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Introduction
Ticks are a big problem for buffaloes in tropical nations like 

Pakistan because they create health problems and act as a vector 
for the spread of haemoprotozoan diseases such theileriosis, 
babesiosis, and anaplasmosis. Exotic (Bos taurus) and crossbred 
cattle and buffaloes are known to be extremely susceptible, but 
indigenous cattle have built-in disease resistance [1]. In Pakistan, 
cross-breeding programmes were implemented to improve the 
genetics of livestock, but the downside was a reduction in resistance 
to ticks and tick-borne diseases [2]. [3] Estimated a global loss of US 
$ 800 million per year owing to tropical theileriosis. In Pakistan, 
the annual cost of T. annulata infection is estimated to be 384.3  

 
million US dollars [4]. Theileriosis causes significant economic 
loss due to decreased productivity and mortality [5]. Theileria are 
small parasitic parasites with round, ovoid, irregular, or bacilliform 
shapes that belong to the Phylum Apicomplexa, Subclass 
Piroplasmorina, Order Piroplasmorina, and Family Theileriidae. 
Clinically, theileriosis has been linked to symptoms that range from 
mild to deadly [6]. Clinical symptoms and microscopic inspection of 
stained thin blood smears are used to diagnose theileriosis in acute 
cases [7]. However, both native and treated animals turn out to be 
long-term carriers, with just a small percentage of contaminated 
erythrocytes [8], making parasite detection in blood smear 
challenging [9]. 
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Theileria annulata causes bovine tropical theileriosis, a tick-borne disease with 
major economic implications in tropical and subtropical areas of the world. The 
purpose of this study was to use polymerase chain reaction (PCR) to detect theilerosis 
in Kundhi Buffaloes. Theileriosis is often diagnosed using a blood smear staining 
technique that is insufficiently sensitive to detect piroplasms in carrier animals. A total 
of n = 200 samples were taken from sick and apparently healthy Kundhi Buffaloes 
for this study. Giemsa staining of blood smears revealed 25 samples (12.5%) positive 
for Theileria piroplasms out of a total of 200 samples. However, PCR-based screening 
utilizing specific primers from the T. annulata (Tams1) gene’s main merozoite-
piroplasm surface antigen sequence discovered 115 samples (57.50%) positive for 
T. annulata. According to our findings, PCR-based screening is a more sensitive and 
accurate method for diagnosing tropical theileriosis in Kundhi buffaloes.

Abbreviations: PCR: Polymerase Chain Reaction; ELISA: Immunosorbent Assays; 
IFAT: Immunofluorescent Antibody Test; IHA: Indirect Haemagglutination Assay
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Long-term carriers are the primary source of infection 
transmitted by ticks [10]. Disease outbreaks can occur when carrier 
livestock are transported to non-endemic areas [11]. As a result, 
detecting piroplasms in carrier animals becomes more difficult. The 
lack of a strong physical distinction between the several Theileria 
species in schizonts and piroplasms hampers species classification 
on blood slides [12]. Furthermore, the smear approach is linked 
to false negative results and has little sensitivity when it comes 
to detecting carrier livestock [13]. The introduction of molecular 
diagnostic procedures such as polymerase chain reaction (PCR) has 
paved the door for more effective diagnosis than previous methods 
[14]. Based on research conducted on a variety of parasites, it 
has been determined that PCR is more sensitive than traditional 
approaches [15]. For the identification of Theileria species, [16] 
developed PCR, reverse line blot assay, and DNA probes. T. annulata 
was detected using four diagnostic tests: blood and lymphnode 
biopsy smear examination, PCR of blood and lymphnode biopsy 
sample, and PCR of blood and lymphnode biopsy sample. The PCR 
assay was shown to be more sensitive and accurate than microscopic 
examination among them [17]. Theileriosis can be diagnosed more 
accurately with the use of PCR [18]. The goal of the study was to use 
PCR to assess the existence of theileriosis in Kundhi Buffaloes and 
to reliably diagnose the disease.

Materials and Methods
Collection of Blood Samples

A total of n = 200 blood samples from Kundhi Buffaloes were 
collected from animals with clinical signs of theileriosis, such as 
anorexia, pyrexia, decreased milk production, tick infestation, 
lymphnode enlargement, pale mucous membrane, suspended 
rumination, bilateral nasal discharge, lacrimation, and others, as 
well as from animals that appeared to be healthy. The blood smears 
were made using blood taken from the jugular vein according to 
[18]. 3ml of blood were taken in EDTA-coated vacutainers for the 
PCR.

Giemsa Staining 

Giemsa stain was used to prepare thin blood smears and stain 
them. The parasites were identified using [19] characters as a guide. 

Isolation Of DNA from Blood Samples

A DNA extraction kit (HiPura, Himedia) was used to 
extract genomic DNA from 200 µl of whole blood according 
to the manufacturer’s instructions. The extracted DNA was 
spectrophotometrically measured before being run on a 0.8 % 
agarose gel. Extracted DNA aliquots were kept at -20 0C until 
needed.

Polymerase Chain Reaction

The primers were created using the coding sequence of T. 
annulata’s primary merozoite surface antigen (Tams 1 gene). 50 -CCAG 
GACCACCCTCAAGTTC-30 and 50 -GCATCTAGTTCCTTGGCGGA-30 
are the forward and reverse primer sequences, respectively. In a 
total volume of 15 µl the PCR reaction contained 30 ng of template 
DNA, 7.5 µl of Fermentas 29 Master mix, 0.5 µl of each forward and 
reverse primer (10 pmol/ µl), and 5.5 µl of nuclease-free water. 
In a thermal cycler, reactions were started at 95°C for 5 minutes, 
followed by 37 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 
72°C for 30 seconds, and a final elongation step at 72°C for 5 
minutes, with a final hold at 4°C (Veriti). Each amplification run 
comprised a negative control (sterile water) and a positive control 
DNA from a T. annulata.

Agarose gel Electrophoresis 

Electrophoresis (120 V/208 mA) in a 1.5 % agarose gel was 
used to examine amplified samples. Along with each round of 
amplifications, positive and negative controls were run. A UV 
transilluminator was used to observe the gel, which was stained 
with ethidium bromide (0.5 µg/ml) (Gel Doc, Syngene).

Statistics Analysis 

The connection between blood smear examination and PCR 
was investigated using the Chi square test.

Results
Blood Smear Examination 

The stained blood films revealed the presence of Theileria 
piroplasms, forms with diameter of 0.5–1.5 micrometer in 25 
samples (12.50 %) of Kundhi buffaloes (Figure 1). 
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Figure 1: Piroplasmic forms of T. annulata in a microscopic field by Giemsa staining method Polymerase Chain reaction.

Polymerase Chain Reaction

PCR-based screening utilizing specific primers from the 
Theileria annulata (Tams1) gene’s main merozoite-piroplasm 
surface antigen sequence revealed 115 samples (57.50%) positive 
for T. annulata were found to be positive by PCR.  

The prevalence of disease in Kundhi buffaloes by age when 
screened by PCR. The highest incidence was found in buffaloes over 
the age of 5 years (75.58%), while the lowest prevalence was found 
in calves under the age of 1 year (20.83%) (Table 1). In T. annulata 

positive samples, the desired product size of 430 bp was reached 
(Figure 2). (Table 2) shows the 2x2 contingency table for blood 
smear examination and PCR. (Figure 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.

Figure 2: PCR products run on 1.5 % agarose gel positive samples showing amplified product of 430 bp.

Table 1: The age wise prevalence in cattle by PCR.

Age Number of Animal Screened Total positive by PCR Total positive percent (%)

< 1 years 24 5 20.83

1-2 Years 39 26 66.67

2-4 Years 51 19 37.25

> 4 Years 86 65 75.58

Total 200 115 57.50
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Table 2: 2 x 2 Contingency table for blood smear and PCR.

Diagnostic Test Total Samples Positive Positive (%) Negative Negative (%)

Blood Smear 200 25a 12.50 175 87.50

PCR 200 115 57.50 85b 42.50

Note: aTrue Positive
bTrue Negative

Sensitivity of PCR = 100%

Specificity of PCR = 42.58%

Statistics Analysis

Chi Square was found to have a value of 8.76. Because this value 
is more than 3.841, the Chi square value is significant at the 5% 
threshold of significance, and so it provides adequate grounds to 
assume that PCR is more effective in diagnosing theileriosis than 
microscopic testing.

Discussion
Tropical theileriosis frequently results in a severe and deadly 

infection. Anorexia, emaciation, decreased rumination, lacrimation, 
corneal opacity, nasal discharge, diarrhea, terminal dyspnea, and 
frothy nasal discharge are all symptoms of theileriosis infection 
in Kundhi buffaloes [20]. Because it is simple and inexpensive, 
clinical indicators and microscopic inspection are commonly used 
to diagnose piroplasmic infection. However, a lack of sensitivity 
and precision in the staining process could result in a mistaken 
diagnosis. Although serological tests are used to diagnose latent 
infection, there is a potential that false positive and negative 
results will occur [21]. In comparison to Immunosorbent Assays 
(ELISA), Immunofluorescent Antibody Test (IFAT), and Indirect 
Haemagglutination Assay (IHA), as well as morphological 
identification of piroplasmic forms, the PCR approach is more 
accurate [22]. In a study conducted by [23], the prevalence of 
Theileria infection by PCR assay was found to be 70% (21 out of 
30), while the prevalence by Giemsa staining method was 30% (9 
out of 30). [24] also reported that the number of positive cases 
of theileriosis by PCR and smear method were 22 (44%) and 8 
(16%), respectively, out of 50 blood samples of native buffaloes. 
According to [25], PCR revealed that 68 of 150 carrier cattle (45.33 
%) were positive. Our findings show that PCR is more effective than 
conventional staining in detecting theileriosis, which is consistent 
with earlier research [26,27] and [28]. [29] created a multiplex PCR 
assay for simultaneous detection of T. annulata, Babesia bovis, and 
Anaplasma marginale, which they found to be a useful diagnostic 
tool. 

The Tams1 gene, which encodes the 30 kDa main T. annulata 
merozoite surface antigen, was amplified with the primers 
employed in this investigation [30]. [31] employed the 30 kDa 

merozoite surface protein gene as a detective target sequence, 
developing specialized primers to amplify just T. annulata, which is 
similar to our target. T. annulata was detected utilizing Tams1 gene-
specific primers, and the PCR technique was shown to be sensitive 
and specific [32]. [33] investigated the efficacy of two primer 
sets, primer set one (N516/N517) and primer set two (Tams1F/
Tspm1R), in amplifying the 30 kDa major merozoite surface 
antigen gene for the diagnosis of T. annulata infection in buffaloes 
and concluded that primer set Tams1F/Tspm1R is the primer set of 
choice for T. annulata diagnosis. This explains why we used Tams1-
specific primers in our investigation, as well as demonstrating the 
efficiency of the PCR approach for theileriosis confirmation. [34] 
found a higher incidence of T. annulata in buffaloes aged 4–6 years, 
which is consistent with the current study, which found the highest 
prevalence in calves aged above 5 years. Physiological variables 
such as oestrus, pregnancy, and lactation cause transient immune 
reduction, which leads to an increase in disease occurrence in adult 
animals, as stated by [35]. 

Antibodies to sporozoites, schizonts, and piroplasms have 
been found in immune cows’ colostrum and calves’ serum, which 
protects the calves from theileriosis. This could explain the low 
prevalence of theileriosis in calves younger than a year in our study 
[36]. The present investigation found that young animals were 
more resistant to T. annulata than adults, which was consistent 
with [37-39] findings that young cows were more resistant than 
older buffaloes. [32] Demonstrated age-related resistance in young 
cattle to most tick-borne protozoan and [31]. The Giemsa-stained 
blood smears in our investigation showed false negative in visual 
examination under a light microscope, indicating that this test 
has a limited sensitivity. It could be due to a variety of factors, 
including visual errors made during slide examination, very low 
parasitaemia, hemolysis-induced destruction of piroplasmic forms 
in red blood cells, thickness, dirtiness, or inadequate blood smear 
staining [15]. Furthermore, piroplasms could not be detected 
microscopically in samples that were negative on PCR tests. This 
fact demonstrates that PCR is superior to blood smear examination. 
At the 5% level, a statistical comparison of blood smear and PCR 
revealed a significant difference. 
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The sensitivity of the PCR method was shown to be 100 % 
when using blood smear examination as the gold standard assay. 
The results of this study accord with those of [2], who found 
that PCR had higher sensitivity and accuracy than blood smear 
examination in detecting T. annulata. In epidemiological studies, 
[29] confirmed the efficacy of this technology and compared it to 
conventional diagnostic procedures, finding that PCR was more 
sensitive for identification of T. annulata infections. Drug therapy 
lowers parasitaemia levels, making correct diagnosis difficult 
[10]. PCR assays can be used to detect low parasitaemias in the 
blood of carrier animals under these situations. In the diagnosis 
of field difficulties of theileriosis, [31] revealed that the PCR test 
had the highest overall comparative efficacy of 31.6 %, followed 
by microscopic lymph node smear examination 8.25 %, and 
microscopic blood smear examination 6 %. Thus, compared to 
microscopic blood and lymph node smear testing, the PCR test is 
more sensitive in detecting low-grade illnesses in carrier animals, 
making it more suitable for epidemiological surveys. [1] reported 
a similar observation, claiming that tick carriers are substantial 
contributors to the infection. Molecular technologies such as PCR 
overcome the challenges of conventional approaches in detecting 
and distinguishing Theileria piroplasms. According to [3], the great 
effectiveness and sensitivity of PCR makes it an appealing method 
for diagnosing tick-borne illnesses [9]. As a result, our research 
clearly demonstrates that PCR may be used to accurately diagnose 
theileriosis, as well as to discover carrier animals, which can serve 
as a possible source of infection to healthy populations via infected 
ticks.
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