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Abstract Bovine tropical theileriosis caused by Thei-

leria annulata is a tick-borne disease of great economic

importance in tropical and subtropical regions of the world.

The present study was undertaken to detect theilerosis in

cattle and buffaloes by polymerase chain reaction (PCR).

The diagnosis of theileriosis is usually carried out by blood

smear staining technique, which is not sufficiently sensitive

to detect the piroplasms in the carrier animals. In this study,

a total of 116 samples were collected from infected as well

as apparently healthy cattle and buffaloes. Screening of

blood smears by Giemsa staining detected 15 samples

(12.93 %) positive for Theileria piroplasms out of 116

samples. However, the PCR based screening using the

specific primers from the major merozoite-piroplasm sur-

face antigen sequence of T. annulata (Tams1) gene

detected 74 samples (63.79 %) positive for T. annulata

which included 59 samples found negative by Giemsa

staining. Our study suggests that the PCR based screening

is more sensitive and accurate method for diagnosis of

tropical theileriosis in cattle and buffaloes.
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Introduction

In tropical countries like India, ticks are major havoc to the

livestock since they cause damage to the health, and also

act as a vector for the transmission of haemoprotozoan

diseases such as theileriosis, babesiosis and anaplasmosis.

The exotic (Bos taurus) and crossbred cattle, are known to

be the highly susceptible group, while the indigenous cattle

possess inherent resistance to disease (El Hussein et al.

1991). Cross-breeding programmes in India, was an ini-

tiative taken towards the genetic improvement of the

livestock, but its dark side was the decreased resistance to

ticks and tick-borne diseases (Uilenberg et al. 1982).

Brown (1997) reported a loss of US $ 800 million per

annum due to tropical theileriosis at global level. The

annual cost of T. annulata infection in India was estimated

to be 384.3 million US$ (Minjauw and McLeod 2003).

Loss of productivity and mortality in theileriosis causes

great economic loss (Campbell et al. 1999; Razmi et al.

2003). Theileria are small round, ovoid, irregular or

bacilliform shaped parasites, which are placed in the

Phylum Apicomplexa, Sub-class Piroplasmorina, Order

Piroplasmiorina and Family Theileriidae. Clinically inap-

parent to rapidly fatal symptoms have been recorded in

theileriosis (Darghouth et al. 1996).

The diagnosis of theileriosis in acute cases is mainly

relied upon clinical findings and microscopic examination

of stained thin blood smears. However the native and

treated cattle turn out to be long standing carriers, with

only a few number of infested erythrocytes, thus posing

difficulty in the demonstration of parasite in blood smear

(Nayel et al. 2012). Such long standing carriers act as the

major contributors of infection through the ticks. Transport

of carrier cattle to non-endemic areas can lead to disease

outbreak (Bilgic et al. 2013). Hence, detection of
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piroplasms in carrier animals becomes more challenging.

The schizonts and piroplasms lack a clear morphological

distinction between the different Theileria species and thus

complicates the species differentiation on blood slides

(Dolan et al. 1984). Moreover smear method is associated

with false negative results and has low sensitivity in

detecting the carrier cattle (Nayel et al. 2012).

The advent of molecular diagnostic tests like polymerase

chain reaction (PCR) has paved way to efficient diagnosis

than the conventional techniques (Collins et al. 2002). Based

on the studies performed on a wide range of parasites it has

been concluded that PCR is more sensitive than the con-

ventional techniques (Bishop et al. 1992; Tahar et al. 1997).

Bekker et al. (2002) developed PCR, reverse line blot assay

and DNA probes for the identification of Theileria species.

Four diagnostic tests which includes, blood and lymphnode

biopsy smear examination and PCR of blood and lymphnode

biopsy sample were developed for the detection of T. an-

nulata. Among them the PCR assay was found to be sen-

sitive and accurate than the microscopic examination

(Dehkordi et al. 2012). PCR helps to arrive at an accurate

diagnosis of theileriosis (Zaeemi et al. 2011). The objective

of the study was to assess the presence and accurately

diagnose theileriosis in cattle and buffaloes by PCR.

Materials and methods

Collection of blood samples

A total of 91 blood samples from cross bred cow and 25

samples from buffaloes were collected from animals

showing clinical signs suggestive of theileriosis like anor-

exia, pyrexia, drop in milk production, tick infestation,

lymphnode enlargement, pale mucous membrane, sus-

pended rumination, bilateral nasal discharge, lacrimation

etc., and also from apparently healthy ones. The blood

smears were prepared from blood collected from jugular

vein according to the method described by Soulsby (1982).

In order to carry out the polymerase chain reaction blood

samples, 3 ml each were collected in EDTA coated

vacutainers.

Giemsa staining

Thin blood smears were prepared and stained using Giemsa

stain. The parasites were identified according to the char-

acters described by Soulsby (1982).

Isolation of DNA from blood samples

Genomic DNA was extracted from 200 ll of the whole

blood using a DNA extraction kit (HiPura, Himedia)

according to the manufacturer’s instructions. The isolated

DNA was quantified spectrophotometrically and run on

0.8 % agarose gel. Aliquots of extracted DNA were stored

at -20 �C until further use.

Polymerase chain reaction

The primers were designed based on the coding sequence

of the major merozoite surface antigen (Tams 1 gene) of

T. annulata. The forward primer sequence is 50-CCAG
GACCACCCTCAAGTTC-30 and the reverse primer

sequence is 50-GCATCTAGTTCCTTGGCGGA-30. The

PCR reaction was performed in a total volume of 15 ll
containing 30 ng of template DNA, 7.5 ll of 29 Master

mix (Fermentas), 0.5 ll of each forward and reverse primer

(10 pmol/ll), 5.5 ll of nuclease free water. Reactions were
initiated at 95 �C for 5 min, followed by 37 cycles of

95 �C for 30 s, 55 �C for 30 s, 72 �C for 30 s and a final

elongation step at 72 �C for 5 min, with a final hold at 4 �C
in a thermal cycler (Veriti). A negative control (sterile

water), and a positive control DNA from a T. annulata,

were included in each amplification run.

Agarose gel electrophoresis

Amplified samples were analyzed by electrophoresis

(120 V/208 mA) in 1.5 % agarose gel. Positive and nega-

tive controls were run along with each series of amplifi-

cations. The gel was stained with ethidium bromide

(0.5 lg/ml) and viewed on a UV transilluminator (Gel Doc,

Syngene).

Statistical analysis

Chi square test was done to test the association between

blood smear examination and PCR.

Results

Blood smear examination

The stained blood films revealed the presence of Theileria

piroplasms, forms with diameter of 0.5–1.5 micrometer

(Fig. 1) in 15 samples (12.93 %) of cattle.

Polymerase chain reaction

The PCR based screening using the specific primers from

the major merozoite-piroplasm surface antigen sequence of

Theileria annulata (Tams1) gene detected 74 samples

(63.79 %) positive for T. annulata which included 59

samples found negative by Giemsa staining. Out of 74
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samples that were positive by PCR, 66 were of cattle and 8

samples were of buffaloes. The age wise prevalence in

cattle when screened by PCR is given in Table 1. Highest

prevalence was recorded in cattle above 5 years of age

(82.35 %) and the lowest prevalence was recorded in

calves less than 1 year of age (14.28 %). A desired product

size of 430 bp was obtained in T. annulata positive sam-

ples (Fig. 2). The 2 9 2 contigency table for blood smear

examination and PCR is shown in Table 2.

Statistical analysis

The observed value of Chi Square was 8.76. Since this

value is more than 3.841, the value of Chi square is at 5 %

level of significance, it is significant and therefore, it gives

sufficient grounds to accept that PCR is more efficient in

diagnosis of theileriosis compared to microscopic

examination.

Discussion

Tropical theileriosis often leads to a severe and fatal out-

come. Theileriosis infection in cattle is characterized by

clinical signs like anorexia, emaciation, depressed rumi-

nation, lacrimation, corneal opacity, nasal discharge, diar-

rhea, terminal dyspnoea, frothy nasal discharge (Fukasawa

2003). The clinical signs and microscopic examination are

usually relied upon for the diagnosis of piroplasmic

infection since it is easy and less expensive. However, the

lack of adequate sensitivity and accuracy of staining

method may lead to false diagnosis. Though serological

tests are being used for detection of latent infection,

chances of false positive and negative results are likely to

occur (Saeid et al. 2013). The PCR method is more accu-

rate in comparison with Immunosorbent assays (ELISA),

Immunofluorescent Antibody Test (IFAT) and Indirect

Haemagglutination Assay (IHA) as well as microscopic

detection of piroplasmic forms (Gubbles et al. 2000).

The figure obtained in the current study is similar to the

findings of Hoghooghi et al. (2011) who showed the

prevalence of theileriosis to be 6.25 % (10 positive cases

out of 160 samples) by the staining method. The preva-

lence of Theileria infection by PCR assay was found to be

70 % (21 out of 30) while by Giemsa staining method was

30 % (9 out of 30) in a study conducted by Mahmmod

et al. (2010); Roy et al. (2000) also reported that the

number of positive cases of theileriosis out of 50 blood

Fig. 1 Piroplasmic forms of T. annulata in a microscopic field by

Giemsa staining method

Table 1 The age wise prevalence in cattle by PCR

Age Number

of animal

screened

Total

positive

by PCR

Total

number of

negative

Total

positive

percent

\1 year 7 1 6 14.28

1–2 year 8 6 2 75.00

2–5 year 8 3 5 37.50

[5 year 68 56 12 82.35

Total 91 66 25 72.52

Fig. 2 PCR products run on

1.5 % agarose gel positive

samples showing amplified

product of 430 bp. Lane 1

Sample 8 (positive), lane 2

sample 11 (positive), lane 3

sample 13 (positive), Lane 4

sample 25 (positive), lane 5

sample 41 (positive), lane 6

sample 55 (positive), Lane 7

sample 63 (positive), lane 8

positive control, lane 10 DNA

ladder (mass ruler low range),

Lane 11 negative control
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samples of native cattle by PCR and smear method were 22

(44 %) and 8 (16 %), respectively. Saeid et al. (2013)

found that 68 of 150 (45.33 %) of the carrier cattle were

positive by PCR. The results obtained in our study indi-

cates that PCR is more efficient in detecting theileriosis

than the conventional staining technique and is in agree-

ment with previous studies (Mahmmod et al. 2010; Roy

et al. 2000; Hooghooghi et al. 2011) and Saeid et al.

(2013). Bilgic et al. (2013) developed a multiplex PCR

assay for simultaneous detection of T. annulata, Babe-

sia bovis, Anaplasma marginale and found this to be an

effective diagnostic tool.

The primers used in our study were designed to amplify

the Tams1 gene encoding the 30 kDa major T. annulata

merozoite surface antigen. Kirvar et al. (2000) had used the

30 kDa merozoite surface protein gene as detective target

sequence by designing specific primer to amplify only

T. annulata, which is comparable to the target used in our

study. Detection of T. annulata was carried out using

primers specific for Tams1 gene and the PCR assay found

to be sensitive and specific (Haibibi et al. 2007). Mahmoud

et al. (2011) studied, the efficiency of two primer sets,

primer set one (N516/N517) and primer set two (Tams1F/

Tspm1R) to amplify the 30 kDa major merozoite surface

antigen gene for the diagnosis of T. annulata infection in

cattle, and concluded that primer set Tams1F/Tspm1R is

the first choice when diagnosis of T. annulata is concerned.

This justifies the reason for using primers specific for the

Tams1 gene in our study, and also shows the efficacy of

PCR technique for confirmational diagnosis of theileriosis.

Ananda et al. (2009) recorded a higher prevalence of

T. annulata in cattle of 4–6 years of age, which is in

agreement with the present study in which highest preva-

lence was recorded in cattle above 5 years of age. The

physiological factors like oestrus, pregnancy and lactation

leads to temporary suppression in immunity which in turn

leads to the increased rate of disease occurance in adult

cattle as suggested by (Durrani 2003). 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). The resistance of young

animals to T. annulata as compared to adults reported in

the present study was also in accordance with findings of

Utech and Wharton (1982) who reported that young cows

were more resistant than older cows. The age-related

resistance in young cattle to most tick-borne protozoan and

rickettsial diseases has been reported by Bailey (1955) and

Dumanli et al. (2005).

In our study the Giemsa stained blood smears had shown

false negative in visual examination under light micro-

scope, which shows low sensitivity of this test. It may be

due to several reasons like the visual mistakes made during

the examination of slides, very low parasitaemia, destruc-

tion of piroplasmic forms in red blood cells due to hemo-

lysis, the thickness, dirtiness or unsuitable blood smear

staining (Hoghooghi et al. 2011). Moreover, the micro-

scopic detection of piroplasms in samples that were nega-

tive by PCR tests was not possible. This fact, confirms the

superiority of PCR over blood smear examination. Statis-

tical comparison of blood smear and PCR had shown sig-

nificant difference at 5 % level. Considering blood smear

examination as the gold standard assay, the sensitivity of

PCR method was found to be 100 %. The present study

findings are in agreement with Azizi et al. (2008) who

reported that sensitivity and accuracy of PCR in detection

T. annulata was superior to the blood smear examination.

Sanchez et al. (1999) verified the utility of this technique in

epidemiological studies and compared it with conventional

diagnostic techniques and reported that PCR was more

sensitive for detection of T. annulata infections.

Drug therapy causes drop in the parasitaemia and hin-

ders accurate diagnosis (Ahmed and Mehlhorn 1999; Glass

2001). In such cases, PCR assays can be used to detect low

parasitaemias in the blood of carrier cattle. Durrani (2003)

found that overall comparative efficacy of PCR test was

highest 31.6 %, followed by microscopic lymph node

smear examination 8.25 %, and microscopic blood smear

examination 6 %, in diagnosis of field challenges of thei-

leriosis. Thus it is confirmed that PCR test is more sensitive

in detecting low grade of infections in carrier animals and

hence is more suitable for epidemiological surveys as

compared with microscopic blood and lymph node smear

examination. Similar observations were made by Christine

(1995) who suggested that carriers are important contrib-

utors to the infection within ticks.

The difficulties faced in detection and differentiation of

Theileria piroplasms by conventional method is overcome

by the molecular methods like PCR. The high efficacy and

Table 2 2 9 2 Contingency table for blood smear and PCR

Blood smear examination Total

Positive Negative

PCR

Positive 15a 59b 74

Negative 0c 42d 42

Total 15 101 116

a True positive
b False positive
c False negative
d True negative

Sensitivity of PCR = a/a ? c 9 100 = 100 %

Specificity of PCR = d/b ? d 9 100 = 41.58 %
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sensitivity of PCR makes it an attractive tool in diagnosing

the tick-borne infections which is in accordance with

Olivier et al. (1999) and (Aktas et al. 2006). Hence, our

study clearly proves that PCR can be used for accurate

diagnosis of theileriosis, and can also be used to detect the

carrier animals, which serve as a potential source of

infection to the healthier groups through the infected ticks.
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