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New Distributional Records of the Echinostome parasite from Indoplanorbis exustus (Deshayes, 1834) Snails in Nagaland

ABSTRACT
The freshwater snail Indoplanorbis exustus (Deshayes, 1834) belonging to the family Planorbidae, acts as the sole intermediate host for several trematodes of medical and economic importance. These include zoonotic schistosomes and echinostomes, which can infect and cause diseases in both humans and livestock. However, studies on cercarial identification from aquatic snails in the northeastern region are scarce. This study aims to employ molecular tools to identify specific Echinostome cercariae in snails. Snails (Indoplanorbis exustus) were collected from different villages of Dimapur district of Nagaland and identified morphologically. Cercariae were obtained, and their DNA was extracted and amplified using PCR. The resulting DNA products were sequenced, and the ITS2 region was analyzed for phylogenetic identification. Morphological examination of snails revealed the presence of Echinostome cercariae. Genotypic characterization based on ITS2 demonstrated a 95% homology with Echinostoma trivolvis, 99% with E. malayanum, and 97% with Artyfechinostomum sufratyfex. Furthermore, there was a 97% similarity with E. revoltum, E. trivolvis, and E. caproni. This research contributes to the accurate diagnosis of snail-borne diseases, facilitating effective control measures and minimizing their impact on domestic livestock in India. The combination of morphological and molecular approaches provides a comprehensive understanding of the prevalence and genetic diversity of Echinostome cercariae in snail populations in Nagaland.
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INTRODUCTION
Indoplanorbis exustus (Deshayes, 1834) is a species of air-breathing freshwater mollusk from the family Planorbidae. The sole member of its genus, this species is widely distributed in widely distributed across the tropics. In India, it is an intermediate host for several trematode parasites that infect cattle and sheep. While these afflictions tend to be localized in endemic regions and closely tied to prevailing socioeconomic practices, accurate diagnosis remains a formidable challenge, primarily owing to the intricacies of identifying shedding cercariae, the larval stages of parasitic trematodes. Existing reports on cercarial identification in the northeastern region are relatively scarce (Borkakoty and Das, 1980; Devi et al., 2013; Rajkhowa et al., 1991; Gogoi et al., 1986).

Trematode parasites, commonly known as flukes, infect a wide spectrum of mammals and aquatic birds. Within the realm of snail-borne diseases, echinostomes stand out as particularly noteworthy. These zoonotic parasites, mediated by digenean trematodes, are primarily associated with the intestinal tracts of hosts and have been observed to affect various species, including aquatic birds, rodents, and to a lesser extent, other mammals such as dogs, cats, and pigs (Huffman & Fried, 1990). The Echinostome group comprises 16 species known to be responsible for causing human echinostomiasis. This condition is predominantly prevalent in Southeast Asia and the Far East, encompassing regions like mainland China, Taiwan, India, Korea, Malaysia, the Philippines, and Indonesia (Graczyk & Fried,1989). The infective stage in the life cycle of these parasites is the metacercariae, and aquatic snails play a pivotal role in their transmission.

In India, the larval stages of these parasitic organisms are intricately linked to several species of snails, including Indoplanorbis spp., Lymnaea spp., and Gyraulus spp. These snails act as essential intermediate hosts, facilitating the development and transmission of echinostome larvae (Tigga et al.,2014). Given the intricacy of identifying these parasites through traditional means, this study endeavors to harness the power of molecular tools to achieve a precise and efficient identification of specific echinostome cercariae within snail populations. This approach holds promise for bolstering our understanding of the dynamics of snail-borne diseases and, ultimately, for enhancing their management and control strategies.

MATERIAL AND METHODS
Snail Collection and Sample Preparation:

The investigation was carried out in various villages of Dimapur district, located in the state of Nagaland, India during the period spanning 2018-2023. The district has a humid subtropical climate with a monsoon season. It experiences hot and humid summers and cool, pleasant winters. Temperatures can range from 21°C to 40°C. Annual rainfall averages between 1,800 and 2,500 mm, concentrated during the monsoon months (May to September).  Dimapur is also vulnerable to urban flooding due to its topography, deforestation, and climate change impacts (Jamir et.al, 2012). 
Snails were harvested from diverse water bodies, subsequently transported to the laboratory in water containers, and placed in small aquaria. A total of 2000 snails were examined in the course of our investigation. Snails were provided with a diet of natural food sources. Each collected snail underwent morphological identification based on its shell shape and size as described by Gupta et al. 1987, Rao, 1989, HMSO, 1979 and Soulsby, 1986. To prepare the snails for further analysis, they were cleaned with portable clean water to eliminate dirt and debris. Clean snails were then transferred to glass tubes filled with clean water and exposed to natural morning sunlight for a duration of half an hour. This exposure prompted the release of cercariae, which were subsequently processed for analysis.
Cercariae Handling and DNA Extraction:

The released cercariae were briefly subjected to mild flame exposure for 5-10 seconds to render them nonviable. These inactivated cercariae were then preserved in 70% molecular biology-grade alcohol and stored at -20°C until required for further analysis.

DNA Extraction and PCR Amplification:

Cercarial DNA extraction was performed according to the protocol outlined in the Qiagen blood and tissue kit (Germany), following the manufacturer's instructions. The extracted DNA was quantified using a NanoDrop Spectrophotometer, with measurements taken at an absorbance ratio of 260/280. Genomic DNA was diluted to a working concentration of 100 ng/µl. For the subsequent polymerase chain reaction (PCR), 1 µl of this DNA dilution was utilized as a template in a 50 µl reaction. A 550 bp fragment of the internal transcribed spacer was amplified using specific primers. The primer sequences employed were F: 5´- Forward: GAATTAATGTGA ACT GCA TAC TG-3´ and R: 5´- TGATATGCTTAAGTT CAG CGG G-3´, along with Echinostoma revoltum primers F: E-ITS-5 (5’ GGA AGT AAA-AGTCGTAACAAG 3’) and R: EITS-4 (5’ TCCTCCGCTT-AGTGATATGC 3’). The PCR protocol consisted of an initial denaturation at 94°C for 5 minutes, followed by 35 cycles involving denaturation at 94°C for 45 seconds, annealing at 55°C for 45 seconds, and extension at 72°C for 1 minute. The final extension step was set at 72°C for 10 minutes. Negative control PCR tubes utilized nuclease-free water. The success of PCR product amplification was verified via gel electrophoresis on a 1% agarose gel and visualized and documented using a gel documentation system.

Custom Sequencing:

To obtain nucleotide sequences, the purified PCR products were sent to Xcelris Labs Ltd., Ahmedabad, India.
 ITS-2 Sequence Analysis and Phylogenetic Analysis:
The sequenced ITS2 rDNA, flanked by 5.8S and 28S sequences, was initially annotated to recover the precise ITS2 sequences for subsequent analysis. The annotation process was conducted using the 'Annotate' feature within the ITS2 database (Koetschan et al., 2010), which employs Hidden Markov Models (HMMs) through HMMer to annotate eukaryotic ITS2 sequences. This is achieved by identifying a 25-nucleotide interaction of the 5’ end of the 5.8S rDNA subunit with 25 nucleotides of the 3’ end of the 28S rDNA subunit (Keller et al., 2009).

For sequence analysis and similarity searches, the basic local alignment search tool with a default matrix was employed. Annotated ITS2 sequences of other digenetic trematodes belonging to the Order Echinostomida, available in the ITS2 database, were retrieved. Multiple sequence alignment of these sequences was carried out using ClustalW within the Bioedit software. ITS-2 sequences of Echinostome species were aligned using MEGA 5.01 software (http://www.Megasoftware.net/mega5.01.html). Specific identification of echinostome cercariae was achieved by comparing the sequences obtained with those available in GenBank. To depict the relationships among the samples, a phylogenetic tree was constructed using the neighbor-joining (NJ) distance method with 1000 bootstrap replicates.

RESULTS AND DISCUSSION
Morphological Identification of Snail and Echinostome Cercariae:

The shell of the snail was discoidal and sinistral in coiling with rapidly increasing whorls. Each whorl is higher than it is wide. The snail carries the shell (light brown color) with the broader end of the aperture on its right and the narrower on its left. The width of the shell was 7–26 mm. The height of the shell was 5–15 mm. The morphological characteristics described strongly indicate the snail to be Indoplanorbis exustus (Deshayes, 1834). Out of the 2000 snails examined, 60 were found to be infected with Echinostome cercariae. Noteworthy morphological features included the presence of an unforked tail, a circular ventral sucker situated on the mid-ventral surface of the body, and an oral sucker without a stylet but surrounded by a distinctive spiny collar. These cercariae were also characterized by the presence of cystogenous glands in their bodies and an absence of eyespots. Echinostome cercariae typically exhibit an elongated, oval body shape with a distinct tail. The ventral sucker was centrally located, and although the collar was not prominently marked and collar spines were difficult to observe, the oral sucker was positioned away from the ventral sucker (Fig 1a, 1b & 1c). Furthermore, the presence of numerous cystogenous gland cells imparted a dark appearance to the live cercariae. 
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	Fig. 1a, 1b & 1c: Microscopic image of the Echinostome cercariae


Genotypic Characterization Based on ITS-2:

Echinostome cercariae species recovered from I. exustus snails, were amplified and sequenced the 550-base-pair internal transcribed spacer-2 (ITS2) region (Fig 3). Sequence analysis of the ITS2 region of E. revolutum showed a 95% homology with Echinostoma trivolvis (GQ463127, GQ463126, GQ46124), a 99% similarity with E. malayanum (JF412728, JF412729), and a 97% similarity with Artyfechinostomum sufratyfex (EF027100). Moreover, the sequence analysis revealed a 97% similarity with E. revolutum (KM520150, AY 168930, and GQ463128), E. trivolvis (GQ463126), and E. caproni(GQ46313).
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	Fig 2: PCR amplification of ITS-2 region    of Echinostome cercariae
	Fig 3: Evolutionary relationships of Echinostome  cercariae



The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The optimal tree is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown below the branches as per Felsenstein (1985).  The evolutionary distances were computed using the Poisson correction method (Zuckerkandl and Pauling 1965) and are in the units of the number of amino acid substitutions per site. This analysis involved 5 amino acid sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There was a total of 548 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 (Tamura et al. 2021)
DISCUSSION
The exploration of cercarial fauna in the Northeastern region of India has yielded important insights into the diversity and transmission dynamics of trematode parasites. Early foundational studies, such as that by Borkakoty and Das (1980), documented seven freshwater snail species harboring diverse cercarial types in Kamrup district of Assam, with Lymnaea luteola and Indoplanorbis exustus noted as dominant intermediate hosts. These species were found to release five distinct cercarial forms, indicating their role as key vectors in the region’s trematode life cycles. Subsequent research by Deka (1999) in the Azara area of Greater Guwahati further reinforced the role of I. exustus as a significant intermediate host. Out of 2,106 specimens screened, he identified multiple cercarial forms—namely amphistome, echinostome, mammalian and avian furcocercous cercariae - at low prevalence (0.85%). Similarly, Rajkhowa et al. (1991) studied seasonal variation in cercarial emergence and reported amphistome and echinostome cercariae liberation from I. exustus, noting temporal patterns such as absence during the pre-monsoon months (May and June) and peak prevalence in October, as also supported by findings from Amrita et al. (1997). Devi et al. (2003) expanded the understanding of larval trematode diversity in Assam by reporting nine cercarial types from six different snail species, with L. luteola and I. exustus again identified as hosts of echinostome, monostome, xiphidiocercariae, and other types. These cumulative studies highlight the consistent association of I. exustus with echinostome cercariae in Assam, suggesting a stable ecological relationship in these freshwater ecosystems.

In contrast, there had been no prior documentation of echinostome cercariae from I. exustus in Nagaland, making our present study the first record from the state. The cercarial liberation observed in our investigation had an incidence rate of 3%, which is notably higher than the 0.85% reported by Deka (1999) in Assam. This variation may be attributable to differences in snail population density, ecological conditions, or seasonal sampling times.

The identification of these cercariae as members of the Echinostoma revolutum group is significant, as this group comprises zoonotic species with potential public health implications. Characterized by the presence of 37 collar spines, the group is morphologically diverse but taxonomically complex due to overlapping features. Recent advances in molecular techniques have provided improved tools for species delimitation. Sequencing of mitochondrial (COX1, NAD1) and nuclear (ITS1-5.8S-ITS2) genes has refined the taxonomy of Echinostoma spp., with 16 valid species now recognized globally (Georgieva et al., 2013; Chai et al., 2020).

Our study adopted a similar integrative approach by combining morphological examination with ITS2-based molecular characterization, in line with studies from Thailand (Butboonchoo et al., 2020; Chuboon and Wongsawad, 2009), where precise species identification of Echinostoma was achieved from both snails and experimental hosts. The prevalence of echinostome metacercariae in freshwater snails in these regions was found to be high (40.4%), underscoring the need for continued surveillance and species-level identification.

Therefore, the current study not only confirms the presence of echinostome cercariae in I. exustus from Nagaland but also highlights the necessity of molecular tools for accurate identification. This is particularly relevant in the context of public health, as echinostomiasis is an emerging zoonosis in many parts of Asia. The record from Nagaland fills a critical geographical gap and contributes to the broader epidemiological mapping of echinostome infections in India’s Northeastern region.
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