


PREVALENCE OF THEILERIOSIS IN CATTLE

ABSTRACT
Theileria species undergo cyclical development in ticks to produce sporozoites, which are subsequently injected into mammals to mature into schizonts in leucocytes and piroplasm in erythrocytes. A total of 146 clinically suspected cattle exhibiting anorexia, persistent high fever, enlarged lymph nodes, anemia, dullness, and lethargy were screened using Giemsa-stained blood smear examination and polymerase chain reaction (PCR). Out of 146 animals examined, 36 were confirmed positive by PCR, indicating an overall prevalence of 24.65%, whereas blood smear examination detected 30 positive cases (20.54%). The higher detection rate by PCR confirmed its superior sensitivity in diagnosing Theileria infection, especially in cases with low parasitemia. Theileria was higher in unorganized farms (28.57%) compared to organized farms (21.68%). Age-wise analysis showed the highest prevalence in cattle above 3 years (30.12%), followed by 1–3 years (18.18%) and calves below 1 year (12.5%). Further, it was more prevalent in females (27.27%) compared to males (12.00%) while its susceptibility in Holstein Friesian crossbred cattle (27.10%) was maximum, followed by Jersey crossbred (20.83%), and lowest (13.33%) was in indigenous cattle. Clinically affected animals predominantly exhibited pyrexia (100%), enlarged lymph nodes (88.88%), pale conjunctival mucous membranes (88.88%), reduced appetite (88.88%), tick infestation (77.77%), respiratory distress (83.33%), nasal discharge (69.44%), and diarrhea (33.33%).
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INTRODUCTION: 
	Theileria is an obligate intracellular protozoan parasite that is a member of the Order Piroplasmorida, Class Piroplasmasida, Phylum Apicomplexa, and Family Theileriidae. Bovine theileriosis is more common in tropical and subtropical regions of the world. The disease, which is primarily caused by T. annulata and T. parva and less frequently by T. orientalis, can affect both domestic cattle (Bos taurus and Bos indicus) and Asian buffalo (Bubalus bubalis). According to Von Schubert et al., (2010), T. parva and T. annulata are thought to be the most pathogenic and commercially significant species in the world.
Theileria species undergo cyclical development in ticks to produce sporozoites, which are subsequently injected into mammals to mature into schizonts in leucocytes and piroplasm in erythrocytes. Cattle are afflicted with T. annulata, which is spread transstadially by Ixodid ticks (the two-host tick H. detritum in the Mediterranean basin and the three-host tick Hyalomma anatolicum in central-western Asia and northeastern Africa). Approximately one-sixth of the cow herd was determined to be at risk, and the disease has significantly hampered livestock improvement initiatives in many regions of the Middle East and Asia (Constable et al., 2017).

MATERIAL METHODS: 
A total of 146 cattle, irrespective of sex and age, with clinical exhibition of the history of anorexia, persistent high fever, swollen lymph nodes, anemia, dullness, and lethargy, were selected for screening for theileriosis from Veterinary Clinical Complex KNPCVS Shirwal and organized and unorganized farms in and around the Shirwal region.
Blood samples from theileriosis-affected cattle were collected for hematological analysis from the jugular vein in a clean, sterile tube containing Ethylene Diamine Tetra Acetic Acid (EDTA) at the rate of 2 mg/ml of blood. Cattle were confirmed for theileriosis on the basis of clinical examination, hemato-biochemical alterations, presence of Theileria parasite in the blood smear, and confirmatory diagnosis was done by polymerase chain reaction. 
 PCR based detection of Theileria spp (Genus specific) for DNA extracted from whole blood. 
The details of primers used to amplify 1098 bp fragment of the small subunit rRNA gene. Theileria genus with reaction mixture and PCR confirmatioin described by Allsopp et al. (1993) has been depicted in table 
The details of primers used to amplify 1098 bp fragment of the small subunit rRNA gene. Theileria genus with reaction mixture and PCR confirmatioin described by Allsopp et al. (1993) has been depicted in table 1. 
Table 1 List of primers used in the study Primer
	Primer Name
	Primer sequences
	Product
size
	Annealing
Temp.
	Pathogen
	Ref.

	SSU rRNA F
	AGTTTCTGACCTATCAG
	1098-bp
	55 ºC
	Common primer for genus Theileria
	Allsopp et al. (1993)

	SSU rRNA R
	TTGCCTTAAACTTCCTTG
	
	
	
	



RESULTS AND DISCUSSION
Overall prevalence
One hundred forty-six cattle exhibiting clinical signs of anorexia, persistent high fever, swollen lymph nodes, anemia, dullness, and lethargy were screened by blood smear examination and PCR examination. Out of 146, 36 cattle were found to be positive for theileriosis, indicating an overall prevalence of 24.65 %. Khawale et al. (2019) reported 22.38% prevalence of theileriosis in cattle in and around the Parbhani jurisdiction of Maharashtra. Similarly, Naik et al. (2016) also reported 23.33% prevalence of bovine theileriosis during their study at Durg, Chhattisgarh. Similar to the results of Devadevi et al. (2018) who also reported 24.21% prevalence at Puducherry, and reported that theileriosis in cattle was endemic in tropical regions.
Table 2 Overall prevalence of Theileriosis in cattle:
	Total no. of animals screened
	No. of animals found Positive for theileriosis
	The overall prevalence of theileriosis (%)

	146 
	36 
	24.65 %    



Prevalence of Theileriosis on Organized and Unorganized farms
	        Out of 83 cases screened in the organized farm, 18 were positive for theileriosis, indicating 21.68 % prevalence, while among 63 cases screened in the unorganized farm, 18 were positive, showing 28.57 % positivity of theileriosis. T. annulata was found to be more common on unstructured dairy farms than on organized farms, which suggests that organized farms use better and more suitable management techniques. Similar findings were observed by Kaur et al. (2021) in hemprotozoan infection, who found a similar observation related to farm management, such as organized 20.33 % and unorganized 37.5 %. Unorganized farms without proper flooring, cracked walls, and poor sanitation showed significantly higher prevalence of hemoprotozoan infection as compared to organized farms.  Animals of unorganized farms with improper shedding, drainage, and management were at higher risk of infection (Tuli et al., 2015).
Table 3: Prevalence of theileriosis on Organized farm and Unorganized farm
	
	Organized farm 
	Unorganized farm

	Total No. of cattle screened for theileriosis   
	83
	63 

	Number of cattle positives for theileriosis
	18 
	18

	Percentage prevalence 
	21.68 % 
	28.57 % 




Fig. 1: Prevalence of Theileriosis on Organized farm and Unorganized farm
Age-wise prevalence of Theileriosis:
[bookmark: _Hlk219500852][bookmark: _Hlk219490713][bookmark: _Hlk219490767][bookmark: _Hlk219490813]Among the age categories examined, cattle over 3 years old had the highest prevalence (30.12%), followed by those between 1 and 3 years old (18.18%), while calves between 1 month and 12 months old had the lowest prevalence (12.5%). The present study revealed a progressive increase in the prevalence of theileriosis with advancing age, with the highest prevalence observed in cattle above 3 years of age (30.12%), followed by animals aged between 1 to 3 years (18.18%), and the lowest prevalence in calves below 1 year of age (12.5%).  The findings of Naik et al. (2016), who reported the highest prevalence in cattle over 3 years of age (24.34%), Farooq et al. (2018), also noted greater susceptibility in cattle over 2 years of age, and Kala et al. (2018), also reported significantly higher incidence in animals over 2 years of age (92.78%), support the higher prevalence in adult cattle found in this study.
Table 4: Age-wise prevalence of Theileriosis 
	Particulars
	Age

	
	1 month to 12 months 
	1 to 3 years 
	Above 3 years 

	Number of suspected cattle screened for theileriosis
	8
	55
	83

	Number of cattle positives for theileriosis
	1
	10
	25

	Percent prevalence 
	12.5 %
	18.18 %
	30.12 %

	Percent prevalence among positive 
	2.7 %
	27.27 %
	69.44 %




Fig. 2: Age-wise prevalence of Theileriosis

Similar observations were also made by Darghouth et al. (2004), who reported that the exposure of calves to infection in the first season was shown to be significantly lower than that of older cattle.
Theileria annulata infections increased significantly with age because older animals had more ticks (Flach et al., 1995). Maternal antibodies and age-related resistance to the majority of tick-borne protozoan illnesses (Barnett and Bailey, 1952) may be the cause of the lower infection rates in young animals seen in this study.
Sex wise prevalence of theileriosis: 
[bookmark: _Hlk219490923][bookmark: _Hlk219490964]A total of 146 suspected cattle were screened for theileriosis, comprising 25 males and 121 females. Out of these, 36 animals were found to be positive, 3 out of 25 animals were male indicating a prevalence of 12.00% while, 33 out of 121 were female positive, resulting in a higher prevalence of 27.27%. The results of the current study were also highly supported by Naik et al. (2016), who found that females had a greater prevalence of theileriosis (25.45%) than males (17.5%).
 




Table 5: Sex wise prevalence of Theileriosis:
	Particulars
	Sex

	
	Male 
	Female

	Number of suspected cattle screened for theileriosis
	25
	121

	Number of cattle positives for theileriosis
	3
	33

	Per cent occurrence out of the screened 
	12 %
	27.27 %

	Percent prevalence among positive 
	8.33 %
	91.67 %




Fig. 3: Sex wise prevalence of theileriosis
The increased incidence of Tropical theileriosis in female cattle may be due to immunosuppression during advanced pregnancy and lactation in high-producing animals (Kocan et al., 2010). Furthermore, the fact that contaminated needles are frequently used to inject medications for milk letdown may be the cause of the higher prevalence of tropical theileriosis in female animals. In addition, farmers in the specific research location raise more female animals than males for the purpose of producing milk. 
Breed-wise prevalence
[bookmark: _Hlk219502196][bookmark: _Hlk219491016][bookmark: _Hlk219491091][bookmark: _Hlk219491117]      A total of 146 suspected cattle from three breed groups, 107 Holstein Friesian (HF) crossbred, 24 Jersey crossbred, and 15 native cattle were tested for theileriosis. The highest prevalence of 27.10% was found in HF cow 29 out of 107 HF crossbred cattle were positive for theileriosis, 5 of the 24 Jersey crossbred cattle tested positive, representing a 20.83% prevalence of theileriosis, whereas indigenous cattle had the lowest prevalence of theileriosis, with 2 out of 15 animals tested positive (13.33%). The findings of Velusamy et al. (2014), Naik et al. (2016), Farooq et al. (2018), and Kala et al. (2018), were reported a significantly higher prevalence of theileriosis in HF and Jersey crossbred cattle compared to indigenous breeds, were closely aligned with the higher prevalence found in HF crossbred cattle in the present study.

Table 6: Breed wise prevalence of Theileriosis
	Particulars
	Breed

	
	HF
	Jersey
	Indigenous

	Number of suspected cattle screened for theileriosis
	107 
	24
	15

	Number of cattle positives for theileriosis
	29 
	5
	2

	Percent prevalence 
	[bookmark: _Hlk218926982]27.10 %
	[bookmark: _Hlk218927025]20.83 %
	[bookmark: _Hlk218927062]13.33 %

	Percent prevalence among positive
	80.55 %
	13.89 %
	5.55 %




Fig. 4: Breed-wise prevalence of Theileriosis
Due to increased tick infestation, European breeds are more vulnerable to tick-borne diseases (TBDs) (Bock et al., 1997; Glass et al., 2003).
Symptoms exhibited by Theileriosis-affected animals
In the present investigation, 36 animals tested positive for theileriosis showed symptoms as pale conjunctival mucous membranes in 88.88% of cases, lymph node enlargement in 88.88%, tick infestation in 77.77% of cases, high temperature in 100% of cases, respiratory distress in 83.33% of cases, nasal discharge in 69.44% of cases, diarrhea in 33.33% of cases, and decreased appetite in 88.88% of cases.


Table 7: Symptoms exhibited by Theileriosis affected animals:
	Symptoms
	No. of positive animals
(total animals = 36)
	Percentage
Prevalence (%)

	High temperature
	36  
	100 % 

	Enlargement of lymph
	32 
	88.88 % 

	Ticks on the body
	28
	77.77 % 

	Pale CMM
	32 
	88.88 %

	Respiratory distress
	23
	83.33 %  

	Nasal discharge
	25
	69.44 %  

	Diarrhea
	12
	33.33 % 

	Reduced appetite
	32 
	88.88 %  





Fig. 5: Symptoms exhibited by Theileriosis-affected animals
The current study's high prevalence of enlarged lymph nodes (88.88%) supports the findings of Singh et al. (2012), Devadevi et al. (2018), and Farooq et al. (2018), who highlighted lymphadenopathy as a hallmark of Theileria annulata infection. Anemia, a well-known side effect of theileriosis, was indicated by pale conjunctival mucous membranes (88.88%) found in the current study agreed with the findings reported by Abou-El-Naga et al. (2005), Velusamy et al. (2014), and Murthy et al. (2016). Kala et al. (2018), who noted that the activity of Hyalomma ticks, the primary vectors of T. annulata, was closely associated with the epidemiology of theileriosis, were corroborated by the presence of ticks on the body (77.77%) among positive animals. The current study's findings of decreased appetite (88.88%), nasal discharge (69.44%), and respiratory distress (63.88%) are consistent with those of Masare et al. (2009), Kumar et al. (2015), and Naik et al. (2016).  Few animals had diarrhea (33.33%), which is in line with the findings of Khan et al. (2017) and Khawale et al. (2019), who noted diarrhea as a prominent but less common clinical symptom in bovine theileriosis.
The first clinical sign of theileriosis in cattle appears 7 to 15 days after attachment of infected ticks. The rise in temperature is rapid and is usually more than 103° F but may reach 106° F (Morrison, 2004). There will be anorexia, anaemia, and loss of body condition. Other clinical signs may include lacrimation, corneal opacity, nasal discharge, dyspnoea, and diarrhoea. Before death, the animal is usually recumbent, the temperature falls, and there is a severe dyspnoea due to pulmonary edema (Aktas et al., 2001).
Prevalence by blood smear examination and polymerase chain reaction
In the present study, 146 clinically suspected animals were evaluated for bovine theileriosis using blood smear screening examinations and polymerase chain reaction (PCR).  Out of 146 animals examined, 30 were positive for theileriosis by Giemsa-stained blood smear examination, showing an overall prevalence of 20.54%. However, PCR detected 36 positive cases from the same samples, resulting in a higher prevalence of 24.65%.
Table 8: Prevalence by blood smear examination and polymerase chain reaction
	Particulars
	Blood smear examination
	Polymerase chain reaction

	Total number of animals screened
	146
	146

	Total positive animals
	30
	36

	Percent prevalence
	20.54 %
	24.65 %

	Percent prevalence among positive
	83.33 %
	100 %



The present findings were like those of Singh et al. (2012) who reported prevalence of theileriosis as 22.9 %, Kumar et al. (2015) as 9.35 %, and Khan et al. (2017) as14.32%, using blood smear examination. Similar to the current data, Naik et al. (2016) observed a prevalence of 23.33% in cattle that were clinically suspected. Kirvar et al. (1999) concluded that PCR proved significantly more sensitive and a superior method for diagnosing tropical theileriosis than microscopic examination, supportive the findings of present investigation. 
The most effective method for identifying and characterizing Theileria piroplasms is currently Giemsa staining of blood smears. This method's inability to identify the carrier state, where parasitemia is extremely low, is one of its drawbacks (Friedhoff and Bose, 1994).
PCR was the most effective diagnostic method, followed by peripheral blood smear microscopic analysis. Consequently, it was found that PCR is a more precise and targeted diagnostic technique for identifying Theileria infection in cattle, even when parasitemia is low (Ariyaratne et al., 2014). 


Fig. 6: Prevalence by blood smear examination and polymerase chain reaction

CONCLUSION:
· Theileriosis was prevalent in 24.65% of suspected cattle in the present investigation, indicating a significant economic burden to the farmers.
· Higher prevalence in unorganized farms (28.57 %) highlights the critical role of proper management practices, sanitation, and tick control measures in reducing disease burden.
· Cattle over three years old had the highest incidence (30.12%), followed by cattle between one and three years old (18.18%), while calves between 1-12 months old had the lowest prevalence (12.50%), indicating that susceptibility increases with age.
· Female cattle had a higher prevalence (27.27%) than male cattle (12.00%), according to the sex-wise distribution.
· The increased susceptibility observed in adult cattle, females, and crossbred animals (especially Holstein Friesian) suggests that host factors such as age, physiological stress, and genetic predisposition influence disease occurrence.
· The polymerase chain reaction (PCR) is a more sensitive and reliable diagnostic tool compared to conventional Giemsa-stained blood smear examination, particularly for detecting low parasitemia and carrier states.
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Sex wise prevalence of theileriosis 
Sex wise prevalence of theileriosis 	
Male 	Female 	8.3299999999999999E-2	0.91669999999999996	

Breed wise prevalence of theileriosis 
Breed wise prevalence of theileriosis 	
HF	JERSEY	INDIGENOUS 	0.80549999999999999	5.5500000000000001E-2	0.1333	

total animals 	
High temperature	Enlargement of lymph	Ticks on the body	Pale CMM	Respiratory distress	Nasal discharge	Diarrhea	Reduced appetite	36	36	36	36	36	36	36	36	No. of positive animals	
High temperature	Enlargement of lymph	Ticks on the body	Pale CMM	Respiratory distress	Nasal discharge	Diarrhea	Reduced appetite	36	32	28	32	23	25	12	32	



Total number of animals screened 	
Blood smear examination	Polymerase chain reaction	146	146	Total positive animals	
Blood smear examination	Polymerase chain reaction	30	36	



Prevalence of Theileriosis on Organized farm and Unorganized farm
Total No. of cattle screened for theileriosis   	
Organized farm 	Unorganized farm	83	63	Number of cattle positive for theileriosis	
Organized farm 	Unorganized farm	18	18	



Age wise prevalence of theileriosis 
Age wise prevalence of theileriosis 	
1-12 Months	1-3 Years 	Above 3 Years    	2.7799999999999998E-2	0.27800000000000002	0.69440000000000002	




