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Diversity and Prevalence of Ecto- and Endoparasites of Wild Hares (Lepus nigricollis) from Mathura District, Uttar Pradesh, India
Abstract
This study presents the first comprehensive assessment of ecto- and endoparasitic infections in wild hares (Lepus nigricollis) from the Mathura district of Uttar Pradesh, India. A total of 24 hares, collected over a ten-year period from 2014 to 2024, were subjected to post-mortem and external examinations to assess parasitic load. Of these, 75% (18/24) were found to harbor one or more parasites. Five major parasitic taxa were identified: Trichuris leporis, Eimeria spp., Haemaphysalis spp., Cheyletiella spp., and Ctenocephalides canis. Ectoparasites were observed in 11 hares (45.8%), with Haemaphysalis spp. ticks being the most common (25%), followed by C. canis (16.7%) and Cheyletiella spp. mites (12.5%). Endoparasitic infections were more prevalent, detected in 14 hares (58.3%), with T. leporis present in 37.5% and Eimeria spp. in 25% of individuals. Co-infections involving multiple parasite types were recorded in 25% of cases, particularly combinations of T. leporis with either Haemaphysalis spp. or Eimeria spp. The Shannon–Wiener diversity index (H′) for the parasite community was calculated at 1.43, indicating moderate parasite diversity. These findings suggest significant health impacts on wild hares, with potential consequences for host fitness, population dynamics, and interspecies parasite transmission. The study underscores the importance of routine parasitological surveillance and a One Health approach in regions where wildlife, livestock, and humans share overlapping habitats.
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1. Introduction
The Indian hare (Lepus nigricollis), a widespread lagomorph, plays an important ecological role across the Indian subcontinent, thriving in forest margins, grasslands, and agricultural landscapes (Szkucik et al., 2014). Despite its ecological significance, limited data exist on the parasitic burden of this species in its natural habitats. Parasites both ecto- and endoparasitic are key indicators of wildlife health and can significantly influence host survival, reproduction, behavior, and zoonotic transmission (Hajipour & Zavarshani, 2020).
Globally, studies on wild hares and rabbits have highlighted the importance of understanding parasite communities in lagomorphs. In Europe, Lepus europaeus has been reported to harbor diverse endoparasites, including Trichostrongylus retortaeformis, Passalurus ambiguus, and Eimeria spp., with potential effects on population dynamics (Sergi et al., 2018; Brustenga et al., 2023). In Iran, wild rabbits were found to carry Trichostrongylus, Cysticercus pisiformis, and coccidia, raising concerns about zoonotic transmission (Garedaghi et al., 2022). A study from Brazil identified Trichostrongylus colubriformis and reported Bunostomum trigonocephalum in hares for the first time, suggesting overlap between wild and domestic parasite pools and the potential for spillover (Arias-Pacheco et al., 2024).
In the Netherlands, Lepus europaeus was found to host several pathogens, including zoonotic Yersinia spp., with prevalence linked to agricultural land use and cooler climates (Wijburg et al., 2025). These findings demonstrate that lagomorphs can serve as reservoirs for parasites and pathogens that impact public health, livestock, and wildlife.
Ectoparasites such as ticks (Haemaphysalis spp.), fleas (Ctenocephalides canis), and mites (Cheyletiella spp.) are frequently associated with wild hares and can act as vectors for protozoan and bacterial agents like Theileria, Babesia, and Rickettsia felis (Nataraj et al., 2021; Ettore et al., 2021). Similarly, gastrointestinal parasites like Trichuris leporis and Eimeria spp. are known to cause inflammation, nutrient malabsorption, and immune suppression in lagomorphs, often leading to subclinical infections that affect fitness and survival (Soulsby, 1982; Hughes, 2024).
The Mathura district of Uttar Pradesh, India characterized by its mosaic of agricultural fields, human settlements, and fragmented forests, offers favorable conditions for parasite transmission across wildlife, livestock, and human populations. However, baseline data on parasitic infections in Lepus nigricollis from this region remain scarce.
This study aims to address this knowledge gap by systematically surveying ecto- and endoparasites in wild hares from the Mathura district. By identifying the parasitic taxa present and determining their prevalence, the study provides foundational data for wildlife disease monitoring and contributes to the broader understanding of parasite ecology in Indian lagomorphs under the One Health framework.
2. Materials and Methods
2.1. Study Area
The study was conducted in the Mathura district of Uttar Pradesh, India, located between latitudes 27.49°N and 27.96°N and longitudes 77.17°E and 78.10°E. The region comprises a mosaic of habitats including agricultural fields, scrublands, forest patches, and rural-urban interface zones. These diverse landscapes provide an ideal environment for interactions among wildlife, domestic animals, and humans, thereby facilitating parasite transmission.
2.2. Study Period and Duration
The study spanned a 10-year period from 2014 to 2024, encompassing multiple seasons (pre-monsoon, monsoon, post-monsoon, and winter). This duration allowed for broad sampling and seasonal representation of parasitic infections.
2.3. Study Design
A cross-sectional survey design was employed to evaluate the prevalence and diversity of ecto- and endoparasites in wild hares (Lepus nigricollis). This design was chosen due to the opportunistic availability of naturally deceased hares and was appropriate for generating baseline epidemiological data.
2.4. Sample Size and Collection
A total of 24 wild hares were examined. All animals were found dead (primarily due to road accidents) and were collected opportunistically from different locations across the district. Carcasses were transported to the department of veterinary parasitology within 6–12 hours in insulated containers to minimize decomposition and stored at 4°C until examination.
2.5. Host Examination and Identification
Each hare was identified as Lepus nigricollis based on external morphological traits. Sex was determined by external genitalia, and age was estimated using body weight and dentition. Of the 24 animals, 18 were adult females and 6 were adult males. A thorough external examination was performed for lesions, ectoparasites, and signs of disease.
2.6. Ectoparasite Collection and Identification
Ectoparasites were collected through visual inspection, combing, and skin scrapings from affected areas. Scrapings were digested in 10% KOH, centrifuged, and examined under 10 × magnifications. Fleas and ticks were removed manually, treated with clove oil, and identified using keys by Flynn (2007) and Soulsby (1982). Mites were identified from KOH-processed samples based on morphology.
2.7. Endoparasite Collection and Identification
Full necropsies were conducted on all hares, with the gastrointestinal tracts carefully removed and opened longitudinally. Intestinal contents were examined using a hand lens. Recovered parasites were washed in saline, counted, and preserved in 70% ethanol. Nematodes were cleared in lactophenol for 24 hours to enhance morphological visibility. Some specimens were crushed to study egg morphology. Identification was carried out to the lowest possible taxonomic level using standard morphological keys (Soulsby, 1982).
2.8. Data Recording and Analysis
All parasitological findings were systematically recorded for each hare. Prevalence was calculated as the percentage of hosts infected with each parasite species. Parasite diversity was evaluated using the Shannon–Wiener diversity index (H′). Given the limited sample size, only descriptive statistics were used, and no inferential statistical tests were performed.
Shannon index formula:
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Where:
· H′ is the Shannon–Wiener diversity index
· S is the total number of parasite taxa
· pᵢ is the proportion of individuals infected with the i-th parasite
· ln denotes the natural logarithm

2.9. Ethical Considerations
This study involved only animals that were found dead due to natural causes, such as road accidents; therefore, no prior permission was required from wildlife or forest departments. However, standard ethical guidelines and biosafety protocols were strictly followed during the handling, necropsy, and disposal of carcasses to minimize any potential zoonotic risk.
3. Results
A total of 24 wild hares (Lepus nigricollis; Fig. 1) collected from various locations in the Mathura district between 2014 and 2024 were examined for parasitic infections. Of these, 75% (18/24) were found to harbor one or more ecto- and/or endoparasites. A total of five major parasitic taxa were recovered, including: Trichuris leporis (Fig. 2), Eimeria spp. (Fig. 3), Haemaphysalis spp. (Fig. 4), Cheyletiella spp. and egg (Fig. 5a&b), and Ctenocephalides canis (Fig. 6). Based on the relative prevalence of these five taxa, the Shannon–Wiener diversity index was H′ = 1.43, indicating moderate parasite community diversity. All parasites identified in the study are enlisted in Table 1.
	S.N.
	Parasite present  
	Positive samples
	% of infection

	1.
	Endoparasite
	14
	58.3%

	2.
	Ectoparasite 
	11
	45.8%

	3.
	Trichuris leporis
	9
	37.5%

	4.
	Eimeria spp.
	6
	25%

	5.
	Haemaphysalis spp
	6
	25%

	6.
	Cheyletiella spp.
	3
	12.5%

	7.
	Ctenocephalides canis
	4
	16.7%

	8.
	Mix infection
	18
	75%


                              Table:1 Different parasitic infection in total samples (n=24)
Ectoparasitic infestations were observed in 11 of the 24 hares (45.8%). Among the ectoparasites, Haemaphysalis spp. ticks were most common, found in 6 hares (25%), primarily attached around the ears and neck. Ctenocephalides canis, the dog flea, was recorded in 4 hares (16.7%), mainly around the abdomen and hindquarters. Additionally, fur mites of the genus Cheyletiella were detected in 3 hares (12.5%) via microscopic examination of KOH-processed skin scrapings. The presence of these ectoparasites, especially C. canis, indicates possible cross-transmission between wild and domestic animals, particularly in peri-urban environments.
Endoparasitic infections were more prevalent than ectoparasites, found in 14 of the 24 hares (58.3%). The most frequently detected endoparasite was Trichuris leporis (37.5%), recovered from the caecum and colon. Eimeria spp. oocysts were identified in 6 hares (25%) through intestinal smears and fecal examination, suggesting subclinical coccidiosis is common in this population.
Mixed infections involving two or more parasite types were found in 6 hares (25%). The most frequently observed combinations included T. leporis co-infecting with either Haemaphysalis spp. or Eimeria spp. These co-infections may have compounding effects on host health and could influence fitness and survival, especially in stressed ecosystems.
These findings represent the first comprehensive documentation of parasitic infections in Lepus nigricollis from the Mathura region and highlight the importance of monitoring parasitic diversity in wild lagomorph populations.
4. Morphology of identified parasites
4.1 Trichuris leporis (Whipworm)
Adult Trichuris leporis are whip-shaped nematodes characterized by a long, slender anterior portion and a thick, short posterior segment. The anterior two-thirds of the body embed into the mucosa of the caecum and colon, facilitating firm attachment and nutrient absorption. Males typically measure 30–45 mm in length, while females can reach up to 50 mm. The eggs are barrel-shaped, thick-shelled, and yellow-brown in color, with prominent bipolar plugs, measuring approximately 50–54 μm in length and 22–24 μm in width. The morphological features observed in this study are consistent with descriptions provided by Soulsby (1982).
4.2 Eimeria spp. (Coccidia)
Eimeria spp. (coccidia) oocysts, recovered from intestinal contents and fecal smears of examined hares, were observed to be oval to spherical in shape, with a smooth, double-layered wall. Notably, these oocysts lacked micropyles or a residuum. The oocysts measured approximately 18–32 μm in diameter. Upon sporulation, each oocyst typically contained four sporocysts, with each sporocyst housing two sporozoites morphological characteristics that are typical of Eimeria species. These features closely align with descriptions of common Eimeria spp. infecting lagomorphs, as reported by Szkucik et al. (2014), and are of particular significance due to their role in subclinical infections and potential transmission to domestic rabbits.
4.3 Haemaphysalis spp. (Ticks)
Haemaphysalis spp., belonging to the family Ixodidae (hard ticks), were identified primarily around the ears and neck region of the examined hares. These ticks exhibit a dorsoventrally flattened, reddish-brown body with a partial dorsal scutum. The capitulum is short and projects forward, featuring a characteristic rectangular basis capituli. Posteriorly, the presence of festoons is evident. The legs are well-adapted for attachment, equipped with pulvilli and terminal claws. The morphological identification of these ticks was conducted following standard keys described by Flynn (2007) and Ettore et al. (2021).
4.4 Cheyletiella spp. (Fur Mites)
Cheyletiella spp., commonly known as fur mites, is non-burrowing ectoparasites detected in skin scrapings and easily visible under low magnification. These mites possess a distinctive pear-shaped body with a notable "waist-like" constriction. The palps are equipped with large terminal claws, which facilitate grasping of hair shafts, while the dorsal shield is saddle-shaped and bears prominent sensory setae. Infestations with Cheyletiella spp. are typically associated with mild dermatitis and the characteristic presentation of "walking dandruff" due to the mites' movement on the skin surface. The morphological features and pathological findings observed in this study are consistent with previous reports by Hajipour&Zavarshani(2020).
4.5 Ctenocephalides canis (Dog Flea)
Ctenocephalides canis, commonly known as the dog flea, is a frequently encountered ectoparasite of mammals, particularly in areas near human habitation. These fleas are laterally compressed, dark reddish-brown, and wingless, with powerful hind legs adapted for jumping. A distinguishing morphological feature is the genal comb, which consists of eight evenly spaced spines the first spine being shorter than the second allowing differentiation from C. felis. The head has a rounded profile, and infestations were predominantly observed on the ventral abdomen and groin region of the hares. The identification and morphological characteristics of C. canis recorded in this study align with the descriptions provided by Flynn (2007) and Ettore et al. (2021).
5. Photographic Documentation of Identified Parasites
Representative images of the ecto- and endoparasites identified from hares in the Mathura district are presented below. These photographs were captured using a compound microscope and stereomicroscope, depending on the specimen.
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	Fig. 1 Died Hare (Lepus nigricollis)
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	Fig.2: Trichuris leporis (whipworm)
	Fig. 3: Eimeria spp. (coccidian oocyst)
	Fig.4: Haemophysalis spp. 
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	Fig. 5a: Cheyletiella spp. (mite)
	Fig. 5b: Mite egg
	Fig.6: Ctenocephalides canis 


6. Discussion
The present study provides a comprehensive assessment of the parasitic burden in wild Indian hares (Lepus nigricollis) from Mathura district, Uttar Pradesh, revealing a high prevalence (75%) of infection with one or more ecto- and/or endoparasites. The identification of diverse parasite groups namely nematodes, protozoans, ticks, fleas, and mites indicates a broad spectrum of parasitic exposure in this lagomorph species. Such diversity holds implications not only for host health but also for zoonotic transmission dynamics, livestock pathogen spillover, and ecological stability (Flynn, 2007; Rojas et al., 2024).
To quantitatively assess this diversity, the Shannon–Wiener diversity index (H′) was calculated based on the prevalence of five major parasite taxa. The resulting value of H′ = 1.43 reflects moderate diversity within the parasite community, highlighting a fairly even distribution of infections across multiple parasite types. This index underscores the ecological complexity of parasite–host interactions and supports the utility of diversity metrics in parasitological studies, particularly when mixed infections and small sample sizes are involved (Magurran, 2004).
Among the endoparasites, Trichuris leporis was the most prevalent, detected in 37.5% of examined hares. This intestinal whipworm embeds within the mucosal lining of the cecum and colon, contributing to inflammation, nutrient malabsorption, and overall physiological stress, particularly under conditions of nutritional scarcity (Soulsby, 1982). These findings are consistent with previous studies that have identified T. leporis as a dominant helminth in wild hares from both Indian and international contexts (Yagoob & Hossein, 2011; Szkucik et al., 2014).
Coccidia belonging to the genus Eimeria were detected in 25% of individuals, presenting a subclinical or clinical risk of coccidiosis, particularly in juvenile or immunocompromised hosts (Hajipour & Zavarshani, 2020). The prevalence observed aligns with prior findings in Southern Italy and Iran, where Eimeria spp. were similarly common in wild and captive lagomorphs (Brustenga et al., 2023; Sergi et al., 2018; Garedaghi et al., 2022).
Ectoparasitic infestation was recorded in 45.8% of hares. Haemaphysalis spp. ticks (25%) were the most common, primarily located around the auricular and cervical regions. These ticks are recognized vectors of protozoan pathogens such as Theileria and Babesia, with potential to spill over into domestic ruminant populations (Nataraj et al., 2021). Additionally, Ctenocephalides canis (dog flea) was recovered from 16.7% of hares, likely indicating interaction with domestic animals in peri-urban settings. This flea is a known vector of Rickettsia felis, a zoonotic bacterium with increasing public health relevance (Ettore et al., 2021). Cheyletiella spp. mites, observed in 12.5% of hares, may cause mild dermatological irritation but can readily transmit across species, particularly to domestic rabbits and small mammals (Hajipour & Zavarshani, 2020).
Co-infections were documented in 25% of parasitized individuals, most commonly involving combinations of T. leporis with either Haemaphysalis spp. or Eimeria spp. While specific morbidity outcomes were not assessed, such concurrent infections may exert additive or synergistic effects, potentially impairing digestion, immune responses, and host fitness (Flynn, 2007; Rojas et al., 2024). These disruptions may, in turn, affect behavior, reproductive performance, and population viability.
Findings from this study align with global reports that recognize wild lagomorphs as important reservoirs of parasites with zoonotic or veterinary importance. For instance, Yersinia spp. has been found in Lepus europaeus in the Netherlands, with prevalence patterns linked to land use and climate (Wijburg et al., 2025). In Brazil, Trichostrongylus colubriformis and Bunostomum trigonocephalum were recovered from invasive European brown hares, both of which have associations with domestic ruminants and zoonotic transmission risk (Arias-Pacheco et al., 2024).
The presence of zoonotic parasites in Lepus nigricollis, particularly Haemaphysalis spp. and C. canis, highlights a tangible risk for interspecies transmission. The frequent overlap of hare habitats with agricultural fields and human dwellings increases the likelihood of parasite spillover to domestic animals and human populations. These findings reinforce the relevance of the One Health framework, advocating for integrated disease surveillance that encompasses wildlife, livestock, and human health.
Additionally, evidence from the European brown hare (Lepus europaeus) underscores the role of lagomorphs in the epidemiology of emerging and re-emerging pathogens such as CCHFV, Francisella tularensis, and Toxoplasma gondii (Tsokana et al., 2020). Their interaction with vectors and predators further enhances their potential in maintaining and disseminating zoonotic agents. Therefore, continued parasitological surveillance of L. nigricollis is critical for early detection of emerging infections and for informing regional wildlife health and conservation strategies.
Limitations
This study has some limitations. The small sample size (n=24) limits generalization and prevents detailed statistical analysis of parasite associations. Morphological identification alone may have missed cryptic infections. As hares were collected post-mortem, causality between parasitism and health effects could not be confirmed only potential impacts can be inferred.
Practical Implications
The presence of zoonotic ectoparasites such as C. canis and Haemaphysalis spp. in wild hares has practical implications for veterinary and public health, especially in peri-urban and agricultural landscapes. Enhanced parasite monitoring and coordinated control measures could reduce transmission risks to livestock and humans, contributing to broader ecosystem health and sustainable wildlife management.
7. Conclusion
This study highlights a high prevalence and diversity of ecto- and endoparasites in wild hares (Lepus nigricollis) from the Mathura district, revealing significant health and ecological implications. Importantly, the detection of zoonotic parasites such as Haemaphysalis spp. (ticks), known vectors of Theileria and Babesia, and Ctenocephalides canis (dog flea), a potential vector of Rickettsia felis, underscores the risk of cross-species parasite transmission at the wildlife–livestock–human interface. These findings emphasize the need for ongoing wildlife disease surveillance, particularly in regions where wild and domestic animals share habitats. The study provides valuable baseline data for understanding parasite-host dynamics and supports conservation and public health planning through a One Health approach.
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