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Abstract

Fish and their products are considered an important source of food all over the world. Many countries have huge potential for the development
of the fish industry as they possess coastlines. Though global fish farming has reached a substantial level, unfortunately, there is a severe threat
from pathogens such as viruses, bacteria, parasites, etc. Specifically, parasites damage the fish population, which is one of the major concerns in
fisheries. However, the identification of certain parasites through conventional morphological methods is difficult due to their huge number and
vast morphological variations. Therefore, molecular studies will help to understand the accurate systematic position of certain fish parasites.
In addition, histopathological studies of parasitized fish reveal the infection levels and severity of the disease. Physiological, biochemical
and molecular aspects disclose the alteration in the behavior of the host, growth and development, including fish-parasite interaction at the
genetic level. Furthermore, this review discussed the mitigation methods of parasitic diseases. Overall, this review intends to summarise the
developments in fish parasite authentication, post events of fish infected with various parasites and mitigation strategies for the benefit of the
fishing industry.
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Introduction

monogeneans, trematodes, nematodes, leeches and crustaceans
[5]. Metazoan parasites are more numerous, and some of them
are not yet identified due to their diversified habitat and varied

Fish serves as the best source of animal protein, healthy fats
and nutrients. Therefore, it stands as one of the major contributors
thatsolves the problem of food insecurity caused due to population
explosion [1]. Globally, there is huge potential for the development
of fisheries as it is bestowed with extensive coastlines and a huge
number of rivers, canals, reservoirs, lakes and ponds [2]. Though

ecological conditions.

Both ecto and endo parasites are the source of damage in fish
and cause various diseases [6]. These parasites cause mechanical

there was a considerable increase in fish products, the industry
is facing a substantial setback due to sudden disease outbreaks
caused by viruses, bacteria, fungi, parasites, etc. Among the aquatic
pathogens, parasites appear to be more common and pathogenic
[3]. Parasites exist in all ecological systems and have evolved in a
diverse way of life to ensure their perpetuation in the nutritionally
abundant and immunologically hostile environment of their host
[4]. Fish parasites of both fresh and marine water environments
were broadly divided into protists including ciliates, flagellates,
oomycota, sporozoans and metazoans consisting of myxozoans,

injury and introduce toxic metabolic by-products into their hosts.
On the other hand, they act as carriers of secondary pathogens
and make the fish more susceptible to diseases, thus resulting in
severe economic loss worldwide by causing mass mortalities [7].
According to national bank for agriculture and rural development
(NABARD) the state of Andhra Pradesh in India produces more
than 40,000 tonnes of major carps worth more than 600 million
Indian rupees (INR) per year and reports a loss of about 40
million Indian rupees due to sudden disease outbreaks by the
pathogens [8]. Most of the ecto and endo parasite research
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works is carried out in both fresh and marine water fishes with
a main focus on systematic, morphological, histopathological,
physiological and host-pathogen interactions [4,9-10]. In addition,
both biochemical and molecular studies have been conducted to
know the molecular insights of the fish-parasite interaction as
well as details of damage/disease [10]. Molecular studies such
as genomics, transcriptomics, proteomics and metabolomics
are the key to understanding the mechanisms of fish-parasite
interaction and the immune defense of the fish [11]. Though
considerable progress has been achieved in parasite eradication,
still unexplored facts are to be identified for enhancement in fish
production. Therefore, several reviews will be helpful to acquire

knowledge of both conventional and molecular mechanisms of
fish parasites.

In the present review, the importance of the systematic
position of parasites and post-events of fish infected with
these pathogens was emphasized through histopathological,
physiological, biochemical and molecular approaches. In addition,
the mitigation of parasitic diseases using different methods was
discussed. Figure 1 illustrates the fish-parasite aspects covered
in this review. Overall, this review focuses on summarizing the
existing knowledge on parasites of fishes, keeping in view the
excellent prospects.
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Figure 1: Schematic representation of the present study.
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Identification and Classification of Fish
Parasites

The study of parasitic diseases of fish can be achieved by
identification of the parasite, thorough knowledge of its life history,
host specificity and symptoms [12,13]. Parasite groups possess
a complex habitat nature and live in a wide range of freshwater
and marine water fishes. Identification of certain parasites is
complicated due to their huge number, high morphological
variation and insufficient and differences in taxonomical
knowledge [13,14]. To date, most of the classifications of diverse
parasites of fish have been carried out majorly using conventional
morphological methods along with the help of histopathological
and physiological analyses [15].

However, these morphological methods, through microscopic
and microtome tools, need careful observation and expertise in

classical taxonomy. With both morphological and pathological
information, our laboratory at Yogi Vemana University identified
a novel parasite Dactylogyrus pennari, recently, which is not
always possible with all the parasites (Figure 2). Hence, molecular
evidence is essential apart from classical taxonomic data for
accurate identification of the diverse parasites.

Several studies were conducted for certain genes of parasites
using PCR and RT-PCR to determine their systematic position
[16,17]. In addition, DNA sequencing and fingerprinting or
molecular markers such as RAPD (random amplified polymorphic
DNA), RFLP (restriction fragment length polymorphism) etc.,
techniques were applied to determine the systematic position of
the species [18-20]. Specifically, sequencing and construction of
a DNA barcode are the widely applied basic tools to validate the
parasites of fish [21,22]. The importance and usage of universal
cytochrome c oxidase subunit 1 (COI), internal transcribed spacers
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molecular methods used for the identification and authentication

(ITS1 and ITS2), NADH dehydrogenase 1 (NDI), etc., markers for
the identification of various parasites were emphasized by several  of fish parasites.
researchers [22,23]. Figure 3 explains the morphological and

Ve
- -

| K}
%

b

¢ L

r -

: "E‘._._.‘?_J
1 ngf \. e 1 -
-! A 'J =¥ A i'_!. ¢ __.
- | ety 1w FV L
A B
Microphotograh

Line Diagram
Dactylogyrus pennari

Figure 2: Identification of novel fish ectoparasite Dactylogyrus pennari using conventional morphological method. A-I. Line diagram of
Dactylogyrus pennari (Whole mount) 150X, Il and Ill: Opisthaptor 400X and its parts and B-I: Microphotograph of Dactylogyrus pennari

(Whole mount) 100X, II: Copulatory complex, 100X and Ill: Opisthaptor, 100X.
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Figure 3: Morphological and molecular methods for parasite identification.
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Parasitic copepods, including Lepeophtheirus salmonis
(Salmon louse) and Caligus clemensi (Sea lice), were identified
in three-spine stickleback fish (Gasterosteus aculeatus) and
molecular analysis were also carried out using 18S rDNA [24].
Boxshall [12] explained in detail the controversies and unresolved
problems of crustacean classification. Similarly, Song et al. [25]
applied molecular tools for the identification and authentication
of copepods using 18S and 28S rDNA sequences. Multiple gene
analyses of caligid copepods were carried out for Caligus evolution
[26]. Graca et al. [22] highlighted the internal transcribed spacers
1 and 2 markers in the authentication of platyhelminth parasites
in fishes along with other markers. Our laboratory recently
identified the Paraorygmatobothrium floraformis parasite from
the spiral intestine of elasmobranch fish using the 28S rDNA to
determine the phylogenetic position [20].

At present, forensically informative nucleotide sequencing
(FINS) and environmental DNA (eDNA) are in use for the
identification and authentication of parasites [27]. Lebedeva et
al. [21] used ITS-5.8S-ITS2 nuclear ribosomal gene sequencing
for the identification of salt-tolerant Gyrodactylus species.
Murioz-Caro et al. [23] identified Anisakis by comparing the
mitochondrial cytochrome oxidase subunit 1 gene. The Goussia
parasite of Omobranchus sewalli was identified using sequencing
studies recently [13]. However, these molecular techniques also
have both merits and demerits, which are insufficient for certain
parasite identification. Hence, it is more appropriate to consider

both conventional and molecular studies for the authentication
of parasites [28]. Moreover, advanced genome-based approaches
such as next-generation sequencing (NGS) and DNA microarrays
will also be useful to identify the parasites and study their
diversity. All the above-mentioned practices will be useful to
mitigate parasite problems in turn useful for the fishing industry.

Histopathological Studies of Fish Infected with
Parasites

Fish disease caused by parasites is one of the concerns for
fisheries, and the severity of the disease can also be determined
through histopathological techniques. Several research groups
worked on histopathological studies using parasitized fish to
learn more about disease and damage patterns. Monogenean
and myxosporea-infected gills of Piaractus mesopotamicus and
Prochilodus lineatus were analyzed through histopathological
experiments by Campos et al. [29]. Ojha & Hughes [30] noticed
the branchial parasite (Ergasilus bengalensis)-induced gill damage
through the histopathological technique and observed the
reduction of oxygen uptake in the infected fish. Histopathological
changes in the gills of several economically important food fishes
were observed by the ergasilid copepod infections [31]. Feist &
Longshaw [32] highlighted the importance of histopathological
studies for fish-parasite interactions. Figure 4 explains the
histopathological studies conducted to know the infection levels
of an ectoparasite, Dactylogyrus fotedari, in Labeo calbasu in our
laboratory.

e N
Figure 4: Histopathological studies to know the infection levels of ectoparasite (Dactylogyrus fotedari) in Labeo calbasu (A. Ectoparasite-
infected fish, B. Section of the tissue, C and D. Uninfected and infected fish tissue sections. WC-Water channel, ILR-Inter lamellar region,
PGL-Primary gill lamellae, SGL-Secondary gill lamellae, DCC-Damaged central core and FSL-Fusion of secondary lamellae).
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Mohammadi et al. [33] emphasized the impact of parasitic
infection, which includes mechanical damage, damage of internal
parts, the influence of infestation on non-specific sites and the
influence on the growth of the host using histopathological
technique. Infection of Tetracotyle metacercaria in the heart of
freshwater spiny eel was observed through histopathological

technique [34]. Monogenean and copepod-infected gills of Labeo
rohita and Hypophthalmichthys molitrix were analyzed using
histopathological tools [35]. In addition, Vankara [36] reported
the mode of attachment of the cestode Circumonchobothrium
shindei in the
subsequent pathological events. Gudivada et al. [6] conducted a

intestine of Mastacembelus armatus and
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histopathological analysis to determine the infestation levels of
parasite (Raorhynchus polynemi) in marine fish species. Recently,
histopathological analysis was carried out using Wallago attu
for the identification of certain ectoparasites [15]. In total, the
histopathological technique will always be useful and economical,
even though we have an advanced facility to capture the images.

Physiological, Biochemical and Molecular Studies of

Fishes Infected with Parasites

Fisheries are economically beneficial, but the parasites in
the fish often cause damage and make them less suitable as
food, which affects the economy. Major fish organs such as gills,
intestine, liver, kidneys, muscles, skin, etc., were severely impaired
due to both ecto and endo parasite infections [3]. These effects
can be determined by examining the physiological, biochemical
and molecular performance of differentially parasitized fish
under diverse conditions [5]. Specifically, parasitized fishes
were compared using various physiological parameters such
as swimming efficiency, restlessness, body weight, blood flow,
respiratory distress, excretion and overall health [4,30,37]. It
is a well-known fact that physiological effects are generally
linked to biochemical and molecular aspects. Particularly,
the immune system of fish is meant to protect itself against
infection by parasites, which in turn depend on the species [38].
In general, nutrients regulate the biochemical reactions of fish
and parasites. Metabolites such as certain lipids and proteins in
fish were altered by parasitisation. In the following paragraphs,
certain physiological, biochemical and molecular changes in the
parasitized fish were highlighted.

The effects of Lepeophtheirus salmonis infection on Atlantic
salmon (Salmo salar) were studied by measuring the levels of
cortisol and glucose in the blood, macrophage respiratory burst
activity, phagocytosis and non-specific defence mechanisms
[39]. Thomas [40] observed the biochemical and physiological
modifications in salmonid fish hosts when helminth parasites
were infected. Wegner et al. [41] proved that multiple parasites
control the major histocompatibility complex (MHC) genes in
three-spined stickleback fish. Masvaer et al. [42] proved that
parasite infection alters the immunity levels and sex traits in
Salvelinus alpines (Arctic charr). Gollock et al. [37] noticed the
alteration in cortisol, glucose and hemoglobin levels in Anguillicola
crassus-infected European eels. The appearance of rodlet cells
in Cyprinus carpio and the role of their secretions in defence
against parasite infection were described by Mazon et al. [43].
Infection of the nematode parasite (Anguillicola crassus) declines
the population of European eel (Anguilla anguilla) by altering
the growth, osmoregulation and stress tolerance levels and also
alters the gene expression [44]. Marty et al. [45] noticed that the
Pacific herring, i.e. Clupea pallasii, population was reduced due to
parasite infection.

It was proved that the Sparus aurata fed with vegetable oils
did not show any effect on the intestine transcriptome but found

modulation of the transcriptomic response after infection with
Enteromyxum leei [46]. Fundulus parvipinnis (California killifish)
infected with trematode parasite (Euhaplorchis californiensis)
displayed conspicuous swimming behaviour [47]. Morphological
plasticity and phylogeny were noticed in monogeneans when
infected in wild and reared fishes. This data indicates mild
gene flow between parasites in cultured and wild fish [48].
Mimicry proteins produced by the cestode (Schistocephalus
solidus) exhibited the phenotypic modifications of three-spined
stickleback, i.e. Gasterosteus aculeatus [49]. Yin et al. [50]
analyzed the transcriptome of Cryptocaryon irritans parasite that
affects the fish in low temperature. Haase et al. [51] proved the
immunity levels in three-spined sticklebacks during a parasite
attack and listed its consequences. Jorgensen [52] highlighted
the Ichthyophthirius multifiliis (Ich) impact on host fish immune
responses. Souza et al. [53] demonstrated the differential immune
responses of teleosts to helminth infection. Gene editing alters the
fish species positively to reach a phenotype for disease resistance
in turn for better yield [54].

Marcus-Lopez & Rodger [55] emphasized the amoebic gill
disease in Atlantic salmon caused by Neoparamoeba perurans
and addressed the pathological changes, immune response and
mechanism underlying the epithelial proliferation. Modification
in distribution and expression of E-cadherin protein was noticed
in the intestine of both turbot and gilt-head bream when infected
with Enteromyxum species [56]. Holzer et al. [10] described in
detail the fish immune responses against myxozoan infections.
Hunt et al. [11] noticed the transcriptomic alterations over
day-night cycles, i.e. around 50 % of annotated genes exhibited
significant daily rhythms in the fish louse parasite (Argulus
foliaceus). The disease, namely cryptocaryonosis, was noticed
in marine fishes by the parasitic ciliate, Cryptocaryon irritans
[57]. They also discussed about the host-defence mechanism
and remedies including development of vaccines. Hasegawa &
Poulin [4] reviewed the fish body condition after infection with
a parasite using several examples. All these studies will help to
identify physiological, biochemical and molecular changes in a
parasitized fish, which in turn is useful to know the treatment and
control methods. Also, the molecular knowledge will be helpful to
develop effective targeted therapeutics against parasites and the
immune reactions in fish.

Mitigation of Parasitic Diseases

Mitigation of parasitic diseases includes various stages
such as prevention, control and treatment. All these practices
completely depend on the type of parasite. Initially, it is suggested
that possible hygiene conditions must be implemented in fish
industries. In general, water quality, pH, temperature, nutrients,
season, etc.,, are the crucial abiotic factors for parasite growth
[58]. Particularly, the quality of water determines the parasite
infestation. For instance, Labeo calbasu was infected with more
monogeneans in Somasila backwater (Nellore Dt., A.P, India)

How to cite this article: Vankara AP, Thummala C, Peddinti Rafeeq A, Dasari R, Shegu Venkata R, et al. Parasites: The Risky Players Ruling Fisheries.
Oceanogr Fish Open Access J. 2025; 18(2): 555984. DOI:10.19080/0F0A].2025.18.555984


http://dx.doi.org/10.19080/OFOAJ.2025.18.555984

Oceanography & Fisheries Open access Journal

when compared to Chennur dam (Kadapa Dt., A.P, India) due to
high pollution in the earlier one [59]. Similarly, certain copepods

grow well in W, attu in Somasila backwater when compared to
another one (Figure 5).
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Figure 5: Effect of water pollution on the occurrence of parasites in freshwater fishes in Chennur dam (C.D.) and Somasila backwater (S.B.)
of A.P., India. Data was collected from our laboratory.
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Variations in parasite prevalence in the fish can be attributed
to alterations in temperature in different seasons [60]. Moreover,
certain parasites grow in acidic conditions and some others in
alkaline conditions. Several works emphasized that nutrients,
DO, TDS, calcium hardness, chlorides, nitrates, etc., are crucial for
the proliferation of parasites [60,61]. Different medications must
be used to control parasitic diseases in fish. Certain chemicals
such as common salt, copper sulfate, ferric sulfate, hydrogen
peroxide, sodium percarbonate, potassium permanganate, etc.,
were used to suppress the growth of certain parasites [9,14, 62-
64]. Biological control is one of the best practices for controlling
parasitic diseases. Natural extracts such as pyrethroids, including
deltamethrin, were also useful to eradicate certain fish parasites
[9,63].
parathion, azamethiphos, etc., and organohalogens were used to
mitigate parasitic diseases [9,14,64]. Overall, the immunity level
of fish is a crucial factor in combating with the parasite [65]. It
was proved that the skin mucus of fish is involved in the defence

In addition, organophosphates such as malathion,

mechanism against parasites [66]. Certain antibiotics and vaccines
will also be used to eradicate the parasitic diseases in fish [9].

Recently, nanoparticles have been applied to control the
parasitic diseases of fish as well as parasite growth. Antiprotozoal
effects of silver and zinc oxide, including gold nanoparticles,
against Ichthyophthirius multifiliis were established by Saleh et
al. [67]. In vitro anthelmintic effect of silver nanoparticles against

adults and eggs of monogeneans was noticed [68]. Mathews et al.
[69] used oral drug delivery nanoparticles to treat the intestinal
parasite infection. Our laboratory is also using nanoparticles for
disease management practices in fish [2]. Though it is beginning,
future work with nanoparticles may be useful to control parasitic
diseases in fish.

Future Prospects

Fish production should be more than double the size to
meet the current demand, which can be possible by improving
fisheries. In contrast, fish diseases caused by parasites constitute
one of the most important concerns and dealing with them is a
challenge to fish culturists. Identification and authentication of
certain parasites in fish is possible through the characterization
of intraspecific genetic divergence to establish the limits between
species. Contamination with other organisms isa major concern for
the molecular identification of parasites because of the presence
of other organisms’ DNA along with parasite DNA. Moreover, fish
parasites are the hosts for secondary pathogens such as bacteria
and viruses. Therefore, the selection of an appropriate molecular
marker or primer plays a key role in the molecular identification
of parasites. Extensive usage of eDNA and FINS tools is also helpful
for the accurate identification of fish parasites. In histopathological
experiments, the preparation of tissue material is crucial for both
infected and control samples. Using advanced microscopes such
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as scanning electron microscope (SEM) and transmission electron
microscope (TEM) will be helpful for the accurate morphological
identification of parasites.

Time-to-time analysis of water quality, including levels of
nutrients, temperature, pH, DO, TDS, total hardness, etc., using
advanced tools is mandatory for the fish industry. Biochemical and
molecular studies on parasite-fish relations might require more
finesse. Apart from genomics, focusing on both transcriptomics
and metabolomics will be helpful to know the fish and parasite
interaction in turn for better yield. Using the advanced biochemical
techniques for the development of vaccines, antibodies, and
biological agents may be helpful to control the parasites in the
fisheries. Practice of advanced CRISPR/Cas9 (clustered regularly
interspaced short palindromic repeats/CRISPR-associated
protein 9) technique will be useful in editing the genome of fish
to get resistance against parasites or editing the genome of the
parasite to reduce the pathogenicity. Strong safety measures,
environmental risk assessment of fish parasites and an integrated
approach of both conventional and advanced biotechnological
methods will be helpful to take precautionary measures to protect
the fisheries from parasites. Overall, fishing industries need to
perform certain environmental precautions before starting fish
cultures to avoid certain unwanted growth of parasites.

Conclusion

Fish are important source of food, and therefore fisheries
need to take precautions to improve the yield. However, fisheries
witness severe loss due to pathogens such as viruses and bacteria
including parasites. Among the various diseases, infections
due to ecto and endo-parasites appear to be more common and
pathogenic. In the present review, the importance of systematic
studies of fish parasites was emphasized for accurate identification
and authentication. In addition, histopathological studies were
highlighted to know the damage levels of fish by parasitisation.
Physiological, biochemical and molecular aspects of fish infected
with various parasites were highlighted to understand the
behaviour of the host, metabolic regulation of the host, growth and
yield levels and enhance the knowledge of parasite-fish interaction
at the genetic level. Moreover, the methods of mitigation of
parasitic diseases in fish were emphasized. Furthermore, the
prerequisites and necessity of advanced technology to know the
insights of fish parasites were discussed. Overall, the present
review may be useful to improve the fish yield, which in turn
improves food security and the economy.
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