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Abstract

Aim: To assess the incidence and pathological effects during encysted progenetic Euclinostomum heterostomum metacercariae infestation in the 
freshwater fish spotted snakehead (Channa punctatus).

Methodology: Samples of Channa punctatus were collected from Tilaiya Reservoir, Koderma, Jharkhand, India, during pre-monsoon, monsoon, and 
post-monsoon seasons. The encysted metacercariae trematodes were isolated from Channa punctatus. Characterization was performed based on the 
morphology and sequencing analysis of a partial 18S rRNA gene. Further, the kidney and liver samples from infected fish were subjected to 
histopathological studies. Prevalence, abundance, and Intensity of infection were further determined.

Results: Morphological identification suggests that the encysted metacercariae belonged to Digenean trematodes of genera Euclinostomum, and 
amplification of partial sequence of 18S rRNA, and phylogenetic analysis revealed the isolated metacercariae were Euclinostomum heterostomum. The 
histopathological study of the kidney showed hepatocyte degeneration, cytoplasmic vacuolation, and nuclear transformations. Liver fibrosis was 
observed in Channa punctatus. The prevalence during pre-monsoon, monsoon, and post-monsoon season ranged from 66.1% to 81.1%, abundance 
from 0.74 to 0.92, and intensity ranged from 1 to 1.14 using the Margolis formula.

Interpretation: The study highlights the infestation of Euclinostomum heterostomum in Channa punctatus during the pre- monsoon climate appears 
favorable for the abundance of parasites. Hence, a proper inspection before consumption is necessary.
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Sample collection and preservation: In total 974 fish amples 
were collected between May 2021 and April 2022 during pre-
monsoon, monsoon, and post-monsoon season. The selected 
fish samples were kept in a water contained plastic container, and 
transported to the laboratory alive for examination. The treatment 
and care of experimental fishes adhered to the rules set by the 
Organization for Economic Cooperation and Development 
(OECD, 2019). For the experimental setup, the Institutional 
Animal Ethics Committee of the ICAR-Central Inland Fisheries 
Research Institute in Kolkata, India, endorsed the animal 
utilization protocol (IAEC/2022/04). The fish were dissected and 
distributed onto five individual Petri plates with a solution 0.6% 
saline solution. They were later observed under a simple 
microscope at 10X magnification.

Staining and microscopical examination: Samples of C. 
punctatus were thoroughly examined macroscopically to detect 
trematodes in muscles, intestines, gills, buccal cavities, livers, 
kidneys and body cavities. The worms were flattened by heating 
(85-90 °C) and placed between the slides once the specimens 
were sluggish and relaxed. Alcohol-formol-acetic fixative, fixative 
was gradually placed over the parasite with a dropper and fixed 
overnight. It was then preserved in a 70% ethanol solution. The 
staining of the cross section of the parasite infested tissue was 
carried out as per the method described by Cable (1967).

Molecular Analyses

Genomic DNA extraction: Following the manufacturer's 
instructions, genomic DNA from isolated trematodes was 
extracted using a commercial DNA purification kit (Qiagen, 
DNeasy Blood, and Tissue kit). The raw isolated DNA was kept in 
a 1.5 ml centrifuged tube at -20 ⁰C in TE buffer and diluted to 100 
ng prior to use.

Amplification and sequencing of target gene: The 18S rRNA 
primer was used to execute the PCR amplification of partial rDNA 
of the metacercariae. To identify Eclinostomum sp., the 18S rRNA 
gene was amplified by PCR method using the forward primer 
UEP-F:5'-ACCTGGTTGATCCTGCCAG-3' and the reverse 
primer UEP-R: 5'-CTTCCGCAGGTTCACCTACGG-3' (Barta et 
al., 1997). Denaturation at 95 °C for 5 min was the first step in the 
amplification process. Subsequently, a total of 35 cycles were 
carried out, consisting of denaturation at 95 °C for 30 sec, 
annealing at 57 °C for 30 sec, and extension at 72 °C for 30 sec.

The ultimate elongation was maintained at 72 °C for 10 
min. For each reaction of 25 µl, a PCR cocktail composed of 13.5 
µl DH O, 2.5 µl of 10X Taq buffer, 2.5 µl of dNTPs,1 µl of 10 pmol 2

of each 18S primer, 0.5 µl of Taq polymerase, 2.5 µl of MgCl , and 2

2 µl genomic DNA was used. Ethidium bromide was used to stain 
the DNA template during electrophoresis on a 1.8 % agarose gel 
(Behera et al., 2023). The purified PCR products from different 
worms were directly sequenced.

Analysis of sequences and phylogeny: The CAP3 algorithm 
was used to pair each forward sequence with its reverse 

Introduction

The production of fish raised for food increased globally 
by 5.3% annually between 2001 and 2018. The global 
aquaculture section has steadily increased its share of the world's 
fish production. From 25.7% in 2000 to 46.0% in 2016–18 (FAO, 
2020).The family Channidae's snakeheads, also called murrels, 
are one of the widely cultivated and harvested groups of air 
breathing freshwater fishes in the south and southeast Asian 
countries (Podeti and Benarjee, 2017). C. punctata (Bloch), the 
spotted murrel, is regarded as a delicious fish. In the world 
aquaculture industry, diseases cause finfish to suffer significant 
economic losses; the annual estimated loss is about US$9.58 
billion (Shinn et al., 2015). The aquaculture industry experiences 
massive losses due to infestation by various pathogens and 
parasites, resulting in high mortality, slow growth, and extensive 
use of preventive chemicals (Kumar et al., 2022; Sudhansu et al., 
2017). According to a surveillance study conducted by (Devi et al., 
2023), between 2014 and 2018, parasitic infestation was the 
leading cause of 74.9% of the cases in Indian aquaculture farms. 
Trematodes are primarily endoparasites that consider snails and 
fishes as their intermediate hosts followed bya variety of 
freshwater fishes (Wang et al., 2017). It causes low weight gain, 
excessive mortality, and marketability of the afflicted fish (Kanev 
et al., 2002, Park et al., 2009). Infestation also results in 
significant financial losses for the aquaculture industry (Li et al., 
2018). The intake of contaminated raw fish products can lead to 
the infestation of humans (Lee et al., 2017; Park et al., 2009).

Clinostomiasis, a disease caused by digenetic 
trematodes belongs to the genus Clinostomum, can affect 
freshwater fishes (Xiao et al., 2013). Diamond-shaped nodules of 
metacercariae can be used to identify these parasites as "yellow 
grubs." Many digenetic parasites need two or more than two hosts 
to complete their life cycle. Avian hosts that consume freshwater 
fish harbor adult trematodes (Attia et al., 2021; Mahdy et al., 
2020).Depending on the severity of the infestation, outcomes 
could include surface bleeding, mass mortality, reduced fish 
growth, and diminished reproductive capacity (Gholami et al., 
2011; Mutengu et al., 2018, Mahdy et al., 2017). Although there 
are few reports of cestode infection in fish, limited information on 
the prevalence, pathological changes, and molecular 
identification of Euclinostomum heterostomum at the genomic 
level has been reported in edible fishes. In the present study, 
moribund fish with abnormal movement infected with E. 
heterostomum were screened and pathological changes along 
with prevalence of this parasite were determined in spotted 
snakeheads.

Materials and Methods

Study area: The fish samples were collected from the Tilaiya 
reservoir (24°19'26" N 85°31'16") located in the district of 
Koderma, Jharkhand, India (Fig. 1). Tilaiya Dam is situated on the 
Barakar River stretching of 366 m and 30.2 m above the riverbed. 
It occupies 984 sq. km area and is used to generate electricity 
(Singh et al., 2005).

S. Devnath et al.: Metacercaria infection in freshwater fish
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Parasite prevalence, abundance and intensity estimation: 
Selected fishes were collected from the Koderma Reservoir in 
Jharkhand. During the study period, 974 fish were screened for 
possible infection. Prevalence, intensity and infection abundance 
were calculated based on the observation. The prevalence of 
parasites infestation, abundance of parasites and the intensity of 
parasites were calculated using the formula given by (Margolis et 
al., 1982).

Statistical analyses: ANOVA with Dunnett’s Multiple 
Comparisons Test was conducted using GraphPad Prism version 
10.0 for Windows, developed by GraphPad Software in Boston, 
Massachusetts, USA to assess the significant differences 
between the prevalence of E. heterostomum among seasons (Fig 
6). The mean difference was significant at p < 0.05, and all data for 
this test were presented as mean ± standard error of mean 
(SEM). The statistical analysis was performed with IBM SPSS 
(Version 25).

counterpart. Subsequently, the sequences were assembled 
using the NCBI BLAST program. Using the multiple sequence 
alignment tool CLUSTALW, the most homologous sequences in 
the database were aligned with each other. MEGA6 (Tamura et 
al., 2013) was used for an evolutionary analysis with 1000 
bootstrap values. An online applicationItol, was used to create the 
design of phylogenetic trees (Letunic and Bork, 2021).

Histopathological examination: Liver and kidney samples from 
C. punctatus that had been infected with encysted metacercariae 
of E. heterostomum, as well as tissue samples from uninfected 
tissue samples, were quickly washed in 0.74% NaCl for 48 
hours,and then fixed in 10% neutral buffered formalin (NBF). The 
samples were embedded in paraffin wax, dehydrated in ethyl 
alcohol at increasing concentrations, and then sectioned with a 
rotatory microtome at a thickness of 5 µm. According to (Bancroft 
et al., 2008), haematoxylin and eosin were used to stain the 
sectioned tissue sample.

448 Journal of Environmental Biology, July 2024

Fig. 1: A GIS map showing the Tilaiya Reservoir sampling sites in Koderma, Jharkhand. The Arc GIS 10.2.1 framework was used to draw the map for fish 
sample collection sites.
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Results and Discussion

Parasites severely impact fish, particularly their growth, 
survival, immunity and disease susceptibility. Therefore, it is 
essential to screen fish samples regularly for the possible 
presence of parasites. Hence, a multidimensional approach is 
always advised rather than a single approach for an accurate 
analysis to determine fish health status (Kori-Siakpere et al., 
2005; Hamouda et al., 2021). The larval trematodes from the 
kidney and liver obtained from C. punctatus were identified as E. 
heterostomum in the present work. The E. heterostomum cysts 
were 2.15-3.43 mm in diameter and seemed brown or black 
rounded to oval cysts, giving the tissues around them a dim black 
color.This coloration may result from a renal reaction in which 
melanin is produced by migrating macrophage melanocytes 
(Mahdy et al., 2017). According to Caffara et al. (2011), the 
Clinostomum metacercariae in this study had morphological traits 
in common with those of C. complanatum. The species E. 
heterostomumis based on morphological and morphometric 
features of encysted metacercariae. The subfamily 
Euclinostomatinae was identified as metacercariae (Yamaguti et 
al., 1971). They were spherical, faintly black and entrenched in 
the liver and kidney tissues of C. punctatus (Fig 2).

 Excysted metacercariae measured 5.2-8.5 mm in length 
and 2.15-3.43 mm in breadth (Table 1). The excretory orifice was 
readily visible at the posterior end of the body. The anterior testis 
was like a crescent or U-shaped, while the posterior testes' lobe 
was triangular (Fig 2). Encysted metacercariae had a diameter of 
3-6 mm and were about the size of a large pea. The cyst wall was 
thick that the interior features were hidden. Morphological 
examination of parasite alone may not be sufficient to identify 
species because of similarities in the morphological characteristics 
and the absence of clear distinctions between members of genera 
at the species level (Attia et al., 2021; Dzikowski et al., 2004; Salem 
et al., 2021; Sereno-Uribe et al., 2013b). Numerous kinds of 

digenetic trematodes species have already been reported 
previously where the identification of species has been carried out 
on species level (Athokpam et al., 2014; Younis et al., 2022). 
Hence, combining morphological and genetic identification helps 
to overcome the difficulty of identifying species (Moszczynska et 
al., 2009; Simsek et al., 2018). The parasite was identified by its 
18S rRNA, and the amplification products were of the expected 
size of 1700 bp. The sequence was submitted to GenBank with 
accession number Oq255720. The fragments of DNA sequence 
were compared with other sequences available in NCBI GenBank 
to establish the identity of parasites as E. heterostomum. BLAST 
analysis of E. heterostomum (OQ255720) showed 99.72% 
nucleotide identity with Eclinostomum sp. (KC894793.1) from 
Thailand (Fig 3). On the evolutionary tree, two branches near the 
isolated species were related to Euclinostomum species, which 
was isolated from Thailand. However, no such information on E. 
heterostomum was found in the NCBI GenBank database upon 
BLAST analysis. With EGC (Eosinophilic Granular Cell) infiltration, 
a thick, fibrous, connective tissue capsule was tightly bound to and 
integrated into the fish tissue structures enclosed by the cyst. 
Additionally, degranulation of EGC caused a tissue reaction that 
comprised vasodilation and neutrophil infiltration in the infected 
tissues with helminth related EGC infiltration (Mahdy et al., 2022). 
This research also demonstrated that the host's defence system 
operated effectively. Similar findings were also described by Byrne 
et al. (1998) in Atlantic salmon, where they noted a unique acute 
tubular epithelial necrosis in conjunction with interstitial 
hemorrhages. The encysted metacercariae of E. heterostomum 
were also encircled in the renal tissue by a thick connective tissue 
capsule (Fig 4). 

Harris et al. (2005) illustrated that atrophies in the liver  
tissue of C. punctata due to E. heterostomum infection may 
possibly be due to nutrients entering the metacercariae from the 
host tissue (Shareef et al., 2015). High levels of pathological 
lesions were observed including significant necrosis, cytoplasmic 
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Table 1: Comparative chart of the morphometric characters of metacercariae stage of E. heterostomum in fishes

Measurements E. heterostomum (mm) E. heterostomum (mm) E. heterostomum (mm)
(Purivirojkul et al., 2013) (Kundu et al., 2021) present study

Body length 5.78 -7.77 (7.10 ± 0.49) 5.10-7.8 (2.02 ± 2.42) 3.48-6.2 (4.884±1.18)
body width 2.25 -2.73 (2.52 ± 0.14) 1.8- 2.70 (0.027 ± 1.02) 1.4-1.98 (1.724±0.22)
oral collar width NA 1.0181-1.64 (0.036±0.006) 1.011-1.32 (1.133±0.16)
oral sucker length 0.167 - 0.199 (187.40 ± 9.74) 0.290-0.351 (0.321± 0.019) 0.219-0.324 (0.2658±0.04)
Oral sucker width 0.223-0.264 (248.40 ± 11.25) 0.488-0.586 (0.066±0.004) 0.432-0.482 (0.4576±0.02)
Ventral sucker length 0.821-0.978 (917.30± 46.35) 0.992-1.23 (0.366±0.06) 0.851-1.02 (0.9326±0.08)
Ventral sucker width 0.780-0.930 (873.65± 43.87) 0.844-1.20 (2.066 ± 3.45) 0.742-1.04 (0.9335±0.13)
Anterior testes right arm width 0.530-0.680 (618.20±35.900) 0.292-0.419 (0.097 ± 0.22) 0.342-0.423 (0.9335±0.13)
Anterior testes left arm width NA 0.283-0.322 (4.77 ± 0.82) 0.293-0.327(0.3102±0.01)
Anterior testes length 0.135-0.179 (157.25± 10.54) 0.440-0.605 (1.021± 5.46) 0.520-0.619(0.5742±0.04)
Posterior testes right arm width 0.384–0.491 (445.65± 24.92) 0.244-0.292 (0.086 ± 0.99) 0.257-0.297(0.2764±0.01)
Posterior testes left arm width NA 0.195- 0.263 (0.31 ± 6.44) 0.201-0.251(0.221±0.02)
ovary width 0.136–0.179 (158.40± 11.34) 0.214-0.244 (0.59 ± 0.08) 0.224-0.257(0.2398±0.01)
ovary length 0.110-0.148 (126.80 ± 9.36) 0.146-0.215 (0.0082±0.024) 0.168-0.231(0.2034±0.024)
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Fig. 2: (1) A. Congested kidney of C. punctata with encysted metacercariae of Euclinostomum spp; B& C. Metal sliver with encysted metacercaria 
(Euclinostomum spp.) in the liver of C. punctatus. (2) The pictorial representation of stained E. heterostomum (Rudolphi, 1806) isolated from C. 
punctatus OS- Oral sucker; VS-Ventral sucker; AT-Anterior testis; UT-Uterus; O-Ovary; PT-Posterior testis; CD- Caecal diverticula; AO-Anal opening.

Fig. 3: Evolutionary relationships of genus Eclinostomum was analyzed using the Mega version 6.0 software package. Based on the 18S gene, colorful 
clusters represent the relationship of the genus Eclinostomum and E. heterostomum is indicated through asterisk sign (*) in this phylogeny tree.
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Fig. 4: Histopathology of kidney from C. punctata with E. heterostomum infection; (A). Section of the kidney demonstrating the encysted fluke (thick 
arrow), bounded inside the cyst wall (thin arrow), note the huge quantity of blood content present in the gut and the loss of a significant piece of the kidney 
(stars); (B). Injuries to the renal tubules can be seen as a thinning of the tubular epithelium (arrow) and an abnormally enlarged lumen and (C). Epithelial 
cell necrosis resulted in the formation of a large vacuole (stars), fibrosis of tubular epithelium (arrow), and cyst wall (CW).

Fig. 5: Histopathology of E. heterostomum- infected liver; (A). A portion of the liver with the encysted fluke surrounded inside the cyst wall.  Note the 
tissue injury, the plug created by the parasite's ventral sucker, and the ingested host blood (stars-brownish black debris); (B). hepatocyte necrosis and 
(C). infected liver revealing degenerative changes (stars) within the liver tissues haemorrhagic foci (arrowhead).

cyst. During the study period, 708 fishes out of 974 were infected 
with the trematode parasite E. heterostomum, indicating that 
approximately 72.7 % of fish were affected. Seasonal variation of 
infestation was recorded in the present study. During the study 
period, the highest number of parasites (330) was recorded in the 

vacuolation, fatty droplet production and parenchymal 
hepatocyte degradation (Fig 5). Shareef et al. (2015) described 
how E. heterostomum parasitic cysts infested C. punctate’s 
kidney tissue, causing renal tubule enlargement, vacuolar 
degeneration, and leucocyte infiltration surrounding the parasitic 
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pre-monsoon season, while the lowest value (192) was recorded 
during the monsoon season. The prevalence value ranged from 
66.1% to 81.1% during the study period. The highest prevalence 
value (81.1%) was recorded in the pre-monsoon, whereas the 
lowest (66.1%) was found during monsoon season. The highest 
abundance value (0.92) was recorded in the pre-monsoon, and 
the lowest (0.74) was recorded in the monsoon season. It is also 
evident that water quality parameters have a crucial influence on 
the infestation of protozoan parasites (El-Khayat et al., 2024).

The highest mean intensity of parasites (1.14) was found in 
the post-monsoon, season and the lowest was recorded (1.12) in 
the monsoon season. In the ANOVA test, as a whole group, the 
statistical study of the data for prevalence and abundance 
demonstrated that the pre-monsoon, monsoon, and post-monsoon 
seasons had significant differences. Still, when Post Hoc analysis 
was performed, it was found that pre-monsoon and monsoon 
season had considerable differences and pre-monsoon and post-
monsoon were also significant, but monsoon and post-monsoon 
had no significant difference. In the case of intensity, the ANOVA, 
and Post Hoc analyses, no significant difference was analyzed 
among the pre-monsoon, monsoon, and post-monsoon seasons 
(Fig 6). However, according to Dhole et al. (2010), snakehead 
trematode occurrence peaked in the summer (C. punctatus). 

The occurrence of E. heterostomum may be ascribed to 
variations in the habitat, the ideal conditions of the aquatic 
environment, and the presence of suitable mollusk hosts. The 
pre-monsoon climate appears favourable for the abundance of 
parasites. Hence, fish products from the reservoir during the pre-
monsoon period should be inspected prior to the consumption of 
parasite-infested fish.
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