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ABSTRACT
Hard ticks are seen as a major hindrance to cattle’s productive performance not only because of the direct damage they cause to the skin, blood suction, and hair loss, but also because of their capacity to transmit various pathogens. The aim of this study was to morphologically identify prevalent ticks in cattle in district Peshawar and to identify the vector of Theileria annulata. For this purpose, a total of 100 cattle in three different locations (Akbar Pura, Naguman, and Warsak Road) in the district of Peshawar were examined for the presence of ticks from March to June 2022, and ticks were collected. Morphological identification of ticks revealed higher prevalence of Rhipicephalus (52.9%), followed by Hyalomma (34.1%) and Haemaphysalis (12.8%). DNA was extracted from each tick genera, and PCR was performed for the detection of Theileria annulata. PCR results revealed the presence of Theileria annulata in Hyalomma ticks only, which confirmed its role as a vector of Theileria annulata in the study area. The effect of various risk factors on the tick burden was also evaluated, and month wise occurrence was significantly higher in June (41.5%), followed by May (23.7%) and April (20.9%), and lower in March (13.8%), indicating the propagation of ticks in the hot and humid season. This study suggests that ticks belonging to the genus Hyalomma may be disease vectors for Theileria annulata; however, additional research is necessary to pinpoint the precise species of Hyalomma and to examine the role of other common ticks as disease vectors. 
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[bookmark: OLE_LINK1]Introduction 
Ticks of the family Ixodidae (hard ticks) are hematophagous ectoparasites that feed on the blood of various animals, including cattle, buffaloes, small ruminants, wildlife, and companion animals. Ticks are especially significant in warmer and humid environments because, if left unchecked, they can have an impact on the animals' field productivity (Rocha et al., 2019). Ticks are the most significant disease vectors in livestock globally and rank second in significance to mosquitoes in terms of human disease transmission (Ahmad et al., 2019). Additionally, compared to other arthropod species, ticks harbor a greater variety of pathogens. The significance of ticks is because they are directly harming animals by causing blood loss, deteriorating hide and skin quality, and making them weak and also act as vectors (biological and mechanical) for the spread of various diseases (Jonsson, 2006).  Ticks' adaptation and prevalence vary depending on a number of environmental conditions in different parts of the world (Estrada-Peña, 2008). Pakistan’s climate is ideal for the growth and survival of tick species and many other parasitic animals’ diseases (Karim et al., 2017). 
Ticks are reported to transmit many bacterial, viral, and parasitic diseases of veterinary importance, including borreliosis, rickettsial diseases, Crimean Congo Hemorrhagic fever (CCHF), theileriosis, anaplasmosis, babesiosis, ehrlichiosis, and Lyme disease, etc., throughout the world, including Pakistan (Khan et al., 2019).  However, in a regional context, tropical theileriosis is the main economic disease transmitted by hard ticks in different regions of Pakistan. Tropical theileriosis, caused by Theileria annulata, is an economically important disease of cattle, causing morbidity and mortality in affected herds, and is characterized by high fever, swelling of superficial lymph nodes, anorexia, and anemia (Jabbar et al., 2015). The disease is characterized by high fever (104-106ºF), swelling of superficial lymph nodes, anorexia, anemia, etc. Theileria annulata is spread by several tick species from different genera, including Rhipicephalus, Hyalomma, Dermacentor, and Haemaphysalis, however, there is scarcity of information related to the exact tick species involved in the transmission of theileriosis, especially in the study area. Therefore, the goal of the current study was to pinpoint the precise vector that spreads Theileria annulata among cattle in the Peshawar District of Khyber Pakhtunkhwa, Pakistan. 
Materials and Methods
Study area
This study was conducted in District Peshawar, which is located at latitude 34°N and longitude 71.35°E. Temperature in Peshawar averages 22ºC annually; however, it exceeds 40ºC in summer and provides ideal conditions for the propagation of hard ticks.
Collection of ticks
During the present study, engorged ticks were collected from cattle (of different ages and sex) in different areas of District Peshawar, i.e., Akbar Pura, Naguman, and Warsak Road, from March to June 2022. Ticks were collected in McCartney bottles (Fisher Scientific) containing 70% ethanol as a preservative (Atif et al., 2012).
Morphological Identification of ticks
Tick samples were identified under a stereomicroscope with the help of morphological characteristics using genus and species-specific keys mentioned by (Walker, 2003); Taylor et al. (2015).
Detection of Theileria annulata in ticks
DNA was extracted from morphologically identified ticks as per the manufacturer’s instructions (Analytik Jena innuPREP DNA Micro kit, Germany). Briefly, ticks that had been preserved were air-dried to remove any remaining ethanol and then pulverized in a pestle and mortar and then mixed with 200 µl TLS and 20 µl Proteinase K. The mixture was vortexed (VELP Scientifica, F202A0175) for 5 sec to ensure proper mixing and incubated at 50°C for 30 min. After incubation, the mixture was centrifuged at 12,000 RPM for 1 min, and the supernatant was transferred to an Eppendorf tube. Binding solution (200 µl) was added to the lysate and mixed by vortexing for 5 sec, and the mixture was poured into a spin filter and centrifuged at 12,000 RPM for 1 min. The filtrate was discarded, and 400 µl of washing solution HS was added to the spin filter and centrifuged at 12,000 rpm for 1 min. The flow-through was discarded, and 750 µl washing solution MS was added to the spin filter and centrifuged again at 12,000 RPM for 1 min. The filtrate was discarded, and the spin filter was centrifuged at 15,000 rpm for 2:30 min to remove any traces of ethanol. Finally, 80 µl of elution buffer was added to the spin filter, incubated for 1 min at room temperature, and centrifuged at 8000 RPM for 1:30 min. The eluted DNA was stored at -20°C till further use.
PCR reaction
For detection of Theileria annulata in ticks’ samples, a total of 25 µl PCR reaction was prepared by mixing 0.5 µl each of forward (5-ATGCTGCAAATGAGGAT-3) and reverse (5-GGACTGATGAGAAGACGATGAG-3) primers (Ellah and Al-Hosary, 2011), 12.5 µl SsoFast Evagreen Supermix (2×), 5 µl DNA template, and 6.5 µl PCR water. The reaction was incubated in a thermal cycler (Bio-Rad, CFX 96, Cat# 184-5384) at initial denaturation for 3 min at 95°C, followed by 35 cycles of denaturation at 95°C for 30 sec, annealing at 57°C for 3 sec, extension at 72°C for 30 sec, and a final extension at 72°C for 5 min. 
Gel electrophoresis
Gel electrophoresis was performed for the confirmation of target gene amplification. An agarose gel (Bioworld, Cat# 40100104-3) (1.5%) was prepared by mixing 0.75 gm agarose powder in 50 ml 1×TBE (Thermo Scientific, B52) and boiled for 2 min. Ethidium bromide (3 µl) was added to the mixture when the temperature was lowered to 40-50°C, and the mixture was poured into a gel casting tray, and a comb was placed for well formation.
Statistical Analysis
A box and whisker plot was used to show the tick burden on cattle in the study area. Moreover, the Mann-Whitney U test was used for estimation of animal age and sex effects on tick burden, whereas the generalized linear model (GLM) was used for determining the effect of months on tick burden in cattle using SPSS (v.21).

Results
Ticks were identified morphologically with the help of a stereomicroscope as Rhipicephalus (52.9%), Hyalomma (34.1%) and Haemaphysalis (12.8%). (Fig. 1, Fig. 2).

[bookmark: _Hlk207805434]Fig. 1: Graphical representation of morphologically identified ticks at genus level in the study area
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	1. [bookmark: _Hlk207805479]Hyalomma female (dorsal view)
	1. Hyalomma female (ventral view)
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	1. Hyalomma male (dorsal view)
	1. Hyalomma male (ventral view)


[bookmark: _Hlk207805512]Fig. 2: Photomicrographs of Hyalomma female (A&B) and male (C&D) ticks collected from cattle
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Fig. 3: Photomicrograph of Rhipicephalus annulatus, (A&B) and Haemaphysalis (C&D) ticks collected from cattle
Molecular detection of Theileria annulata in ticks
After morphological identification of ticks, i.e., Rhipicephalus, Hyalomma, and Haemaphysalis, Theileria annulata was detected only in Hyalomma ticks, and the positive reaction was evaluated through the amplicon size of 785 bp during gel electrophoresis. (Fig. 4).
[image: ]
Fig. 4: Gel picture showing 100 bp DNA ladder (M) and Theileria annulata positive samples having amplicon size 785 bp (1, 2, 3, 4), NTC (-C), and Positive control (+C)
Risk factors for tick infestation
[bookmark: _Hlk207805618]In this study, the effect of age, sex, and season on the tick burden in cattle was studied. Tick burden was significantly higher in June, followed by May and April, and lower in March. According to age, animals were grouped in two categories, i.e., below 2 years and above 2 years. The effect of age on tick burden was non-significant (P>0.05). The effect of the sex of the animal on the tick burden was also non-significant (P>0.05) in this study. (Table 1). The interquartile range (IQR) in the age group was 15-64 in the age group below 2 years and 22-40 in the age group above 2 years, and 20-42.5 in female and 32.5-42.5 in male animals. Similarly, the IQR was 12-22, 21-33, 18.75-36.25, and 35-67 in March, April, May, and June, respectively (Fig. 5).





[bookmark: _Hlk207805668]Table 1: Tick burden in cattle of district Peshawar with respect to months, age, and sex
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*Significance at p<0.05
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Fig. 5: Box and Whisker plot showing tick burden with respect to different risk factors, i.e., age, sex, area, and months
Discussion
Ticks and tick-borne diseases, such as theileriosis, anaplasmosis, and babesiosis, are a significant constraint for livestock productivity in the study area, as evidenced by the increased tick burden in cattle in the Peshawar District. Three genera of hard ticks, i.e., Rhipicephalus, Hyalomma, and Haemaphysalis, were identified morphologically in the study area. The prevalence of Rhipicephalus was higher in the current study, followed by Hyalomma and Haemaphysalis. Rhipicephalus as a prevalent genus is reported by various researchers throughout the country (Farooqi et al., 2017; Khan et al., 2019; Shoaib et al., 2021; Hussain et al., 2024). Although Hyalomma was the second most common tick in the current study, Farooqi et al. (2017) reported Haemaphysalis as the second most common tick genus. This discrepancy may be explained by the fact that Farooqi et al. (2017) collected ticks from various ecological zones in Khyber Pakhtunkhwa, while in the current study the ticks collected were from a limited number of animals in the District of Peshawar. 
Hyalomma ticks were found to harbor Theileria annulata, establishing the connection as a vector of tropical theileriosis within the study area. Different species of Hyalomma, i.e., Hyalomma scupense, Hyalomma anatolicum, Hyalomma excavatum, etc., are reported as a potential vector for the transmission of Theileria annulata in cattle throughout the world, and also in different areas of Pakistan (Aktas et al., 2004; Zeb et al., 2019; Aouali et al., 2024; Hussain et al., 2024). Rhipicephalus and Haemaphysalis are also reported to be involved in the transmission of Theileria parva and Theileria orientalis, respectively, in different parts of the world (Ghafar et al., 2020), and Rhipicephalus also acts as a vector for anaplasmosis and babesiosis in cattle. 
Different risk factors (animal age, sex, season, etc.) positively or negatively impact the tick burden, and environmental temperature is one of the main factors that determine the tick distribution. The effect of different risk factors like season (months), age, and sex on the tick burden was studied in the current study. Although age is thought to be a significant risk factor for tick infestation, the current study found no significant effect of age, which is consistent with the findings of Shoaib et al. (2021). However, other studies (Kabir et al., 2011; Singh and Rath, 2013) have reported that tick infestation was higher in young animals than in adults. This difference may have resulted from the current study's limited sample size. Tick infestation was higher in females as compared to males in the current study and is in agreement with the findings of Kabir et al. (2011) and Khan et al. (2019); however, other studies have reported higher tick infestation in males as compared to females. The possible explanation for this contradiction might be difference in proportion of male and female animals in the current study. Male animals are generally kept for breeding, and draught purpose, and that’s why receives extra attention from the owners, but in female animals resistance to ticks declines owing to pregnancy and lactation stress and exposes the animal to numerous diseases, including tick infestations (Khan et al., 2019). Ticks need hot and humid environment for their survival and propagation, and their activity increases with the increase in temperature. Tick infestation was recorded higher in June, followed by May, April, and March. Similar findings were reported by many researchers around the world (Kabir et al., 2011; Shoaib et al., 2021).
Conclusion and recommendations
It can be concluded from the findings of the current study that Rhipicephalus is the prevalent tick genus, followed by Hyalomma and Haemaphysalis, and Hyalomma is involved in the transmission of Theileria annulata.
Further investigation is needed for the identification of species of Hyalomma that act as a vector for Theileria annulata and the role of other tick species in the transmission of other tick-borne pathogens.
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Variables  Categories  Infestation (%)  Tick burden  P - value  

High  Low  

Months  March  13.8  25  10  0.01*  

April  20.9  40  13  

May  23.7  50  10  

June  41.5  80  25  

          Age  Below 2 years  47.3  71  10  0.23  

Above 2 years  52.6  80  10  

         Sex  Male  45.5  50  25  0.51  

Female  54.5  80  10  
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