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In the present study, the DNA barcoding of the nematode parasite infecting Ompok bimaculatus and Nemacheilus anguilla fish
species was carried out in Barvi Reservoir, Maharashtra. To ascertain the taxonomic status of these nematode parasites, an 18S
gene marker was used. Accurate identification of fish parasites is essential to formulate preventive strategies and to study
host-environment relations. The present study did barcoding of the nematode parasites of the fishes caught from the Barvi
Reservoir using the nuclear 18S rDNA (SSU) sequence. The nuclear 18S rDNA (SSU) was amplified into two overlapping
amplicons and sequenced to identify the species based on the sequence similarity with the NCBI GenBank database. The present
study sequences (both fragments) showed 98% similarity with the species of Eustrongylides. The average genetic distance value
between the present study sample and species of Eustrongylides was 0.003. In the phylogenetic tree also, the sequence was
clustered with the species of Eustrongylides with significant bootstrap values. The present study identified the nematode parasite
of the fish caught from the Barvi Reservoir, as species of Eustrongylides. The species-level identification could not be possible due
to the insufficient/lack of reference sequences in the database. It indicates the knowledge gap concerning the species-specific
molecular markers for nematode parasites of the fish.
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1. Introduction

As parasitism is the most common lifestyle on the planet,
understanding its role in the environment may help to assess
changes in a given host population [1]. Fish serve as hosts to
a range of taxonomically diverse parasites and exhibit
various life cycle strategies [2]. Parasitic infections are

prevalent in wild populations from diverse environmental
conditions. Under natural conditions in the wild population,
these parasites may cause serious diseases. Nematodes are
one of the important parasites that infect fish species of all
ecosystems, including freshwater, brackish water, and ma-
rine water [3]. These parasites can compromise the im-
munity of the fish and make them susceptible to secondary
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infection by other pathogens. It could lead to fish mortality
and economic loss to the fish farmers. Sometimes, the
survived fish with a heavy load of endo-parasites is not
preferable to consumers. Some of the parasites have a zoo-
notic potential and could infect humans also. Though small
numbers of nematode parasites occur in healthy fish, high
numbers of nematodes can cause illness or even death. Just
like humans and other animals, fish experience diseases and
parasites. Fish have both specific and nonspecific defenses
against these threats. Nonspecific defenses encompass the
skin, scales, and the mucus layer produced by the epidermis,
which traps and hinders the growth of microorganisms.
Should pathogens penetrate these defenses, fish can trigger
inflammatory responses. These responses entail heightened
blood flow to infected sites, facilitating the arrival of white
blood cells tasked with combating the pathogens.

Parasites are frequently found in fish populations as
a natural phenomenon. They can offer insights into the
ecology of host populations. For instance, in the field of
fisheries biology, the composition of parasite communities
can serve as a tool to differentiate between separate pop-
ulations of the same fish species dwelling in a shared region
[4]. There are various types of nematode species, and many
of them can travel throughout a fish’s body and infect the
liver, kidneys, and other vital organs that are important for
fish. Thus, accurate identification of species is essential to
trace its trajectory in different hosts and to use appropriate
drugs [5]. Further, species delimitation is necessary to study
the co-evolution of the host and parasite. However, the
taxonomy of nematode parasites is incomplete due to
phenotypic plasticity and morphological similarity [6, 7].

Recently, bottom-dweller fishes (Ompok bimaculatus
and Nemacheilus anguilla) from the Barvi Dam, Badlapur,
Thane, Maharashtra, India, have been heavily infected with
nematode parasites, and the catch was discarded due to the
infestation. The morphological characteristics of the parasite
are ambiguous and unable to identify the parasite up to the
species level. DNA markers such as mitochondrial cyto-
chrome c¢ oxidase subunit I (COI), nuclear 18S rRNA, and
internal transcribed spacer (ITS) sequences have been used
to identify the nematode parasites from fish and study their
phylogeny [8, 9].

2. Materials and Methods

2.1. Study Area and Sampling. The study samples were
collected from the Barvi Reservoir (19°11'N, 73°20'E), lo-
cated on the river Barvi, Badlapur, Thane, Mumbai,
Maharashtra (Figure 1). During the monsoon months of the
year 2021, selected fishes (O. bimaculatus and N. anguilla) of
the Barvi Reservoir were infected with the nematode par-
asites. A total of 30 parasites (15 each from O. bimaculatus
and N. anguilla fish species) were collected aseptically from
the coelomic (body) cavity and internal organs, and near the
intestine. The average length of the parasite was ~6 cm. The
nematode parasites were preserved in absolute alcohol for
further molecular work.
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2.2. DNA Extractions. The DNA was extracted from nema-
tode samples using the phenol-chloroform method [10]. The
quantity of DNA was checked using a Nanodrop microvolume
spectrophotometer (Thermo Fisher Scientific, USA), and the
purity was estimated using the ratio of A,g)/A,q.

2.3. Amplification of Nuclear 18S Ribosomal RNA Gene.
The nuclear small subunit ribosomal ribonucleic acid (18S
rRNA) has been amplified using the primers reported by
Littlewood, Timothy, and Olson [11]. Initially, the complete
gene (~1800 bp) was amplified using the primers, Worm A
and Worm B. Later, for sequencing purposes, the gene was
amplified into two overlapping amplicons of 1100 and
750 bp using the nested primers Worm A and 1270 R and
Worm B and 1100 F, respectively. The schematic diagram of
the primer location is given in (Figure 2).

The PCR was set up in a 12.5-yL reaction volume
consisting of 100 ng of template DNA, 10 pmol of forward
and reverse primers; 250 yM dNTPs (10 mM stock), I unit
Taq polymerase, 1.25 L of 10x buffer, and distilled water.
The PCR conditions for the complete gene (with primer sets
Worm A and Worm b) amplification were set as initial
denaturation at 94°C for 2 min, followed by denaturation at
94°C for 30s, annealing at 54°C for 30s, and extension at
72°C for 2 min with a final extension of 72°C for 10 min.

A nested PCR was performed to amplify the gene into
two overlapping fragments of small size (Worm A and
1270R; Worm B and 1100F). A gradient PCR with different
annealing temperatures (43°C-56°C) was set up to stan-
dardize the PCR.

2.4. Purification and Sequencing of the Amplicons. After
resolution, the PCR products were excised from the gel and
purified using a Gel Extraction Kit (Thermo Fisher Scien-
tific) followed by the manufacturer’s protocol. The frag-
ments were sequenced commercially (Eurofins, Bangalore)
using the primers in both forward and reverse directions.

2.5. Bioinformatics Analysis. The quality of the sequence was
verified using FinchTV software by observing the Phred score
(Q-value) of each base, and the uniformity of the peaks in the
chromatogram. The end sequences with low Q—values were
trimmed, and the resultant sequences were subjected to the
NCBI Basic Local Alignment Search Tool (BLAST) analysis
using the program BLAST (https://www.ncbinlm.nih.gov/
blast). After identifying the species, a dataset of closely related
species was prepared by downloading the reported sequences.
The sequences were aligned to their homologous positions using
the MEGAX]I, and the genetic distance values were estimated
using the Kimura two-parameter model. The frequency of
nucleotide, variable, conserved, and parsimony informative sites
was estimated using the MEGAXI. The best evolutionary model
for the sequence set was assessed using the jModel test. The
phylogenetic tree was reconstructed using the maximum par-
simony, maximum likelihood, and Bayesian inference methods.
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FIGURE 1: Map showing the location of the Barvi Dam.
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F1GURE 2: Schematic representation of primer positions on the 18S rRNA gene. Primers used for complete gene amplification are highlighted
in red color (Worm A and Worm B). The primer sets used for nested PCR are Worm A (red arrow) and 1270 R (blue arrow) and 1100F

(blue) and Worm B (red color). PCR = polymerase chain reaction.

3. Results

3.1. Morphological Observation of Parasite. The parasites
were harboring in the coelomic cavity and also adjacent to
the gut of the fish and the average number of parasites
ranged from 10 to 20 larvae per fish. The average length of
the parasite was ~6 cm (Figure 3).

3.2. Quality and Quantity of Genomic DNA. The total ge-
nomic DNA of the nematode parasites was isolated using the
phenol-chloroform method. The quality and quantity of the
DNA was verified by the gel electrophoresis and

spectrophotometer (Figure 4). The quantity of DNA was
varied from 300 to 700 ng/uL across the samples.

3.3. PCR Amplification of 18S rRNA. The complete gene of
18S rRNA (~1800 bp) isolated from N. anguilla (Figure 5(a))
and O. bimaculatus (Figure 5(b)) was amplified using the
primers Worm A and Worm B resulted in the amplification
of the 18S rRNA with a fragment size of ~1800 bp. Out of 30
samples, good amplification was observed in 10 samples and
was used for nested PCR to amplify the overlapping
fragments.
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FIGURE 3: Parasites in the Ompok bimaculatus and Nemacheilus anguilla fish species.

F1GURE 4: Total genomic DNA isolated from parasites. Lane nos. E1-E6
and O1-O4: DNA from different parasites. DNA = deoxyribonucleic
acid.

For the PCR amplification of the entire 18S rRNA gene
by using Worm A and Worm B primers resulting in an
amplicon size of around ~1800 bp. Then, this PCR product
was used for amplification by using two different PCRs. For
the first fragment, amplification was done by using primers
(Worm A and 1270 R), which yielded an amplicon of ap-
proximately ~1100bp. For the second fragment, amplifi-
cation was done by using primers (Worm B and 1100 F),
resulting in an amplicon size of around ~750 bp.

3.4. PCR Amplification of Fragment I of 18S rRNA.
Fragment I of the 18S rRNA complete gene was amplified by
using Worm A and 1270 R primers at different annealing
temperatures 43°C, 44°C, 45°C, 46°C, 47°C, 49°C, 50°C, 52°C,
54°C, 56°C, and 57°C, which resulted in the amplification of
Fragment I of the 18S rRNA with a fragment size of ~1100 bp.
The template used for this reaction was the PCR product
obtained from the complete gene of 185 rRNA (~1800 bp). A
distinct and intense band was observed at 56°C and was se-
lected to carry out the first nested PCR using the primers, and
the same temperature was used to scale up the PCR product
for further purification (Figure 6). The PCR product was
amplified in 50 yL and purified using the gel extraction kit. Out
of 10 samples, good amplification was observed in eight
samples and the amplicons were sent to the sequencing.

3.5. PCR Amplification of the Fragment II of 185 rRNA.
The Fragment II of the 18S rRNA complete gene was am-
plified using the primers Worm B and 1100 F at different
annealing temperatures 42°C, 44°C, 46°C, 48°C, 50°C, and
52°C, which resulted in the amplification of Fragment I of

the 18S rRNA with a fragment size of ~750 bp. A distinct and
intense amplicon was observed at 50°C, and the same
temperature was used to scale up the PCR product for
turther purification (Figures 7(a) and 7(b)). The template
used for this reaction was the PCR product obtained from
the complete gene of 18S rRNA (~1800bp). Of the 10
samples, good amplification was observed on eight samples
and the amplicons were sent to the sequencing.

3.6. Sequence Analysis. However, after trimming the poor-
quality sequences at the ends, the length of Fragment I
(1100bp) in E3 and E6 is 659 and 722bp, respectively.
Similarly, the length of Fragment II (~700 bp) in E3 and E6 is
435 and 526 bp, respectively. In the case of Sample nos. E2
and E8, good-quality sequences were obtained for Fragment
I only. The sequence similarity analysis with the NCBI
GenBank database is given in Table 1.

3.6.1. Fragment I and II Sequence Analysis. A dataset was
prepared, including the reported sequences that showed
minimum coverage (90%) and sequence similarity (90%)
with the present study sequence. The sequences were aligned
to their homologous position, and the unaligned sequences
were trimmed from the ends. The final length of Fragment I
is 643 bp of which 83 are variable sites and 560 are conserved
sites across the species, whereas for Fragment II, the se-
quence length was 429 bp consisting of 16 variable positions
and 413 conserved positions across the species.

Gene sequence obtained from both the fragments was
submitted to the NCBI database, and the submitted se-
quences were given a GenBank accession number
(PP934436, PP934668, PP944856, and PP989425). Both the
fragments showed the average genetic distance value of 0.003
with the Eustrongylides sp. The pairwise genetic distance and
nucleotide differences based on Kimura two-parameter
models were done among the species by using Fragment I
and Fragment II of the 18S rRNA (Tables 2a and 2b).
Furthermore, the consensus phylogenetic tree reconstructed
with both fragments showed clustering of the present study
species with the Eustrongylides sp. (Figures 8 and 9).

4. Discussion

During evolution, organisms have developed various
strategies to survive within their ecosystems. One such
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FIGURE 5: (a) Amplification of the complete 18S ribosomal RNA gene (1800 bp). Lane M: 1-kb plus DNA ladder (Gene Ruler); Lane E1-E3:
PCR products of the samples (Nemacheilus anguilla). (b) Amplification of the complete 18S ribosomal RNA gene (1800 bp). Lane M: 1 kb
plus DNA ladder (Gene Ruler); Lane O1-02: PCR products of the samples (Ompok bimaculatus). DNA = deoxyribonucleic acid,

RNA =ribonucleic acid.

= ~1100 bp

F1Gure 6: PCR amplification of Fragment I (~1100 bp) of the 18S rRNA gene. Lane M: 100 bp plus DNA ladder; Lane E1-E2: PCR products
of the samples (Nemacheilus anguilla). DNA = deoxyribonucleic acid, PCR = polymerase chain reaction.

()

()

FIGURE 7: (a) PCR amplification of Fragment II (~750 bp) of the 18S rRNA gene. Lane M: 1 kb plus DNA ladder. Lane E1-E5: PCR products
of the samples (Nemacheilus anguilla). (b) PCR amplification of Fragment II (~750 bp) of the 18S rRNA gene. Lane M: 1 kb plus DNA ladder.
Lane O1-03: PCR products of the sample (Ompok bimaculatus). DNA = deoxyribonucleic acid, PCR = polymerase chain reaction.

strategy is parasitism, where a parasite lives in or on a host
and relies on it for nourishment and shelter to complete its
life cycle. While each species plays a crucial role in main-
taining ecological balance, some researchers even suggested
that a healthy ecosystem tends to have a high diversity of
parasites [12, 13]. However, excessive parasitic infestations
can lead to secondary infections and may result in host
mortality. Fish, as aquatic vertebrates, are particularly sus-
ceptible to parasitic infections. Studies have estimated that
parasitic infections in fish could cause economic losses
ranging from $1.05 billion to $9.58 billion [14]. Among these

parasites, nematodes (roundworms) are of significant con-
cern due to their zoonotic potential and the challenges they
present for stakeholders, farmers, and consumers. Nema-
todes often lack distinctive features, making species iden-
tification difficult and imprecise. Accurate identification of
these parasites is crucial for developing effective control
strategies and understanding the dynamics of
host-parasite-environment interactions.

Recently, fish in the Barvi Reservoir were heavily infested
with unknown nematode parasites. These parasites were red,
thread-like, and located in the coelomic area. To identify these
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FIGure 8: Consensus phylogenetic tree reconstructed by maximum parsimony, maximum likelihood, and Bayesian inference using
Fragment I of the 18S rRNA gene.
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FiGure 9: Consensus phylogenetic tree reconstructed by maximum parsimony, maximum likelihood, and Bayesian inference using
Fragment II of the 18S rRNA gene.

nematodes, DNA barcoding was done, focusing on the small ~ for alignment, and variable regions, which provide phyloge-
ribosomal RNA subunit (SSU/18S rDNA). This gene offers netic information [15, 16]. The 18S rDNA gene contains several
a useful combination of both constant regions, which are useful ~ variable regions, including V1 through V8, spaced at specific
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intervals along its length. This gene has been effectively utilized
for nematode systematics and phylogenetics [17-19].

In our study, we have amplified the entire 185 rDNA
gene (~1800 bp) using Worm A and Worm B primers. The
resulting amplicon was then reamplified through nested
PCR to produce two overlapping fragments: Fragment I,
which encompasses the V2-V3 and V4 regions, and Frag-
ment II, which includes the V5-V7 regions. Out of 30
samples, 185 rDNA amplification was successful in 10, likely
due to factors such as poor template quality, DNA degra-
dation, or varijability in primer binding sites. It is also
possible that some parasites are evolutionarily divergent,
leading to variations in primer binding sites.

In the present study, the sequences were assigned to the
species by similarity with the NCBI GenBank database. In
the database, the full length of the gene is not available, and
thus, the analyses were carried out fragmentwise. The in-
dividuals of the same species show less genetic divergence
value than the congeneric individuals. The database se-
quences that show 98%-100% similarity with the query
sequences are considered the same species. Accordingly, the
present study sequences (both fragments) showed 98%
similarity with the species of Eustrongylides. The average
genetic distance value between the present study sample and
species of Eustrongylides was 0.003, indicating a high degree
of genetic similarity and a close taxonomic relationship. This
provides strong evidence for the identification of the sample
as a particular species or closely related species within the
Eustrongylides genus.

Eustrongylides is a genus of nematodes found
worldwide, classified within the family Dioctophymatidae
(order Ascaridida). Approximately eight species are
known within this genus. The disease caused by these
nematodes is called Eustrongylidosis, primarily affecting
wading birds, such as shorebirds [20, 21]. These parasites
are readily identifiable due to their red coloration and
large size, and they are distinguished by the absence of
a posterior sucker [20]. The lifecycle of Eustrongylides is
complex and involves two types of intermediate hosts:
a paratenic host and a definitive host. The definitive host
provides the necessary environment for the parasite’s
development, while the paratenic host merely acts as
a transport medium. The lifecycle begins when a wading
bird deposits feces into or near water bodies [20].

Eustrongylides spp. has been reported in several fish
species, including European perch (Perca fluviatilis) [22],
Wales catfish (Silurus glanis) [23], northern pike (Esox
lucius) [24], pikeperch (Sander lucioperca) [25], and sun
perch (Lepomis gibbosus) [26]. In India, this genus has been
observed in Glossogobius giuris [27], as well as Channa
punctatus and Channa striatus [28]. Our study reports the
presence of Eustrongylides in O. bimaculatus and N. anguilla.
Previously, Fernando and Furtado reported the species of
Eustrongylides in Ompok from Sri Lanka [29]. Urdes ob-
served the occurrence of Eustrongylides sp. in Anguilla
anguilla from Romania [30]. Eustrongylides spp. has been
recognized as a zoonotic parasite that may pose a public
health risk to consumers [31-34]. The symptoms include
severe abdominal pain and perforations in caeca. Coyner
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reported an outbreak of Eustrongylidosis is related to ag-
ricultural runoff and urban development [35]. Eutrophi-
cation of water bodies can give rise to the growth of large
populations of oligochaete worms, which act as intermediate
hosts for the parasite [36]. As this species lives outside the
stomach in the body cavity, traditional anthelmintic are not
very effective. However, disease outbreak could be prevented
by controlling the oligochaete populations by monitoring
nutrient levels in the water, decreasing the level of oxygen in
the water, and reducing chemical runoff to the water
bodies [37].

In conclusion, the present study identified the nematode
parasite of the fish caught from the Barvi Reservoir, as
a species of Eustrongylides. The species-level identification
could not be possible due to the insufficient/lack of reference
sequences in the database. It indicates the knowledge gap
concerning the species-specific molecular markers for the
nematode parasites of the fish. So there is a need to develop
species-specific molecular markers and reference database
for the species-level identification of various nematode
parasites. Developing genomic and transcriptomic databases
for various nematode parasites and incorporating these data
into publicly accessible repositories can also enhance the
accuracy of species identification. Due to zoonotic potential
of Eustrongylides spp., we recommend that fishermen and
consumers be made aware of the associated risks. To reduce
the risk of zoonotic transmission, we suggest that fish be
cooked thoroughly to an internal temperature of at least
63°C, which is sufficient to kill nematode larvae. Addi-
tionally, using separate cutting boards and knives for raw
fish can help prevent cross-contamination. The increased
oligochaete population in water bodies, driven by agricul-
tural runoff and eutrophication, may facilitate the trans-
mission of parasites. Therefore, monitoring and controlling
nutrient levels and intermediate hosts in the Barvi Reservoir
are essential to prevent infestations.

Data Availability Statement

The data that support the findings of this study are available
on request from the corresponding author. The data are not
publicly available due to privacy or ethical restrictions.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

Gowhar Igbal: benchwork, writing—original draft, software
analysis, manuscript correction; Annam Pavan Kumar: su-
pervision and overall guidance, software analysis, methodology
review, and editing; Amjad Khansaheb Balange: methodology
and validation; Sanath Kumar: methodology and validation;
K. V. Rajendran: overall guidance and data analysis; Sonal
Suman and Nahida Quyoom: assistance in PCR; Sangeetha S:
helped in DNA isolation; and Showkat Ahmad Dar: manu-
script submission, and editing. All the authors have approved
the version of the manuscript submitted to the journal.



Journal of Applied Ichthyology

Funding

The authors wish to express their sincere gratitude to the
Director, ICAR-Central Institute of Fisheries Education,
Mumbai, Maharashtra, India, for providing the financial
support and facilities to conduct this research work successfully.

Acknowledgments

The authors wish to express their sincere gratitude to the Di-
rector, ICAR-Central Institute of Fisheries Education, Mumbai,
Mabharashtra, India, for providing the financial support and
facilities to conduct this research work successfully.

References

[1] D.D.Iwanowicz, “Overview on the Effects of Parasites on Fish
Health,” in Proceedings of the Third Bilateral Conference be-
tween Russia and the United States. Bridging America and
Russia with Shared Perspectives on Aquatic Animal Health
(Shepherdstown, WV, July 2011), 176-184.

[2] F. Moravec and A. H. Ali, “Philometra johnii sp. nov.
(Nematoda, Philometridae), a New Gonad-Infecting Phil-
ometrid From the Sin Croaker Johnius dussumieri (Cuvier)
(Perciformes, Sciaenidae) From Marine Waters of Iraq,” Acta
Parasitologica 58, no. 3 (2013): 263-268, https://doi.org/
10.2478/s11686-013-0139-5.

[3] I Barber, D. Hoare, and J. Krause, “Effects of Parasites on Fish
Behaviour: A Review and Evolutionary Perspective,” Reviews
in Fish Biology and Fisheries 10, no. 2 (2000): 131-165, https://
doi.org/10.1023/a:1016658224470.

[4] N. Zabel, H. Swanson, and G. Conboy, Guide to Common
Parasites of Food Fish Species in the Northwest Territories and
Nunavut (Waterloo, Canada: Global Water Futures Northern
Water Futures, 2023).

[5] F. Chévez-Ruvalcaba, M. 1. Chévez-Ruvalcaba,
K. Moran Santibafez, J. L. Mufioz-Carrillo, A. Leén Coria,
and R. Reyna Martinez, “Foodborne Parasitic Diseases in the
Neotropics—A Review,” Helminthologia 58, no. 2 (2021):
119-133, https://doi.org/10.2478/helm-2021-0022.

[6] K. M. Jorger and M. Schrédl, “How to Describe a Cryptic
Species? Practical Challenges of Molecular Taxonomy,”
Frontiers in Zoology 10 (2013): 59-27, https://doi.org/10.1186/
1742-9994-10-59.

[7] L. Li, L.-Q. Du, Z. Xu, Y.-N. Guo, S.-X. Wang, and
L.-P. Zhang, “Morphological Variability and Molecular
Characterisation of Dichelyne (Cucullanellus) Pleuronectidis
(Yamaguti, 1935) (Ascaridida: Cucullanidae) From the Flat-
fish Pleuronichthys cornutus (Temminck & Schlegel) (Pleu-
ronectiformes: Pleuronectidae) in the East China Sea,”
Systematic Parasitology 87, no. 1 (2014): 87-98, https://
doi.org/10.1007/s11230-013-9456-1.

[8] A.L.Sereno-Uribe, C. D. Pinacho-Pinacho, M. Garcia-Varela,
and G. P. P. de Ledn, “Using Mitochondrial and Ribosomal
DNA Sequences to Test the Taxonomic Validity of Clinos-
tomum complanatum Rudolphi, 1814 in Fish-Eating Birds and
Freshwater Fishes in Mexico, With the Description of a New
Species,” Parasitology Research 112, no. 8 (2013): 2855-2870,
https://doi.org/10.1007/s00436-013-3457-5.

[9] T. G. Rosser, W. A. Baumgartner, N. R. Alberson, et al,
“Austrodiplostomum sp., Bolbophorus sp.(Digenea: Diplo-
stomidae), and Clinostomum marginatum (Digenea: Clinos-
tomidae) Metacercariae in Inland Silverside Menidia Beryllina

11

From Catfish Aquaculture Ponds, With Notes on the Infectivity
of Austrodiplostomum Sp. Cercariae in Channel Catfish Icta-
lurus punctatus,” Parasitology Research 115, no. 11 (2016):
4365-4378, https://doi.org/10.1007/s00436-016-5222-z.

[10] J. Sambrook and D. W. Russell, “Purification of Nucleic Acids
by Extraction with Phenol: Chloroform,” Cold Spring Harbour
Protocols 1 (2006).

[11] D. Littlewood, J. Timothy, and P. D. Olson, “Small Subunit
rDNA and the Platyhelminthes: Signal, Noise, Conflict and
Compromise,” in Interrelationships of the Platyhelminthes
(Boca Raton: CRC Press, 2014), 262-278.

[12] P.J. Hudson, A. P. Dobson, and K. D. Lafferty, “Is a Healthy
Ecosystem One that Is Rich in Parasites?” Trends in Ecology &
Evolution 21, no. 7 (2006): 381-385, https://doi.org/10.1016/
j.tree.2006.04.007.

[13] D.J. Marcogliese, “Parasites: Small Players With Crucial Roles

in the Ecological Theater,” EcoHealth 1, no. 2 (2004): 151-164,

https://doi.org/10.1007/s10393-004-0028-3.

A. Shinn, J. Pratoomyot, J. Bron, G. Paladini, E. Brooker, and

B. Adam, “Economic Impacts of Aquatic Parasites on Global

Finfish Production,” Global Aquaculture Advocate 2015

(2015): 58-61.

[15] D. M. Hillis and M. T. Dixon, “Ribosomal DNA: Molecular
Evolution and Phylogenetic Inference,” The Quarterly Review of
Biology 66, no. 4 (1991): 411-453, https://doi.org/10.1086/417338.

[16] M. T. Dixon and D. M. Hillis, “Ribosomal RNA Secondary
Structure: Compensatory Mutations and Implications for
Phylogenetic Analysis,” Molecular Biology and Evolution
10, no. 1 (1993): 256-267, https://doi.org/10.1093/
oxfordjournals.molbev.a039998.

[17] N. Abe, “Molecular and Morphological Identification of
Helminthes Found in Japanese Smelt, Hypomesus trans-
pacificus nipponensis, with Notes on New Host Records of
Eustrongylides ignotus and Raphidascaris gigi,” Acta Para-
sitologica 56, no. 2 (2011): 227-231, https://doi.org/10.2478/
s11686-011-0029-7.

[18] M. Holterman, A. van der Wurfl, S. van den Elsen, et al,

“Phylum-Wide Analysis of SSU rDNA Reveals Deep Phyloge-

netic Relationships Among Nematodes and Accelerated Evolu-

tion Toward Crown Clades,” Molecular Biology and Evolution 23,

no. 9 (2006): 1792-1800, https://doi.org/10.1093/molbev/msl044.

C. Karagiorgis, R. J. Ploeg, A. Ghafar, et al., “Genetic Char-

acterisation of Echinocephalus spp. (Nematoda: Gnathosto-

matidae) From Marine Hosts in Australia,” International

Journal for Parasitology: Parasites and Wildlife 17 (2022):

161-165, https://doi.org/10.1016/j.ijppaw.2021.12.012.

[20] M. G. Spalding and D. ]. Forrester, “Pathogenesis of
Eustrongylides ignotus (Nematoda: Dioctophymatoidea) in
Ciconiiformes,” Journal of Wildlife Diseases 29, no. 2 (1993):
250-260, https://doi.org/10.7589/0090-3558-29.2.250.

[21] E. A. Ciganovich, P. J. Redman, and R. S. Stenback, “USGS
National Wildlife Health Center Field Manual of Wildlife
Diseases,” Birds 29 (2013): 223-228.

[22] A. Rusconi, P. Prati, R. Bragoni, et al, “Occurrence of

Eustrongylides excisus (Nematoda: Dioctophymatidae) in

European Perch (Perca fluviatilis) and Great Cormorant

(Phalacrocorax carbo) in Lake Annone, Northern Italy,” The

Journal of Parasitology 108, no. 2 (2022): 209-216, https://

doi.org/10.1645/20-175.

E. Soylu, “Metazoan Parasites of Catfish (Silurus glanis,

Linnaeus, 1758) From Durusu (Terkos) Lake,” Journal of

Black Sea/Mediterranean Environment 11, no. 2 (2005):

225-237.

[14

[19

[23


http://doi.org/10.2478/s11686-013-0139-5
http://doi.org/10.2478/s11686-013-0139-5
http://doi.org/10.1023/a:1016658224470
http://doi.org/10.1023/a:1016658224470
http://doi.org/10.2478/helm-2021-0022
http://doi.org/10.1186/1742-9994-10-59
http://doi.org/10.1186/1742-9994-10-59
http://doi.org/10.1007/s11230-013-9456-1
http://doi.org/10.1007/s11230-013-9456-1
http://doi.org/10.1007/s00436-013-3457-5
http://doi.org/10.1007/s00436-016-5222-z
http://doi.org/10.1016/j.tree.2006.04.007
http://doi.org/10.1016/j.tree.2006.04.007
http://doi.org/10.1007/s10393-004-0028-3
http://doi.org/10.1086/417338
http://doi.org/10.1093/oxfordjournals.molbev.a039998
http://doi.org/10.1093/oxfordjournals.molbev.a039998
http://doi.org/10.2478/s11686-011-0029-7
http://doi.org/10.2478/s11686-011-0029-7
http://doi.org/10.1093/molbev/msl044
http://doi.org/10.1016/j.ijppaw.2021.12.012
http://doi.org/10.7589/0090-3558-29.2.250
http://doi.org/10.1645/20-175
http://doi.org/10.1645/20-175

12

(24]

(25]

[26]

(27]

[28

(29]

(30]

[31

(32]

(33

(34]

(35]

(36]

(37]

A. Sadrinejad, H. Khara, and M. Gudarzi, “Investigation of
Parasites of Pikes (Esox lucius Linnaeus, 1785) From
Chamkhale River, Anzali and Amirkelayeh Wetlands, Iran,”
Journal of Parasitic Diseases 40, no. 3 (2016): 1033-1037,
https://doi.org/10.1007/512639-014-0629-x.

T. T. Tanrikul, E. Dingtiirk, and H. Dereli, “The Infection of
Eustrongylides spp. Pike Perch (Sander lucioperca L., 1758)
(Teleostei: Percidae),” Journal of Anatolian Enviromental and
Animal Sciences 4, no. 2 (2019): 122-126.

V. Menconi, M. V. Riina, P. Pastorino, et al., “First Occur-
rence of Eustrongylides spp. (Nematoda: Dioctophymatidae)
in a Subalpine Lake in Northwest Italy: New Data on Dis-
tribution and Host Range,” International Journal of Envi-
ronmental Research and Public Health 17, no. 11 (2020): 4171,
https://doi.org/10.3390/ijerph17114171.

D. B. Jyrwa, S. Thapa, and V. Tandon, “Helminth Parasite
Spectrum of Fishes in Meghalaya, Northeast India: A
Checklist,” Journal of Parasitic Diseases 40, no. 2 (2016):
312-329, https://doi.org/10.1007/s12639-014-0503-x.

P. Kaur, R. Shrivastav, and T. A. Qureshi, “Pathological Effects
of Eustrongylides sp. Larvae (Dioctophymatidae) Infection in
Freshwater Fish, Glossogobius giuris (Ham.) With Special
Reference to Ovaries,” Journal of Parasitic Diseases 37, no. 2
(2013): 245-250, https://doi.org/10.1007/s12639-012-0173-5.
C. H. Fernando and J. Furtado, “A Study of Some Helminth
Parasites of Freshwater Fishes in Ceylon,” Zeitschrift fiir
Parasitenkunde 23, no. 2 (1963): 141-163, https://doi.org/
10.1007/b£00260290.

L. D. Urdes, M. P. Marin, C. Diaconescu, C. G. Nicolae, and
M. Hangan, “First Case Report of Eustrongylidosis in eel
(Anguilla anguilla) Populations Inhabiting Danube Delta
Lakes,” Agriculture and Agricultural Science Procedia 6 (2015):
277-280, https://doi.org/10.1016/j.aaspro.2015.08.072.
Centers for Disease Control Cdc, “Intestinal Perforation
Caused by Larval Eustrongylides-Maryland,” MMWR. Mor-
bidity and Mortality Weekly Report 31, no. 28 (1982): 383-389.
M. L. Eberhard, H. Hurwitz, A. M. Sun, and D. Coletta,
“Intestinal Perforation Caused by Larval Eustrongylides
(Nematoda: Dioctophymatoidae) in New Jersey,” The
American Journal of Tropical Medicine and Hygiene 40, no. 6
(1989): 648-650, https://doi.org/10.4269/ajtmh.1989.40.648.
M. Wittner, ]J. W. Turner, G. Jacquette, L. R. Ash, M. P. Salgo,
and H. B. Tanowitz, “Eustrongylidiasis—a Parasitic Infection
Acquired by Eating Sushi,” New England Journal of Medicine
320, no. 17 (1989): 1124-1126, https://doi.org/10.1056/
nejm198904273201706.

L. L. Narr, J. G. O'Donnell, B. Libster, P. Alessi, and
D. Abraham, “Eustrongylidiasis--a Parasitic Infection Ac-
quired by Eating Live Minnows,” Journal of Osteopathic
Medicine 96, no. 7 (1996): 400, https://doi.org/10.7556/
j202a.1996.96.7.400.

D. F. Coyner, M. G. Spalding, and D. J. Forrester, “Epizo-
otiology of Eustrongylides ignotus in Florida: Distribution,
Density, and Natural Infections in Intermediate Hosts,”
Journal of Wildlife Diseases 38, no. 3 (2002): 483-499, https://
doi.org/10.7589/0090-3558-38.3.483.

J. C. Franson and T. W. Custer, “Prevalence of Eustrongy-
lidosis in Wading Birds From Colonies in California, Texas,
and Rhode Island, USA,” Colonial Waterbirds 17, no. 2 (1994):
168-171, https://doi.org/10.2307/1521295.

R. P. Yanong, Nematode (Roundworm) Infections in Fish: Cir
(2003), https://edis.ifas.ufl.edu/publication/FA091.

Journal of Applied Ichthyology


http://doi.org/10.1007/s12639-014-0629-x
http://doi.org/10.3390/ijerph17114171
http://doi.org/10.1007/s12639-014-0503-x
http://doi.org/10.1007/s12639-012-0173-5
http://doi.org/10.1007/bf00260290
http://doi.org/10.1007/bf00260290
http://doi.org/10.1016/j.aaspro.2015.08.072
http://doi.org/10.4269/ajtmh.1989.40.648
http://doi.org/10.1056/nejm198904273201706
http://doi.org/10.1056/nejm198904273201706
http://doi.org/10.7556/jaoa.1996.96.7.400
http://doi.org/10.7556/jaoa.1996.96.7.400
http://doi.org/10.7589/0090-3558-38.3.483
http://doi.org/10.7589/0090-3558-38.3.483
http://doi.org/10.2307/1521295
https://edis.ifas.ufl.edu/publication/FA091

	DNA Barcoding of Nematode Parasites Infecting Ompok bimaculatus and Nemacheilus anguilla From Barvi Reservoir, Maharashtra
	1. Introduction
	2. Materials and Methods
	2.1. Study Area and Sampling
	2.2. DNA Extractions
	2.3. Amplification of Nuclear 18S Ribosomal RNA Gene
	2.4. Purification and Sequencing of the Amplicons
	2.5. Bioinformatics Analysis

	3. Results
	3.1. Morphological Observation of Parasite
	3.2. Quality and Quantity of Genomic DNA
	3.3. PCR Amplification of 18S rRNA
	3.4. PCR Amplification of Fragment I of 18S rRNA
	3.5. PCR Amplification of the Fragment II of 18S rRNA
	3.6. Sequence Analysis
	3.6.1. Fragment I and II Sequence Analysis


	4. Discussion
	Data Availability Statement
	Conflicts of Interest
	Author Contributions
	Funding
	Acknowledgments
	References




