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Abstract
A total of 200 blood samples were collected from apparently healthy crossbred cattle of different age group (3-8 years) maintained in organized and unorganized farms in and around Patna including the Institutional Livestock Farm Complex, BASU, Patna. The study was conducted during January 2024–December 2025.  The blood samples were subjected to laboratory screening for Theileria infection in apparently healthy cattle using blood smear examination and polymerase chain reaction (PCR). The diagnostic sensitivity of PCR was also compared to conventional detection in blood smears by light microscopy. Microscopic examination of blood smears and PCR analysis confirmed Theileria infection in 17 (8.5%) and 28 (14%) of the apparently healthy cattle. Among the PCR-positive cattle, 25 cattle (12.5%) were found positive for T. annulata, whereas 3 cattle (1.5%) were found positive for T. orientalis. Further, T. annulata is the predominant principal etiological agent of theileriosis in carrier cattle in the study region, whereas infections caused by T. orientalis also exist and seems to be comparatively uncommon. However, it is essential to understand the distribution pattern T. orientalis in different agro-climatic conditions that could help us to understand the severity associated with these species and design their control strategies. Considering blood smear as the reference test, PCR showed a sensitivity of 100% (95% CI: 80.5–100%) and specificity of 94% (95% CI: 89.5–96.9%). The high sensitivity indicates that PCR is highly effective in detecting theileria infection in carrier cattle, while the high specificity suggests that it accurately identifies non-infected animals. From this study, it can be concluded that the better sensitivity and specificity of PCR assay could be a better option than microscopic examination to precisely determine the carrier state of theileriosis in cattle. 
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1. Introduction:
Bovine theileriosis stands out as a very serious tick-borne disease because of its large economic impact on the global cow population through increased morbidity and mortality rates (Hassan et al. 2024).  Theileria species are tick-borne intracellular protozoan parasites of dairy cattle and buffaloes. Among these, Theileria annulata cause lymphoprolipherative disease with severe mortality and morbidity in cattle, known as tropical theileriosis, however Theileria orientalis causes a benign or non-transforming theileriosis (Oriental theileriosisis) in cattle  (Baghel et al. 2023). The parasites are transmitted by the hard ticks of the genera Hyalomma and Haemaphysalis. Most study in India focused on bovine tropical theileriosis induced by T.  annulata. However, there is a paucity of information concerning the presence and distribution of benign Theileriosis (Theileria orientalis). Recently, T. orientalis has emerged as an agent capable of causing outbreaks of clinical theileriosis in several country including India resulting in losses to the cattle industry (Kakati et al., 2015). A limited reports on Theileria orientalis have been recorded from several Indian states, including Tamil Nadu, Kerala, and Assam ( Sahoo et al., 2017) and Bihar (Kumari  et al., 2022). The pathogenesis of Oriental theileriosisis mainly due to the extravascular haemolysis leading to anaemia in infected cattle. Clinical manifestations and impact of bovine theileriosis in cattle are strongly associated with the causative Theileria species. Therefore, exact detection and discrimination of Theileria spp. are essential for epidemiological studies and for provision of clinical management strategies (Wang et al. 2020).Clinical findings and microscopic examination of the stained blood smears is the primary method used for the diagnosis of theileriosis in cattle especially in acute cases. The animals recovered from an acute infection of tropical theileriosis become a persistent carrier and act as a reservoir of infection for ticks and other cattle. The carrier state is characterized by a low number of piroplasm-infected erythrocytes and plays an important role in disease transmission. Transport of carrier cattle to non-endemic areas can lead to disease outbreak (Kundave et al. 2015). The technique, smear method is inadequate for low parasitemia and carrier animals (Nematollahi et al., 2021) owing to limited in sensitivity and specificity. It is also challenging to distinguish between T. annulata and non-pathogenic Theileria spp. in the same bovine host based on morphology alone. The identification of such animals is thus critical for accurate disease epidemiological evaluation and the implementation of productivity-enhancing strategies (Bilgic et al., 2010). Molecular detection allows for direct confirmation of the presence of parasite genomic material, indicating that live parasites are present in the animal at the time of sampling.The advent of molecular diagnostics like PCR (polymerase chain reaction) has lead the way of efficient diagnosis and overcome the difficulties faced in the detection of low level of parasitemia and differentiation of Theileria piroplasms by conventional methods. Thus keeping in view of the facts, the current study was based on microscopy and polymerase chain reaction to identify Theileria species in carrier cattle in and around Patna District of Bihar, India, The diagnostic sensitivity of PCR was also compared to conventional detection in blood smears by light microscopy.

2. Materials and Methods
During the year January 2024–December 2025, a total of 200 blood samples were collected from apparently healthy cross bred cattle maintained in organized and unorganized farms in and around Patna and also from the Institutional Livestock Farm Complex, BASU, Patna. 5 ml of blood samples were collected in tubes with EDTA. The samples were subjected to laboratory screening for Theileria infection in apparently healthy cattle using blood smear examination and polymerase chain reaction (PCR). Ethical approval was taken with due permission of the Institutional Animal Ethics Committee, BVC, BASU, Patna.
2.1 Microscopic examination:
Thin blood smears were prepared and fixed with methanol for 5 min followed by flooding with 10% Giemsa’s solution for 40 min. Blood smears were carefully examined for Theileria parasites under the oil immersion lens (100× magnifications). The parasites were identified according to the characters described by Soulsby (1982). Presence of piroplasm(s) inside the erythrocytes was considered positive for Theileria spp. infection.
2.2 Extraction of Genomic DNA and PCR Analysis:
DNA was extracted from 300 µl of diluted infected blood and uninfected blood using the Promega Wizard Genomic DNA Extraction Kit (Madison, WI, USA), following the manufacturer’s instructions. Extracted DNA was eluted in 50 μl nuclease-free water and stored at −20◦C until further use. The different sets of primers used in the study were custom synthesized from Eurofins Genomics Pvt. Ltd. (India) for the amplification of targeted genes of Theileria spp. both on genus and species-specific grounds (Table 1). The PCR was performed as per the method described previously (Cao et al., 2013; Bilgic et al., 2013 & Ola-Fadunsin et al., 2020) with slight modification briefly, 25 μl reaction mixture containing 12.5 μl of MAX PCR Master Mix (2´Premix) (Takara), 2.0 μl of each primers, 2 μl of the DNA template and nuclease free water (Thermo Scientific, USA) to make total volume up to 25 μl. Positive control and negative control have been included in each run. The cycling condition for Theileria genus was, Initial denaturation at 95°C for 5 minutes and 35 cycles of denaturation; 1 min.  at 94°C, annealing; 1 min. at 60°C and extension 90 seconds at 72°C and final extension for10 minutes at 72°C. The cycling condition for T. annulata was initial denaturation at 95°C for 2 minutes and 35 cycles of denaturation at 94°C for 1 minute, annealing at 58°C for 1 minute, extension at 72°C for 1 minute and final extension at 72°C for 10 minutes. The cycling condition for T. orientalis   was initial denaturation at 94°C for 4 minutes and 35 cycles of denaturation at 94°C for 1 minute, annealing at 54°C for 1 minute, extension at 72°C for 1 minute and final extension at 72°C for 7 minutes. The amplified PCR product was checked by electrophoresis on 1.5% agarose gel stained with ethidium bromide in horizontal electrophoresis apparatus (Thermo Scientific, China) and viewed in gel documentation system (VILBER).
3. Statistical analysis
For evaluating the sensitivity and specificity of PCR test over microscopical examination (Standard gold) online software (https://www.medcalc.org/en/calc/diagnostic_test.php (Version 23.4.9; accessed March 1, 2026)) was used.
Table 1 Target genes used for diagnosis of Bovine theielriosis in carrier cattle.
	Target Genes
	Target Species
	Primer used
	Amplicon Size (bp)

	Reference

	18SrRNA
	Theileria spp.
	GAAACGGCTACCACATCT-(F)
AGTTTCCCCGTGTTGAGT-(R)
	778
	Cao et al.(2013)

	Cyto b1
	T. annulata
	ACT TTG GCC GTA ATG TTA AAC -(F)
CTC TGG ACC AAC TGT TTGG -(R)
	312
	Bilgic et al. ( 2013)

	MPSP
	T. orientalis
	CTTTGCCTAGGATACTTCCT -(F)
ACGGCAAGTGGTGAGAACT -(R)
	776
	Ola-Fadunsin et al. (2020)



4. Results and Discussion
[bookmark: _GoBack]Bovine theileriosis is one of the most devastating hemoparasitic diseases of cattle. In India, there is an insufficiency of recognizing the causal protozoan parasites in subclinical or carrier animals based on morphological characteristics due to structural similarities (Lawrence, 1979 & Kumari et al. 2022). The present study unveiled the carrier status of T. annulata and T. orientalis in Patna district of Bihar (Table 2). In the present study, microscopic examination of blood smears revealed Theileria infection in 17 (8.5%) carrier cattle (Figure 1), while PCR analysis revealed 28 (14%) carrier cattle (Figure 2) respectively. Among the PCR-positive cattle, 25 cattle (12.5%) were found positive for T. annulata (Figure 3), whereas 3 animals (1.5%) were found positive for T. orientalis (Figure 4). The diagnosis of theileriosis is mainly relied upon clinical findings and microscopic examination of blood smears especially in acute and clinical cases, but in long standing carriers have a few number of infected erythrocytes that poses difficulty in the demonstration (Nayel et al. 2012) and differentiation of Theileria spp. in blood smear  due to morphological similarity (Kumari et al. 2022). The microscopic examination of blood smears revealing pleomorphic (comma, dot, annular and irregular shaped) Theileria spp. piroplasms in the erythrocytes (Anil kumar and Shobhamani, 2025), but majority of the piroplasms appeared as comma and signet-ring shaped (Figure 1). This finding was in agreement with Chauhan et al. (2015). The microscopic examination of blood smears have low sensitivity and inefficient to detect carriers (Priya et al. 2017). Cattle become carriers after surviving the acute phase of the disease. The identification of carrier cattle is crucial, as they serve as the primary reservoir for the maintenance and perpetuation of Theileria in the environment (Charya et al. 2016), and it may also act as a potential source of infection to the healthy susceptible population. The predominance of T. annulata suggests that it is the principal etiological agent of theileriosis in the study region, whereas infections caused by T. orientalis seem to be comparatively uncommon. Previously T. orientalis was thought to be non-pathogenic and remained as benign form, but their presence in carrier cattle in the study region can lead to the development of clinical diseases in healthy and naive susceptible cattle as reported by Kumari et al. (2022) from Bihar, Aparna et al. (2011) from Kerla and Kakati et al. (2015) from Assam.
 The higher detection rate by PCR compared to microscopy indicates its superior sensitivity in identifying Theileria infections, particularly in low parasitemia cases which could be missed in blood smear examination. Further, considering blood smear as the reference test, PCR showed a sensitivity of 100% (95% CI: 80.5–100%) and specificity of 94% (95% CI: 89.5–96.9%). The high sensitivity indicates that PCR is highly effective in detecting theileria infection in carrier cattle, while the high specificity suggests that it accurately identifies non-infected animals (Table 3). The confidence intervals further support the reliability of PCR as a diagnostic tool for the detection of theileriosis in sub-clinically infected or carrier cattle. Compared to the conventional smear screening method, the PCR technique demonstrated to be more sensitive and specific for the molecular diagnosis of blood samples and especially useful for identifying subclinical infections of theileriosis (Riaz et al. 2023). Kundave et al. (2015) also confirmed the superiority of PCR over blood smear examination, and suggested that the PCR based screening is more sensitive and accurate method for diagnosis of theileriosis in cattle.
Table 2: Animals positive for the presence of Theileria parasites by microscopic examination of blood smears and by PCR
	Technique
	Animal Screened
(Organized and Un-organized farm)
	Positive for theileriosis
	Percent positive (%)

	Microscopic Examination of  Theileria spp.
	200
	17
	8.50

	Theileria  spp. by PCR
	200
	28
	14.00

	T. annulata by PCR
	200
	25
	12.50

	Theileria spp. other than  T. annulata (T.orientalis)
	200
	03
	1.50



Table 3: 2x2 Contingency table for comparison of PCR and blood smear 
	


PCR
	Blood smear examination
	Total

	
	
	Positive
	Negative
	

	
	Positive
	17a
	11b
	28

	
	Negative
	0c
	172d
	172

	Total
	
	17
	183
	200


a = True Positive, b= False Positive, c = False Negative, d = True Negative
Conclusion: 
From this study, it can be concluded that the better sensitivity and specificity of PCR assay could be a better option than microscopic examination to precisely determine the carrier state of theileriosis in cattle. Further, T. annulata is the predominant principal etiological agent of theileriosis in carrier cattle in the study region, whereas infections caused by T. orientalis also exist and seems to be comparatively uncommon. However, it is essential to understand the distribution pattern T. orientalis in different agro-climatic conditions that could help us to understand the severity associated with these species and design their control strategies. 

    [image: ]        		   [image: ]Fig 1:  Arrow showing signet-ring shaped Theileria spp. in erythrocytes in carrier cattle
Fig. 2: Gel electrophoresis image of 18sRNA gene amplification at 778 bp of Theileria spp. in carrier cattle, where Lane M: 100bp ladder; Lane 1 -Negative control; Lane 2-Positive control; Lane-4, 6,7 &10 positive sample




[image: ]                                 [image: ]Fig. 3: Gel electrophoresis image of Cytob1 gene amplification at 312bp of T. annulata in carrier cattle, where Lane M: 100bp ladder; Lane 1 -Negative control; Lane 2-Positive control; Lane-5&7 positive sample
Fig. 4: Gel electrophoresis image of MPSP gene amplification at 776 bp of T. orientalis in carrier cattle, where Lane M: 100bp ladder; Lane 1 - Positive control; Lane 2- Negative control; Lane-3,4&6 positive sample
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