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			ABSTRACT

		

		
			Ticks are the haematophagous arthropods; their prevalence in various areas of Pakistan is associated with huge economic and health losses. In this perspective 6469 tick specimens were collected from goats and sheep breeds of the Hazara Division and identified into seven species on morphometrics basis, in which four species were recorded new to this area. Out of identified seven species, four tick species Rhipicephalus microplus, Hyalomma rufipes, Rhipicephalus haemaphysaloides, Haemaphysalis bispinosa were identified from goats and three species Hyalomma marginatum, Hyalomma excavatum, Rhipicephalus microplus from sheep. Goat breed wise infestation rate was recorded in Kaghani, Kamori, Sindhi, Lehri, Barbari, Beetal and Dera Din Panah. In sheep breeds infestation rate was recorded in Gauder, Balkhi Afghani and Rambouillet. On basis of ITS2 gene and 16SrRNA phylogenetic analysis of Rhipicephalus haemaphysaloides and Rhipicephalus microplus showed similarity with already reported species in neighbor countries of study area. Number of tick specimens and infestation rate shows direct correlation with temperature but it shows fluctuation with humidity. Current study will be helpful in tick’s controlling strategies, goats and sheep breed selection and future research in this area.
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			Introduction

			Ticks are notorious haematophagous arthropods that feed on the blood of many animals, including human being (Hassan et al., 2017). Ticks act is a vector of animals and human pathogens and cause a huge health and economic problem in sub-tropical and tropical regions (De la Fuente et al., 2017). Annually loss due to ticks and ticks born diseases estimated US $ 13.9 to 18.7 billion (De la Fuente et al., 2017). Various tick’s species infest livestock and cause anemia, paralysis, dermatitis, and sweating sickness (van Nunen, 2015). 

			Ticks infestation significantly reduces milk and meatproduction (van Nunen, 2015). Ticks transmit several infectious agents affecting livestock and human beings such as tick borne encephalitis virus, Crimean-Congo hemorrhagic fever virus, Rickettsia spp., Anaplasma spp., Ehrlichia spp., Borrelia spp., Theileria spp. and Babesia spp. (Labruna et al., 2004; Gondard et al., 2017; Schorderet-Weber et al., 2017). According to recent studies ticks fauna comprised of 939 species segregated into three families Ixodidae (727 species), Nuttalliellidae (1 species) and Argasidae (211 species) worldwide. Neotropical region approximately contain one fourth of these ticks species (Labruna et al. 2016; Hornok et al., 2016; Apanaskevich and Bermúdez, 2017; Ash et al., 2017; Nava et al., 2017; Chitimia-Dobler et al., 2017). In tropical regions the most significant hard ticks which parasitize livestock belong to genera Hyalomma, Amblyomma and Rhipicephalus (Manan and Zabita-Khan, 2007). 

			Almost 10% of the ticks (both hard and soft) acts as a vector for pathogens affecting about 80% of the cattle population across the globe generally while R. microplus specifically poses economic losses of approximately 22-30 billion US$ annually to the livestock industry worldwide (Parola and Raoult, 2001; Jabbar et al., 2015; Rodríguez-Vivas et al., 2017; Mossaad et al., 2021). In Pakistan mostly the rural areas people depend on livestock as a main source of food and income because 70.0% population lives in rural areas (Rooman et al., 2021). Pakistan has the third largest goats and sheep population in Asia among all livestock rearing countries (Devendra, 2005). Which comprises about 34 breeds of goats (78.2 million) and 28 breeds of sheep (31.2 million), respectively (Khan et al., 2007).

			In Pakistan majority of the small ruminant population is present in Punjab (32.6%) followed by Baluchistan province (30.6%), Sindh (20.6%) and Khyber Pakhtunkhwa (16.1%) according. Goats and sheep are well adapted to extreme ecological climatic condition (Ghafar et al., 2020). Like other parasites ticks also depend for their life cycle and survival on host life style and availability and favorable environmental condition such humidity and temperature and vegetation coverage (Estrada-Peña, 2008; Gondard et al., 2017). Climatic change has a great impact on the diversity, shape and distribution of ticks and ticks borne pathogen transmission (Léger et al., 2013; Dantas-Torres and Wildlife, 2015). 

			The recent growing appreciation and the socioeconomic value of goats and sheep in poverty alleviation, food security attract more attention worldwide to understand ticks and TTBD in goats and sheep (Ahmed et al., 2006). Numerous studies have been conducted on ticks in different regions of Pakistan but the northern part of the Pakistan is largely unknown. Hence, we report epidemiology and tick infested small ruminants (goats and sheep) breeds in Hazara division Khyber Pakhtunkhwa, Pakistan.

			Materials and Methods

			Study area

			Hazara division was selected as a study area. Hazara is one of the seven division of Khyber Pakhtunkhwa situated between 33°44’ to 35°35’ north latitude and between 72°-33’ to 74°-05’ east longitude. Hazara division consist of eight districts including, Battagram, Abbottabad, Mansehra, Haripur, Upper Kohistan, Lower Kohistan, Kolai Palas and Torghar with a total area of 18,013 km². Hazara is bounded on the North and East by the Northern Areas and Azad Kashmir. To the South are the Islamabad Capital Territory and the province of Punjab, while to the West lies the rest of Khyber Pakhtunkhwa. The river Indus runs through the division in a North-South line, forming much of the western border of the division.

			Ticks sample collection

			Ticks were collected very carefully from different animal’s body parts like head, neck, ears, tail, udder, belly, legs by using sticky tape method and with the help of comb and forceps. The collected ticks were washed and preserved in 70% ethanol in tagged bottles for identification. 

			Morphological identification of ticks

			The collected tick samples were identified morphologically under optika microscope by using special taxonomic keys (Walker, 2003). A total of 3786 ticks specimens collected from 420 goats of Hazara division. Four tick species were identified from goats Rhipicephalus microplus, Rhipicephalus haemaphysaloides, Haemaphysalis bispinosa and Hyalomma rufipes. A total 2683 ticks specimen was collected from 420 sheep. Three ticks species identified from sheep Rhipicephalus microplus, Hyalomma excavatum, Hyalomma marginatum (Supplementary Figs. 1 and 2).

			Goat and sheep breeds identification

			Goat breeds were identified on the basis of phenotypic morphological character in Jaba Research Center Mansehra and also in DVM College Abdul Wali Khan University Mardan. Seven goat breeds were confirmed include Lehri Goat, Barbari Goat, Kamori goat, Beetal goat, Kaghani goat, Sindhi goat, Dera Din Panah goat. Four sheep breeds were identified from Hazara Division Gauder, Balkhi, Afghani and Rambouillet breed. 

			DNA extraction from ticks

			A total of 240 morphologically identified ticks R.microplus and R. haemaphysaloides were selected for genomic DNA extraction. Tick samples were pooled separately into two groups. Ticks were cleaned with phosphate buffer saline (PBS) and distilled water, dried and cut into small pieces with sterile scissors and forceps and homogenized in Eppendorf tubes with sterile pestle. Genomic DNA was extracted through phenol chloroform method according to standard DNA extraction protocol (Fan and Gulley, 2001). The isolated DNA was electrophoresed on 0.8% agarose gel to check its integrity. 

			PCR amplification of 16SrRNA and ITS2 genes

			Good quality DNA was subjected to PCR amplification using primers 16SrRNA-F1(‘5-AATTGCTGTAGTATTTTGAC-3’) and 16SrRNA-R1 (‘5-TCTGAACTCAGATCAAGTAG-3’) (Brahma et al. 2014) and ITS2-F1 (‘5-CGGATCACATATCAAGAGAG-3’) and ITS2-R1 (‘5-CCCAACTGGAGTGGCCCAGTTT-3’) (Csordas et al., 2016). A total of 25µl reaction was prepared containing 3µl deionized water, 2 µl primer sets; 5µl template DNA and 15µl master mix. PCR amplification was performed after separate optimization of thermo-cycling condition for ITS2 and 16SrRNA genes where initial denaturation was carried out at 95ºC for 5 min, 30 cycles of denaturation for 30s at 95ºC, annealing at 55ºC for 16SrRNA and 57ºC for ITS2 for 30s, an extension 72ºC for 60s and final extension for 10 min at 72ºC. For amplification validation a negative control (distilled water) sample run in each reaction. After that the amplified DNA was confirmed in 3% ethidium bromide-stained agarose gel with DL2, 000 DNA markers (Cat#3427A). The results were confirmed and visualized using the Gel Doc Imaging system.

			DNA purification and sequencing

			PCR amplified product was purified using the Gene clean kit (Qbiogene, Inc.) following standard manufacturer’s protocol. The final sequence data were analyzed and compared by BioEdit V. 7.0.5 and NCBI BLAST. The most closely related species sequences data of R. microplus and R. haemaphysaloides available in Gene bank were downloaded and saved for analysis to construct phylogenetic tree.

			 Results

			The most prevalent tick species in goats was R. microplus 32.09% recorded which is followed by H. rufipes 31.64%, R. haemaphysaloides 19.7% and H. bispinosa 16.56 %, respectually. Breed wise the high infestation rate recorded in Kaghani goats 28% followed by Kamori goats 20%, 18% Sindhi goats, 14% Lehri goats, 8% Barbari goats, 7% beetal goat and 5% Dera Din Panah respectually. Gender wise the high infestation was observed in nannies (female goat) 75.25 %, bucks (male goat) 15.37 % and least recorded in kids 9.37%. In sheep the most prevalent tick H. marginatum (38.02%) was recorded followed by H. excavatum (32.65%) and R. microplus (29.32%). Sheep breeds wise tick high infestation was recorded in Gauder (30.83%) followed by Balkhi (27.63%), Afghani (25.68%) and Rambouillet (15.86%) (Fig. 1). Gender wise ewes (female sheep) 53.43% rams (male sheep) 35.17% and lamb 11.39% percent infested.

			Epidemiological study

			One year epidemiological data was collected from December to November monthly in eight districts. The effect of temperature and humidity on tick infestation observed (Temperature and humidity data was validated through Regional Meteorological Center (RMC) Peshawar. Tick number and tick infestation rate in both goats and sheep shows direct correlation with temperature in all districts as temperature increases the ticks number also increased. While humidity effects fluctuated. Ticks infestation capability also increased with temperature (Figs. 2, 3).
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			Fig. 1. Goats and sheep breeds wise ticks infestation.
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			Fig. 2. Ticks number on goats (A) and sheep (B) in correlation with temperature and humidity.

			Phylogenetic analysis

			The high-quality trimmed sequence data was aligned by MUSCLE in MEGA X software. Bootstrapping at 1000 replications (Felsenstein, 1985; Tamura et al., 2004). Pair wise genetic distance between both the species based on ITS2 was computed using MEGA X software. Results revealed that the lowest pairwise genetic distance observed was 0.00609 and the highest was 0.52741. The average pairwise genetic distance was recorded 0.47407 and the overall mean distance was observed equals to 0.70. Diversity in entire population was found (0.47) while inter-population diversity was to be equals to (0.10) and the coefficient of differentiation recorded was 0.14 (Table I). Similarly, the highest intra-population pairwise distance recorded in R. haemaphysaloides was 0.49157 and the lowest being 0.00281. The average intra-population pairwise distance was found 0.36311 and the overall mean distance observed was 0.36. Mean diversity recorded in entire population was 0.49 and coefficient of differentiation was found -0.17 (Table III). The highest pairwise intra-population genetic distance based on 16SrRNA marker recoded in R. microplus was 0.54795. The average pair wise distance observed was equal to 0.394324 and the overall mean distance was 0.39. Mean diversity in entire R. microplus population was 0.53 and the coefficient of differentiation recorded was 0.06 % (Table II).
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			Fig. 3. Infestation of ticks on goats and sheep in correlation with temperature and humidity.

			Table I. Pairwise distance of 5 R. microplus and 3 R. haemaphysaloides based on ITS2.
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			Table II. Pairwise distance of Rhipicephalus microplus of Hazara KP, Pakistan based on 16SrDNA.
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			Table III. Pairwise distance of Rhipicephalus haemaphysaloides of Hazara KP, Pakistan based on 16SrRNA.
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			Phylogenetic analysis of R. microplus and R. haemaphysaloides based on ITS2 marker

			The Neighbor-Joining tree was constructed which is contained twenty-five sequences. In these sequences five of the current study and twenty sequences from NCBI Genbank were included, which was clustered in 2 clades (Clade I and II). Four sequences of the current study clustered in Clade I. R. microplus sequence (01 and 03) grouped separately in clade I, while sequence 05 showed 24% similarities with China R. microplus and 4% with India R. microplus. Furthermore R. mcroplus sequence 04 grouped the R. microplus of the Guinea and Colombia with 15% homology. In our study R. microplus 02, showed 43% similarity with Pakistani and Bangladesh R. microplus, which is already reported previously (Fig. 4). The phylogenetic Neighbor-Joining tree was separately constructed for R. haemaphysaloides contained thirteen sequences retrieved from Genbank and three sequences of the current study. Our all sequences grouped in clade I. R.haemaphysaloide 01 grouped with China R. microplus with 56% similarity and two grouped with China R. haemaphysaloide with 51% homology (Fig. 5).
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			Fig. 4. The Neighbor-Joining phylogenetic tree of current study R. microplus based on ITS2 with worldwide all Rhipicephalus species sequences retrieved from Genbank. Phylogenetic tree constructed with 1000 bootstrap replicates. The evolutionary distance was computed using the Maximum Likelihood method.

			Phylogenetic analysis of the R. microplus and R. haemaphysaloides based on 16SrRNA marker

			Neighbor-Joining phylogenetic tree was constructed for R. microplus which consist on twenty three sequences which is grouped in two clade I and II. Current study eight sequences grouped in Clade II with already reported Pakistani and Indian R. microplus with 48% of similarity and 95% with R. microplus of the China (Fig. 6). Neighbor-Joining phylogenetic tree was also constructed for R. haemaphysaloide based on 16SrRNA. Tree comprises twenty-two sequences including six sequences of the current study in two clades I and II. R. haemaphysaloide sequence (03) grouped with R. haemaphysaloide of the Thailand and China with 94 percent similarity in subclade IA. While two sequences grouped with already reported Pakistani R. haemaphysaloide in subclade IIA with 96% of similarity. While the remaing three sequence clustred in subclade IIB with Indian R. haemaphysaloides with 67% of similarity (Fig. 7).
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			Fig. 5. Phylogenetic relationship of R. haemaphysaloides of Hazara division KP, Pakistan with other ticks sequence based on ITS2 sequences. Phylogenetic tree was constructed by using the Neighbor-Joining method with bootstrap consensus 1000 replicates the evolutionary distance were computed using the Maximum composite likelihood method. Bootstrap consensus values are shown below the branches. The tree was generated by using MEGA X software.

			Discussion

			Gender wise female were more infested than male in both goats and sheep the current study validate the finding of (Rehman et al., 2017). They also documented that female were more infested then male this might be because female goats remain in moist and humid conditions due to frequent milking that’s why more susceptible to ticks infestation. Secondary due to gestation periods female spent more time in one place so more accessible for tick attachment as compared to male (Rehman et al., 2017) also documented the most common hard ticks which infesting small ruminants in Punjab province of Pakistan includes; R. microplus, H. anatolicum, H. dromedarii and R. turanicus. In current study we report four tick species identified from goats R. microplus, R. haemaphysaloides, H. bispinosa and H. rufipes. Three tick’s species were identified from sheep R. microplus, H. excavatum, H. marginatum 
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			Fig. 6. Phylogenetic relationship of R. microplus of Hazara division KP, Pakistan with other ticks sequence based on 16SrRNA sequences. Phylogenetic tree was constructed by using the Neighbor-Joining method with bootstrap consensus 1000 replicates the evolutionary distance were computed using the Maximum composite likelihood method. Bootstrap consensus values are shown below the branches. The tree was generated by using MEGA X software.
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			Fig. 7. Phylogenetic relationship of R. haemaphysaloides of Hazara division KP, Pakistan with other ticks sequence based on 16SrRNA sequences. Phylogenetic tree was constructed by using the Neighbor-Joining method with bootstrap consensus 1000 replicates the evolutionary distance were computed using the Maximum composite likelihood method. Bootstrap consensus values are shown below the branches. The tree was generated by using MEGA X software.

			which is not in line with their finding because in northern area of Pakistan especially in Hazara region the tick fauna shows variation in ticks species. Increased ticks abundance has been observed with increasing temperature in the hot months of the year. Our findings are similar to Ali et al. (2019). They reported the highest tick’s number in warm period. Because as the temperature increases the tick reproductive and searching capability also increases Shahid et al. (2022) documented the infested goats breeds; Khurasani goat (15.15%) which showed higher infestation as compared to Lehri goat (11.85%) and Sindhi goats (10.00%). In our study we reported seven goats breeds, high infestation rate was recorded in Kaghani goats (28%) followed by Kamori goats (20%), Sindhi goats (18%), Lehri goats (14%), Barbari goats (8%), Beetal goat (7%) and Dera Din Panah (5%), which is not validated by the finding of Shahid et al. (2022) because Kaghani goats has a long and dense hair coat which provide a protective cover to tick from harsh climatic condition. While Dera Din Panah has less dense hair coat and it might be due to strong immune system. Furthermore Shahid et al. (2022) reported the highest tick infestation in sheep breeds Bibrik sheep (13.60%), followed in order by Balochi sheep (12.50%), Afghani sheep (12.50%) and Harnai sheep (10%). In our present study sheep breeds wise tick high infestation was recorded in Gauder (30.83%) followed by Balkhi (27.63%), Afghani (25.68%) and Rambouillet (15.86%). Gender wise ewes 53.43% rams 35.17% and lamb 11.39% percent infested which is not similar with the one reported by Shahid et al. (2022) finding. In current study the highest infestation recorded in Gauder breed which might be due to the humid and poor hygienic condition.

			Molecular characterization plays a significant role in ticks identification and for phylogenetic analysis based on the molecular markers such is 16SrRNA, ITS2 and COX1 have been used in several studies for the molecular characterization and for phylogenetic analysis of hard ticks especially R. microplus (Lv et al., 2014; Burger et al., 2014; Coimbra-Dores et al., 2018; Low et al., 2015). ITS2 gene possess a highly conserved region therefore, ITS2 better explains interspecific relationship among different species instead of closely related species our finding validates the reported finding of Burger et al. (2014), and Ali et al. (2019) where the authors suggested the less discrimination capacity of ITS2 for closely related species. According to our finding based on ITS2 marker current study R. microplus form cluster and showed similarity with neighbor countries like China, India, and Bangladesh and with already reported Pakistani R. microplus this might be due to livestock trading among these countries. The current study also showed close similarity of R. haemaphysaloides with China R. haemaphysaloides and R. microplus. Our results also validate the finding of (Nasreen et al., 2020). On the bases of 16SrRNA partial sequence our finding revealed that eight sequences of the R. microplus form cluster with R. microplus of China, India and already reported Pakistani sequence with 51- 95% of similarity. The current study R. haemaphysaloides based on 16SrRNA shows similarity with Indian, China, Thailand and already reported R. haemaphysaloides sequences. The current study findings also validates the finding as reported by (Brahma et al., 2014; Ali et al., 2019; Nasreen et al., 2020). Damian et al. (2020) reported the overall mean distance in genus Rhipicephalus (0.04 ± 0.01) and nucleotides minimum pair wise distance (0.003) and maximum (0.099) in 16SrRNA sequences. According to current study’s findings, the overall mean distance (0.39) and overall pair wise distance (0.3943) and highest pair wise distance (0.5479) and mean diversity in entire population (0.53) were recorded first time in KP Hazara region not coinciding with (Damian et at., 2020) findings which ensures the genetic diversity in ticks of different localities. The average pair wise distance (0.47407) and the overall mean distance (0.70) was observed in the ITS2 sequences of the Ripicephalus genus infesting goats first time in Hazara region. Diversity in entire population (0.47) also recorded in the current study. Reported finding of the (Lu et al., 2013) suggested the average pair wise distance in ITS2 sequence of the R. microplus (0-0.017) and (0-0.009) was reported in R. sanguineus in China which is not in line with our findings indicating the genetic diversity among species of the different areas.

			 

			Conclusion

			This is the first attempt to explore the small ruminant’s breeds, tick species diversity, molecular analysis and epidemiology in Hazara Division Khyber Pakhtunkhwa Pakistan. In goats the most prevalent tick was R. microplus and in sheep H. marginatum observed. Breed wise the high infestation rate recorded in Kaghani goats and least observed in Dera Din Panah. In sheep high infestation recorded in Gauder and less in Rambouillet breeds. Gender wise both in goats and in sheep female were more infested. On the basis of genetic investigation the tick’s fauna of this area shows homology with India, China, Bangladesh and also with other areas of Pakistan. Moreover, it could be inferred from the epidemiology data that ticks infestation rate increases with increasing temperature and humidity. The mention area was unexplored so this study will be useful in the ticks and tick-borne diseases control strategies.
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Ticks are the haematophagous arthropods; their prevalence in various areas of Pakistan is associated
with huge economic and health losses. In this perspective 6469 tick specimens were collected from
goats and sheep breeds of the Hazara Division and identified into seven species on morphometrics
basis, in which four species were recorded new to this area. Out of identified seven species, four tick
species Rhipicephalus microplus, Hyalomma rufipes, Rhipicephalus haemaphysaloides, Haemaphysalis
bispinosa were identified from goats and three species Hyalomma marginatum, Hyalomma excavatum,
Rhipicephalus microplus from sheep. Goat breed wise infestation rate was recorded in Kaghani, Kamori,
Sindhi, Lehri, Barbari, Beetal and Dera Din Panah. In sheep breeds infestation rate was recorded in
Gauder, Balkhi Afghani and Rambouillet. On basis of ITS2 gene and 16SrRNA phylogenetic analysis of

Rhipicephalus haemaphysaloides and Rhipicephalus microplus showed similarity with already reported guldehnes.
species in neighbor countries of study area. Number of tick specimens and infestation rate shows direct
correlation with temperature but it shows fluctuation with humidity. Current study will be helpful in tick’s Key words

controlling strategies, goats and sheep breed selection and future research in this area.

INTRODUCTION

icks are notorious haematophagous arthropods that

feed on the blood of many animals, including human
being (Hassan ef al., 2017). Ticks act is a vector of
animals and human pathogens and cause a huge health and
economic problem in sub-tropical and tropical regions (De
la Fuente ef a/., 2017). Annually loss due to ticks and ticks
born diseases estimated US $ 13.9 to 18.7 billion (De la
Fuente ef al., 2017). Various tick’s species infest livestock
and cause anemia, paralysis, dermatitis, and sweating
sickness (van Nunen, 2015).

Ticks infestation significantly reduces milk and
meatproduction (van Nunen, 2015). Ticks transmit several
infectious agents affecting livestock and human beings
such—astick borne—encephalitis virus, Crimean-Congo
hemorrhagic fever virus, Rickettsia spp., Anaplasma
spp., Ehrlichia spp., Borrelia spp., Theileria spp. and
Babesia spp. (Labruna et al., 2004; Gondard et al., 2017;
Schorderet-Weber er al., 2017). According to recent studies
ticks fauna comprised of 939 species segregated into three
families Ixodidae (727 species), Nuttalliellidae (1 species)
and Argasidae (211 species) worldwide. Neotropical region
approximately contain one fourth of these ticks species

(Labruna et al. 2016; Hornok et al., 2016; Apanaskevich
and Bermudez, 2017; Ash ef al., 2017; Nava ef al., 2017;
Chitimia-Dobler et al., 2017). In tropical regions the most
significant hard ticks which parasitize livestock belong
to genera Hyalomma, Amblyomma and Rhipicephalus
(Manan and Zabita-Khan, 2007).

Almost 10% of the ticks (both hard and soft) acts as
a vector for pathogens affecting about 80% of the cattle
population across the globe generally while R. microplus
specifically poses economic losses of approximately 22-30
billion US$ annually to the livestock industry worldwide
(Parola and Raoult, 2001; Jabbar et al., 2015; Rodriguez-
Vivas et al., 2017; Mossaad ef al., 2021). In Pakistan mostly
the rural areas people depend on livestock as a main source
of food and income because 70.0% population lives in rural
areas (Rooman et al., 2021). Pakistan has the third largest
goats and sheep population in Asia among all livestock
rearing countries (Devendra, 2005). Which comprises
about 34 breeds of goats (78.2 million) and 28 breeds of
sheep (31.2 million), respectively (Khan ef al., 2007).

In Pakistan majority of the small ruminant population
is present in Punjab (32.6%) followed by Baluchistan
province (30.6%), Sindh (20.6%) and Khyber Pakhtunkhwa
(16.1%) according. Goats and sheep are well adapted
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