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Morpho-molecular Identification of Rhipicephalus microplus and Associated Skin Pathology in Mithun (Bos frontalis)
Abstract
A survey was conducted in key mithun-inhabiting areas of northeastern states, viz. Arunachal Pradesh, Nagaland, Mizoram, and Manipur, to study Rhipicephalus Spp. tick infestation prevalence and its associated pathological effects on Mithun health. A total of 1778 animals were randomly screened, and 27 tick isolates were collected for identification. Molecular identification was carried out using PCR amplification of the mitochondrial COI gene and the ITS-2 region, followed by DNA sequencing. The identified tick species were confirmed as Rhipicephalus microplus. Tick infestation showed seasonal variation, with the highest concentration during the monsoon and pre-monsoon period. The study recorded a 50.64% incidence rate with a tick index of 2.08. Gross examination of tick-infested adult mithun showed symptoms of hyperkeratinization, alopecia, focal dermatitis, crust and scab formation, weakness, loss of body condition, and even death. Histopathology revealed exfoliation, hyperkeratosis, oedema, necrosis, and collagen fibre disorientation, along with cellular infiltrates in the corneum and dermis. Ultrastructural analysis showed cell death, vacuolation, inflammatory infiltrates, necrotic cells, and organelle disorganization in the epidermis. The study highlights the significant burden of Rhipicephalus microplus infestation in mithun populations of Northeast India, demonstrating marked seasonal influence and dermal pathology. The findings highlight the need for timely surveillance and integrated tick-control strategies to safeguard mithun health and productivity.
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1. INTRODUCTION
Mithun (Bos frontalis) holds significant cultural and symbolic value for the tribal people of northeastern hill region, particularly in Arunachal Pradesh, Nagaland, Manipur, and Mizoram. The animal is also found in neighboring countries such as Myanmar, Bangladesh, Bhutan, and China. It has significant potential for high quality meat, milk and leather production. Despite being a symbol of pride for the region's inhabitants, there is a pressing need to address various aspects related to mithun breeding, nutrition, housing, and healthcare. The major challenges faced by mithun is the accessibility, outbreak of devastating diseases and lack of veterinary services. In addition to viral, bacterial, and protozoal diseases, mithun are susceptible to a wide range of ectoparasites and endoparasites (Chamuah et al. 2012 and Chamuah et al. 2016). Knowledge of parasites and parasitic diseases of marginal livestock as mithun, is still in its infancy and only baseline data are available so far (Pathak and Chhabra, 2012). Species identification by morphological observation can be difficult especially when the physical characters of specimens are damaged during collection, and when the specimens are engorged with blood, immature stages (larvae or nymphs) or due to similarity in morphologies across different species (Nava et al. 2017 and Lv et al. 2014). Diagnosis of parasitic diseases needs to be upgraded across the host species with enhanced use of modern molecular techniques such as PCR-based diagnosis (Shailaja et al. 2005). The occurrence of tick in mithun has been reported from time to time (Chamuah et al. 2012 and Chamuah et al. 2015). Macleod (1936) opined that the presence or absence of ticks is highly dependent on local microclimate conditions, which are largely determined by sward height and humidity. The present study was undertaken to further explore the incidence and prevalence of Rhipicephalus Spp. ticks, and to gain insights into the pathological effects caused by their infestation. This research is crucial for better understanding the health challenges faced by mithun and developing appropriate strategies for their management and control.
2. MATERIAL AND METHODS
2.1. Field collection and morphological identification

Samples of ticks were collected from mithun in their natural forest habitat in Arunachal Pradesh, Nagaland, Mizoram, and Manipur.  The animal was manually restrained by the help of herdsmen to allow tick inspection. Ticks were then removed from different predilection sites (neck, dewlap and perineal region) of the animal’s body using blunt ended forceps. The forceps were used to grip the tick firmly over its scutum and mouthparts as closely to the host skin as possible, then pulled strongly and directly out of the skin. Relevant data (area, host, gender, age, and seasonal attributes) was recorded. Tick samples were shipped to division of parasitology, ICAR-NRC on Mithun, Nagaland. The ticks were first examined under stereoscopic microscope and thereafter processed in 10% potassium hydroxide solution to study the morphological features for taxonomic identification of ticks, with the help of available keys (Sen and Fletcher, 1962; Yamaguti et al. 1971; Soulsby, 1982). By utilizing these techniques and identification keys, the researchers aimed to accurately identify the collected ticks to the species level. The tick infestation and the tick index rate were calculated. Top of FormBottom of Form
2.2. Molecular identification

Molecular identification of ectoparasites of tick is quite essential for accurate identification following morphological evaluation. In present study attempts were made with marker gene mitochondrial enzyme COI and ITS-2. DNA barcoding has been used by different authors and proved to be powerful techniques for proper identification of ticks. There have been proven evidences of distinguishing different genera of ticks based upon CO1 gene (Lv et al., 2014) and Internal Transcribed Spacer-2 (ITS-2) (Poucher et al., 1999). This can be efficient molecular probes for proper identification of ticks in the study of epidemiology of ticks in particular region. 

2.3. Identification of Tick species based on ITS-2 region: 
Live specimens of gross ticks were collected in plastic vials containing 70% alcohol and subsequent DNA extraction. For amplification of ITS- 2 region, genomic DNA was extracted with the help of Qiagen DNA extraction kit and concentration of DNA was measured in Nano drop. For the accurate identification of the ticks to the species level, internal transcribed spacer-2 region of some of the tick specimens was PCR amplified using the following primers 5'-CTGCGAGACTTGGTGTGAAT-3' and 5’-TATGCTTAAGTTCAGCGGGT-3' flanking 5.8S and 28S rRNA genes (Poucher et al., 1999). Genomic DNA of the six tick specimens was isolated with a commercial genomic DNA isolation kit (Qiagen, Germany) and was used as a template for PCR amplification of the ITS-2 region of these ticks. The PCR conditions followed for the amplification of the ITS-2 were initial denaturation at 95°C for 5 min; 35 cycles at 95°C for 1 min, 60°C for 1 min, 72°C for 2 min and one cycle at 72°C for 5 min. The PCR products were purified using gel extraction kit (QIAquick Gel Extraction Kit, Qiagen, Germany) and custom sequenced at the University of Delhi.
2.4. Identification of Tick based on CO1 region:
 In order for accurate identification of tick based on CO1 gene, 700 bp was amplified using the following primers LCO1490 (F): 5-GGT CAA CAA ATC ATA AAG ATA TTGG-3 and HCO2198 (R): 5-TAA ACT TCA GGG TGA CCA AAAA AAT CA-3, with   25 ml composition 16.37 µl nuclease free water, 2.5 µl 10Mm Mgcl2, 0.5 µl dNTP, 0.13 µl dream Taq DNA polymerase (Ferementas Thermo Scientific Inc) and 1.25 µl of each  of the two primers. An initial denaturation at 94°C for 3 minutes followed by 35 cycles (denaturation at 95°C for 1 min, annealing at 49°C for 1 min and extended at 72 C for 1 min) and final extension at 72°C for 10 min. The PCR products were purified using gel extraction kit and sent for Delhi University for custom sequencing. Phylogenetic analysis of these sequences was carried out to find out their evolutionary relationship with similar parasites of counterpart domesticated animals.
2.5. Histopathology of tick infested skin
Skin biopsies were carried out on the 6 live animals and 1 dead mithun. Hair was removed from the biopsy site with electric clippers and cleaned with skin prepping antiseptic solution containing 2% chlorhexidine gluconate in 70% isopropyl alcohol (3M India Ltd.); 2.5 ml of lignocaine (Lidocaine Hydrochloride injection 2%, Neon Laboratories Ltd.) was injected subcutaneously, and after 10 minutes, a 0.8 cm punch biopsy was taken using a disposable biopsy punch. The biopsy tissue was placed into 10% sterile buffered formalin (Merck) for a minimum of 48 hours. Tissues were processed to paraffin wax blocks, sectioned at 4 μm, and stained with hematoxylin and eosin (H&E) as per procedure described Singh and Sulochana, 1996. Mounted the sections with DPX, and observed under Olympus binocular research microscope.
2.6. Comparative ultrastructural changes of skin by SEM

For Electron microscopy, small pieces were taken from the skin of all animal groups and fixed in 5% cold glutaraldehyde for 24 hours. The specimens were then washed in 3-4 changes of cocodylate buffer (PH 7.2) and post fixed in cold osmium tetroxide for 2hrs. Then, the specimens were washed in four changes of cocodylate buffer (20 minutes each). Dehydration was achieved using ascending grades of ethyl alcohol (30%-50%-70%) each for 2 hrs and 90%, 100%, 2 changes 30 minutes each, cleared in propylene oxide and embedded in Epon 812 kit using gelatin capsules. The embedded samples were kept in the incubator at 35°C for one day, then at 45°C for another day and at 60°C in the other days for Polymerization. Ultrathin sections (50-80 nm) from selected areas were collected on copper grids. The Ultrathin sections were contrasted in uranyle acetate for 10 minutes, lead citrate for 5 min. and examined by the transmission electron microscope (JEM 2100) and photographed. The sample were processed and examined at Sophisticated Analytical Instrument Facility (SAIF), NEHU, Shillong, Meghalaya.
3. RESULTS AND DISCUSSION
3.1 Morphological identification and prevalence incidence
In this study, the month-wise incidence of Rhipicephalus spp. ticks in free-ranging mithun and clearly demonstrates strong seasonal variation in infestation levels (Table.1). Tick incidence begins to rise from early summer, increasing from 36.31% in March to 43.43% in April, followed by a sharp surge during the pre-monsoon and monsoon months. The highest infestation rates are recorded between May and August, peaking in June (90.48%) and July (90.41%), indicating highly favorable environmental conditions for tick proliferation during warm, humid periods. This seasonal trend aligns with previous studies conducted by Chamuah et al. (2012) and Rajkhowa et al. (2003), who also reported a higher incidence of ticks during the monsoon season, followed by the pre-monsoon, post-monsoon, and winter seasons. In current investigation, out of 1,778 animals examined, 852 were tick-positive, giving an annual incidence rate of 50.64% and the tick index was 2.08 (Table 1; Graph 1). In comparison, Chamuah et al. (2012) documented a 58.52% prevalence of Rhipicephalus microplus infestation in mithun. Ranganathan et al. (2021) calculated the total tick infestation rate of 21.90% and the tick index of 0.922 in cattle population in Tamil Nadu, South India.
Table 1: Monthly incidence of Rhipicephalus spp. ticks in free ranging mithun 
	Month
	No of animal examined
	Positive for tick infested animals (%)

	March
	336
	122 (36.31)

	April
	198
	86 (43.43)

	May
	136
	111 (81.62)

	June
	126
	114 (90.48)

	July
	73
	66 (90.41)

	August
	150
	129 (86.00)

	September
	108
	69 (63.89)

	October
	132
	30 (22.73)

	November
	174
	52 (29.89)

	December
	98
	19 (19.39)

	January
	127
	31 (24.41)

	February
	120
	23 (19.17)

	Total
	1778
	852 (50.64)


Graph 1: Monthly incidence of Rhipicephalus spp. species of tick in mithun
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3.2. Morphology & Molecular identification of Rhipicephalus spp.
Adults of Rhipicephalus spp. (Fig. 1) were comparatively larger ticks measuring about 3.5 mm, with the scutum appearing slightly redder in colour, although their overall morphology remained similar to other related species. The mouthparts were well developed, and the prominent serrated hypostome exhibited a 4/4 dentition pattern, with two parallel columns of numerous rows, each row bearing four denticles. The inner margin of the first palp segment was distinctly concave and devoid of bristles, a feature also noted by Amrutha et al. (2023). The scutum of the adults was ornamented, contributing to their characteristic dorsal appearance. In males, a small caudal process was present, and the internal spur of the adanal plates was nearly equal in length to the external spur, though less prominent. The dorsal setae of R. microplus isolates were short, and three rows of medial alloscutal setae were observed, consistent with the arrangement reported by Roy et al. (2018). The immature stages were considerably smaller, with nymphs measuring approximately 0.64 mm and larvae about 0.4 mm (Fig. 2). 
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	Fig1. Gross view of adult Rhipicephalus microplus
	Fig 2. Microscopic view of R. microplus larvae. 40x.
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	Fig 3. PCR amplification of ITS-2 region                  
	Fig 4.   PCR amplification of CO1 genes


Genomic DNA of the ticks was subjected to PCR amplification of the ITS-2 region (Fig.3) and the mitochondrial COI gene (Fig.4) for accurate molecular identification. The sequence analysis confirmed 99% similarity with R. microplus (KY373260, KP698516 and KP7925861) and 93% similarity with R. annulatus (KU568511). However, on sequence analysis of ITS-2 region, it was 100% similarity with R. microplus from Jorhat, Assam isolate (KY458972) with another isolate (KX450289, KC503276). Based on above mentioned morphological and molecular character, the ticks were identified as R. microplus. The tick is commonly referred as southern cattle tick or Asian blue tick (Oyen and Poh, 2024). Sankar et al., 2024 has opined that the COX1 gene, a crucial tool for genetic characterization and phylogenetic clustering, provides insights into the adaptability of ticks. Ribosomal genes, such as internal transcribed spacer regions (ITS-1 and 2) as well as 18S and 28S, are routinely utilized for species differentiation. By integrating morphological and molecular approaches Sangthong et al. 2025, confirmed that R. microplus is the predominant species affecting cattle in Thailand. In the context of the Northeastern region of India, the presence of Rhipicephalus (Boophilus) microplus in Arunachal Pradesh was initially documented by Dhanda and Rao in 1964. Lalawmpuii (2025) genetically identified three tick species, R. microplus, H. bispinosa, and Amblyomma spp., collected randomly collected from Zebu cattle (Bos indicus), Taurine cattle (Bos taurus), and Mithun (Bos frontalis) for the first time from Mizoram, a Northeastern Hill (NEH) state in India.
3.3. Tick-induced Dermato-pathology in Mithun
In present investigation, loss of body condition was commonly observed, along with weakness and even death in case of severe tick infestations in different body locations of mithuns. The most prominent cutaneous signs associated with tick feeding in mithun were hyperkeratinization and alopecia, along with crust and scab formations which were mainly noticed in dewlap (Fig. 5A), perineal region (Fig. 5B), brisket (Fig. 5C) and thorax (Fig.5D) in Mithun. Post-mortem examination of a Mithun (Fig. 6A) with heavy tick infestation showed numerous engorged adult ticks distributed across the ears, neck (Fig. 6B), dewlap, shoulders, withers, and both the dorsal and ventral regions (Fig.6C) of the body. The animal showed severe anemic mucous membrane, enlarged kidney (Fig.7A), cerebral congestion (Fig.7B), congestion of gastrointestinal mucosa mucosa and diarrhoea (Fig 6.D). 
Histopathology of tick infested mithun skin showed exfoliation, hyperkeratosis, edematous epidermal strata indicating by widening of intercellular spaces with loss of cellular contacts.  Degeneration and necrosis of epidermal cells, disorientation and dislodgement of collagen fibres by excessive cellular infiltrate within the papillary dermis (Fig 7C & 7D). The histopathological lesions noted by Gashaw and Mersha (2013) were hyperkeratosis, parakeratosis, lichenified stratum corneum and acanthosis, which characterized many of skin and hide damage were in agreement of our findings. The infiltrating inflammatory cells mostly prominent in tick infested skin were increased granulocytes, eosinophils, along with delayed hypersensitive reactions with intra-epidermal postulation in Ambylomma variegatum infestation (Latif et al. 1991). 
	[image: image6.jpg]



	[image: image7.jpg]



	[image: image8.jpg]



	[image: image9.jpg]-
s o

-

-y o The e
oy < )
7, -





	Fig 5: Predilection sites for tick infestation in mithun

(A. Sever tick infestation in dewlap; B. Tick infested in perineal region C. Hair loss and hyperkeratinazation  in brisket; D. Sever tick infestion in the thoraxic region)  
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Fig 6. Severe Tick Infested Mithun Carcass
(A.Death of mithun due to severe tick infestation; B. Engorged ticks in the neck region ;C: Severe tick infestation in inguinal region of animals; D. Diarrhoea in tick infested mithun)
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Fig 7. Gross & microscopic lesions of mithun affected by severe tick infestation.

(A. Enlarged and pale kidney with marked congestion; B. Marked congestion of cerebral surface; C. Tick infested mithun skin show exfoliation, hyperkeratosis, necrosis and cellular infiltrate within the papillary dermis 100X H&E. D. Tick infested mithun skin show oedema, disorientation of collagen fibre and cellular infiltration. 100X H&E.)
3.4. Comparative TEM study of normal & tick infested mithun skin
Ultrastructural analysis by TEM of healthy (Fig 8. to Fig 9.)  & dermal lesions (Fig 10. to Fig 11.) caused by tick infestation in Mithun was recorded.  Apparently normal skin showed normal orientation of keratinocytes with regularly sized and shaped desmosomes and cell organelles. The findings were in congruence with Meyer and Neurand (1971). In tick infested mithun skin, large numbers of cells were undergoing a process of cell death showing large numbers of vacuoles. A few inflammatory infiltrates composed of neutrophils and monocytes and degranulated mast cells were noted.  Cells in necrosis, with loss of cell membrane and organelles disorganization were observed in the epidermis. Fibroblasts showing well-developed endoplasmic reticulum and mature macrophages were evident in the study. Walker and Fletcher (1986) studied the histological alterations of the attachment sites of adult R. appendiculatus on cattle by electron microscopy. He noted acute inflammatory cells mainly neutrophils and macrophages infiltrating the site which were in agreement to our findings.
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	Fig 8. TEM view of Normal Mithun skin showing Keratinocytes with regularly sized and shaped desmosomes. Scale bar = 2 µM.
	Fig 9. TEM view of Normal Mithun skin showing basal cells with intact desmosomal and hemidesmosomal attachments. Scale bar = 2 µM.
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	Fig 10: TEM view tick infested mithun skin showing mature macrophages & cell vacuolation of keratinocytes and organelles disorientation. Scale bar = 2µM.
	Fig 11: TEM view tick infested mithun skin Degradation of desmosomes with exfoliation of necrotic epithelial cells. Scale bar = 2 µM


4. CONCLUSION
The present study revealed the prevalence of Rhipicephalus microplus infestation in Mithun (Bos frontalis) across the northeastern states, confirmed through PCR amplification and sequencing of the ITS-2 and COI regions. With an incidence rate of 50.64% and a tick index of 2.08, along with a marked seasonal increase during the pre-monsoon and monsoon periods, the findings highlight the strong influence of climatic conditions on tick dynamics. Infested animals exhibited significant clinical symptoms, including hyperkeratinization, focal dermatitis, weakness, and occasional mortality, while histopathological and ultrastructural analyses demonstrated extensive tissue damage, cellular degeneration, and inflammatory responses. Collectively, these results provide a comprehensive understanding of the epidemiology and skin pathology of R. microplus in mithun. The study therefore emphasizes the need for integrated, region-specific tick-control strategies to protect mithun health, enhance farmer livelihoods, and support conservation of this invaluable indigenous germplasm.
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