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Abstract
Bovine theileriosis, caused by Theileria annulata, is one of the most important livestock diseases in
the world. The disease is transmitted by Ixodidae ticks and characterized by fever, enlargement of
lymphatic glands, cachexia, and death. theileriosis can be detected by staining the blood smear
Giemsa dye. The technique is suited the detection of acute infection but not in carrier animals, where
infection rate may be little. The aim of present study was to detect T. annulata carrier cattle by
polymerase chain reaction (PCR) and to compare the results with staining method in the northwest of
Iran. Materials and Methods: In this study, peripheral blood samples were obtained from 281
apparent healthy cattle (no clinical signs of disease) of different ages (1 to 8 years old). Samples
were tested by two techniques of (1) Giemsa staining and microscopy and (2) PCR based on applying
the specific primers from the major merozoite-piroplasm surface antigen sequence of T. annulata
(Tams-1) gene. A chi-square test was performed to compare the prevalence related to breed and age
categories. Results: In this study, 25 T. annulata positive samples (8.89%) were detected by
microscopic method while PCR was able to detect 108 samples (38.43%) for. In positive samples of
cattle, the highest prevalence was recorded for 2-5 years old cattle (22.4%). These differences in age
results were significant (P<0.05). Out of 108 positive PCR samples, 45 (41.66%) were native and, 63
(58.33%) were crossbreed cattle, yet the difference was statistically insignificant. Conclusion: Our
results showed that there is a high percentage of carrier cows in northwest of Iran and indicate a high
potential risk for the infestation of healthy animals and vectors of the disease.
Keywords: Carrier, Iran, Staining method, PCR, Theileria annulata
Introduction
Tropical theileriosis caused by Theileria
annulata is one of the most devastating blood

parasites affecting cattle, sheep and other
livestock animals. The disease is characterized
by fever, loss of weight, lymphadenopathy,
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anemia, and death. T. annulata is transmitted
by Ixodid tick’s genus Hyalomma (Khattak et
al. 2012). Life cycle of the protozoa is carried
in both vertebrate and invertebrate hosts.
Sporozoites of Theileria enter bovine through
tick infestation and attack mononuclear
leukocytes, develop macroschizonts and
enforce host cell proliferation. Macroschizonts
are transferred to microschizonts and
subsequently
to
merozoites
invading
erythrocytes and developing into “Piroplasmic
forms” in the cattle blood. The abovementioned clinical features result from
pirosplasmic forms (d’Oliveira et al. 1995;
Khattak et al. 2012; Shahnavaz et al. 2011)
Generally, detection of theileriosis in cattle is
based on identification of piroplasmic forms of
parasite in the blood smears and
macroschizonts in the biopsy smears of
enlarged lymph nodes by Giemsa staining by.
The technique is suited diagnosing acute
infection but are not in carrier animals, where
infection rate may be little (Altay et al. 2008;
Minjauw et al. 2003). Moreover, serological
tests such as the direct immune-florescent
antibody test (IFAT) can be used for detecting
the secretory antibodies of the disease.
Nonetheless, its practice is limited due to (1)
cross-reactivity with antibodies directed
against other species of Theileria spp., and (2)
disappearance of antibodies in chronic carriers
(Dumanli et al.2005; Schnittger et al.2004).
Clinical findings and microscopic examination
of the stained blood smears in acute cases of
theileriosis are adequate. However, the
technique becomes inadequate where low
infection rate leads to a carrier state whether in
native and or treated cattle. Such carriers react
as the transferor of infestation throughout the
ticks. Biligic et al. (2013) believed that “when
the carrier cattle transfer to non-endemic
regions, this can lead to the onset of
theileriosis” (Bilgic et al.2013). Speciesspecific molecular diagnostic procedures such
as Polymerase Chain Reaction (PCR) due to
high sensitivity and specificity are considered
superior to the microscopic diagnostic method,
(Thillampala et al.2012). The objective of this
investigation was the detection of T. annulata
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carrier cattle by PCR and its comparison to the
staining method in the northwest of Iran.
Materials and methods
Sample collection
The 281 blood samples from ear (peripheral)
veins were taken from 101 native cows and
180 crossbred cattle in the North West of Iran
from July to September, 2019. The age range
of cows was 1-8 years. Samples were obtained
from animals showing no clinical signs. Blood
samples were kept in micro tubes containing a
few drops of 0.5 M EDTA.
Giemsa staining
Methanol fixed blood smears were prepared
and stained using Giemsa (Merck, Germany),
and studied by a light microscope (Olympus,
Japan). The piroplasmic form of T. annulata
was diagnosed according to a method
described by Soulsby (Soulsby 1985). The
piroplasmic form of T. annulata was
distinguished as a ring shaped in red blood
cells,2µm by 0.5-1 µm.
Blood DNA Isolation
DNA was isolated by the method of Ghatak et
al. (2013) and Bartlett (2003) with a few
modifications (Ghattak et al., 2013; Bartlett et
al., 2003). Ammonium bicarbonate and
ammonium chloride were used for blood cells;
lyses, and lymphocytes were harvested by the
destruction of the red blood cells (RBC).
Briefly, RBC were lysed using RBC lysis
buffer by thorough shaking and reversing for 5
min and then centrifugation at 2000 g for 10
min. The supernatant was discarded, leaving 1
ml to avoid the loss of lymphocytes.
Lymphocytes were washed two more times
with 3 µL of RBC lysis buffer was added, until
a clear supernatant. For DNA extraction, the
pellet was re-suspended in 500 µl PBS then by
adding 400 µl of lysis buffer (10 mM Tris-HCl,
10 mM EDTA, 50 mM NaCl, 10% SDS, pH
7.5) and 15 µl proteinase K (10 mg/ml stock;
Bioneer, S. Korea) lymphocytes were lysed.
The samples were shaken vigorously to liquefy
the cell plaque completely and then placed
in56˚C water bath for two hours. The aqueous
phase of samples was separated by using the
same volume (1:1) of phenol (equilibrated with
Tris, pH 8) and chloroform: isoamyl alcohol
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(24:1) and lysed cells. Tubes were centrifuged
at 10,000 g (at 4˚C) for 10 min, and then the
aqueous phase was transferred into a new
micro tube. DNA was precipitated by applying
µL of absolute alcohol (Merck) to the tubes
and keeping them in -20˚C, and then, tubes
were centrifuged at 10,000 g (4˚C) for 10 min.
The upper phase was discarded, by adding 250
µl of 70% ethanol, and the pellet was dislodged
smoothly by pipetting. Tubes spun at 10,000
rpm for 10 min. The resulting DNA plaque was
air-dried on a dry bath, and subsequently
reconstituted in 50 µl TE buffer, and stored at
-80˚C for further analysis. The purity and
integrity of extracted DNA were assessed with
submerged gel electrophoresis.
Processing of Polymerase chain reaction
A pair of published primer was used to amplify
a segment of merozoite surface antigen gene
(Tams 1) from T.annulata as described by
d’Oliviera et al. (1995) [1].The primer-pair
nucleotide
sequences
were
(N516)
5’GTAACCTTTAAAAACGT3’ and (N517)
5’GTTACGAACATGGGTTT3’. The PCR
reaction was performed in a final volume of 25
µl containing 12.5 µl Master mix (Biotech), 1
µl extracted DNA sample,1.5 µl of each primer
including forward and reverse (10pmol/µl)
and, 8.5 µl nuclease-free water. Sterile water
as negative control and positive control were
used in the amplification run. PCR was carried
out in a thermal cycler (Biotech, South Korea)
according to the aforementioned schedule.
PCR reactions were initialed at 95 ˚C for 5 min,
followed by 94 ˚C for 45 s, 58 ˚C for 1min, 72
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˚

C for 1min, and finalized at 72 ˚C for 10 min.
Detection of PCR products in gel
electrophoresis
Products of PCR were examined by agarose
gel electrophoresis on 1.5% gel and then
stained by Safestain®(Merck, Germany) and
finally documented by a gel documentation
system (Bioluminators).
Statistical analysis
Man-Whitney U test was used for assessing the
association between microscopy and PCR.
Chi-square test was performed to compare the
prevalence of diseases related to breed and age
categories. Differences were considered
statistically significant when P<0.05. Data was
analyzed using SPSS (Version 25).
Results
Blood smear examination
Out of Giemsa stained 281 blood smears, 25
(8.89%) were T.annulata positive. In the
microscopic examination of Giemsa stained
blood smears, Piroplasmic forms were
observed as ring form and 2µm by 0.5-1 µm
(Fig1).
Polymerase chain reaction
PCR results indicated that 108 (38.43%) from
281 tested blood samples produced 721bp
fragment specific for T.annulata. All positive
samples in Giemsa staining were positive in
PCR too. The PCR was based on the specific
primers from the merozoite surface antigen
sequence of the T.annulata (Tams 1) gene
(Fig. 2).

Figure1- Piroplasmic forms of T. annulata in microscopic examination by Giemsa stained blood smears (×100)
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Figure 2-PCR product run on 1.5% agarose gel, M; marker, N: Negative control, P: Positive
control,1,2,3,6,7,9,10: Positive samples,4,5,8: Negative samples.

In positive samples of cattle, the maximum
prevalence was obtained in 2 to 5 years old
cattle (22.4%) (Table 1). The differences in
age results were significant. Out of PCR
detected positive samples (108 samples), 45
(41.66%) were native, and 63 (58.33%)
crossbreed cattle but the difference was

insignificant. In statistical analysis observed
value of the Man-Whitney U test was 0.001,
and it is sufficient ground for accepting that
PCR is more efficient in blood samples
suspected to theileriosis compared to the
microscopic examination of Giemsa stained
samples.

Table 1-The age distribution in positive cattle by PCR

Age

Number of cows tested Positive by PCR Total Positive
(%)
<1 year
24
10
3.55
1-2 year
105
24
8.54
2-5 year
117
63
22.4
>5year
35
11
3.91
Total
281
108
38.43
Discussion
Theileriosis due to T.annulata is more
important between seven species of Theileria
spp. in tropical zones of the world. This disease
is characterized by clinical symptoms such as
anorexia,
decrease
rumination,
nasal
discharges, lymphadenopathy, and death.
Detection of theileriosis is achieved by clinical
signs and examination of blood smears stained
with Giemsa by microscope. The sensitivity of
this method is adequate, but accuracy may lead
to false diagnosis. Also, in acute infections, in
which piroplasmic forms of the parasite are not
formed yet and, in the detection of carrier
animals, this method was adequate. Next,
investigations proposed serological tests such
as Immunofluorescent Assay Test (IFAT) and

Indirect Haemagglutination Assay (IHA), and
Enzyme likaged Immunosorbent Assay
(ELISA). However, recent studies have shown
that serological tests lack sensitivity in
theileriosis endemic regions when tick
transmission is seasonal (Kirvar et al. 2000;
Kundave et al. 2013). Also, the method is not
capable of detecting early but patent
infections. Furthermore, cross-activity with
antibodies directed produced by other
Theileria spp. decrease the specificity of
serological tests, especially IFAT. Moreover,
in long-term carrier animals, antibodies
disappear, whereas infection persists, and the
animals can still infect ticks (Dumamli et al.
2005).
Several studies in recent decay documented
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that molecular methods such as PCR are highly
specific and sensitive than regular methods for
diagnosing theileriosis and detection of carrier
cattle, which have not any obvious signs of
theileriosis (d’Oliveira et al. 1995).
In this study, we fixed a PCR method for the
diagnosis of T.annulata in blood samples of
carrier cattle. A 721bp product was amplified
from blood samples from 108 out of 281 cattle
by applying primer set N516/517. This study
confirmed the earlier studies that molecular
techniques are more sensitive than the
microscopic survey in the diagnosis of
theileriosis as only 28 out of 281 (8.89%)
blood samples were detected to be infested to
the parasite by staining method whereas, by
PCR method 108(38.43%) samples were
positive (Hoghooghi-rad et al.2011). All
positive samples were also detected by the
PCR amplification method. The infection rate
of T.annulata which obtained by PCR in this
study, indicate that infection in the northwest
of Iran is moderate (38.43%), and this finding
is similar to the finding of Aziz et al. (2007),
who detected a 40% infection rate of 140
carrier cattle by PCR and only 8.1% by Giemsa
staining method(Azizi et al.2007).But
Hoghooghi-Rad et al. (2011) used a seminested PCR method to determining carrier
cattle in Golestan (Iran) in 160 blood samples,
and they reported this method revealed 12
(7.5%) positive; the staining method could
diagnose 6(3.75) out of 160 blood samples
(Hoghooghi-rad et al. 2011). This finding is
similar to our finding of the sensitivity of
molecular methods compared by the staining
method, whereas it is not coordinate with the
rate of infection in our study. This difference is
probably due to different conditions the
environment and the diversity of ticks as
intermediate hosts of theileriosis. Similar
research was done by Nourollahi-Fard et al.
(2013) where they showed schizont forms of
T.annulata in 16 of 150 (10.66%) by testing
the blood smears, whereas 68 of 150 (45.33 %)
cattle were infected by the PCR method in
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Kerman (Iran) (Nourollahi-Fard et al. 2015).
The rate of theileriosis in the present study in
2 to 5 years old cattle is significantly higher
than in other age groups. Also, the infection
rate to theileriosis in this study in native cattle
was more heightened than crossbreed. Similar
studies indicate that the prevalence of
theileriosis in native cattle is high and
asymptomatic infection in local breeds can be
infectious sources to more sensitive breeds.
This phenomenon may be attributed to the high
sensitivity of native cattle than crossbreed
cattle and management of breeding. The native
cattle are at risk of tick biting than a crossbreed
and, the population of ticks in native breeding
farms is more than industrial.
The present study demonstrated that many
cattle in our area were positive but were
asymptomatic carriers. This strongly suggests
that native cattle in North West of Iran are
resistant to theileriosis. Crossbred cattle from
Holstein and native breeds also were
asymptomatic. Therefore, the crossbred cattle
raised in these areas may be genetically
resistant from the local breeds. But, is
discovered that "carrier" crossbreed cattle
showed a higher level of haematological
pathology
when
infected
with
T.
annulata..(Larcombe
et
al.2019).
In
conclusion, based on our findings, PCR was
rather more sensitive diagnosis tool than the
microscopy since low rate of T.annulata could
also be detected by this technique. Also, the
carrier rate of theileriosis is high in the
northwest of Iran, and it is a high potential risk
for the infestation of healthy animals.
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چکیده
زمینه مطالعاتی :تیلریوز گاوی ناشی از تیلریا آنوالتا یکی از بیماریهای مهم در حیوانات مزرعه در جهان می باشد .این
بیماری توسط کنه های ایکسودی ده منتقل شده و با تب ،بزرگی غدد لنفاوی ،الغری مفرط و مرگ مشخص می شود.
تشخیص این بیماری بر اساس رنگ آمیزی گسترشهای خونی به روش گیمسا انجام می گیرد .این روش برای تشخیص
عفونت حاد مناسب می باشد اما برای تشخیص حاملین بیماری که میزان آلودگی آنها کمتر می باشد مناسب نیست .هدف:
این مطالعه جهت تشخیص حاملین بیماری ناشی از تیلریا آنوالتا توسط نمونه های خونی و مقایسه آن با روش مولکولی
 PCRدر گاوان شمالغرب کشور انجام پذیرفت .روش کار :تعداد  281نمونه خونی از گاوان بومی و دو رگه به ظاهر سالم
با سنین مختلف در شمالغرب کشور در تابستان سال  1398اخذ شد .نمونه ها بعد از تهیه گسترش و رنگ آمیزی به روش
گیمسا در زیر میکروسکپ نوری بررسی شدند و روش واکنش زنجیره ای پلیمراز ) (PCRبا استفاده از پرایمر های تهیه
شده از آنتی ژن سطحی مروزوئیت انگل که ژن ) (Tams-1را کد می کنند انجام شد .آزمون مربع کای جهت جهت مقایسه
میزان شیوع بیماری در ارتباط با نژاد و سن حیوانات کار گرفته شد .نتایج :در روش میکروسکپیک تعداد  25نمونه
( )8%/89نمونه ها از لحاظ آلودگی انگلی مثبت تشخیص داده شد ولی در روش  108 PCRنمونه ( )%38/43نمونه ها
مثبت تشخیص داده شد .در نمونه های مثبت گاوان بیشترین میزان شیوع در گاوان  2-5ساله ( 22/4درصد) مشاهده شد
که این تفاوت معنی دار بود( .)P>0،05در بین  108نمونه مثبت تشخیص داده شده با  45 PCRمورد ( 41/66درصد) در
گاوان بومی و  63مورد ( )% 58/33در گاوان دورگه شناخته شد .نتیجه گیری :نتایج بررسی حاضر میزان باالی گاوان
حامل بیماری تیلریوزیس را نشان داد که این موضوع نشانگر پتانسیل باالی خطر آلودگی برای حیوانات سالم و ناقلین
بیماری می باشد.
واژگان کلیدی :ایران ،تیلریا آنوالتا ،حامل ،روش رنگ آمیزیPCR ،

