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ABSTRACT

To Ovine theileriosis, a tick-borne disease caused by Theileria species poses
significant economic and health burdens on livestock production worldwide.
This cross-sectional study investigated the prevalence and risk factors
associated with Theileria infection in sheep populations in District Kohat,
Pakistan. A total of 200 blood samples were collected from sheep across four
tehsils and examined microscopically. The overall prevalence of theileriosis
was 43.5% (95% CI: 36.4-50.6), with significant variations across tehsils
(28.9%-49.1%). Multivariate analysis revealed significant associations
between Theileria infection and age (p < 0.05), body condition score (p <
0.05), sex (p < 0.05), and season (p < 0.05). Younger sheep (<1 year), males,
and those with poor body condition scores were identified as high-risk
groups. Seasonal analysis showed a higher prevalence during summer (60%,
p <0.01). The high prevalence of theileriosis in District Kohat highlights the
need for targeted interventions and preventive measures to mitigate its
impact on sheep production. Improved animal husbandry practices, tick
control strategies, and vaccination programs could reduce the disease burden.
The study's findings contributed to the ovine theileriosis epidemiology in
Pakistan and informed evidence-based control measures.

INTRODUCTION

Ovine theileriosis is a tick-borne disease caused by
Theileria species, an apicomplexan protozoan parasite
prevalent across northern Africa, southeastern Europe,
central and western Asia, and India (Uilenberg, 1981).
The primary etiological agent of ovine theileriosis is
Theileria hirci (also known as T. lestoquardi),
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transmitted by ticks of the genus Hyalomma. The
incubation period in infected animals ranges from 9 to
25 days, and the severity of the disease depends on
factors such as the animal's susceptibility, the virulence
of the parasite, and the number of sporozoites
transmitted (Preston et al., 1992). Consequently, the
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infection may manifest as peracute, acute, subacute, or
chronic forms, depending on the host-parasite
interaction. Among the Theileria species affecting sheep
and goats, T. lestoquardi is recognized as the major
pathogenic species causing malignant ovine theileriosis
(Luoand Yin, 1997; Mehlhorn et al., 1994). Conversely,
T. separata and T. ovis typically cause less severe or
non-pathogenic forms of the disease in goats and sheep
(Hassan et al., 2015). Transmission of T. lestoquardi is
mainly facilitated by Hyalomma anatolicum (Taha and
El Hussein, 2010). The clinical signs of T. lestoquardi
infections include high fever, lymph node enlargement,
emaciation, anorexia, intermittent diarrhea or
constipation, and weight loss (Tageldin et al., 2005). In
Sudan, significant losses among sheep due to malignant
ovine theileriosis were documented by El Ghali and El
Hussein (1995) and Ahmed (1999).

Theileriosis represents a major constraint on
livestock production in many countries, leading to
severe morbidity and mortality, reduced meat and milk
output, and substantial economic losses worldwide (Ica
et al., 2007; Kumar et al., 2015). Economic losses
attributed to theileriosis are estimated to range from 5%
to 25% of total farm losses globally (D’Haese et al.,
1999; Rashid et al., 2018).

The situation is exacerbated in impoverished rural
communities with limited access to acaricides and
veterinary care, resulting in high mortality rates among
untreated animals (Gul et al., 2015; Khan et al., 2017).
In Pakistan, favorable climatic conditions for the
parasite and a predominantly rural population with
limited veterinary services contribute to the severity of
the problem (Gul et al., 2015; Jabbar et al., 2015;
Rehman et al., 2017).

Studies from Pakistan report varying prevalence
rates of theileriosis in goats (0.90% to 23.8%) and sheep
(4.5% to 58%). The reported species include Theileria
species (Mohsin et al., 2021), T. annulata (Jabbar et al.,
2015; Niaz et al., 2021), T. ovis (Riaz et al., 2019;
Durrani et al., 2012; Durrani et al., 2011), T. luwenshuni
(Nasreen et al., 2020a; Nasreen et al., 2020b) and T.
lestoquardi (Saeed et al., 2015; Riaz et al., 2019; Niaz
et al.,, 2021). In District Kohat, the prevalence of
theileriosis was recorded at 47.82%, with anaplasmosis
at 29.13%, mixed infections at 15.65% and babesiosis at
7.39% (Ali et al., 2022).

According to the Pakistan Economic Survey 2022-
23, the country’s cattle population is 55.5 million,
buffaloes 45 million, sheep 32.3 million, and goats 84.7
million. In District Kohat, the sheep population
comprises Balkhi (6481), Dhamani (5546), Hashtnagri
(6241), and others (28591) (Livestock Population
Census Report, 2021).

District Kohat, located in Khyber Pakhtunkhwa
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(KPK), Pakistan, is predominantly rural with a focus on
agriculture and livestock production. Despite various
studies on parasite prevalence in the district, the specific
status of theileriosis in its livestock remains unexplored.
This study aims to determine the prevalence and
associated risk factors of theileriosis in the livestock of
District Kohat.

This study aimed to determine the prevalence of
Theileria species infection in sheep and to identify and
evaluate risk factors that influenced the incidence of
theileriosis, including age, sex, body condition score and
seasonal variation, given the critical role of sheep n and
the significant impact of theileriosis on their health.

MATERIALS AND METHODS
Study Location

This study was conducted at the Veterinary Diseases &
Research  Investigation Center, Kohat, Khyber
Pakhtunkhwa.

Sample Collection

A total of 200 blood samples were collected from sheep
across various tehsils in District Kohat. Blood was
drawn from the jugular vein using standard venipuncture
techniques by the laboratory technical staff.

Sample Processing

Blood samples were transported to VR&DIC, Kohat, in
properly packed iceboxes to maintain sample integrity.
Upon arrival, EDTA tubes containing anticoagulated
blood were used to prepare thin blood smears. These
smears were stained with 10% Giemsa stain following
standard protocols. After staining, the slides were
washed under slow running tap water, air-dried, and
examined under a microscope. An oil immersion lens
with x100 magnification was employed for the detection
of hemoprotozoa (Soulsby, 1982). The parasites were
identified based on their characteristic shapes and
morphology (Taylor et al., 2016; Soulsby, 1982).

Data Collection

In addition to parasitological examination, data on
individual animals were recorded, including:

Age: Estimated using the method described by De-
Lahunta and Habel (1986) and classified into three
categories:

Over 3 years (old)

1 to 3 years (middle-aged)

Under 1 year (young)

Sex: Male or female

Body Condition Score (BCS): Evaluated and classified
as poor, moderate, or good

Season: Summer, autumn, winter, or spring
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Sample Size Calculation

The sample size was determined using the following
formula for simple random sampling:

z°pq
n= 62
Where:

n: represents sample size.
z: represents standard normal distribution, which
approximately is 1.96 for 95% confidence level.
P is the expected infected proportion of the population,
which in our case is 40%.
q=1-p=0.60.
e2: is the margin of error which in our case is 0.05
Now, putting all the values in the above expression, we
have:
(1.96)2(0.40)(0.60)
- (0.068)2
3.842 x 0.24

0.004624

n=

3.842 % 0.24
0.004624

n=199.4117
Therefore, the calculated sample size (n) was 200.

Statistical Analysis

Data were analyzed using Chi-Square test to assess the
risk factors associated with Theileria infection.
Statistical significance was set at p<0.05.

RESULTS

An overview of the distribution of sheep samples across
different tehsils, categorized by age, sex and body
condition score showed that the total number of samples
collected varied by tehsil, with Kohat having the highest
number of samples (55) and Dara Adam Khel the lowest
(45). Age distribution indicates that the majority of
samples in all tehsils were from sheep older than 3 years.
Sex distribution revealed predominance of female sheep
across all tehsils, with Kohat having the highest number
of males. The BCS distribution showed that the majority
of sheep were classified as having a poor body
condition, particularly in Kohat and Dara Adam Khel,
suggesting a potential area of concern for animal health
management (Table 1).

The seasonal distribution of sheep samples across
the four tehsils indicated that the highest number of
samples was collected during the summer season, with
Lachi and Kohat having the highest sample counts in
this season. Conversely, the lowest number of samples
was collected during the winter and spring seasons,
particularly in Dara Adam Khel and Gumbat. This
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seasonal variation in sample collection may reflected the
availability of sheep for sampling or environmental
factors influencing the prevalence of Theileriosis (Table
2).

Prevalence of Theileriosis in sheep by tehsil,
including the total number of samples, positive cases,
negative cases and the calculated prevalence percentage
were recorded in which the highest prevalence was
observed in Kohat (49.1%), followed by Gumbat
(45.0%), Lachi (38.3%) and Dara Adam Khel (28.9%)
(Table 3).

We recorded various risk factors associated with
theileriosis, including age, sex, body condition score and
season. The prevalence of theileriosis was highest in
sheep under 1 year of age (66.7%) compared to those
aged 1-3 years (63.6%) and those older than 3 years
(40.0%). Statistical analysis showed that age and BCS
categories significantly affected the prevalence, with
Chi-Square values indicating significance for poor BCS
and summer season (p-values < 0.05). The Chi-Square
test highlighted significant associations between
Theileriosis and sex (p<0.05), with higher prevalence in
males and body condition score, with poor BCS showing
higher prevalence (p<0.05). Seasonal variations also
showed significant differences, with summer exhibiting
the highest prevalence (p<0.05). This comprehensive
risk factor analysis provided critical insights into factors
influencing the prevalence of theileriosis in sheep (Table
4).

Table 1
Distribution of Sheep Samples by Tehsil, Age, Sex, and
Body Condition Score

- = & &
= i < @
— 2 ) ) )
@ wn &) &, @*
2. 2 3 = =1
B =l g e 2
? S S g
<lyear 1-3years >3years Male
Kohat 15 17 23 21
Gumbat 9 12 19 15
Lachi 13 22 25 22
Dara Adam
Khel 13 15 17 11
Table 2
Seasonal Distribution of Samples
Tehsil Summer Autumn  Winter Spring
Kohat 30 5 5 15
Gumbat 23 4 3 10
Lachi 32 6 5 17
Dara Adam
Khel 21 3 2 19
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Table 3
Prevalence of Theileriosis by Tehsil

= e]
z 55 82 € 35 5% 3
@ Ty 2 = £5F = =
= B~ 5 3 "
@ @

Kohat 55 27 24 491 Valuel pl
Gumbat 40 18 22 450 Value2 p2
Lachi 60 23 41 383 Value3 p3
Dara Adam
Khel 45 13 32 289 Valued p4
Table 4
Risk Factor Analysis for Theileriosis
Y] ) (@)
@ O o pm =) )
T & : g2 g5 5% 3
g 8§ 8 TTECE G

<1year 20 30 66.7
Age 1-3years 35 55 636 0.87 0.350

>3years 30 75 400

Male 50 75 66.7 -
S Female 35 85 412 lozy O
Body Poor 40 60 66.7
Condition Moderate 30 55 545 539 0.020*
Score Good 15 45 333

Summer 45 75 60.0

Autumn 20 50 400 -
Season Winter 10 40 250 9.12 0.028

Spring 10 50 20.0
DISCUSSION

This cross-sectional study provided a comprehensive
overview of the prevalence and associated risk factors of
Theileria infection in sheep across District Kohat,
Pakistan. The study revealed an overall prevalence of
43.5%, which is in line with previously reported ranges
of ovine theileriosis in similar climates and regions
(Saeed et al., 2015). The observed high prevalence
underscores the significant burden this parasitic disease
imposes on livestock health and productivity, especially
in regions where veterinary services and tick control
measures are limited (Hussain et al., 2023).

The variation in prevalence across tehsils, with
Kohat recording the highest at 49.1% and Dara Adam
Khel the lowest at 28.9%, suggests geographical or
ecological factors influencing disease distribution.
These differences could be attributed to varying levels
of tick exposure, local livestock management practices
and environmental factors, such as humidity and
vegetation, which favor tick proliferation. As noted in
previous studies, regions with higher temperatures and
humidity tend to experience increased tick activity and,
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consequently, higher rates of tick-borne diseases
(Nuttall, 2022).

Our analysis identified several significant risk
factors for Theileria infection, including age, sex, body
condition score and season. Younger sheep and those
with poor body condition scores had significantly higher
infection rates, aligning with findings from similar
studies that younger animals and those with
compromised health are more susceptible to parasitic
infections (Zvinorova et al., 2016). This could be due to
an underdeveloped immune response in younger
animals and reduced resilience in animals with poor
nutritional status. Males were also identified as a high-
risk group, which could be attributed to differences in
management practices or physiological factors that
warrant further investigation.

Seasonal trends indicated a higher prevalence
during the summer months, with 60% of infections
detected in this season. This trend correlates with the life
cycle of Hyalomma anatolicum, the primary tick vector
for Theileria, which is more active and abundant in
warm and humid conditions (Aktas et al., 2004). The
increased prevalence in summer highlights the need for
intensified tick control measures during peak
transmission periods. These findings are consistent with
studies that have reported higher incidences of tick-
borne diseases in warmer seasons, reinforcing the
importance of seasonal vector control as a preventive
strategy (Deshpande et al., 2024).

The high infection rate in sheep with poor body
condition scores is particularly concerning, as it points
to the compounding effects of nutritional stress and
parasitic infection on animal health. Poor body
condition may impair immune function, making animals
more susceptible to infection and less able to recover
once infected (Arsenopoulos et al., 2021). These
findings suggest that improving nutrition and overall
management practices may reduce the risk of infection
and improve the resilience of the flock against Theileria.

The high prevalence of Theileria infection and its
association with specific risk factors emphasize the need
for targeted interventions. Recommendations include
implementing comprehensive tick control strategies,
particularly during the summer months, and improving
animal husbandry practices to enhance nutrition and
reduce stress among susceptible groups. Integrating
community-based tick control programs, such as regular
acaricide applications and pasture management, could
significantly reduce infection rates and mitigate
economic losses. Vaccination programs, although not
yet widely implemented for ovine theileriosis in
Pakistan, could also be explored as a long-term
preventive measure, particularly in high-prevalence
areas.
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CONCLUSION

The study revealed notable regional and risk factor-
based variations in the prevalence of theileriosis among
sheep in District Kohat. Kohat exhibited the highest
prevalence of the disease, with significant seasonal
influences, particularly during summer. Younger sheep,

REFERENCES

Ahmed, B. M. (1999). Studies on epizootiology of
Theileria lestoquardi (nomen novem) in River
Nile State, Sudan (M.Sc. Dissertation). Animal
Production, 59, 155-172.

Aktas, M., Dumanli, N., & Angin, M. (2004). Cattle
infestation by Hyalomma ticks and prevalence
of Theileria in Hyalomma species in the east of
Turkey. Veterinary Parasitology, 119(1), 1-8.
https://doi.org/10.1016/j.vetpar.2003.10.013

Ali, M., Abdul Majid, H., Ullah, F., Waseem, T., &
Rashid Khan, M. (2022). Epidemiology of
Haemoprotozoal Infection of Small Ruminants
in Surrounding Region of Arid Zone Research
Institute of District Kohat, Pakistan. The
Journal of Advances in Parasitology, 9(1).
https://doi.org/10.17582/journal.jap/2022/9.1.
29.36

Arsenopoulos, K. V., Fthenakis, G. C., Katsarou, E. 1.,
& Papadopoulos, E. (2021). Haemonchosis: A
Challenging Parasitic Infection of Sheep and
Goats. Animals: An Open Access Journal from
MDPI, 11(2).
https://doi.org/10.3390/ani11020363

D’haese, L., Penne, K., & Elyn, R. (1999). Economics
of theileriosis control in Zambia. Tropical
Medicine and International Health, 4(9), A49-
A57. https://doi.org/10.1046/].1365-
3156.1999.00451.x

De-Lahunta, A., & Habel, R. E. (1986). Applied
veterinary anatomy. W.B. Saunders Company.

Deshpande, G., Beetch, J. E., Heller, J. G., Nagvi, O. H.,
& Kuhn, K. G. (2024). Assessing the Influence
of Climate Change and Environmental Factors
on the Top Tick-Borne Diseases in the United

States: A Systematic
Review. Microorganisms, 12(1), 50.
https://doi.org/10.3390/microorganisms12010
050

Durrani, A. Z., Younus, M., Kamal, N., Mehmood, N.,
& Shakoori, A. R. (2011). Prevalence of ovine
Theileria species in district Lahore, Pakistan.
Pakistan Journal of Zoology, 43, 57-60.
https://www.zsp.com.pk/57-
60%20(10)%20PJZ-99-09.pdf

those with poor body condition scores and males were
identified as higher risk groups. These results
underscored the necessity for targeted management
strategies and preventive measures, including improving
body condition and addressing seasonal risks, to
effectively mitigate the impact of theileriosis in the
region.

Durrani, S., Khan, Z., Khattak, R. M., Andleeb, M.,
Ali, M., Hameed, H., Tagddas, A., Faryal, M.,
Kiran, S., Anwar, H., Riaz, M., Sajid, M.,
Sheikh, R. S., Ali, M., & Igbal, F. (2012). A
comparison of the presence of Theileria ovis by
PCR amplification of their SSU rRNA gene in
small ruminants from two provinces of
Pakistan. Asian Pacific Journal of Tropical
Disease, 2(1), 43-
47. https://doi.org/10.1016/s2222-
1808(12)60010-3

El Ghali, A., & El Hussein, A. M. (1995). Diseases of
livestock in EdDamer Province, River Nile
State, Sudan: a two-years retrospective
study. Sud J Vet Sci Anim Husb, 34, 37-45.

Gul, N., Ayaz, S., Gul, 1., Adnan, M., Shams, S., &
Noor-ul-Akbar. (2015). Tropical Theileriosis
and East Coast Fever in Cattle: Present, Past
and Future Perspective. International Journal
of Current Microbiology and Applied
Sciences, 4(8), 1000-1018.

Hassan, M. A., Raoofi, A., Lotfollahzadeh, S., &
Javanbakht, J. (2015). Clinical and cytological
characteristics and prognostic implications on
Holstein Friesian dairy farm in Pakistan.
Journal of Parasitology, 104, 310-313.

Hussain, N., Shabbir, R. M. K., Ahmed, H., Afzal, M.
S., Ullah, S., Ali, A., Irum, S, Nagvi, S. K.-H.,
Yin, J.,, & Cao, J. (2023). Prevalence of
different tick species on livestock and
associated equines and canine from different
agro-ecological zones of Pakistan. Frontiers in
Veterinary Science, 9.
https://doi.org/10.3389/fvets.2022.1089999

Ica, A., Vatansever, Z., Yildirim, A., Duzlu, O., & Inci,
A. (2007). Detection of Theileria and Babesia
species in ticks collected from
cattle. Veterinary Parasitology, 148(2), 156-
160.
https://doi.org/10.1016/j.vetpar.2007.06.003

Jabbar, A., Abbas, T., Sandhu, Z.-D., Saddiqi, H. A,
Qamar, M. F., & Gasser, R. B. (2015). Tick-
borne diseases of bovines in Pakistan: major

scope for future research and improved

) Page | 194
Copyright © 2024. IJBR Published by Indus Publishers

Ll VR 2 lssue 2 202 ™ This work is licensed under a Creative Common Attribution 4.0 International License.



https://doi.org/10.1016/j.vetpar.2003.10.013
https://doi.org/10.17582/journal.jap/2022/9.1.29.36
https://doi.org/10.17582/journal.jap/2022/9.1.29.36
https://doi.org/10.3390/ani11020363
https://doi.org/10.1046/j.1365-3156.1999.00451.x
https://doi.org/10.1046/j.1365-3156.1999.00451.x
https://doi.org/10.3390/microorganisms12010050
https://doi.org/10.3390/microorganisms12010050
https://www.zsp.com.pk/57-60%20(10)%20PJZ-99-09.pdf
https://www.zsp.com.pk/57-60%20(10)%20PJZ-99-09.pdf
https://doi.org/10.1016/s2222-1808(12)60010-3
https://doi.org/10.1016/s2222-1808(12)60010-3
https://doi.org/10.3389/fvets.2022.1089999
https://doi.org/10.1016/j.vetpar.2007.06.003

Infection Rate of Theileriosis in Sheep Population in District Kohat

Majid et al.,

control. Parasites & Vectors, 8(1).
https://doi.org/10.1186/513071-015-0894-2

Khan, M. A., Khan, M. A., Ahmad, I., Khan, M. S,,
Anjum, A. A., Durrani, A. Z., Hameed, K,
Kakar, I. U., Wajid, A., & Ramazan, M. (2017).
Risk factors assessment and molecular
characterization of Theileria in small ruminants
of Balochistan. Journal of Animal and Plant
Sciences, 27, 1190-1196.

Kumar, V., Kaur, P.,, Wadhawan, V. M., Pal, H.,,
Sharma, H., & Kumar, P. (2015). Theileriosis
in cattle: Prevalence and seasonal incidence in
Jalandhar district of Punjab (India). Int. J.
Recent Sci. Res, 6(3), 2998-2999.

Luo, J., & Yin, H. (1997). Theileriosis of sheep and
goats in China. Tropical Animal Health and
Production, 29(S4), 8S10S.
https://doi.org/10.1007/bf02632907

Mehlhorn, H., Schein, E., & Ahmed, J. S. (1994).
Theileria. In J. P. Kreier (Ed.), Parasitic
protozoa (Vol. 7, pp. 1000-1018). Academic
Press.

Mohsin, M., Hameed, K., Kamal, M., Ali, A., Rafig, N.,
Usman, T., Khan, W., Abbasi, A. A., Khan, R.
U, & Gulalai Jamal Yousafzai. (2021).
Prevalence and risk factors assessment of
theileriosis in livestock of Malakand Division,
Pakistan. Journal of the Saudi Society of
Agricultural Sciences, 21(4), 242-247.
https://doi.org/10.1016/j.jssas.2021.09.002

Nasreen, Khan, A., Niaz, S., Hassan shah, M., Khan, A.,
Ahmed, H., Khattak, 1., Zeb, J., Naeem, H.,
Hassan, M. A., Ulucesme, M. C., Ozubek, S.,
& Aktas, M. (2020). Molecular detection of
small ruminant piroplasmosis and first report
of Theileria luwenshuni  (Apicomplexa:
Theileridae) in  small  ruminants  of
Pakistan. Experimental Parasitology, 212,
107872.
https://doi.org/10.1016/j.exppara.2020.107872

Nasreen, N., Niaz, S., Khan, A., Ayaz, S., Rashid, M.,
Khattak, 1., Yu, Z., Wang, T., Al Sarraf, M., &
Ali, A. (2020). Molecular characterization of

ticks infesting livestock in  Khyber
Pakhtunkhwa Province,
Pakistan. International Journal of
Acarology, 46(3), 165-170.

https://doi.org/10.1080/01647954.2020.17340
82

Niaz, S., Rahman, Z. U., Ali, I., Cossio-Bayugar, R.,
Amaro-Estrada, 1., Alanazi, A. D., Khattak, I.
U., Zeb, J., Nasreen, N., & Khan, A. (2021).
Molecular prevalence, characterization and
associated risk factors of Anaplasma spp.
and Theileriaspp. in small ruminants in

IJBR Vol.2 Issue.2 2024

Northern Pakistan. Parasite, 28, 3-3.
https://doi.org/10.1051/parasite/2020075

Nuttall, P. A. (2021). Climate change impacts on ticks
and tick-borne infections. Biologia, 77.
https://doi.org/10.1007/s11756-021-00927-2

Preston, P. M., Brown, C. G. D., Bell-Sakyi, L.,
Richardson, W., & Sanderson, A. (1992).
Tropical theileriosis in Bos taurus and Bos
taurus cross Bos indicus calves: response to
infection with graded doses of sporozoites of
Theileria annulata. Research in Veterinary
Science, 53(2), 230-243.
https://doi.org/10.1016/0034-5288(92)90115-i

Rashid, M., Akbar, H., Rashid, I., Saeed, K., Ahmad, L.,
Ahmad, A. S., Shehzad, W., Islam, S., &
Farooqi, S. (2018). Economic Significance of
Tropical Theileriosis on a Holstein Friesian
Dairy Farm in  Pakistan. Journal  of
Parasitology, 104(3), 310.
https://doi.org/10.1645/16-179

Rehman, A., Jingdong, L., Chandio, A. A., & Hussain,
I. (2017). Livestock production and population
census in Pakistan: Determining their
relationship with agricultural GDP using
econometric analysis. Information Processing
in Agriculture, 4(2), 168-177.
https://doi.org/10.1016/j.inpa.2017.03.002

Riaz, M., Nazir, M. M., Tasawar, Z., Ahmed, A. N.,
Ayaz, M. M., Akram, Q., & Lindsay, D. S.
(2019).  Molecular  Epidemiology  and
Prevalence of Theileria lestoquardi and
Theileria ovis Infection in Goats Infested With
Tick Vectors From Multan, Pakistan. Journal
of Medical Entomology, 56(3), 844-848.
https://doi.org/10.1093/jme/tjy229

Saeed, S. R., Mohammad, Fatima, M., Shaikh, R. S.,
Khattak, R. M., Ali, & Igbal, F. (2015). PCR
based detection of Theileria lestoquardi in
apparently healthy sheep and goats from two

districts in  Khyber Pukhtoon Khwa
(Pakistan). Tropical Biomedicine, 32(2), 225—
232.

Soulshy, E. J. L. (1982). Helminths, arthropods and
protozoa of domesticated animals (7th ed.).
Bailliere Tindall.

Tageldin, M. H., Fadiya, A. A.-K., Sabra, A. A.-Y., &
Ismaily, S. I. A.-1. (2005). Theileriosis in sheep
and goats in the Sultanate of Oman. Tropical
Animal Health and Production, 37(6), 491-
493. https://doi.org/10.1007/s11250-005-
2475-4

Taha, K. M., & ElHussein, A. M. (2010). Experimental
transmission of Theileria lestoquardi by
developmental ~ stages of  Hyalomma
anatolicum ticks. Parasitology

Page | 195

Copyright © 2024. IJBR Published by Indus Publishers
™ This work is licensed under a Creative Common Attribution 4.0 International License.


https://doi.org/10.1186/s13071-015-0894-2
https://doi.org/10.1007/bf02632907
https://doi.org/10.1016/j.jssas.2021.09.002
https://doi.org/10.1016/j.exppara.2020.107872
https://doi.org/10.1080/01647954.2020.1734082
https://doi.org/10.1080/01647954.2020.1734082
https://doi.org/10.1051/parasite/2020075
https://doi.org/10.1007/s11756-021-00927-2
https://doi.org/10.1016/0034-5288(92)90115-i
https://doi.org/10.1645/16-179
https://doi.org/10.1016/j.inpa.2017.03.002
https://doi.org/10.1093/jme/tjy229
https://doi.org/10.1007/s11250-005-2475-4
https://doi.org/10.1007/s11250-005-2475-4

Infection Rate of Theileriosis in Sheep Population in District Kohat

Majid et al.,

Research, 107(4), 1009-1012.
https://doi.org/10.1007/s00436-010-1968-x

Thrusfield, M. (2007). Veterinary epidemiology (3rd
ed.). Blackwell Publishing.

Tukahebwa, E. M., Lubega, G. W., & Nakkazi, E.
(2000). A review of theileriosis of small
ruminants in Uganda. The Uganda Journal of
Agricultural Sciences, 2, 92-96.

Van Wyk, J. A., & Malan, F. S. (1998). Control of tick-
borne diseases by use of vaccines. In P. K.
Sangwan, & H. K. Sakhuja (Eds.), New
advances in tick-borne diseases research (pp.
215-226). Science Publishers.

Vyas, S., & Rao, M. S. (2002). The role of Theileria in
livestock health and production. Veterinary
Parasitology, 106, 1-11.

Waghela, S. D., Munir, S., & Tolefat, M. N. (2014).
Prevalence and distribution of Theileria in
goats in different ecological zones of Punjab,
Pakistan. Journal of Animal Health and
Production, 2, 10-15.

Waghela, S. D., Munir, S., & Tolefat, M. N. (2015).
Seasonal occurrence and control of Theileriosis
in goats in Punjab, Pakistan. Journal of Animal
Health and Production, 3(1), 20-25.

Wakil, S., Qamar, M. F., & Umer, A. (2021). Molecular
epidemiology and risk factors of small

IJBR Vol.2 Issue.2 2024

ruminant piroplasmosis in Pakistan. Veterinary
Parasitology, 288, 109283.

Waseem, T., Ali, M., Ullah, F., Khan, M. S., Khattak, R.
M., & Khan, Z. (2018). Prevalence of tick-
borne diseases in small ruminants of Khyber
Pakhtunkhwa, Pakistan. Journal of Animal and
Plant Sciences, 28(1), 231-236.

Zaheer, T., Ali, M., Ullah, F., Khan, M. S., & Saeed, M.
(2022). Epidemiological study of Theileria in
small ruminants from various districts of
Punjab, Pakistan. Veterinary Research
Communications, 46, 507-517.

Zahid, H., Waseem, T., & Ali, M. (2020). Detection of
Theileria species in ticks collected from
different areas of Khyber Pakhtunkhwa,
Pakistan. Journal of Applied Microbiology,
129, 1234-1243.

Zvinorova, P. I., Halimani, T. E., Muchadeyi, F. C.,
Matika, O., Riggio, V., & Dzama, K. (2016).
Prevalence and risk factors of gastrointestinal
parasitic infections in goats in low-input low-
output farming systems in Zimbabwe. Small
Ruminant Research, 143, 75-83.
https://doi.org/10.1016/j.smallrumres.2016.09.
005

Page | 196

Copyright © 2024. IJBR Published by Indus Publishers
™ This work is licensed under a Creative Common Attribution 4.0 International License.


https://doi.org/10.1007/s00436-010-1968-x
https://doi.org/10.1016/j.smallrumres.2016.09.005
https://doi.org/10.1016/j.smallrumres.2016.09.005

