


New Report of Helminths from Manipur, India Infecting Domestic Chickens 
Abstract:
The study was conducted on 308 chickens in three districts of Manipur to identify helminth species and elucidate the effects of helminth infection in the gastrointestinal tracts of chickens kept under a local backyard production system. Postmortem findings identified a nematode species, seven cestode species, and one trematode species. The present investigation was undertaken in different localities of three districts of Manipur, namely Thoubal, Kakching, and Bisnupur, from May 2023 to April 2026, in the Department of Zoology, Parasitology Laboratory, Dhanamanjuri University, Imphal, Manipur, India. During this study, the following helminth parasites were reported from the state, as no earlier investigations had reported them. The parasites include the cestodes Raillietina tetragona, Raillietina echinobothrida, Raillietina cesticillus, Chaontaenia infundibulum, and Amoebotania cuniata. Among nematodes, the most commonly encountered roundworm was Heterakis gallinarum. Among trematodes, only one species was reported: Echinostoma revolutum. In conclusion, large-scale research is recommended to determine whether other risk factors not considered in this study affect the epidemiology of helminthic disease and other complementary physiological parameters and indices of health, to further elucidate the interaction between helminths and the aforementioned health indices. It is also advisable to raise awareness among farmers about the importance of deworming to reduce economic losses caused by helminth parasites.
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Introduction: 
Poultry is a promising sector in India, which is expanding day by day. It is also an appropriate income-generating sector for rural women, as well as landless and marginal farmers. However, indigenous chickens are affected by various parasites. Therefore, this study aimed to assess the prevalence and morphological identification of gastrointestinal helminths in backyard chickens in Manipur, India. Poultry, especially chicken, is one of the most intensively reared domesticated species and is the most developed and profitable animal production businessNnadi & GeorgeNnadi, P. A. and George, S. O., 2010). Animal production in general and chickens in particular play important socioeconomic roles in developing countries (Alders, 2004). Backyard chicken production serves purposes such as income, egg hatching for replacement, consumption, cultural and/or religious ceremonies, and egg production (Moges et al., 2010). Poultry productivity improves when sound health protection and management principles are applied (Shane, 2005). The sector's economic contribution is not proportional to the large number of chickens because of many production, reproduction, and infrastructural constraints (Melesse, 2000). Poultry diseases are a major hindrance to poultry productivity, decreasing economic returns and potentially affecting industry development (Abebe et al., 1997). Among poultry diseases, helminthiasis is the most important problem for local chickens and a major cause of ill-health and productivity loss in different parts of the world (Eshetu et al., 2001). Parasitic diseases are a problem wherever poultry are raised, whether in large commercial operations or in small backyard flocks; economic losses caused by parasites in poultry can be significant (Fatihu et al., 1991). In fact, the indigenous chickens of Manipur, India, are parasitised by various parasites (Sarkar, 1976). Domestic chickens have a wide range of feeding habits, including grains, fruits, and insects, which may carry parasite stages and predispose them to parasitic infections (Adang et al., 2008; Oniye et al., 2001). Chickens pick up parasite eggs by ingesting contaminated feed, water, or litter, or by eating snails, earthworms, or other insects. Clinical signs of parasitism are unthriftiness, poor growth and feed conversion, decreased egg production and even death in severe infections. Furthermore, parasites can make the flock less resistant to other diseases and exacerbate existing disease conditions. Parasitic infections result in immunosuppression, especially in response to vaccines against some poultry diseases. Of all the intestinal worms, large roundworms (Ascaridia galli) probably inflict the most damage in young birds, and young birds are more severely affected. A mild infection is often unnoticed, but large numbers of worms interfere with feed absorption, causing poor growth and production. In severe infections, worms can physically block the intestine, causing death (Yousuf et al., 2009). Gastrointestinal parasites that invade the host have morphological and physiological features such as a small, thread-like cylindrical body, hooks, and a hard body cuticle, which enhance their adaptation for long-term survival in their hosts. These parasites are a major factor limiting poultry industry productivity (Soulsby, 1982). Among poultry helminths, nematodes are the most important group, both in species number and in the extent of damage they cause; the main genera include Ascaridia, Heterakis, and Capillaria. A few cestode species occur in poultry. Similarly, Choanotaenia infundibulum, Davainea proglottina, Raillietina cesticillus and Raillietina tetragona are also found in the intestine of poultry (Matur et al., 2010). The present study was undertaken to evaluate and identify the three different forms of helminth parasites, viz., cestodes, trematodes and nematodes, which is a new report from our state, Manipur, which was conducted from May 2023 up to April 2026 in different localities of three districts of Manipur, namely Thoubal, Kakching and Bishnupur districts in the Parasitology Laboratory, Department of Zoology, Dhanamanjuri University, Manipur. Recent studies continue to demonstrate substantial burdens and taxonomic diversity of gastrointestinal helminths in free-range or country chickens, including Indian populations, while also showing the value of integrating parasitological and molecular approaches for species-level confirmation (Mathews et al., 2024; Ritu et al., 2024; Vafae Eslahi et al., 2024). Comparable surveys of slaughtered or market chickens have also documented persistent gastrointestinal parasitism, underscoring the continued relevance of helminth surveillance in poultry production systems (Wogu and Goodhead, 2025; Udofia, 2025).
However, information remains limited on the species composition of gastrointestinal helminths recovered from backyard chickens across Thoubal, Kakching and Bishnupur districts using the combined morphological and molecular approach applied in the present study.
Accordingly, the present study aimed to identify gastrointestinal helminths recovered from backyard chickens in these three districts, document their diagnostic morphology, and provide molecular support for selected specimens.
Materials and Methods:
Sampling Area:
Gastrointestinal samples were collected from the chicken slaughterhouses in rural areas of three districts of Manipur, India, namely Thoubal (164), Bisnupur (89), and Kakching (56). The study was conducted in the Parasitology Laboratory, Department of Zoology, Dhanamanjuri University, Manipur, India.
Collection of samples:
Necropsy examination of the chicken intestine recovered adult gastrointestinal helminths from the intestinal tract. Freshly slaughtered chickens were examined as early as possible to avoid post-mortem decomposition and migration or damage of parasites. Standard parasitological techniques recommended for poultry helminth diagnosis and recovery were slightly modified (Permin & Hansen, 1998; Soulsby, 1982). 
Processing of nematodes:
Nematodes were first washed in normal saline and then fixed in hot 70% ethanol or AFA fixative. For temporary microscopic examination, nematodes were cleared in glycerine so that the anterior end, oesophagus, spicules, vulva, tail and other diagnostic structures could be observed clearly. Male nematodes were examined carefully because spicules, caudal alae, papillae and tail morphology are important taxonomic characters (Soulsby, 1982; Anderson et al., 2009; Taylor et al., 2016). 
Processing of cestodes and trematodes:
Cestodes and trematodes were washed in saline and gently flattened between two glass slides without excessive pressure. The specimens were fixed in AFA or 70% ethanol, stained with borax carmine, dehydrated through ascending grades of alcohol, cleared in xylene or clove oil and mounted in Canada balsam; helminths were identified according to Yamaguti (1958, 1959), Khalil et al. (1994) and Soulsby (1982). 
Adult helminths were washed in normal saline and identified morphologically; some parts were preserved in absolute ethanol and others in 70% ethanol. Genomic DNA sequencing was outsourced to Barcode BioScience Private Limited, and the resulting sequences were compared with NCBI GenBank records using BLASTn (Altschul et al., 1990). Homologous sequences were aligned, and phylogenetic trees were constructed in MEGA7 with 1,000 bootstrap replicates (Tamura et al., 2021). 
Results and discussion:
Results:
Examination of all 308 samples confirmed nine helminths by light microscopy and molecular identification. These included one species of nematode (Heterakis gallinarum), one species of trematode (Echinostoma revolutum), and seven species of cestodes (Raillietina tetragona, Raillietina echinobothrida, Raillietina cesticillus, Chaontaenia infundibulum, Amoebotania cuniata, Davainea proglottina and Cotugnea digonopora)

Morphological observation:
Nematodes:
HETERAKIS GALLINARUM (Schrank, 1788).
General characters: 
Adult worms are whitish, cylindrical and comparatively short, and they are usually recovered from the lumen of the caeca. The body is covered by a smooth cuticle, the anterior end bears three lips, and the oesophagus ends posteriorly in a distinct bulb. The sexes are separate and show sexual dimorphism, with females generally larger than males. The tail of the male has large alae, a circular pre-cloacal sucker and 12 distinct pairs of papillae, and the spicules are unequal. The eggs are ovoid to ellipsoidal, thick-shelled and smooth, and they are unsegmented when freshly laid. 


Male (10 specimens): 
The whole body measures 6 – 10 mm in length and 0.20 – 0.38 mm in width. The head diameter is 0.10–0.20 mm, with three buccal capsules. Oesophagus length 0.85 – 1.05 mm and width 0.17– 0.22 mm away from the anterior end, nerve ring at 0.17 – 0.22 mm away from the anterior end and excretory pore distance from the anterior end 0.07 – 0.82 mm. The spicules are paired and unequal, and measure as follows: the larger one is 1.3– 1.8 mm in length, while the smaller one is 0.6- 0.90 mm; precloacal sucker to cloaca length 0.06– 0.090 mm, and tail length 0.03- 0.51 mm (Fig. 1 and Plate 1).
Female (15 specimens): 
The whole body measures 9- 15 mm in length and 0.17- 0.40 mm in width. The head diameter is 0.034-0.045 mm with three buccal capsules. Oesophagus length 0.90 – 1.05 mm and width 0.30– 0.4 mm away from the anterior end, nerve ring at 0.25- 40 mm away from the anterior end and tail length 0.80– 1.00 mm. Egg size 0.060- 0.080 × 0.035- 0.045 mm, and eggs are oval with a smooth shell (Fig. 1 and Plate 1). 
Habitat and locality: 
Recovered from the caeca of domestic chickens from Thoubal, Kakching and Bishnupur districts, Manipur, India.

Remarks: 
The species Heterakis gallinarum was originally described by Schrank in 1788 as Ascaris gallinarum and is now accepted as Heterakis gallinarum (Schrank, 1788) Madsen, 1949. Several nominal names occurring in older literature have been treated as synonyms, viz., Ascaris vesicularis Frolich, 1791; Heterakis vesicularis (Frolich, 1791) Dujardin, 1845; and Heterakis gallinae (Gmelin, 1790). Madsen (1949) clarified that H. gallinarum (Schrank, 1788) should not be confused with H. gallinae (Gmelin, 1790), a point that is useful while comparing old reports of poultry heterakids. 
The worms are small, whitish nematodes with a transversely striated cuticle, three well-defined lips at the anterior end and a characteristic oesophagus ending in a posterior bulb. In males, identification depends chiefly on the posterior region, particularly the pre-cloacal sucker, caudal alae, caudal papillae and two unequal spicules; females are longer and stouter, with the vulva situated near the middle of the body and a tapering posterior end (Soulsby, 1982; Yamaguti, 1961; Ara et al., 2024). 
The morphological characters and dimensions of the present specimens agree with those of H. gallinarum. Such minor variation may be due to worm age, infection intensity, host condition, fixation procedure, and the degree of contraction during preservation. 



[image: ]Figure 1:  Heterakis gallinarum, A & C: anterior and posterior part of female, B: posterior part of male. E- oesophagus, L- lips, T- tail, An- anus, ep- oesophagus pore, sp- spicules, pcrs- precloacal chitinous-rimmed sucker, pos- postcloacal papillae, pre- precloacal papillae, eg- egg capsule, clo- cloca, 
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Plate 1: Heterakis gallinarum: A: Anterior part of the male, B: posterior part of male, C: anterior part of female, D: posterior part of female and E and F: whole body of the female and male.
Cestodes:
1. RAILLIETINA TETRAGONA (Molin, 1858). 
Generic character: 
Adults are whitish to yellowish-white, ribbon-like, dorsoventrally flattened and segmented. The body is divided into an anterior scolex, a narrow, unsegmented neck and a long strobila composed of immature, mature and gravid proglottids (Yamaguti, 1959; Soulsby, 1982). The scolex bears four suckers and an apical rostellum; rostellar hooks and sucker armature (Butboonchoo et al., 2016; Panich & Chontananarth, 2021). The neck is unsegmented and serves as the growth region from which new proglottids form (Soulsby, 1982). The strobila consists of many proglottids. Mature segments are hermaphroditic, while posterior gravid segments contain egg capsules instead of a single compact uterus and a unilateral genital pore situated in the anterior third of the segment, and gravid proglottids containing several eggs per capsule, usually 6-12 eggs (Yamaguti, 1959; Soulsby, 1982).
Description: (10 specimens):  
Adult worm: The adult body is elongated, thin, yellowish-white and ribbon-like, and its length is about 20-28 cm. The surface is smooth, velvety, or silky (Fig. 2 and  plate 2). 
Scolex: The scolex is ovoid and comparatively small, and the scolex diameter is 0.16-0.20 mm. It bears an apical rostellum and four suckers. 
Suckers: Four suckers are present around the rostellum. They are ovoid-shaped and armed, and their size is 0.04 x 0.09 to 0.05 x 0.10 mm. 
Rostellum and hooks: The rostellum is small, rounded to oval and armed with hooks. The rostellum size is 0.03 x 0.05 to 0.04 x 0.06 mm. The rostellar hooks are hammer-shaped and arranged in a single row. 
Neck: The neck is unsegmented, thin and comparatively long. It lies immediately behind the scolex and gives rise to the developing proglottids of the strobila. 
Strobila and proglottids: The strobila consists of many segments. Immature proglottids are present near the neck, mature proglottids occur in the middle region, and gravid proglottids are found posteriorly. Mature proglottids are hermaphroditic and contain one complete set of male and female reproductive organs. 
Genital pore: The genital pore is unilateral. It is usually positioned in the anterior third of the segment's lateral margin. 
Gravid proglottid and eggs: Gravid segments contain egg capsules. Each egg capsule usually contains 6-12 eggs.
Phylogenetic analysis: 
The internal transcribed spacer 2 (ITS2) sequence in FASTA format was analysed using the neighbour-joining method. The analysis contained 16 nucleotide sequences and 976 aligned positions. Evolutionary distances were calculated with the Maximum Composite Likelihood approach, ambiguous positions were removed for each sequence pair, and branch support was estimated from 1,000 bootstrap replicates. The optimal tree had a total branch length of 2.59582239, and its branch lengths are expressed as substitutions per site. These settings follow standard distance-based phylogenetic procedures implemented in MEGA 7 (Saitou & Nei, 1987; Tamura et al., 2004; Kumar et al., 2016). 
The query sequence Raillietina-ITS2 was positioned within the principal assemblage of GenBank sequences identified as Raillietina tetragona. In the displayed topology (Figure 2), it occurs between reference sequences including MH421969.1 and MH421981.1 and is clearly separated from Raillietina echinobothrida (JN976628.1) and the basal Choanotaenia infundibulum sequence (ON112233.1) (Figure 3). This clustering results in molecular support for assigning the specimen to R. tetragona. 
Habitat and locality: 
Raillietina tetragona (Molin, 1858) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching and Bishnupur districts, Manipur, India. 
Remarks: 
This specimen may be referred to Raillietina tetragona because the observed diagnostic characters are consistent with the genus Raillietina and with published descriptions of R. tetragona. The segmented cestode body, armed scolex, four suckers, rostellum and egg-capsule formation support its placement within Davaineidae. At the species level, the oval scolex, oval armed suckers, thin and long neck, single row of rostellar hooks and 6-12 eggs per egg capsule (Yamaguti, 1959; Soulsby, 1982; Butboonchoo et al., 2016). 
The identification should not be based only on general body shape because several poultry cestodes are ribbon-like and occur in the small intestine. Raillietina tetragona closely resembles R. echinobothrida and R. cesticillus, but it differs from R. echinobothrida by its single row of rostellar hooks, anteriorly placed unilateral genital pore and 6-12 eggs per capsule. It differs from R. cesticillus by the presence of armed oval suckers and by having several eggs per capsule rather than a single egg per capsule (Butboonchoo et al., 2016; Panich & Chontananarth, 2021). 
Therefore, the diagnostic conclusion should be written as: “The recovered cestode is identified as Raillietina tetragona (Molin, 1858) based on the presence of an oval scolex, armed oval suckers, armed rostellum with a single row of hooks, unilateral anterior genital pore and gravid proglottids with 6-12 eggs per egg capsule” and the ITS2 query clusters with multiple reference sequences of Raillietina tetragona and is phylogenetically distinct from the displayed R. echinobothrida and basal C. infundibulum sequences. The specimen is identified as Raillietina tetragona. 
Figure 2: Phylogram of the analysis of Raillietina tetragona, showing relationships of Choanotaenia infundibulum using the neighbour-joining (NJ) tree method and Kimura 2-parameter distances ITS2 sequences. Numbers at nodes indicate bootstrap values by the NJ and ML methods (1000 replicates)
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Figure 3: Raillietina tetragona. A: anterior part (scolex), B: hook, C: mature proglottid, D: gravid segment. 
[image: ]Plate 2: Raillietina tetragona. A: Scolex (anterior part), B: Mature proglottid, C: Gravid segment.
2. RAILLIENTINA ECHINOBOTHRIDA (Megnin, 1880) 
Generic character: 
The adult worm is elongated, ribbon-like, dorsoventrally flattened, and yellowish-white to pale whitish in colour, measuring 16-23 cm in length. The body is divided into a scolex, neck and strobila. The strobila consists of numerous segments, beginning with immature segments near the neck, followed by mature and gravid segments posteriorly. The tegument is smooth to velvety and bears microtriches. Body width varies by region and state of contraction. The anterior region is narrow, while the middle and posterior segments become broader. Mature segments are generally broader than long, and gravid segments contain numerous egg capsules. 
Description: (10 specimens) 
The adult worm is long, ribbon-like, yellowish-white, and 16-23 cm. The scolex is round to spherical, 0.27-0.33 mm in diameter. The rostellum is armed, retractile and rounded, 0.06 x 0.07 mm to 0.08 x 0.10 mm. Rostellar hooks are arranged in two rows and are hammer-shaped or pick-mattock-shaped. Four suckers are present; suckers nearly round and armed, about 0.07 x 0.08 mm to 0.08 x0.09 mm. Neck short, broad, thick and unsegmented; mature proglottids are broader than long, and each has one set of reproductive organs. The genital pore is unilateral and located posterior to the middle portion of the segment margin. Testes are numerous, commonly about 30-40 in each mature segment, and the cirrus pouch is well-developed and placed outside the excretory duct. The ovary is bilobed; vitelline gland compact and post-ovarian. Gravid proglottids contain numerous egg capsules and 8-12 eggs per capsule (Fig. 4 and plate 3).
Habitat and locality: 
Raillietina echinobothrida (Megnin, 1880) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India. 
Remarks: 
The cestode is identified as Raillietina echinobothrida (Megnin, 1880) based on its long ribbon-like body, round scolex measuring about 0.27-0.33 mm in diameter, armed rounded rostellum measuring about 0.06 x 0.07 mm to 0.08 x 0.10 mm, two rows of rostellar hooks, four armed nearly round suckers measuring about 0.07 x 0.08 mm to 0.08 x 0.09 mm, short thick neck, unilateral posterior genital pore, numerous testes and gravid proglottids containing egg capsules with several eggs. These characters distinguish it from R. tetragona and R. cesticillus and support its identification as the nodular tapeworm of poultry. 
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Figure 4: Raillietina echinobothrida. A: Anterior part (scolex), B: Hook, C: Mature proglottid, D: Gravid segment.

[image: ]Plate 3: Raillietina echinobothrida. A: Anterior part (scolex), B: Mature proglottid, C: Gravid segment.


3. RAILLIETINA CESTICILLUS (Molin, 1858): 
Generic character: 
The adult worm is whitish, elongated, ribbon-like, and dorsoventrally flattened. The body is divided into a scolex, a very short or indistinct neck, and a strobila. The body is 6-12 cm long and 1-2.5 mm wide. The strobila has immature, mature, and gravid proglottids. Mature segments are generally broader than long and contain a single set of reproductive organs. Terminal gravid segments contain numerous egg capsules, and each egg capsule contains a single egg. 
Description: (10 specimens) 
The adult worm is whitish, ribbon-like, dorsoventrally flattened, and divided into a scolex, neck, and strobila, with a body length of 6- 12 cm and a 1.5- 2.5 mm width. Scolex broad-headed and robust, with a diameter of 134 μm, and a wide, prominent rostellum. The rostellum is armed with two rows of numerous hammer-shaped hooks, commonly about 400-500 hooks. Four suckers are present but are small, inconspicuous, and unarmed. Genital pores are irregularly alternating and anteriorly placed on the lateral margin. Gravid proglottids contain egg capsules with a single egg per capsule, and eggs are 75-88 μm in diameter (Figure 5 and plate 3). 
Habitats and localities: 
Raillietina cesticillus (Molin, 1858) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India.
Remarks: 
The species Raillietina cesticillus was erected by Molin (1858). This species has a broad scolex, a large rostellum, unarmed suckers, two rows of hammer-shaped rostellar hooks, irregularly alternating genital pores, and a single egg in each egg capsule (Butboonchoo et al., 2016; Kerroucha et al., 2022). It differs from R. tetragona by having unarmed suckers, two rows of hooks and irregularly alternating genital pores; R. tetragona has armed suckers, one row of hooks, unilateral genital pores and 6-12 eggs per capsule. It also differs from R. echinobothrida because R. echinobothrida has armed suckers, unilateral genital pores and several eggs per capsule (Butboonchoo et al., 2016). The morphology and dimensions of the present specimen are in close agreement with those provided by Molin (1858) for Raillietina cesticillus, with only minor intraspecific variation. Therefore, the present nematodes are considered Raillietina cesticillus. 
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Figure 5: Raillietina cesticillus. A; Anterior part (scolex), B; Hook, C; Mature proglottid, D; Gravid segment.
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Plate 4: Raillietina cesticillus. A; Anterior part (scolex), B; Mature proglottid, C; Gravid segment.


4. CHOANOTAENIA INFUNDIBULUM (Bloch, 1779).
Generic character: 
The adult cestode is found in the small intestine. The body is soft, whitish, dorsoventrally flattened and ribbon-like. The body is divided into three main regions: scolex, neck and strobila. The scolex bears four well-developed suckers and a prominent rostellum. The rostellum is armed with a single row of hooks, and the suckers are unarmed. The mature proglottids are broader than long and have a mature region that appears slightly wider than the posterior end. The genital pores are irregularly alternating. Each mature proglottid contains both male and female reproductive organs. The testes are numerous and situated in the posterior field of the mature segment. The ovary is bilobed; the vitelline gland is compact and located near the posterior region of the segment. Gravid proglottids are full of eggs and are passed with the faeces after detachment from the posterior end of the worm. 
Description: (5 specimens)
The adult worm is white, flattened, ribbon-like and segmented. The strobila is composed of proglottids, and mature worms are 20 to 23 cm long and 1.5-3 mm wide. The body is not smooth-edged and the posterior margin of each segment is wider than the anterior margin. The scolex is small, with four suckers and no armature. The scolex is 0.44-0.46 mm in diameter and 0.37-0.58 mm long. The suckers were 0.138-0.204 mm by 0.16-0.22 mm. The rostellum is armed with a single crown of small rostellar hooks. The neck is narrow, and the scolex measures 0.47-0.52 mm. Mature proglottids have irregularly alternating genital pores. Eggs are loose in the parenchyma, without uterine capsules, measuring 47 x 54 um (Figure 7 and plate 5). 
Phylogenetic analysis: 
We evaluated the evolutionary relationship of the study sequence using the internal transcribed spacer 2 (ITS2) region. The phylogenetic tree contained 16 nucleotide sequences and 1,304 aligned positions in the final dataset. Evolutionary distances were calculated by the Maximum Composite Likelihood method and expressed as base substitutions per site. A Neighbour-Joining tree was constructed in MEGA7, branch support was assessed with 1,000 bootstrap replicates, and the optimal tree had a total branch length of 4.36081104. 
The study sequence “Choanotaenia-ITS2” is positioned directly with two reference sequences identified as Choanotaenia infundibulum, FZ418511.1 and JN073824.1. This specimen is consistent with C. infundibulum (Figure 6) 
Habitat and locality:  
Choanotaenia infundibulum (Bloch, 1779) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India.
Remarks: 
Bloch erected the species Choanotaenia infundibulum in 1779, describing a broad scolex with a prominent armed rostellum, four unarmed suckers, rostellar hooks in two rows, irregularly alternating genital pores in mature segments, and gravid egg capsules containing a single egg. These characters correspond with standard descriptions of R. cesticillus and separate it from the common poultry tapeworms R. tetragona and R. echinobothrida (Butboonchoo et al., 2016; Kerroucha et al., 2022; Soulsby, 1982). The morphology and dimensions of the present specimen are in close agreement with those provided by Bloch (1779) for Raillietina cesticillus, except for having minor intraspecific variation. Therefore, the present nematodes are considered Choanotaenia infundibulum. 
The ITS2 sequence “Choanotaenia-ITS2” is placed with reference sequences of Choanotaenia infundibulum  and is separated from the Raillietina taxa included in the analysis. The topology therefore supports identification of the recovered poultry cestode as Choanotaenia infundibulum (Bloch, 1779). 
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Figure.6: Phylogram of the analysis of Choanotaenia infundibulum, showing relationships of Raillietina cesticillus using the neighbour-joining (NJ) tree method and Kimura 2-parameter distances ITS2 sequences. Numbers at nodes indicate bootstrap values by the NJ and ML methods (1000 replicates).

[image: ]Figure 7: Choanotaenia infundibulum. A; Anterior part (scolex), B; Mature proglottid, C; Gravid segment.
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Plate.5: Choanotaenia infundibulum. A; Anterior part (scolex), B; Mature proglottid, C; Gravid segment.


5. AMOEBOTAENIA CUNEATA (Linstow, 1872): 
Generic characters: 
The adult worm is flattened, segmented, and ribbon-like, but is much shorter than large poultry cestodes, measuring 3.5-4.5 mm. The strobila is composed of a few proglottids and the proglottids are usually wider than long. The scolex bears four suckers. The rostellum carries a single row of hooks and the suckers are unarmed. The genital pores are usually irregularly alternating and are situated near the anterior margin of the proglottids. Mature proglottids contain a single set of genital organs, and the uterus is sac-like, slightly lobed. The eggs contain the hexacanth embryo. Development is indirect and involves an invertebrate intermediate host. Earthworms are the main intermediate hosts (Meggitt, 1914; Monnig, 1926; Junquera, 2021). 
Description: (10 specimens) 
The adult worm is a small, delicate, wedge-shaped tapeworm found attached to the mucosa of the small intestine of domestic chickens. The worm is usually white to translucent and flattened. The adult is about 3-4.5 mm long and about 1 mm wide, with up to about 20 proglottids. The anterior strobila becomes gradually broader, while the last few segments may become smaller again. The scolex is small and carries four unarmed suckers. The rostellum is armed with a single row of 12-14 hooks. Mature proglottids show genital pores that alternate irregularly and are positioned towards the extreme anterior margin. About 12-15 testes are arranged transversely in a single row near the posterior part of mature proglottids. The uterus is sac-like and slightly lobed; the eggs are nearly spherical, about 35 micrometres in diameter, and contain an oncosphere (Figure 8 and Plate 6). 
Habitat and locality: 
Amoebotaenia cuneata (von Linstow, 1872) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India.
Remarks: 
Cohn erected the genus Amoebotaenia in 1900, with the type species A. cuneata (von Linstow, 1872) Cohn, 1900. Several species of Amoebotaenia were described by many workers from avian hosts. The Indian checklist recorded nine species under this genus, viz., A. cuneata, A. megascolecis, A. maharashtri, A. indiana, A. cohni, A. kharati, A. domesticus, A. madrasiensis and A. agrawali (Banerjee, n.d.). The species A. cuneata was originally described as Taenia cuneata von Linstow, 1872, and later placed in Amoebotaenia by Cohn. Amoebotaenia sphenoides (Railliet, 1892) Meggitt, 1914 is treated as a synonym of A. cuneata in recent taxonomic catalogues (Dimitrova et al., 2023). The species occurs chiefly in the small intestine or duodenum of domestic fowl and other gallinaceous birds and earthworms act as the intermediate host in its life cycle (Meggitt, 1914; Monnig, 1926; Permin & Hansen, 1998). The morphological characters and dimensions of the present specimens are in agreement with those of A. cuneata (A. sphenoides) described by earlier workers, especially the very small, flattened and wedge-shaped strobila, measuring about 3-4 mm in length and about 1 mm in breadth; scolex with four suckers; armed rostellum bearing 12-14 hooks; short strobila with about 20-25 proglottids; genital pores irregularly alternate and situated near the anterior margin of the proglottid; testes usually 12-20 in number; and uterus sac-like and slightly lobed (Meggitt, 1914; Soulsby, 1982; Permin & Hansen, 1998). Minor variation in size, number of segments and contraction of the strobila may be due to the age of the worm, pressure during fixation, staining and mounting. Hence, based on these diagnostic characters, the present specimen is treated as Amoebotaenia cuneata (von Linstow, 1872) Cohn, 1900. 
[image: ]Figure 8: Amoebotaenia cuneata. A; Anterior part (scolex), B; Hook, C; Mature proglottid, D; Gravid segment.



[image: ]plate 6: Amoebotaenia cuneata. A; Anterior part (scolex), B; rostellum region, C; Mature proglottid, D; Gravid segment.


6. COTUGNIA DIGONOPORA (Pasquale, 1890): 
Generic character: 
The adult worm is a flattened, segmented strobila with a large scolex bearing four cup-shaped, muscular suckers; an apical rostellum armed with double rows of minute hooks and the highly diagnostic presence of two complete sets of reproductive organs with bilateral genital pores in each mature segment. The body measures 70-120 mm in length, the scolex 0.60 mm in diameter, the rostellum 0.30mm in diameter, rostellar hooks about 0.01 mm long, mature proglottids 2-2.50 x 0.40-0.50 mm and gravid proglottids 3.70 x 1.50 mm. The testes are rounded to oval and distributed in the mature segment. A cirrus pouch is present in each genital complex. The ovary is bilobed and located posterior to the middle region of the proglottid in each genital set. Gravid proglottids are larger than mature proglottids and measure 3.70 x 1.50 mm. In gravid segments, the uterus is replaced by egg capsules. Each egg capsule contains a single egg.
Habitat and locality: 
Cotugnia digonopora (Pasquale, 1890) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India. Coll. 
Description: (6 specimens) 
The adult strobila is elongated, whitish and tape-like. The total body length is 7–12 cm. The body width is not uniform throughout the worm. The scolex is comparatively large and measures 0.55- 0.60 mm in diameter. It bears four well-developed, cup-shaped suckers, each measuring 0.10 × 0.15 mm. A distinct rostellum is present and measures 0.28-0.30 mm in diameter. The rostellum is armed with double rows of very minute hooks. The mature proglottids are rectangular and broader than the anterior neck, with pointed or slightly projecting posterior corners. A mature segment measures 2.50-3 × 0.50-0.55 mm. Each mature proglottid contains two complete sets of genital organs. The testes are small, rounded and measure 0.03-0.04 mm in diameter. The cirrus pouch is small and measures about 0.06 mm in length. Genital pores are positioned on the lateral margin and measure around 0.17 × 0.04 mm. The ovary is bilobed and situated posteriorly in the segment, measuring approximately 0.03 mm in width. The gravid proglottids are larger than the mature proglottids and measure approximately 3.70 × 1.50 mm. Each egg capsule generally contains a single egg measuring around 0.02–0.03 mm in diameter. The excretory canal is also visible in well-stained specimens (Figure 9 and plate7). 
Phylogenetic analysis: 
The nuclear internal transcribed spacer 2 (ITS2) sequence in FASTA format generated from the study specimen was analysed with reference cestode sequences using the Neighbour-Joining method. According to the information 135 shown in MEGA7 (Figure.8), the optimal tree had a total branch length of 1.73135893. Evolutionary distances were estimated by the Maximum Composite Likelihood method and expressed as the number of base substitutions per site. The analysis included 16 nucleotide sequences; ambiguous sites were removed for each sequence pair, and 2,155 positions were retained in the final dataset. We evaluated branch reliability with 1,000 bootstrap replicates, using the Hymenolepis diminuta sequence as an outgroup (Figure 8). 
The study sequence “Cotugnia-ITS2” is recovered as the immediate sister sequence of LC748081.1 Cotugnia digonopora. The node connecting these two sequences has a bootstrap value of 94%, indicating strong and reproducible support for their association. This close placement is the principal molecular evidence for assigning the study specimen to C. digonopora. The short separation between the two terminal branches also indicates comparatively low ITS2 divergence between the study isolate and the reference sequence. 
Remarks: 
The genus Cotugnia was erected by Diamare in 1893, with the type species C. digonopora (Pasquale, 1890) recorded from domestic fowl Gallus gallus domesticus. Several species of Cotugnia were described by many workers, viz. C. polyacantha Fuhrmann 1909, C. cuneata tenuis Meggitt, 1924, C. joyeuxi Baer, 1925, C. parva Baer, 1925, C. taiwanensis Yamaguti, 1935, C. rimandoi Tubangui and Masilungan, 1937, C. columbae Shinde, 1969, C. indiana Kasar et al., 2010 and other allied forms from domestic fowl, pigeons and related birds (Yamaguti, 1959, Kasar et al., 2010, Nanware & Bhure, 2013). The genus is distinguished from other davaineid cestodes by its strobilate body, distinct scolex with four muscular suckers, armed rostellum, numerous rostellar hooks and double sets of reproductive organs in mature proglottids (Yamaguti, 1959; Siddiqi, 1961). 
The morphological characters and dimensions of the present specimens agree with those of C. digonopora (Pasquale, 1890; Diamare, 1893 as described by Siddiqi, 1960, 1961), except for minor variation. The rostellar hooks and rostellum are important diagnostic structures (Siddiqi, 1961). Minor variations in body size, scolex measurement, rostellar armature, number of testes and egg-capsule arrangement may occur due to host, maturity and fixation condition. Hence, the present specimen is treated as Cotugnia digonopora. 
The ITS2 phylogenetic tree places the study sequence “Cotugnia-ITS2” directly with the reference accession LC748081.1 Cotugnia digonopora. Their relationship is supported by a high bootstrap value of 94%, providing strong evidence that the recovered cestode belongs to C. digonopora. The identification is therefore accepted as Cotugnia digonopora (Pasquale, 1890). 
Figure 9: Phylogram of the analysis of Cotugnia digonopora, showing relationships of Hymenolepis diminuta using the neighbour-joining (NJ) tree method and Kimura 2-parameter distances ITS2 sequences. Numbers at nodes indicate bootstrap values by the NJ and ML methods (1000 replicates).
[image: ]
Figure 10: Cotugnia digonopora. A; Anterior part (scolex), B; Mature proglottid, C; Gravid segment.
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Plate 7: Cotugnia digonopora. A; Anterior part (scolex), B; Mature proglottid, C; Gravid segment.
7. DAVAINIA PROGLOTTINA (Davaine, 1860): 
Generic character: 
The body is delicate, short, ribbon-like and distinctly segmented into a small number of proglottids. The scolex is small and bears four rounded to oval suckers. A retractile rostellum is present at the anterior end and is armed with minute hooks; the suckers are also armed with small hooklets. The neck region is very short or indistinct, and segmentation begins soon behind the scolex. Proglottids are few in number, with immature, mature and gravid segments arranged in sequence. Each mature proglottid contains a single set of reproductive organs, and the genital pores are situated on the lateral margin. The uterus becomes filled with eggs in the gravid segment, and the eggs contain a typical hexacanth embryo. 
Description: (8 specimens) 
The adult worm is whitish, delicate and minute, measuring approximately 0.5-3.0 mm in length. The scolex is small and rounded, provided with four muscular suckers and a retractile rostellum. Both the rostellum and suckers are armed. The neck is short, and the strobila is composed of only a few proglottids. Four to six segments are present, including immature, mature and gravid proglottids with hermaphroditic proglottids. Genital pores are marginal. The gravid segment contains egg capsules, commonly with a single egg in each capsule, and eggs are small, 28-40 micrometres, and contain a hexacanth embryo with hooks (Figure 11 and plate 8). 
Habitat and locality: 
Echinostoma revolutum (Frohlich, 1802) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India. 
Remarks: 
Blanchard erected the genus Davainea in 1891, with D. proglottina (Davaine, 1860) as its type species; it was reported from domestic fowl, Gallus gallus domesticus. The dimensions and morphological characters of the present specimen agree with D. proglottina (Davaine, 1860) Blanchard, 1891, with slight differences in body measurement considered minor variations. Very small and delicate body; short strobila consisting of a few proglottids; globular scolex with four arm suckers; retractile rostellum armed with hooks; irregularly alternating genital pores; and the presence of a gravid segment containing numerous spherical eggs, the specimen is considered Davainea proglottina. 
[image: ]
Figure 11: Davainea proglottina. Whole body and hooklet.
R- rostellum, RH- rostellum hook, S- sucker, O- ovary, T- testis, E- egg.

[image: ]Plate 8: Davainea proglottina. A: whole body; B: anterior region.




Trematodes:
ECHINOSTOMA REVOLUTUM (Frolich, 1802): 
Generic character: 
The adult body is elongate, leaf-like and dorsoventrally flattened, with the posterior end usually broader than the anterior region. The subterminal oral sucker is surrounded by a conspicuous head collar bearing cuticular spines, while the ventral sucker is larger and situated in the anterior third of the body. A muscular pharynx and short oesophagus lead to two intestinal caeca extending posteriorly. The ovary lies anterior to two tandem testes in the posterior half. Vitelline follicles occupy the lateral fields, and the uterus is short and coiled between the ventral sucker and ovary. Eggs are large, oval and operculate. 
Description: (10 specimens) 
Echinostoma revolutum is an elongate, leaf-shaped and dorsoventrally flattened digenean trematode. Ten adult specimens measure 4.0–5.5 mm in length and 1–1.3 mm in width. The anterior end bears a conspicuous muscular head collar surrounding the subterminal oral sucker. The collar has 37 arm spines arranged in two alternating rows. Fine tegumental spines cover the anterior body and gradually decrease posteriorly. The ventral sucker is large, muscular and situated in the anterior third of the body. A short prepharynx, muscular pharynx and oesophagus lead to two intestinal caeca that extend nearly to the posterior extremity. The reproductive organs are post-acetabular. A median, transversely oval ovary lies anterior to two tandem, smooth or weakly lobed testes. Vitelline follicles occupy the lateral fields from the level behind the ventral sucker to the posterior end. The uterus is moderately coiled and contains numerous large, oval, operculated eggs with an egg size of 55-70 × 93-125 μm (Figure 12 and plate 9). 
Habitat and locality: 
Echinostoma revolutum (Frohlich, 1802) has been obtained from the gastrointestinal tract of domestic chickens from Thoubal, Kakching, and Bishnupur districts, Manipur, India. 
Remarks: 
Fröhlich originally described the species as Fasciola revoluta in 1802, and Looss later placed it in Echinostoma in 1899. The accepted name is Echinostoma revolutum (Fröhlich, 1802) Looss, 1899. Its most important morphological feature is the head collar with 37 spines, including five angle spines on each side. The morphology and dimensions of the present specimen closely agree with those provided by Mohanta et al. (2019) and Chai et al. (2020), except for slight variation in body length, sucker size, and egg measurements. These differences are considered minor intraspecific variation caused by worm age, contraction during fixation, pressure during mounting, and host/locality effects. Therefore, the present specimen is regarded as Echinostoma revolutum. 
[image: ]Figure 12: Echinostoma revolutum. OS- oral sucker, VS- ventral sucker, U- uterus, O- ovary, T- testis.

[image: ]         Plate.9: Whole body of Echinostoma revolutum.

Discussion:
In India, although several reports are available on gastrointestinal parasites of country chicken in general, few data are available on the occurrence of multiple or mixed parasitic infections that affect chicken health, cause death, and lead to economic loss. Previous studies have reported the common occurrence of GIH infections in most free-ranging country chickens across different geographical regions of India. In the present study, we noted high prevalence and intensity of GIH parasites in country chickens in our state, Manipur. Country chickens act as hosts to a wide variety of helminth parasites, especially cestode, nematode, and trematode parasites. In the present study, cestode infections were much more common than nematode infections. A similar situation was noted in other studies reported by Hussen et al. (2012), where a prevalence of 83.00% cestodes and 58.00% nematodes was recorded in country chickens, and Ashenafi and Eshetu (2004) recorded a prevalence of 86.32% cestodes and 75.79% nematodes. Trematodes were fewer in number and showed lower prevalence, which might be due to the limited availability of wet habitats for chickens to ingest molluscs that act as the first intermediate hosts for the hatched trematode larvae to reproduce asexually to generate free-swimming cercariae. No trematode infections were reported in studies carried out elsewhere by Magwisha et al. (2002) and Jaiswal et al. (2020). No acanthocephalan was observed in the present study, but a few studies previously reported their occurrence, including Bhalerao (1937), Terregino et al. (1999), Amin et al. (2013), and Yousfi et al. (2013). Variations in infection prevalence across studies, including the present study, may reflect differences in geographical climate, which can limit parasite transmission or survival. However, parasites are more prevalent in tropical countries, where climate and environmental conditions favour their survival. However, the high prevalence of GIH infections recorded in country chickens during the present study could be due to their free-ranging habits, which allow them access to infective stages of parasites through coincidental ingestion of invertebrates such as beetles, earthworms and ants, which act as intermediate hosts to most of the helminth parasites while in search of feed (Horsfall, 1938; Todd & Crowdus, 1952; Soulsby, 1982).
Molecular identification is an independent method for confirming poultry helminths when adult specimens are damaged, immature, or difficult to distinguish morphologically. Genomic DNA can be extracted from a small portion of the worm while the remaining material is retained as a morphological voucher. Nuclear ribosomal markers, especially 18S rRNA, 28S rRNA, and the internal transcribed spacer regions (ITS1 and ITS2) are useful for resolving relationships among nematodes, cestodes, and trematodes. The mitochondrial cytochrome c oxidase subunit I (cox1) gene is particularly valuable for discriminating closely related species and geographic isolates (Blouin, 2002; Nadler & Pérez-Ponce de León, 2011). 
Thus, combining morphological and molecular identification is a stronger basis for determining helminth diversity, prevalence, and control priorities. Accurate taxonomy is important because nematodes, cestodes, and trematodes differ in life cycle, pathogenicity, intermediate-host requirements and responses to control measures.  This integrated diagnostic approach is therefore suitable for producing reliable baseline data on gastrointestinal helminths of domestic chickens in Manipur, India.
Conclusion: 
Examination of 308 gastrointestinal samples from domestic chickens in Thoubal, Bishnupur and Kakching districts of Manipur identified nine helminth species comprising one nematode, seven cestodes and one trematode. The recovered taxa were Heterakis gallinarum, Raillietina tetragona, R. echinobothrida, R. cesticillus, Choanotaenia infundibulum, Amoebotaenia cuneata, Cotugnia digonopora, Davainea proglottina and Echinostoma revolutum. Identification was based primarily on diagnostic morphological characters, with molecular analyses of selected specimens providing additional support. The study therefore documents gastrointestinal helminth diversity among backyard chickens sampled in the three districts. Because the work focused mainly on species recovery and identification rather than a complete epidemiological assessment, the findings should be interpreted as baseline taxonomic evidence for the study area. Further investigations with broader spatial coverage, systematic prevalence and intensity estimates, larger geographically representative sampling and expanded molecular characterisation would help clarify the distribution, transmission patterns and practical importance of these helminths in local poultry production.
Limitations
The study examined chickens obtained from slaughterhouses in three districts of Manipur and therefore may not represent all backyard chicken populations in the state. Although 308 gastrointestinal samples were examined, sampling was geographically restricted and did not provide a fully standardised population-based estimate of prevalence or infection intensity. Molecular confirmation was performed only for selected specimens, while most identifications relied on morphology. Seasonal, management and other potential epidemiological factors were not systematically evaluated. Future studies should use broader structured sampling, quantitative infection measures and molecular confirmation across more recovered specimens.
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