Apicomplexan blood protozoa transmitted
mainly by vector ticks from the genus Hyalomma (Dar-
ghouth 2008) and causes an important economic loss on
domestic animal production from the global perspective
(Mehlhorn and Schein 1984; Schnittger et al. 2012).

Bovine tropical theileriosis is a disease affecting cattle
and buffalo in Iran and many other countries covering
North Africa, Southern Europe, and Asia (d’Oliveira et al.
1997; Hashemi-Fesharaki 1988). Exotic cattle (Bos taurus)
is particularly susceptible with mortalities up to 40-80 %
in some areas, whereas indigenous cattle (Bos indicus)
generally suffers much lower mortalities (about 10 %)
confined mainly to calves (Hashemi-Fesharaki 1988).
Theileriosis infection in cattle is characterized by clinical
signs like anorexia, emaciation, depressed rumination,
lacrimation, corneal opacity, nasal discharge, diarrhea,
terminal dyspnea and high fever (40-41.5 °C) (Kundave
et al. 2013).

The native cattle breeds are more resistant to theileriosis
comparable to the pure ones, and are affected by subclin-
ical form of the disease (Hoghooghi-Rad et al. 2011).
Bovine theileriosis is endemic in various parts of Iran
although its mortality is variable, and possible factors such
as animal breeds (Katzer et al. 1998), annual rainfall, and
temperature are responsible for the occurrence of enzootic
stability or instability (Darghouth et al. 1996; Mohammad
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Al-Saeed et al. 2010). The treated cows and the native ones
are carriers for a long period and even until the end of life
that within this period of time, only few number of
erythrocytes are contaminated with the parasite which their
observation and also demonstrating of their presence can
hardly be done (Kirvar et al. 2000).

The precise determination of these hemoparasites is a
necessity to find out their epidemiology and assortment.
The methods traditionally used to discover and identify
these organisms consist of microscopic examinations of
thin blood smears (Heidarpour-Bami et al. 2009). Smear
method is not a remarkable laboratory test to diagnose the
carrier cows; also it is associated with technical problems
(Shayan and Rahbari 2005). PCR has been the most pre-
ferred method for diagnosis of tropical theileriosis in epi-
demiological studies since this technique is more sensitive
and specific than other conventional methods (d’Oliveira
et al. 1995; Almeria et al. 2001; Martin-Sanchez et al.
1999).

The present study which has been accomplished in Iran
for the first time was aimed to report the number of
asymptomatic Holstein—Friesian and Sistani cattle breeds
infected with 7. annulata by molecular method in Sistan
district of Sistan & Baluchistan province of Iran and
comparison of the sensitivity of PCR method with the
traditional giemsa staining method in diagnosis.

Materials and methods
Collection of samples

During winter 2013, 160 native cattle, 80 Holstein—Friesian
and 80 Sistani breeds in Sistan, were selected with the
mean age of more than one year and their characteristics
such as age, sex, breed, physical examinations (including:
enlargement of scapular and femoral lymph nodes, body
temperature, existence of anemia) sampling area, date and
the name of herdsman were registered in related papers.
From each cattle a thin layer blood smear was prepared
from its ear vein. Also 9 mL blood from the jugular vein of
each cow was taken and collected in autoclaved tubes
containing 1 ml of 3.2 % buffered citrate solution (Barker
et al. 1992).

Microscopic examination

From each cattle a thin layer blood smear was prepared
from its ear vein. The Giemsa staining procedure was done
according to Kelly’s procedure (Kelly 1974). The slide was
examined using light microscope and lens x 100. The
presence of various shapes of Theileria in red blood cells
confirmed the contamination.

DNA extraction and PCR

DNA was extracted from whole blood samples using DNA
extraction kit (MBST, Iran) according to the manufac-
turer’s instructions. The isolated DNA from the blood
samples was kept at —20 °C for the next purposes. One set
of primers N516 (5GTAACCTTTAAAAACGT 3') and
N517 (5GTTACGAACATGGGTTT 3') were used from
the gene segment encoding the 30 kDa major merozoite
antigen of 7. annulata (Dumanli et al. 2005). The DNA
was amplified by primers to obtain the desired sequence
with the weight of 721 bp length. The PCR was performed
in total volume of 50 pl including, 5 pl extracted DNA,
25 ul Taqg DNA polymerase 2 x MasterMix (Pishgam
Company, Iran), 50 pmol of each primer and the rest was
distilled water, in automated thermocycler (eppendorf®,
Germany) with the following program: an initial denatur-
ation at 95 °C for 5 min and 35 cycles of denaturation step
at 95 °C for 40 s, annealing step at 55 °C for 40 s, and the
extension level at 72 °C for 40 s. This was followed by a
final extension step at 72 °C for 8 min. The sample with
confirmed microscopic Theileria piroplasm used as posi-
tive control. The PCR products were analyzed on 1 %
agarose gel in 0.5 x TBE buffer and stained using ethi-
dium bromide for 10 min and visualized in the UV illu-
minator (Fig. 1).

Fig. 1 Lane 2, 3 and 4 PCR detection of 721-bp gene segment,
M 100 bp Marker, P Positive control, N Negative control
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Table 1 The distribution of 7. annulata prevalence based on PCR according to breed, sex, age, Tick presence and physical examinations

Category Level Number tested Positive prevalence (%) 95 % confidence interval*
Breed Holstein 80 47.5 36-59
Sistani 80 27.5 18-39
Sex Male 72 444 33-57
Female 88 31.8 2243
Age Under 1 18 71.8 52-94
Between | and 2 89 47.2 37-58
Upper 2 53 7.5 2-18
Tick presence Yes 31 51.6 33-70
No 89 34.1 39-60
Membranes Normal 127 35.4 27-44
Pale 33 45.5 28-64
Lymph node Normal 109 36.7 28-46
Swelled 51 39.2 26-54

* Confidence interval for positive prevalence calculated based on binomial distribution

Statistical analysis

For the analysis of contingency tables, we applied the Chi
squared test. Data were transferred to SPSS 18.0 statistical
software (IBM® PASW/SPSS Statistics 18.0), and differ-
ences were considered significant at values of P < 0.05.
Also, the agreement value of PCR and microscopic
examination methods was assessed with Kappa statistical
test.

Results

Among total blood samples, from 80 samples of Sistani breed
22 (27.5 %) and from 80 samples of Holstein—Friesian 38
(47.5 %) were shown to be positive by PCR method. The
Pearson’s Chi squared test showed that the observed differ-
ence between Sistani and Holstein breeds is statistically sig-
nificant (> = 6.8,df = 1, P value = 0.009). By giemsa
staining method of 160 blood samples, piroplasmic forms 7.
annulata were seen in 10 samples (6.25 %).Kappa test
showed that there is Slight agreement between PCR and smear
method. (Kappa = 0.136, 95 % Confidence Interval: 0.036—
0.250). The sensitivity and specificity of smear method rela-
tive to PCR were 13 % (8/60) and 98 % (98/100) relatively
(Table 2). The prevalence of Theileria in calves less than
1 years old was 14 cases (77.8 %) between 1 and 2 years old
was 42 cases (47.2 %) and upper than 2 years old was 4 cases
(7.5 %) and this observed difference is statistically significant
(x* = 36.3,df = 2, P value <0.001). there weren’t actuari-
ally significant differences about other parameters such as sex,
presence of ticks, status of lymph nodes and mucosal
membranes.

@ Springer

The distribution of 7. annulata prevalence based on
PCR according to breed, sex, age, Tick presence and
physical examinations presented in a table (Table 1).

Discussion

Management of livestock and control of tick-borne dis-
eases play an important role to have a successful and
healthy economy. One of the most important diseases in
ruminants is infection with blood protozoan, Theileria,
which causes large economic losses globally every year.
Carriers such as treated, vaccinated or native cattle are the
main sources of Theileria for ticks (Brown 1990; Neitz
1957), So early precise identification of these carriers is
necessary for plotting control and prevention schemes.
Also, this early diagnosis requires a simple and highly
accurate method capable to recognize the animals with low
parasitemia. Among some of these procedures, serological
methods are employed in determining subclinical infec-
tions. False positive and negative results are commonly
observed in serological tests due to cross-reaction, weak-
ening in specific immune response as well as lack of
determination of antibodies in carriers because of long term
infection (Burridge et al. 1974; Gubbels et al. 2000; Lee-
mans et al. 1999). The giemsa staining method of blood
smears were shown false negative results under light
microscope in our study, proved low sensitivity of this test
and this may be due to artifacts, low parasitemia,
destruction of piroplasmic forms in red blood cells because
of hemolysis, thickness and dirtiness of slides (Hoghooghi-
Rad et al. 2011). Of 160 blood samples, piroplasmic forms
of T. annulata were seen in 10 samples (6.25 %). These
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Table 2 comparison between microscopy vs PCR examination

PCR result Positive Negative Total
Microscopic result Positive Negative Positive Negative

Number 8 52 2 98 160
Percentage (%) 5 325 1.25 61.25 100

results are similar to those, observed by some other
researchers (d’Oliveira et al. 1995; Kirvar et al. 2000;
Aktas et al. 2002; Azizi et al. 2008; Kirvar et al. 1998).
Advances in molecular biology have enabled genotypic
characterization, and have proved very useful for the
identification and classification of many hemoparasites
species (Heidarpour-Bami et al. 2009). Many researchers
have emphasized that PCR assay is a good technique for
discrimination of asymptomatic carriers of 7. annulata than
Giemsa staining method (Eamens et al. 2013; Heidarpour-
Bami et al. 2009; Hoghooghi-Rad et al. 2011). These all
have agreement with our achievements.

The results of present study showed the prevalence of
infection in 27.5 % of Sistani (Bos indicus) and 47.5 % of
Holstein (Bos taurus) cattle breeds. These results indicate
resistance among the fleshy race, Sistani breed in compari-
son to the dairy, more sensitive breed, the Holstein-Friesia.

“Breed” is one of the important parameters that could
fundamentally influence the prevalence and incidence of
tropical theileriosis; As Spickett et al. (1989), Dolan (1989)
and Sayin et al. (2003) have mentioned, pure breeds are
more sensitive to the disease compared to cross x local
and local breeds and this is in agreement with our results.
In a study conducted by Nazifi et al. (2010) the blood
samples of 24 indigenous and 26 Holstein cattle were
obtained and Theileria infection was diagnosed based on
hematological, biochemical and microbiological tests,
clinical signs and epidemiological evidences; Iranian
indigenous cattle had lower parasitemia rate, weaker
response to 7. annulata infection, milder clinical mani-
festations and significantly lower levels of acute phase
proteins in comparison with Holstein and these results have
conformity with our achievements. Glass et al. (2005) and
Terada et al. (1995) also separately performed experiments
between different cattle breeds infected to 7. annulata and
showed statistically significant differences among the pure
and native breeds, as in our study. Ananda et al. (2009)
mentioned high prevalence of 7. annulata in cattles of
4-6 years of age that has disagreement with our results;
We perceived that the mean age of PCR positive cattles
were between 1 and 2 years. Also, high prevalence rate of
young animals to 7. annulata in comparison to adults is in
aversion with findings of Kundave et al. (2013) who
reported that young cows were more resistant than older

cows. Antibodies to sporozoites, schizonts and piroplasms
have been recorded in the colostrum of immune cows and
the serum of their calves which protects the calves against
theileriosis could be the reason for low prevalence in calves
less than a year in our study (Morzaria et al. 1988). There
weren’t statistically significant difference about sex and
other parameters included in our research such as presence
of ticks, status of lymph nodes and mucosal membranes, as
Ananda et al. (2009) and Terada et al. (1995) had shown.
Many researchers indicated in their publications that the
PCR method is more sensitive and specific than other
conventional methods like giemsa staining (d’Oliveira
et al. 1995; Almeria et al. 2001; Martin-Sanchez et al.
1999; Noaman 2014). The present study results have
agreement with their achievements (Table 2).

In conclusion, we revealed that the prevalence rate of
infection to 7. annulata is much lesser in Sistani (Bos
taurus indicus) than Holstein—Friesian (Bos taurus taurus)
breed. According to this fact that traditional maintenance
of cattle is more prevalent in Sistan region comparable to
industrialized breeding, so it could be advantageous to
foster Sistani cattle breeds than Holstein—Friesian.
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