Review Article
A Review of the Biology, Epidemiology, and Control of Trichuris spp. Infections in Small Ruminants in Bangladesh 
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ABSTRACT 

	Trichuris spp., commonly known as whipworms, are a significant group of gastrointestinal nematodes affecting small ruminants in Bangladesh, particularly sheep and goats. They can reduce productivity and growth, resulting in poor appetite and increased morbidity, mainly in young or immunocompromised animals. These parasites reside primarily in the cecum and colon, where they cause variable clinical and subclinical impacts ranging from diarrhea, anorexia, and reduced weight gain to poor feed efficiency and, in severe cases, mortality.This review brings together all of the current knowledge of the taxonomy, morphology, life cycle, and pathogenesis of Trichuris spp., to discuss the current methods that can be used for diagnosis. It also summarizes the current epidemiological studies on infections in Bangladesh, and outlines and discusses some of the pertinent factors that can influence the prevalence of Trichuris spp, including climatic conditions, grazing, and husbandry systems. Controlling whipworm infections can be achieved through various methods, including the strategic application of anthelmintics, pasture management, and emerging options such as biological control strategies and nutrition, as strategies that may help in stomach parasite management both individually and in combination with others for sustainable parasite management. This review recapped knowledge gaps around whipworm infection and suggested the necessity for integrated control programs and continued research to contribute to a reduced impact of Trichuris infections in supervisiting.
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Introduction
Bangladesh relies almost entirely on the livestock sector for economic growth, holds 27.12 million goats and 3.9 million sheep (DLS, 2024), but sustained livestock production is challenged by a multitude of animal health challenges (Tariq et al., 2015). Many factors can influence the occurrence of Trichuris spp. infections in small ruminants: climatic factors, management factors, and host immunity (Roeber et al., 2013). The epidemiology of these parasites influences the host-parasite biology, agro-climatic conditions, and husbandry conditions in the area of the world in which they are found. Infection is not always equated with clinical signs but can be associated with clinical signs such as diarrhea, evidence of weight loss, anemia, and death, primarily though, in young and immunocompromised animals (Soulsby, 1982; Radostits et al., 1994). There are a multitude of economic losses caused by Trichuris parasites, including lower fertility, decreased capacity for work, less food intake, reduced weight gains, cost of treatment, and finally losses in terms of death of heavily parasitized animals (Padwal et al. 2011). Trichuris spp. located within the caecum and colon, from the first stage of the colon up to the beginning of the disk-like section (Rehbein et al. 1997). Trichuris infections have been overlooked in terms of veterinary significance because they are overshadowed by major gastrointestinal nematode parasites, including Haemonchus and Trichostrongylus. Control of these infections relies heavily on anthelmintic treatment, but anthelmintic resistance is evolving, and treatment regimens are being implemented incorrectly, thereby reducing the effectiveness of the treatment provided. Challenges also stem from a lack of clarity among farmers regarding the life cycles of the parasites involved and on preventive strategies. Therefore, a thorough understanding of Trichuris spp. biology, epidemiology, and control options are required to establish sustainable strategies to alleviate the impact of Trichuris on the production of small ruminants in Bangladesh. 
This review aims to compile information on Trichuris infections in small ruminants, covering aspects of the life cycle, aspects of transmission dynamics, aspects of diagnostic methodologies, along with current control options available, gaps in knowledge, and future steps towards the improved control of parasites in Bangladesh.
Taxonomy and Phylogenetics
The kingdom Animalia includes the genus Trichuris, which is a member of the phylum Nematoda, class Enoplea, order Trichocephalida, family Trichuridae (Soulsby, 1982). Two species, Trichuris globulosa and T. ovis, were identified to infect goats and sheep in Bangladesh (Sissay et al., 2007; Almalaik et al., 2008). Conventional taxonomic characterization of Trichuris spp. has relied primarily on morphological characteristics; however, due to overlapping aspects and a lack of comparative data, species descriptions are often ambiguous (Babero et al., 1990; Suriano et al., 1994; Oliveros et al., 2000). Molecular methods utilizing DNA barcoding, specifically ITS-2 rDNA sequences, are now critical for elucidating species-level relationships as well as assessing cryptic diversity (Zhu et al., 1998; Callejón et al., 2015). Genetic work has provided evidence of host-specific evolution and potential movement of Trichuris spp. along the transmission pathway between humans, livestock, and wildlife (Salaba et al., 2013; Betson et al., 2015).

BIOLOGY OF THE AGENT
 Morphology
Trichuris spp., particularly T. globulosa and T. ovis, have a whip-like body that consists of a slender anterior esophageal part and a thickened posterior reproductive segment (Henedi et al. 2024). The anterior end is filiform and often has cuticular striations, transverse grooves, or tuberculate elevations with ventral bacillary bands; features less prominent in T. ovis (Farleigh 1966; Afshan et al. 2023). The esophagus can be two-thirds of the body, surrounded by stichocytes, and terminates before the vulva in females (Ismail et al., 2024; Kuchai et al., 2013). The male T. globulosa contains a single spicule (<4.9 mm) with a spicular sheath that ends in a globular expansion covered with conspicuous spines and a bulky bulbous expansion with longer spines on the distal end (Ismail et al. 2024). The retracted coiled male testes lead to a long ejaculatory duct and cloaca, and the female has a smooth vulva located at the esophagus-intestine junction (Ismail et al. 2024). The vagina in T. globulosa is short and convoluted, but more variable for T. ovis, and individuals can be distinguished via vaginal topography and size of the spicule sheath spines (Baylis 1935; Afshan et al. 2023). The eggs are barrel-shaped with bipolar plugs; the T. ovis eggs have a thick brown shell and measure around 70-82 µm × 34-46 µm (Kuchai et al. 2013). Despite overlapping traits, spicule length in males remains a critical identifying feature (Afshan et al., 2023; Ismail et al., 2024). 

 Life cycle
They have a direct life cycle: adult females in the colon and cecum of the host lay unembryonated eggs that are released in the feces, which need to undergo 2–4 weeks to embryonate into infective L1 larvae under favorable warm, moist conditions (Taylor et al., 2016). Small ruminants become infected after consuming embryonated eggs from contaminated pasture and water, as Trichuris eggs in soil enhance transmission (Gul et al., 2014). Once ingested, these embryonated eggs hatch in the small intestine of hosts, releasing larvae that penetrate the mucosal crypts of the cecum and colon, after that a tissue migration phase occur, the larvae leave the tissue, enter the lumen, develop through four successive molts (L2 to L5) into adults, and reside in the lumen with the anterior ends of their bodies embedded into the intestinal mucosa (Yousuf et al., 2023). The prepatent time in the host is between 6 and 12 weeks; after which, gravid females will lay thousands of eggs per day, contributing to the environmental contaminant load (Hansen et al., 2016).
[bookmark: _iop8jmtqlf46]Pathogenesis
According to the life cycle of Trichuris spp., hatched larvae burrow into the tissue of the caecum's mucosal epithelium by releasing cytolytic enzymes from the mouth and bacillary band to continue tissue penetration (Yousuf et al., 2023). The anterior of the worm becomes embedded within a syncytium formed from enterocytes, which results in the ingestion of host tissue, including erythrocytes, leucocytes, and mucosal secretions (Warren et al., 1990). In chronic infections, worms can extend to the appendix, rectum, and distal ileum (Gilman et al., 1982). It was characterized microscopically by catarrhal inflammation, which was linked with epithelial cell destruction and desquamation, but moderate T. ovis infection was characterized by catarrhal inflammation and petechial haemorrhages on the intestinal mucosa, where parasites were firmly attached (Nath et al., 2011). 

Epidemiology
Geographic Distribution
Trichuris spp. are known to be endemic across Bangladesh based on their identified presence in many districts, including Mymensingh, Sunamgonj, Rajshahi, Natore, Tangail, and Chattogram. A study in Mymensingh was included in a total GI parasite prevalence of 74.8% in small ruminants and in Haluaghat Upazila (a hilly part), which also identified Trichuris (Islam et al., 2017), while in Rajshahi, research indicated that Trichuris was among the helminth eggs detected. Its percentage of infection ranged from 11-82% (Islam et al., 2020). In Natore, a study on Black Bengal Goat had an individual prevalence of 8.5% (Chakrabortty et al., 2023). In contrast, research in Tangail reported a prevalence of 2.1% but in Mirzapur Upazila found Trichuris spp. at 4% prevalence in goats and sheep (Sangma et al., 2013).

 Factors Influencing Agents 
The tropical and subtropical climate of Bangladesh, with its elevated temperatures and humidity, facilitates Trichuris egg incubation and development (Khan et al., 2019). Infection prevalence will peak during the monsoon season when moisture levels are increased and moderate temperatures allow larval development and prolong egg survival in pasture (Dey et al., 2020; Magona and Musisi, 2002). Providing inadequate pasture with poor drainage, muddy conditions, and standard use of contaminated water sources will increase the risk of infection (Urquhart et al., 1996; Chen et al., 2017). In general, young animals are more susceptible (Biu et al., 2009), while adults can be reservoirs for the infections and carry Trichuris; however, females have been documented with higher loads or burdens whilst pregnant and lactating (Rahman et al., 2022). Previous research shows that dietary stress and poor animal health make animals more vulnerable to parasite infestations (Ahmed et al., 2015; Bakunzi et al., 2013). High stocking rates in free-range systems raise the risk of reinfection and pasture pollution (Kantzoura et al., 2012). All things considered, the unclean, muddy living circumstances and the irregular application of anthelmintic deworming promote the growth of infection and resistance (Dey et al., 2020). Parasite infections are made worse by farmers' ignorance, poor feeding practices, and inappropriate fecal disposal (Odoi et al., 2007; Kantzoura et al., 2012). Co-infections with other parasite species inhibit immunity and overall health (Etter et al., 1999). It was found that Black Bengal goats have a lower susceptibility to trichuriasis than other breeds of goats because of the genetic background of the Black Bengal goats may have predisposed them to a lower prevalence of GINs in this breed (Bacha, 2014). 

Significance of Small Ruminant Trichuris spp. Infections
Economic significance
Particularly in younger animals, Trichuris species lodge their anterior ends in the caecum and colon, resulting in inflammation, decreased feed efficiency and nutrient absorption, weight loss, and stunted growth (Soulsby, 1982; Taylor et al., 2015). Infected animals frequently exhibit poor body condition, produce fewer meat or milk products, and have lower market value (Taylor et al., 2015; Wall & Taylor, 2016). Additionally, adversely affected is the herd's reproductive efficiency, which includes the fertility and survivability of offspring (Taylor et al., 2015; Bowman, 2020). In severe situations, a high rate of mortality can occur in young or immunocompromised animals (Soulsby, 1982; Bowman, 2020). Farmers, especially small and marginal farmers who depend on cattle for their livelihood, are burdened by the high costs of anthelmintics, veterinary care, and ongoing treatments when faced with diseases (Corwin et al., 1997; Bukhari et al., 2011).
Public Health Significance
There is growing evidence that Trichuris species can spread zoonotically in addition to sharing a common ancestor with the main human parasite, Trichuris trichiura. Dog-adapted T. vulpis (Areekul et al., 2010) and pig-adapted T. suis (Nissen et al., 2012), as well as some evidence of potential interspecies hybridization (Liu et al., 2014; Liu et al., 2012), have been shown to infect humans, according to molecular research. Where there is a high level of human-animal contact, the close genetic resemblance between the species that infect primates (Arizono et al., 2012; Gillespie et al., 2010; Kooriyama et al., 2012) and humans is a significant public health problem. These results highlight the necessity of molecular surveillance to better understand the dynamics of cross-species transmission in endemic areas such as Bangladesh.

[bookmark: _195u4rmvd8r8]Diagnosis and Clinical Signs
To diagnose an infection of Trichuris spp. in small ruminants, fecal evaluation of typical barrel-shaped, brown eggs with polar plugs, using flotation, is the preferred method (Soulsby,1982; Kuchai et al., 2013). Direct smear and sedimentation evaluation may improve sensitivity (Khurana et al., 2021). Clinical signs include loss of appetite, loss of condition, diarrhoea, weight loss, anemia, bottle jaw  (Soulsby, 1982; Radostits et al., 1994), abortion, dull hair coat, loss of plasma proteins as well as changes in protein, energy, and mineral metabolism, changes in water balance, enteritis, wool growth, reproduction, and ultimate death (Fowler, 1996; Stephenson et al., 2000).  A proper diagnosis can be made by postmortem examination upon finding whip-like worms of the adult stage in the cecum and colon (Ok et al., 2009). Molecular techniques (e.g., PCR) have been developed, but genome sequencing of the parasite and the PCR methods are outside the limitations of cost and infrastructure in Bangladesh (Castellanos-Gonzalez et al., 2018; Dijk NJ et al., 2024).
[bookmark: _y742k18wm5ce]Control Methods
Albendazole, Ivermectin, and Levamisole (less effective against certain parasites) are highly efficacious against Trichuris spp. and other nematodes, particularly in goats (Sirivichayakul et al., 2003; Bushra et al., 2019; Afzal et al., 2025). Anthelmintic resistance is becoming a global health concern, also in Bangladesh, due to overuse and incorrect dosing options for dewormers, which have led to resistant Trichuris and nematodes (Kapo et al., 2025). Most small farmers are not aware of the appropriate doses to use, how to administer the drugs, schedules for deworming, and the use of dewormers by poor farmers is limited by the high cost of dewormers (Dey et al., 2020). Control requires more than just dewormers, including strategies to time deworming during the times requiring the highest efficacy (e.g., early rainy season) and developing a strategy for deworming symptomatic animals (Panayotova-Pencheva et al., 2024). Effective pasture management (rotating pastures, not overgrazing), quarantining new stock to reduce the risk of infection, as well as having good hygiene in housing and feeding, and providing good nutrition to boost immunity (Dey et al., 2020). Integrated Parasite Management (IPM) is a strategy to lessening dependence on chemicals by combining available methods; like FECRT (faecal egg count reduction test); to monitor efficaciousness of drugs; body condition scoring; using an appropriate treatment based on body scores; exploring alternative controls; such as medicinal facing plants; biological agents; which is an area of research in Bangladesh (Da Cruz et al., 2010).

Future Research Priorities
The limited number of viable Trichuris specimens remains a major obstacle to conducting additional genetic research on small ruminants. Recent advancements in single-cell genomics and micromanipulation may help solve this issue (Dey et al., 2015; Carlsgart et al., 2009). Large-scale molecular surveillance studies are expected to benefit from readily available fecal samples. Molecular-level research should enhance our understanding of host–parasite interactions down to mechanisms of immune evasion, hatching stimuli, and gut-colonization. Comparative transcriptomics in T. suis, T. muris, and Trichuris spp. that infect small ruminants may reveal evidence of conserved or divergent parasitism strategies (Foth et al., 2014; Jex et al., 2014;  Vejzagić et al., 2015). Another emerging field is the study of exosome-like vesicles that package RNA and have been proposed to potentially modulate host immunity (Buck et al., 2014; Hansen et al., 2015). If their function were identified, it may be considered as a novel vaccine or immunotherapy platform. Development of point-of-care diagnostics, such as LAMP, is required to detect Trichuris spp. in rural environments. Once further optimized, these types of tools will improve surveillance and targeted control efforts (Watts et al., 2014; Rand et al., 2015).
Conclusion
Small ruminant infections with Trichuris spp. are major health and economic burdens in Bangladesh, given their pervasiveness and impact on productivity. Alternatively, integrated approaches to control such infections should involve better anthelmintic use, improved pasture management, and education of the farmer. Future research should address the epidemiology of Trichuris spp., drug resistance, and vaccine development to enable sustainable control. There are certain gaps in diagnostics and community-level risk factors related to the disease that will enable improved targeted interventions. Prevention, coupled with collaborative approaches and community partnerships, will be essential to help abate the burden posed by trichuriasis on small ruminants and a healthy livestock and food supply system in Bangladesh.
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