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ABSTRACT

Parasitic helminths, including trematodes, cestodes and nematodes are ubiquitous pathogens in aquatic ecosystems,
posing substantial threats to fish health, aquaculture and biodiversity. The diverse group of parasitic helminths exhibit a
variety of morphological and molecular adaptations that enable them to infect and thrive within their fish hosts.
Accurate identification and characterization of these parasites are critical for understanding their epidemiology, host-
parasite interactions and impact on fish health. This review presents an integrative approach combining traditional
morphological analysis with advanced molecular techniques to characterize helminth parasites in fish. Morphological
identification, while foundational, often faces challenges due to phenotypic plasticity, ontogenetic variation and
taxonomic ambiguities within helminth species. In contrast, molecular tools such as polymerase chain reaction (PCR),
DNA sequencing and molecular barcoding provide high-resolution species identification, revealing cryptic diversity and
facilitating the study of complex life cycles. Molecular characterization plays a crucial role to validate species
identification, assess genetic diversity and construct phylogenetic relationships based on either whole genome or partial
gene sequence analysis of highly conserved regions like 185SrRNA, mt DNA (cytochrome oxidase subunit I, CoxI or coi
gene), ITS regions of 5.85 rRNA gene, 285 rRNA gene etc. This paper aims to highlight the importance of integrating
morphological and molecular methods for accurate diagnosis and the need for monitoring programs to mitigate
helminthic infections, thus supporting sustainable fisheries and aquaculture practices.
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INTRODUCTION

Helminthes are multicellular organisms that are triploblastic, dorsoventrally flattened or round,
acoelomate or pseudocoelomate and primarily exhibit parasitic behaviour. Parasitic helminths, including
nematodes, trematodes and cestodes, represent a diverse group of organisms that can have profound
impacts on the health and survival of fish populations [1-3]. These parasites are ubiquitous which infect
both wild and farmed fish and are responsible for significant economic losses in aquaculture. In addition
to the direct effects on fish health, some parasitic helminths also serve as vectors for other infectious
agents, further complicating the ecology and management of parasitic diseases in aquatic environments
[4-6]. The identification, characterization and management of parasitic helminths are therefore essential
for sustainable fishery management, biodiversity conservation and public health.

Traditionally, the identification and characterization of parasitic helminths have typically been performed
through conventional methods including morphological, numerical, histological and biochemical
approaches [7,8]. The identification of parasitic helminths is primarily based on their morphological
characteristics, including size, shape, internal structure and reproductive organs. However, the reliance
on morphological taxonomy alone can present significant challenges. Many parasitic helminths exhibit
cryptic diversity, where closely related species look morphologically similar, or have overlapping features
that complicate accurate identification. Furthermore, life stages of the same species can exhibit significant
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morphological variation, making species determination even more difficult. Additionally, environmental
factors such as water temperature, pH, oxygen levels or salinity can induce morphological plasticity,
further hindering taxonomic consistency [9].

To overcome these limitations, molecular techniques have become an indispensable tool for the study of
parasitic helminths. The molecular taxonomy has been pivotal in resolving complex taxonomic issues,
discovering new species and understanding the genetic diversity within and between species. Molecular
characterization methods, including DNA barcoding, Polymerase Chain Reaction (PCR) and Next-
Generation Sequencing (NGS) have revolutionized the ability to accurately identify species, determine
genetic diversity and uncover cryptic species. By sequencing specific genetic markers (like 18SrRNA, mt
DNA (cytochrome oxidase subunit I, CoxI or coi gene), ITS regions of 5.8S rRNA gene, 28S rRNA gene etc.,
parasitic helminths can be assigned to their respective species, providing essential information for the
understanding of host-parasite dynamics, evolutionary relationships and population structure [10-12].
Despite the powerful capabilities of molecular tools, these methods are not without their own set of
challenges. The reliability of molecular data heavily depends on the availability of reference databases,
the quality of DNA extracted and the careful design of primers. Furthermore, molecular identification can
sometimes reveal surprising genetic divergence even within species, complicating the understanding of
species boundaries and intraspecific variation. As such, molecular tools are often best used in conjunction
with traditional morphological techniques, creating an integrative taxonomic approach that combines
both morphological and molecular data for a more comprehensive and accurate characterization of
parasitic helminths [13,14].

An integrative approach in parasitology involves a unified framework that provides a fuller
understanding of parasitic diversity, life history and evolutionary processes. The use of multiple lines of
evidence enhances the robustness of species identification and helps resolve ambiguities that may arise
when using either morphological or molecular data alone. The aim of this review paper is to explore the
morphological and molecular characterization of parasitic helminths in fish using an integrative
approach. By examining these methodologies and their applications in parasitology, this review aims to
provide a comprehensive overview of the current state of research on parasitic helminths in fish and
highlight the benefits of adopting an integrative approach to parasite characterization. Ultimately, this
integrated perspective will foster a more holistic understanding of parasitic biodiversity, promote
improved management practices in aquaculture and contribute to advancing knowledge in the field of
aquatic parasitology.

MORPHOLOGICAL CHARACTERIZATION OF PARASITIC HELMINTHS

Morphological taxonomy is based on the external and internal physical features of the parasite, which are
observed under a microscope or through histological examination. Despite the advent of molecular
techniques, morphology remains an essential tool in parasitology due to its simplicity, historical
importance and cost-effectiveness. However, this approach does face several challenges, especially when
identifying cryptic or closely related species.

1. Techniques of Morphological Taxonomy

e Light Microscopy: This is the primary tool for examining parasitic helminths. The morphology of
the parasite can be assessed through various features, such as body shape, segmentation and
organ structure (e.g., suckers, testes, ovaries, etc.). Light microscopy is useful for observing
external features such as the shape of the body, hooks and other structures like the scolex of
cestodes or the body flaps of trematodes [15-16].

e Scanning Electron Microscopy (SEM): SEM provides high-resolution images of the surface
structures of parasitic helminths, allowing for detailed examination of features like the cuticle,
hooks and spines, which can be essential for distinguishing species. This technique is especially
useful in observing fine details that are not visible with light microscopy [17].

o Histological Techniques: Tissue sections of infected fish can be examined to study the internal
features of parasitic helminths, such as reproductive organs, digestive systems, and excretory
structures. Histology is particularly useful for identifying parasites in their larval stages, which
may not be distinguishable in their free-living forms [18].

e Morphometric Analysis: This involves the measurement and quantification of morphological
features, such as body length, width, and organ dimensions, which can be compared across
different species. Advanced software tools can be used to analyze these measurements
statistically, providing a more objective way of distinguishing species [19,20].
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2. Advantages of Morphological Techniques
e Practical and Cost-Effective: Morphological identification can often be performed with basic
laboratory equipment, making it relatively affordable and accessible.
e Broad Applicability: This technique can be used to identify parasitic helminths at various life
stages, including larvae, which is useful for understanding the entire life cycle of a parasite.

3. Disadvantages of Morphological Techniques
e Limited Precision: Many parasitic species share similar morphological traits, which makes it
difficult to differentiate closely related species.
e Subjectivity: The identification process can be subjective, depending on the expertise of the
researcher. Variability in morphology within species also complicates the process.
e Time-Consuming: Detailed morphological analysis requires significant time and effort to prepare,
observe, and interpret specimens.

MOLECULAR CHARACTERIZATION OF PARASITIC HELMINTHS

Molecular techniques have transformed the field of parasitology by enabling more precise, sensitive and
comprehensive identification of parasitic species. In particular, for parasitic helminths in fish, molecular
methods provide a powerful means of overcoming the limitations inherent in traditional morphological
identification [21]. The following is a detailed exploration of the key molecular techniques employed in
the study of parasitic helminths in fish.

1. Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction (PCR) is one of the most widely used molecular techniques in parasitology.
PCR amplifies specific regions of DNA, allowing to target and replicate parasitic genetic material for
identification and analysis [21]. PCR-based methods are particularly useful for identifying parasitic
helminths in fish, even when traditional morphological features are insufficient for accurate species
identification.

PCR Technique Overview

e PCR involves a three-step process: denaturation (separating DNA strands), annealing (binding
primers to the target DNA) and extension (synthesizing new DNA strands).

o This process is repeated in cycles, amplifying the target DNA exponentially.

e Specific primers are designed to match known sequences in the parasite's genome, allowing the
to target particular genes that are species-specific or highly conserved across related species.

PCR-Based Approaches for Parasitic Helminths

e General PCR (Universal PCR): Universal primers are used that target highly conserved regions
of the DNA (e.g.,, 18S rRNA, ITS-1, or COI) to amplify sequences that are present across many
different parasitic species. These primers allow broad identification and analysis of various
parasites.

e Species-Specific PCR: In cases where the species of the parasite is known, primers targeting
unique genetic markers (e.g., ribosomal RNA genes, mitochondrial genes) specific to that species
can be designed to ensure accurate identification.

e Nested PCR: This method involves two rounds of PCR amplification. The first round amplifies a
larger DNA fragment, and the second round amplifies a smaller region within that fragment.
Nested PCR increases the sensitivity and specificity of the technique, especially when working
with small amounts of DNA.

2. DNA Barcoding

DNA barcoding is a molecular technique that uses a standardized region of DNA, typically from the
mitochondrial genome, to identify and classify species. The most commonly used barcoding marker for
parasitic helminths is the Cytochrome c oxidase I (COI) gene, although other regions like 18S rRNA and
ITS-1 have also been used [23,24].

DNA Barcoding Overview

e DNA barcoding uses a short, consistent segment of DNA as a molecular “barcode” to distinguish
between species.

e The COI gene is widely used in animal species, including parasitic helminths, because it evolves
relatively quickly, making it effective for distinguishing closely related species.

DNA Barcoding Process

e DNA Extraction: Parasite DNA is extracted from fish tissues or directly from the parasite.

e PCR Amplification: The barcode region (such as the COI gene) is amplified using PCR.
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Sequencing: The amplified DNA is sequenced, generating a unique genetic sequence for the target
region.

Sequence Comparison: The obtained sequences are compared to a reference database, such as
the Barcode of Life Data Systems (BOLD), to identify the species.

3. Next-Generation Sequencing (NGS)
Next-Generation Sequencing (NGS) is a powerful molecular tool that allows the sequencing of entire
genomes or metagenomes in a single run. NGS has transformed many areas of biology, including
parasitology, by providing detailed genetic information that can be used to study biodiversity, genetic
diversity and evolutionary relationships in parasitic helminths [25].

NGS Overview

NGS involves high-throughput sequencing of DNA, generating millions of short DNA sequences
that are then assembled and analyzed.

NGS platforms, such as Illumina, PacBio and Oxford Nanopore, enable massive parallel
sequencing, significantly reducing the cost and time required to obtain comprehensive genetic
data.

The technology can be used for a range of applications, from full genome sequencing of parasitic
helminths to sequencing the collective genetic material of entire parasitic communities in a host
(metagenomics).

NGS Applications for Parasitic Helminths

Whole Genome Sequencing: NGS can be used to sequence the entire genome of a parasitic
helminth, providing insights into its genetic structure, gene content, and evolutionary history.
Metagenomics: NGS allows researchers to study the genetic material from mixed samples (e.g., a
fish gut or tissue) to detect and identify multiple parasitic species simultaneously.
Transcriptomics: NGS can also be used to study the RNA transcripts (expressed genes) of
parasitic helminths, providing insights into their biological functions, life cycle stages, and host-
parasite interactions.

4. Advantages of Molecular Techniques

High Sensitivity and Specificity: Molecular techniques can identify parasitic helminths at the
species level with great precision, even in mixed infections.

Ability to Detect Cryptic Species: Molecular methods can detect genetically distinct species that
appear morphologically identical but differ at the molecular level.

Quantitative Analysis: PCR-based methods can quantify parasite load in fish tissues, helping to
assess the intensity of infections.

5. Disadvantages of Molecular Techniques

Cost: Molecular techniques can be expensive due to the need for specialized equipment and
reagents.

Technical Expertise: Molecular methods require skilled personnel to conduct the analysis and
interpret the results accurately.

Incomplete Databases: The effectiveness of molecular techniques depends on the availability of
comprehensive reference databases. For many parasitic species, genetic reference data may be
limited or lacking.

INTEGRATIVE APPROACH IN TAXONOMY OF PARASITIC HELMINTHS

The integrative approach in taxonomy has emerged as an essential strategy in modern parasitology,
particularly for studying parasitic helminths in fish. This approach leverages the strengths of each
technique to provide robust taxonomic classifications that are both precise and reliable [26,27].

1. Benefits of the Integrative Approach

Improved Accuracy: Integrating both morphological and molecular data leads to more accurate
identification of species. Morphology can be used to distinguish species with unique traits, while
molecular data can confirm these identifications or clarify cases where morphological features
are not sufficient.

Resolution of Taxonomic Ambiguities: In cases where morphological traits are ambiguous,
molecular data can provide additional information to resolve taxonomic uncertainties. For
instance, genetic barcoding can confirm the identity of species that may be morphologically
similar.
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e Detection of Cryptic Diversity: Many parasitic species exhibit cryptic diversity, where
genetically distinct populations appear morphologically identical. An integrative approach helps
detect these cryptic species by combining both genetic and morphological data.

o Life Cycle Studies: Morphological techniques are invaluable for studying the life cycle of
parasitic helminths, while molecular tools can trace the genetic relationships of life stages.
Together, these methods offer a more holistic understanding of parasitic biology.

2. Applications of Integrative Approaches

o Host-Parasite Interaction Studies: An integrative approach can be used to study how parasitic
helminths interact with their fish hosts at both the physiological and genetic levels.

e Aquaculture Disease Management: Accurate identification of parasitic species is essential for
managing fish health in aquaculture settings. Molecular tools can detect early infections, while
morphological analysis can confirm species identity and assist in treatment decisions.

e Conservation Biology: Understanding the diversity and distribution of parasitic helminths in
natural fish populations helps in assessing the health of aquatic ecosystems and supports
conservation efforts.

CONCLUSIONS

In conclusion, both morphological and molecular techniques are crucial for the characterization of
parasitic helminths in fishes. Morphological methods offer simplicity, cost-effectiveness and historical
significance, but they are limited in their ability to resolve species-level identification, especially in cases
of cryptic diversity. Molecular techniques, on the other hand, provide greater precision and can detect
genetic variation within and between species, facilitating the identification of cryptic species and offering
deeper insights into the evolution and ecology of parasites. By combining these two approaches in an
integrative manner, a more accurate and comprehensive understanding of parasitic helminths can be
achieved. This integrative approach has significant implications for the study of parasite biodiversity,
ecology and management and it is essential for advancing the knowledge of parasitic diseases in aquatic
ecosystems. The future of parasitology lies in the continued development and application of integrative
techniques that combine the best aspects of both morphological and molecular methods to enhance the
understanding of parasitic helminths and their impact on fish populations.

ACKNOWLEDGEMENT

Authors are thankful to the Head, Department of Bio-Sciences and Technology, Maharaishi
Markandeshwar (Deemed to be University), Mullana-Ambala for continuous encouragement to carry out
this review work. ZM is grateful to the Principal, Sanatan Dharma College, Ambala Cantt. (Haryana) for all
the necessary facility throughout the course of this work.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest for work reported in this paper

REFERENCES

1. Yamaguti S (1959). Systema Helminthum Volume II. The cestodes of vetebrates. (Part II). International Science
Publication, New York pp:860.

2. Pandey KC, Agarwal N (2007). An Encyclopaedia of Indian Monogenoidea. Volume 1. Vitasta Publishing House,
Delhi, India. pp:500.

3. Upadhyay SK (2020). Biodiversity of parasites and parasitoses: Perspective to health and sustainability. In:
Biodiversity and Development Challenges of 21st Century (Eds. Prakash, S. Ranjan, R. and Pandey, RK.).
Swaranjali Publications Pvt. Ltd. Uttar Pradesh pp: 162-192.

4. Geetanjali, Malhotra SK, Malhotra A, Ansari Z, Chatterji A (2002). Role of nematodes as bioindicators in marine
and freshwater habitats. Current Science 82(5): 505-507.

5. Bannai MA, Jori MM (2022). Infections and molecular characterization of anisakid nematodes from two species of
marine fish northwest Arabian gulf. Iraqi ] Vet Med 36(2): 489-497.

6. Mustafa RA, Rather SA, Kousar R, Ashraf MV, Shah AA, Ahmad S, Khan MH (2024). Comprehensive review on
parasitic infections reported in the common fish found in UT of Jammu and Kashmir, India. ] Parasit Dis 48(4):
736-761.

7. Malhotra SK, Dixit S, Capoor VN (1981). Taxometric evaluation of a fish cestode Gangesia mehamdabadensis n. sp.
from Mystus tengra from Mehamdabad, Gujrat. Science and Culture 3(1): 7-20.

8. Upadhyay SK, Jaiswal N, Malhotra A, Malhotra SK (2013). Ecological morphotaxometry of trematodes of garfish
(Teleostomi: Belonidae) from Gangetic riverine ecosystem in India. II. Correlation of seasonality and host biology
with distribution pattern of Cephalogonimus yamunii n.sp. ] Parasit Dis 37(2): 211-217.

ABR Vol 16 [4] July 2025 455|Page © 2025 Author



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Upadhyay SK, Yadav D, Pathak RK (2015). The impact of water quality on the population distribution pattern of
cephalogonimid trematodes Cephalogonimus yamunii in fresh water fish Heteropneustes fossilis at Allahabad, Uttar
Pradesh. ] Kalash Sci 3(2): 11-17.

Malhotra A, Jaiswal N, Malakar AK, Verma MS, Singh HR, Lakra WS, Nanware SS, Shamsi S (2012). The morphology
and genetic characterization of Iheringascaris goai n. sp. (Nematoda: Raphidascarididae) from the intestine of the
silver whiting and spotted catfish off the central west coast of India. ] Helminthol 86(3): 353-362.

Upadhyay SK (2018). Molecular barcode analysis and phylogeny of helminthes parasites: A laboratory manual.
Res] Rec Sci 07(03): 22-27.

Chiary HR, Chaudhary A, Singh HS (2013). Phylogenetic analysis of the Dactylogyroides longicirrus (Monogenea:
Dactylogyridae) based on the 18S and ITS 1 ribosomal genes. Bioinformation 9(5):250.

Dayrat B (2005). Towards integrative taxonomy. Biol | Linn Soc 85(3), 407-417.

Rindoria NM, Morara GN, Smit W], Truter M, Smit N ], Luus-Powell W ] (2023). Integrated morphological and
molecular characterization of the fish parasitic nematode Rhabdochona (Rhabdochona) gendrei Campana-Rouget,
1961 infecting Labeobarbus altianalis (Boulenger, 1900) in Kenya. International Journal for Parasitology:
Parasites and Wildlife 21: 201-209.

Singh A], Narayan A, Singh S (2020). A morphotaxonomic study of piscian cestodes of freshwater fish from the
Bulandshahr region (UP), India. Infection 2: 1.

Upadhyay SK, Babita MS, Yadav M, Kumar V, Singh R, Pandey YP, Nanware SS, Sharma AK (2023). A New Species
of Allocreadium Looss, 1900 (Allocreadoidea: Allocreadiidae) in Wallago attu Bloch and Schneider, 1801
(Siluriformes: Siluridae) from Yamuna River at Yamuna Nagar, Haryana. Asian ] Biol Sci 12(1): 113.

Sheema SH, John MV, George PV (2017). SEM studies on acanthocephalan parasite, Echinorhynchus veli infecting
the fish Synaptura orientalis (Bl & Sch, 1801).] Parasit Dis 41: 71-75.

Pardeshi PR, Hiware C], Wangswad C (2012). Histopathology of the liver of Mastacembelus armatus (Lecepede,
1800) due to trematode parasite, Allocreadium khamin.sp.] Parasit Dis 36(1): 53-55.

Jaiswal N, Upadhyay SK, Malhotra A, Malhotra SK (2014). Ecological morphotaxometry of trematodes of garfish
(Teleostomi: Belonidae) from Gangetic riverine ecosystem in India. IIl. Principal Component Analysis for
hydrobiological correlates to dynamics of infections by Cephalogonimus yamunii (Upadhyay et al., 2012).] Parasit
Dis 38(2): 153- 162.

Babita, Upadhyay SK, Tuli HS, Dhama K, Chandran D, Mohapatra RK, Singh M (2022). Morphotaxometry and
Ultratopography of Lytocestus haryanii n. sp. (Caryophyllidea: Lytocestidae) from the intestine of freshwater
catfish Clarias batrachus Linnaeus 1758 (Siluriformes: Clariidae) of river Yamuna, Yamuna Nagar, Haryana,
India. Indian ] Exp Biol Agric Sci 13(3): 554-66.

Cutillas C, Rozas M, Ariza C, Ubeda JM, Guevar DC (2009). Molecular Identification of Trichuris vulpis and Trichuris
suis isolated from different hosts. Parasitol Res 99: 383-389.

Upadhyay SK (2017). Morphotaxometry and molecular heterogeneity of Studynema multiembyonata gen. et sp. n.
(Spiruroidea: Gnathostomatinae) of fresh water garfish, Xenentodon cancilla from the Gangetic riverine ecosystem
in northern India with a revised key to genera of Gnathostomatinae. Species 18(58): 1-13.

Shah IM, Magbool N, Nazir ], Khurshid I, Ahmad F, Ahmad SM (2025). Helminths infection of Schizothorax niger in
Kashmir, India: morphological and molecular characterization. Mol Biol Rep 52(1): 118.

Kashyap D, Baliyan R, Panwar A, Kumar Y, Sharma B, Singh HS, Chaudhary A (2024). Occurrence and first
molecular characterization of Spinitectus notopteri Karve et Naik, 1951, infected bronze featherback (Notopterus
notopterus) in India. Acta Parasitol 69(1): 1067-1072.

Vanhove MP, Briscoe AG, Jorissen MW, Littlewood DT], Huyse T (2018). The first next-generation sequencing
approach to the mitochondrial phylogeny of African monogenean parasites (Platyhelminthes: Gyrodactylidae and
Dactylogyridae). BMC Genomics 19: 1-16.

Nadler SA, De Leon GPP (2011). Integrating molecular and morphological approaches for characterizing parasite
cryptic species: implications for parasitology. Parasitology 138(13): 1688-1709.

Alves PV, de Chambrier A, Luque JL, Scholz T (2021). Integrative taxonomy reveals hidden cestode diversity in
Pimelodus catfishes in the Neotropics. Zool Scr, 50(2): 210-224.

Copyright: © 2025 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ABR Vol 16 [4] July 2025 456|Page © 2025 Author




