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Abstract

Approximately 14 million people are employed in various capacities by India’s fisheries and aquaculture
industries, which also contribute to agricultural exports and provide nutritional security for the food basket.
Due to its varied aquatic resources, the nation has consistently increased its fish production since gaining
its independence. This industry, which accounts for 6.3% of the world's fish production, makes up 1.1% of
the GDP and 5.15 percent of the GDP from agriculture. In recent years, there has been an increase of
emerging and re-emerging diseases that result in significant economic losses for various global aquaculture
industries. Rapid identification, characterization, and diagnosis of the causal agents and risk factors are
essential for the development of efficient management methods aimed at reducing the detrimental effects
of these disorders. Although the rapid development of advanced molecular techniques in aquaculture has
diverted consumers' and researchers' attention from fundamental characterization methods, the latter remain
extremely important. It is believed that diseases and epizootics represent significant obstacles to sectoral
development and aquaculture production growth. The sector is currently dealing with global illness
challenges as a result of a number of reasons. These consist of the subsequent items: (a) heightened
commerce and market globalization; (b) intensification of fish farming methods through the movement of
aquaculture species, feed, and related products; (c) introduction of new or alien species for the development
of aquaculture.

Keywords:-Fish disease, Antibiotics; Anti-parasitic; Aquaculture; Chemicals; Feed supplements; Fish health
management; Fish vaccine.

Introduction

In recent years, aquatic products have played an essential role in the global food supply chain [1], which
has a significant impact on the economy and the social development of developing countries. Fish, as an
important source of protein, have a balanced nutrition ratio of essential elements required for the human
body [2], continuously increasing the consumption of fish products [3]. With the increase in density and
intensive development of aquatic fish farming, fish health has become a top issue of concern for consumers
[4]. In addition, according to studies, fish disease is considered a major factor causing about 50% of overall
production loss. The common outbreak and rapid spread of diseases result in large-scale fish infections in
a relatively short period. This could cause massive fish death and water pollution [5]. Worse yet, it is not
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only parasites that can have harmful effects on human health through contact with diseased fish [6], but
fish with bacteria can also infect humans with diseases such as Salmonella [7].

In addition, late identification of fish disease could result in the extinction of the whole farmed fish
populations. Therefore, it is necessary to develop modern, non-destructive, fast, real-time, and automatic
fish disease prediction and diagnosis techniques to keep fish healthy and safe to prevent and control disease
transmission in aquaculture.

Fish disease identification is an indispensable part of modern aquaculture, and rapid and real-time
diagnosis is an essential part of the early and precise treatment of diseases. However, the farmed fish will
be affected by viruses, bacteria, parasites, metal pollution, and fishing damage [8]. Fish diseases are caused
by a combination of different pathogens. Conventional methods involve detection via fish tissue dissection,
which is destructive, time-consuming, and costly [9]. The direct diagnosis of diseased fish underwater
requires a high level of technology, while the large-scale and rapid spread of fish diseases have to limit the
required time for diagnosis. The diversity and heterogeneity of fish diseases increase the difficulty of
diagnosis, and the accuracy of diagnosis using these various physiological indicators is low. In recent years,
image-based disease-diagnosis techniques have been widely used in the diagnosis of fish diseases.
Traditional fish disease diagnosis methods are mainly based on expert systems, and great achievements
have been made in fish disease diagnosis [10]. However, the diagnostic accuracy and speed highly depend
on the ability and experience of the experts [11]. With the rapid development of image-processing
technology, features such as texture, shape, and color from disease images could be indicators for fish
disease diagnosis [12]. The use of camera images, microscopic images, spectral images, ultrasound images,
and fluorescence images has been shown to provide feasibility for fish disease diagnosis, and the
combination of image-processing technology and computer vision can provide non-destructive, automatic,
rapid, real-time diagnosis of fish diseases, and low-cost, simple operation, high sustainability, and no
pollution to water bodies [13,14,15]. However, the accuracy of disease diagnosis is generally low due to
the diversity of fish species, the complexity of survival conditions, and the difficulty of obtaining high-
definition images of diseased fish [16]. This has become a great challenge for accurately identifying and
diagnosing fish diseases.

With improvements in automatic disease diagnosis for increasing fish production, farming efficiency and
safety, and reducing the impact of diseases on humans, fish, and the environment, there have been extensive
studies on fish disease identification in recent decades [5,17]. This article aims to provide a review of the
techniques and methods used in recent years for the automatic identification and diagnosis of fish diseases.
The application of image-processing technology in aquaculture for host and pathogen identification and
diagnosis are reviewed, and indirect identification of pathogens using electrochemical genetic sensors is
also discussed. Finally, the article discusses and summarizes the potential techniques for the applications
of fish disease identification and diagnosis.

Review

The exponential growth of the human population has markedly increased the global demand for food,
particularly protein sources from an animal such as fish. However, continuous harvesting of wild fish has
led to overexploitation of the wild stock and resulted in a great loss of fish species [18]. Aqua culturing was
introduced to prevent overfishing from reducing the depleting wild fish stock. Fishes are bred in a controlled
environment where they are subjected to routine feeding and are closely monitored to ensure longevity [19].
The aquaculture industry is driven by an ever-increasing demand for fish by most consumers from
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developed countries [20]. Proper management and established breeding technology are essential for the fish
industry to fulfill the demand [21].

One of the most challenging challenges in sustainable aquaculture is managing and controlling infectious
diseases [22]. Fish exposure to pathogens is even more severe and direct than non-aquatic organisms,
considering that there are approximately one million bacteria and ten million viruses per milliliter of
seawater. Fish are exposed to pathogens immediately after hatching and are continually affected during
their mouth and gut opening stages, especially during the onset of their feeding [23]. They are also exposed
to unknown pathogens when they migrate from freshwater to saltwater and during climatic change,
including the non-migratory species [24]. Furthermore, fish disease outbreaks can be driven by extreme
stress from the aquaculture environment and management procedures [25]. Despite monitoring the health
of the fish stock due to the development and advancement of aquaculture, a continuous supply of fish
products could not be supplied globally, primarily due to disease outbreaks [26].

Fish such as groupers with a high market value and are reared mainly in fish farms are exceptionally
susceptible to infection [27]. The main pathogen that infects marine species is bacteria, which comprises
54.9% of the total infection followed by virus infection (22.6%), parasites (19.4%), and fungi (3.1%)
[26,29,30]. The outbreak of these infections’ diseases in the large-scale fish farms will cost the farmers
their revenue and offsets their business. While more money is churned out to rectify the disease, the turnover
rate of the farm is being affected due to the decreased production of fish. However, as in all vertebrates,
fish have cellular and humoral immune responses and organs as a defense against various pathogenic and
non-pathogenic attacks [31,32]. Unlike mammals, fish are more dependent on the non-specific, innate
defense system [33]. They are equipped with natural barriers that act as protective mechanisms: their skin
and scales and the lytic proteins present in the mucus and sera [34]. While the innate defense system
responds faster than the adaptive immunity of the species towards any foreign attack [35], the adaptive
response of fish is essential for long-term immunological memory despite being implemented with a slight
delay [36].

This overview explains different fish infections and fish reactions to these attacks. In addition, a brief
discussion was held regarding the multi-omics methods, the existing omics technologies employed to
address this issue, and the ways in which these developing technologies can be effectively utilized to tackle
different fish ilinesses. The paper also emphasizes the identification of biomarkers and the possible progress
they portend in enhancing the omics approach.

Fish Pathogens

The three primary pathogens that do the most harm to the aquaculture sector by being responsible for a
large number of fish deaths are viruses, bacteria, and parasites. In cultured groupers in Brunei Darussalam,
Malaysia, Taiwan, Indonesia, Kuwait, Thailand, Singapore, and the Philippines, vibriosis, also known as
hemorrhagic septicemia, is a common infection [19]. Vibrio parahaemolyticus, Vibrio alginolyticus, Vibrio
vulnificus, Vibrio carchariae, Vibrio anguillarum, Vibrio ordalii, Vibrio harveyi, Vibrio mimicus, and many
other members of the Vibrionaceae family are among the Gram-negative bacteria that cause vibriosis
[16,20, 21].
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The absence of research on vibriosis caused by other rare Vibrio species may hinder future efforts to control
and prevent vibriosis in aquaculture [22]. Numerous species of fish raised in cages and the production of
shellfish globally have been severely impacted by this disease, which has had a major negative impact on
the aquaculture sector [23, 24]. According to reports, the mortality rate of mariculture groupers has
increased due to vibriosis [25]. Numerous significant outbreaks of vibriosis have been documented in Asia,
including one in Vietnam where farmed barramundi contracted V. harveyi, which led to up to 40% mortality
[26]. V. harveyi produced an outbreak of vibriosis in Asian seabass on a nearby farm in Sabah, Malaysia
[27]. Other fish species, including grouper, Epinephelus awoara [28], sole, Solea tauvina [29], gilthead
seabream, redbanded seabream, and European seabass [30], have experienced occurrences of vibriosis. The
disease's earliest signs and symptoms include lethargy, appetite loss, fish color darkening, loss of balance,
and irregular swimming behavior. Additional clinical indicators and symptoms of vibriosis include
septicemia hemorrhage and skin, fin, and tail ulcers [12, 22, 32]. Numerous fish species are susceptible to
various bacterial infections, although vibriosis is the most frequent cause of fish mortality.
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The furunculosis infection caused by the Gram-negative, non-motile rod bacterium Aeromonas
salmonicida, which mostly affects salmonid species such as trout, charr, and grayling, is a common bacterial
infection. Furunculosis epidemics are frequently brought on by stressors like as contaminated water,
crowded living quarters, and abrupt temperature swings [33]. The majority of pathological findings verified
that exophthalmia, skin hemorrhages, lethargy, darker skin, irregular swimming, ulcers and liver muscle
hemorrhages, and necrosis lesions that formed from furuncles and boil on the skin are common indications
of furunculosis [34, 35].
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Prior research has examined the presence of furunculosrs in a number of species, mcludrng non- salmonrd
species like halibut (Hippoglosus hippoglosus) and turbot (Scophthalmus maximus) as well as salmonid
species like Atlantic salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss) [36,37,38, 39].
Hemorrhagic septicemia infected Atlantic salmon (S. salar) with A. salmonicida resulted in substantial
mortality rates, particularly in young and adult fish. Hemorrhagic septicemia is reported to be virtually
always deadly after two or three days of exposure [38, 40]. After three weeks of A. salmonicida post-
infection, rainbow trout immunized with subunit salmonicida strain A449 demonstrated reduced mortalities
[39]. Similar to this, turbot was treated for furunculosis by giving a bacteriostatic antibiotic called
florfenicol at the appropriate dosage [36].
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Pasteurellosis is another bacterial infection caused by the halophilic bacteria Photobacterium damselae
subsp. piscicida. A large variety of fish species, including seabass, cobia, yellowtail, seabream, and others,
are impacted by the Gram-negative bacteria [41]. Countries in the Mediterranean, America, Europe, and
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Japan are frequently affected by the illness [42]. According to reports, the sickness typically manifests itself
when the water temperature exceeds 20 °C [43]. The white tubercles or granulomas made up of bacterial
accumulation in the internal organs are indicative of the presence of this infection [42].

A high death rate from the pasteurellosis outbreak might result in significant financial losses.

In addition to bacterial diseases, viruses are a major contributor to the elevated death rate of fish kept in
aquaculture. Since viruses are the most common marine lifeform, they account for the majority of genetic
diversity [44]. It is sufficient evidence of their pervasiveness that viral infections cannot be prevented. Viral
nerve necrosis (VNN), often called viral encephalopathy and retinopathy (VER), is the virus that marine
fish species are most vulnerable to [45]. Globally, VNN is known to have infected many different fish
species. These primarily consist of grouper species, such as Epinephelus coioide and Epinephelus
fuscoguttatus, that are particularly vulnerable to VNN infection [46, 47]. Not just groupers, but a variety of
other marine species are also vulnerable to VNN, including Anguilla (Anguillidae), Gadus morhua
(Gadidae), and Umbriana cirrosa (Sciaenidae). Owing to its extensive geographic and species range, VNN
has a very negative economic impact on the marine aquaculture sector [48]. The Piscine nodavirus,
belonging to the genus Betanodavirus, is commonly recognized as the causal agent of VNN or VER [49,
50]. Itis well known that members of the Betanodavirus genus can withstand harsh conditions in the aquatic
environment and, once infected, are thought to act as virus reservoirs, spreading the infection to nearby
organisms [51].

Lesions in the brain and retina are among the clinical indicators of VNN, and these lesions eventually result
in fatigue, discolouration, visual problems, atypical movement, and appetite loss [48].
A similar chronic viral illness that affects people worldwide and throughout a wide range of water
temperatures is fish lymphocystis disease (FLD) [52]. In marine net cages in Guangdong, China,
Epinephelus bruneus, Epinephelus malabaricus, and Epinephelus chlorostigma were found to have this
disease, as was E. fuscoguttatus in Malaysia [53]. Fish lymphocystis disease virus (FLDV) is the iridovirus
that causes it [54]. Fish with the infection have unusual hypertrophied lymphocystis cells on their skin, fins,
and/or mouths that resemble tiny nodules that resemble pearls and can occur in clusters or singly. The
enlargement of the diseased tissues disproportionately results in the apparent nodules. Tumor-like nodules
on infected fish make them less valuable on the market. These nodules also prevent the fish from eating,
which slows down the fish's pace of growth [55, 56].
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In contrast to viruses, which are obligate hosts, parasites are free-living invertebrate species that are
recognized as opportunistic diseases. These parasites are free-living and do not always need a host in order
to thrive and procreate. Obedient parasites are those that require hosts in order to live and procreate. Fish
species are infested by both obligate and free-living parasites; however, the high death rate in fish is caused
by the obligate parasite infestation [57]. Large-scale fish farms are not immune to parasitic diseases. Due
to the development of grey patches on the host's skin and gills, the dinoflagellate Amyloodinium ocellatum,
which causes amyloodioniosis (velvet sickness), is one of the parasite infections that is most obvious [58].
The disease, which affects Epinephelus species and Cromileptes altivelis, has been documented in Malaysia
and Indonesia.
Table:-1 Seasonal variation in fish disease

Diseases | Species affected |Stage of fish Seasonal distribution
Summer Rainy Winter
Aeromoniasis Freshwater fishes All stages Yes | Yes Yes
Red disease Freshwater fishes Grow out and Adult Yes | Yes Yes
All freshwater and
Edwardsellosis | some brackish water Mostly fry and fingerlings No | Yes Yes
fishes
Bact_erlal gill All freshwater fishes Grow out and Adult No No Yes
disease
Columnaris disease| All freshwater fishes All stages Yes | No No
Vibriosis Freshwate_r prawn All stages Yes | Yes No
and shrimps
B. Viral diseases
Whites pot disease Penaeus monoQon, P. All stages Yes | Yes Yes
vennamei
White tail disease Macrobrachium rosenbergii Post larvae and juvenile Yes | Yes Yes
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C. Fungal diseases
Saprolegniasis All freshwater fishes All stages | No |No| Yes

All freshwater fishes with
Argulosis scales are affected. Labeo Adult No Yes | Yes
rohita more susceptible

Lernaeasis All freshwater fishes Adult and Juveniles No Yes | Yes
Myxosporidiasis All freshwater fishes All stages Yes Yes | Yes
Dactylogyrosis All freshwater fishes Adult No Yes | Yes
C-A
6
5
4 .
B Series 1
3 -
2 M Series 2
1 - W Series 3
O -
Category 1 Category 2 Category 3 Category 4
6
5
4
3
5 =4 Series 1
1 == Series 2
0 ==fe=Series 3
Category 1 Category 2 Category 3 Category 4
G-B

Cryptocaryonosis is another parasite illness that has been documented to afflict cultivated fish in Asian
nations [59]. Large yellow croakers, Larimichthys crocea, are notoriously recognized to be negatively
impacted by this disease in the sustainable development sector [60]. Due to the whitish or greyish spots that
are Cryptocaryon irritans nests observed on the body surface and gills of the affected fish, it is widely
known as the "white spot disease" [59]. Although diseases in marine aquaculture are not always harmful, it
is undeniable that something needs to be done to stop the rising mortality rate of different fish species,
particularly those that support national economies. Thus, numerous initiatives have been made to stop this
growing issue of fish mortality.
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DIAGNOSIS OF DISEASE AND THEIR CONTROL

Emerging illnesses affecting aquatic animals have had significant effects on the security of millions of
people's livelihoods and have affected national or regional economies The most severe output loss with
societal ramifications was seen in India's shrimp aquaculture sector between 1995 and 1998, which nearly
caused the sector to collapse. Thus, the development and implementation of appropriate diagnostic and
control strategies to counteract disease occurrence in fish and shellfish culture have taken on relevance in
many aquaculture-producing nations in order to reduce production loss. The management of the culture
unit to lower disease predisposing factors is the most crucial strategy for the disease control program.
Realistic stocking densities, guarding against pathogen introduction into culture systems or hatcheries,
maintaining appropriate water quality parameters, minimizing stress, and giving cultured animals enough
nutrients are the best ways to do this. A few years ago, diseases affecting aquatic organisms were not seen
as a major issue in our nation because the financial losses associated with fish farming were unknown.
Attention has been drawn to this aspect due to the recent occurrences of several developing diseases.
Consolidate funds, however, are required to address these issues in order to maintain sustainable
aquaculture and avoid output losses.

Recent Advancements in Infectious Fish Disease and their possible Treatment

Despite the fact that aquaculture has a lot of room to grow and only uses about 40% of India's available
resources at the moment due to access to markets and technological difficulties, data show this.
Acknowledging the enormous potential for growth in aquaculture and fisheries, the Indian government
reorganized the Central Plan Scheme under the auspices of the "Blue Revolution." In order to increase fish
production and productivity from aquaculture and fisheries resources of the inland and marine fisheries
sector, including deep sea fishing, the government approved the restructured Central Sector Scheme on
Blue Revolution, called Integrated Development and Management of Fisheries (CSS).

Through the full potential utilization of water resources for fisheries development in a sustainable manner,
keeping in mind bio-security and environmental concerns, Blue Revolution, the Neel Kranti Mission, aims
to achieve economic prosperity for the nation, fishers, and fish farmers as well as contribute to food and
nutritional security. A specific goal under the Blue Revolution project is to increase fish production by
about 150 lakh tonnes by 2020, up from the current level of 107.95 lakh tonnes. It would result in an increase
in export revenue, which would help fishermen and fish growers both directly and indirectly by almost
doubling their income.

Current Advancements

The most important thing that farmers can do to reduce fish losses is to control fish disease. This has
proven to be difficult because the mortality rate of fish raised in aquaculture is elevated by multiple
infections. Pesticides, chemotherapeutic drugs, and antibiotics have all been widely used by fish producers
to combat pathogenic illness [61, 62]. Although each of these tactics has benefits, in the long run, the
drawbacks outweigh the benefits. Fish health has not improved even though a variety of techniques are
being used continuously. Prior to anything else, it is imperative to comprehend the basic biological system
that is involved in fish infections. What kind of disease has the fish contracted?

How does the infection get started? What propels the course of the illness? How does the fish fend off the
illness? It is possible to answer these intricate concerns by first learning about and comprehending
molecular regulatory networks [63]. Advances in fish immunity have led to the development of numerous
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successful disease prevention strategies in recent times. Vaccination and natural compounds with
immunostimulatory qualities are two examples of these [64]. This portion of the article provides an
overview of the current management strategies for the infectious disease problem affecting farmed fish. It
does this by highlighting a few commonly utilized approaches.
IMMUNIZATION (Active & Passive)

Via defense mechanisms triggered by a cascade of immunological responses, organisms protect themselves
against infection. Tolerance to the infection allows the host to mount foreign antibodies that momentarily
trigger their immune system, a process known as passive immunity, which helps fish survive when the
organism is already infected [65,66]. In the meanwhile, one of the most well-known methods for boosting
host immunity and protecting fish from current and potential diseases is vaccination, also referred to as

active immunity.

Pathogens

Antigen Gene Insert

Host

Route

RNA Viruses

Spring viremia of carp
virus (SVCV)

PEGFP-G

Common carp
(Cyprinus carpio)

Immersion &
intramuscular

Viral Hemorrhagic
Septicemia virus

pcDNA3-vhsG (DK-3592hb, genotype
la & BC-99-292, genotype 1Va)

Pacific Herring
(Clupea pallasii)

Intramuscular

(VHSV)
Infectious Glycoprotein Rainbow trout Intramuscular
hematopoietic necrosis (Oncorhynchus
virus (IHNV) mykiss)
DNA Virus
Channel catfish virus DNA vector expressing CCV ORF6 Channel catfish Intramuscular
(cev)
Iridovirus of Taiwan TGIV major capsid protein (MCP) Pearl gentian Immersion
(TGIV) grouper
Koi herpesvirus (KHV) ORF25 (glycosylated protein) Koi Intramuscular

Bacterial

Vibrio alginolyticus

Lipopolysaccharides, whole-cell
bacterin

Silver sea bream
(Sparus sarba)

Intramuscular,
immersion & oral

Vibrio anguillarum

Outer membrane
proteins (OmpK)

Flounder
(Paralichthys
olivaceus)

Intramuscular

Vibrio harveyi

TssJ antigen from T6SS of V. harveyi

Golden pompano

Intramuscular

Vaccinations comprising whole pathogens are referred to be first-generation vaccinations. Attenuated
pathogens and live vaccines can elicit humoral as well as cellular immune responses; the aquaculture sector
now uses both of these vaccinations [67].

Fish VVaccines
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Fish infections remain a major financial problem in commercial aquaculture globally, despite numerous
attempts to create novel treatments. While fish diseases can be treated with antibiotics or
chemotherapeutics, these approaches have clear drawbacks, including drug resistance and issues with
consumer and environmental safety. VVaccination helps to ensure that aquaculture output is sustainable on
a worldwide scale in terms of the environment, society, and economy by preventing a wide range of
bacterial and viral illnesses . Numerous vaccinations that have been produced since the first reports in the
1940s have significantly lessened the impact of fish infections with bacteria and viruses. Currently, millions
of fish are immunized annually, and worldwide, there has been a move away from the use of different
antibiotics and toward immunization.

Commercial Fish Vaccines

Large-scale fish farming operations presently use a number of vaccinations that have been developed,
including DNA, live-attenuated, and inactivated vaccines. In order to prevent vibriosis and enteric redmouth
disease, the first effective commercial bacterial vaccination was created and released in the US in the late
1970s. It was created using whole-cell inactivation as the basis, and immersion techniques were used to
administer it. Since 1990, the development of fish vaccines worldwide has proceeded in a manner akin to
that of human and veterinary vaccines, involving close collaboration between R&D, the pharmaceutical
industry, and regulatory organizations in relevant regions. The leading manufacturers of fish vaccines are
Schering-Plough Animal Health (USA), Pharmag (Norway), Intervet International (The Netherlands),
Novartis Animal Health (Switzerland), and Bayer Animal Health (Bayotek)/Microtek, Inc
(Germany/Canada).

Due to the introduction of new vaccination technology advancements, a thorough evaluation of the state of
the fish vaccine industry is required. Worldwide, more than 26 approved fish vaccines are accessible for
use in a variety of fish species (Table 2). The United States Department of Agriculture (USDA) has granted
licenses for the majority of developed vaccinations to be used in various aquaculture species. These
vaccines are primarily made using conventional production technigques, which entail the growth of
particular targeted pathogens. The USDA reports that 77 different species of fish are presently immunized
against over 22 distinct bacterial species and six virus pathogenic species.

Fish vaccines have been licensed and made available for purchase by a number of nations, including Korea
and Japan. Nine pharmaceutical companies in Japan manufacture fish vaccines for the domestic market;
since 2018, 29 vaccine formulations have received approval. More than 13 different kinds of fish species
are protected by authorized vaccines against eight bacterial and two viral species. For ten different fish
pathogen species, 29 vaccinations have been licensed and made accessible for purchase in Korea.

Fish vaccince

. Vaccine Deliveryy ]

Disease Pathogen Type Methods Country/Region Make
Vibrio anguillarum; Vibrio ordalii; USA, Canada, Japan Merck
Vibriosis gut! C ’ Inactivated IP or IMM ' » >apan, Animal

Vibrio salmonicida Europe, Australia
Health
. MSD
Furunculosis .. IO .. Inactivated IP or IMM USA, Canada, Ch.”e’ Animal
salmonicida, subsp. Salmonicida Europe, Australia Health
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Vaccine Deliveryy

Disease Pathogen Type Methods Country/Region Make
Bgcterlal kidney Renibacterium, salmoninarum Akulent IP Canada, Chile, USA Renogen
disease (BKD) live culture

Enteric septicemia . . . . .
of catfish (ESC) Edwarsiella ictaluri Inactivated IP Vietnam Pharmaq
Columnaris . . Mgrck
di Flavobacterium columnaris Attenuated IMM USA Animal
isease
Health
Pasteurellosis Pasteurella piscicida Inactivated IMM 2y (BT, TEWE: PUEDIEG,
Japan AS
Lactococcosis Lactococcus garvieae Attenuated IP Spain hipara
Taiwan Province of
St_reptoc_occus Streptococcus spp. Inactivated IP China, Japan, Brazil, Aquay ac-
infections vaccines

Indonesia

Current study on fish vaccine

Effective vaccinations for many bacterial infections have not yet been researched and produced, despite the
fact that numerous bacterial vaccines are available for use in aquaculture enterprises on a commercial basis.
The production of various vaccinations, such as subunit vaccines, plasmid DNA vaccines, recombinant live
vector vaccines, and recombinant protein vaccines, which have been tested in fish experiments and
approved for commercialization, has been made possible by developments in molecular biology,
biotechnology, and reverse vaccinology.

Subunit vaccines against fish nocardiosis in the largemouth bass (Micropterus salmoides) were developed
using a reverse vaccinology survey of potent antigenic target contents of specific pathogens. The results
showed that, despite showing differential effects, the vaccines were highly promising for nocardial
prophylaxis. Under a variety of experimental settings, a multicomponent vaccine was shown to protect trout
against three pertinent bacterial diseases (furunculosis, vibriosis, and yersiniosis). This suggests that the
vaccine promotes particular antibody responses to distinct bacterial antigens and controls the effective
expression of different genes involved in the immune response.

CONCLUSION

With more recently developed adjuvants, microcarriers, and nanocarrier-based precisely targeted vaccines,
it is possible to develop multiple next-generation vaccines against a variety of infectious pathogens,
particularly bacteria, and produce higher protective immunity in cultured fish species. These vaccines may
soon be made available for the aquaculture industry. The creation of a fish vaccine that is effective against
most bacterial illnesses will be aided by research on vaccine formulations that include the best antigenic
components and field trial trials that support laboratory results. In addition to reducing the effects of
environmental pollution brought on by traditional antibiotics and chemical-based treatments, this will
support the economy's sustainable growth.

With a wide range of aquatic resources and potential, fishing is a growing business in India that employs
over 14.50 million people at the primary level and many more across the value chain. Fish production
increased from 7.5 lakh tonnes in 1950-1951 to 107.95 lakh tonnes in 2015-2016 as a result of the fisheries
sector's transformation from traditional to commercial scale. In the same period, the sector's export revenues
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were estimated to be around 33,441 crore (US$ 5.51 billion) in 2014. India consistently ranks second after
China in the world's fish production. Although India has increased its fish output to 7.2 million tons and
plans to double it by 2020, there is still room to grow the amount of fish produced in inland water bodies
such as reservoirs, wetlands, lakes, and canals. These kinds of water bodies could benefit from the use of
cage culture, and the outcomes at Jharkhand's Chandil Reservoir are promising.

Effective fish immunizations led to significant drops in the use of antibiotics. The true problem with the
fish vaccination, however, still lies in merging all the variables that obstruct development into a ministration
technique. There are very few authorized vaccines for fish diseases that are available on the market to
protect against diseases in commercially significant fish, despite multiple excellent results in research and
experimental trials with a moderate to high market potential.
For sustainable fisheries production in the region, it is essential to have a thorough understanding of the
prevalence of diseases, utilize local technologies for disease prevention and control, develop an appropriate
economic biosecurity program, and implement farm-level BMPs and husbandry practices.

References

1. Tacon A.G.J., Metian M. Fish Matters: Importance of Aquatic Foods in Human Nutrition and Global Food
Supply. Rev. Fish. Sci. 2013;21:22-38. doi: 10.1080/10641262.2012.753405.

2. Vianna G.M.S., Zeller D., Pauly D. Fisheries and Policy Implications for Human Nutrition. Curr. Env. Health
Rep. 2020;7:161-169. doi: 10.1007/s40572-020-00286-1.

3. FAO The State of World Fisheries and Aquaculture 2020: Sustainability in Action. FAO; Rome, Italy: 2020.

4. Zhu Z., Duan C., Dong C., Weng S., He J. Epidemiological situation and phylogenetic relationship of Vibrio harveyi
in marine-cultured fishes in China and Southeast Asia. Aquaculture. 2020;529:735652.
doi: 10.1016/j.aquaculture.2020.735652.

5. Lafferty K.D., Harvell C.D., Conrad J.M., Friedman C.S., Kent M.L., Kuris A.M., Powell E.N., Rondeau D.,
Saksida S.M. Infectious Diseases Affect Marine Fisheries and Aquaculture Economics. In: Carlson C.A., Giovannoni
S.J., editors. Annual Review of Marine Science. Volume 7. Annual Review of Marine Science; San Mateo, CA, USA:
2015. pp. 471-496.

6. Bao M., Pierce G.J., Strachan N.J.C., Pascual S., Gonzalez-Mufioz M., Levsen A. Human health, legislative and
socioeconomic issues caused by the fish-borne zoonotic parasite Anisakis: Challenges in risk assessment. Trends Food
Sci. Technol. 2019; 86:298-310. doi: 10.1016/j.tifs.2019.02.013

7. Lunestad B.T., Nesse L., Lassen J., Svihus B., Nesbakken T., Fossum K., Rosnes J.T., Kruse H., Yazdankhah S.
Salmonella in fish feed; occurrence and implications for fish and human health in Norway. Aquaculture. 2007;265:1—
8. doi: 10.1016/j.aquaculture.2007.02.011.

8. Low C.F., Rozaini M.Z.H., Musa N., Syarul Natagain B. Current knowledge of metabolomic approach in infectious
fish disease studies. J. Fish Dis. 2017;40:1267-1277. doi: 10.1111/jfd.12610

9. Singh A., Gupta H., Srivastava A., Srivastava A., Joshi R.C., Dutta M.K. A novel pilot study on imaging-based
identification of fish exposed to heavy metal (Hg) contamination. J. Food Process. Preserv. 2021;45:e15571.
doi: 10.1111/jfpp.15571.

22

o=
lw International Journal of

Food And Nutritional Sciences

S A ratho S e enara TS S S e asen Sy e



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 IJFANS. All Rights Reserved, [S[€{oX@7N{ =8 M=o €T golt]o Rl hILoI0 g g VA6 [V]qa R R T SN0l il0 22

10. Wagner W.P. Trends in expert system development: A longitudinal content analysis of over thirty years of expert
system case studies. Expert Syst. Appl. 2017;76:85-96. doi: 10.1016/j.eswa.2017.01.028.

11. Park J.-S., Oh M.-J., Han S. Fish disease diagnosis system based on image processing of pathogens microscopic
images; Proceedings of the Conference on Frontiers in the Convergence of Bioscience and Information Technologies;
Jeju, Korea. 11-13 October 2007; pp. 878-883.

12. Lou D., Chen M., Ye J. Study on a fish disease case reasoning system based on image retrieval. N. ZId. J. Agric.
Res. 2010;50:887-893. doi: 10.1080/00288230709510364.

13. Hu J., Li D., Duan Q., Han Y., Chen G., Si X. Fish species classification by color, texture and multi-class support
vector machine using computer vision. Comput. Electron. Agric. 2012;88:133-140.
doi: 10.1016/j.compag.2012.07.008.

14. McConnachie S.H., Sheppard J., Wright G.M., Speare D.J. Development of the microsporidian parasite, Loma
salmonae, in a rainbow trout gill epithelial cell line (RTG-1): Evidence of xenoma development in
vitro. Parasitology. 2015;142:326-331. doi: 10.1017/S0031182014001620.

15. Negreiros M.M., Yamashita S., Sardenberg T., Favero E.L.J., Ribeiro F.A., Haddad W.T.J., Haddad V.J.
Diagnostic imaging of injuries caused by venomous and traumatogenic catfish. Rev. Soc. Bras. Med. Trop. 2016;
49:530-533. doi: 10.1590/0037-8682-0359-2015.

16. Barbedo J.G.A. Computer-aided disease diagnosis in aquaculture: Current state and perspectives for the
future. Rev. Innover. 2014;1:19-32.

17. Price D., Laurin E., Mardones F.O., Jimenez D., Lara M., Gardner I. Effect of sampling time and surveillance
strategy on the time to onset and magnitude of piscirickettsiosis (Piscirikettsia salmonis) outbreaks in Chilean farmed
Atlantic salmon. Aquaculture. 2020;529:735739. doi: 10.1016/j.aquaculture.2020.735739.

18. Wana, T.G. A Review on the Causes for the Loss of Major Fishes and Prospects for Future Research in Ethiopia. J.
Biol. Agric. Healthc. 2016, 6.

19. Lee, M.-K_; Y00, S.-H. The role of the capture fisheries and aquaculture sectors in the Korean national economy:

20. An input—output analysis. Mar. Policy 2014, 44, 448-456.
Cashion, T.; Le Manach, F.; Zeller, D.; Pauly, D. Most fish destined for fishmeal production are food-grade fish. Fish
Fish. 2017, 18, 837-844

21.Nurdalila, A.; Bunawan, H.; Kumar, S.; Rodrigues, K.; Baharum, S. Homogeneous nature of Malaysian marine
fish Epinephelus fuscoguttatus (Perciformes; Serranidae): Evidence based on molecular markers, morphology and
fourier transform infrared analysis. Int. J. Mol. Sci. 2015, 16, 14884-14900.

22.Rodger, H.D. Fish Disease Causing Economic Impact in Global Aquaculture. In Fish Vaccines, 1st ed.; Adams,
A., Ed.; Springer: Basel, Switzerland, 2016; pp. 1-34.

23. Castro, R.; Jouneau, L.; Tacchi, L.; Macqueen, D.J.; Alzaid, A.; Secombes, C.J.; Martin, S.A.M.; Boudinot, P.
Disparate developmental patterns of immune responses to bacterial and viral infections in fish. Sci. Rep. 2015, 5,
15458.

23. Jeffries, K.M.; Hinch, S.G.; Sierocinski, T.; Pavlidis, P.; Miller, K.M. Transcriptomic responses to high water
temperature in two species of Pacific salmon. Evol. Appl. 2014, 7, 286—300.

23

o=
lw International Journal of

Food And Nutritional Sciences

S A ratho S e enara TS S S e asen Sy e



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 IJFANS. All Rights Reserved, [S[€{oX@7N{ =8 M=o €T golt]o Rl hILoI0 g g VA6 [V]qa R R T SN0l il0 22

24. Martin, S.A.M.; Krél, E. Nutrigenomics and immune function in fish: New insights from omics technologies. Dev.
Comp. Immunol. 2017, 75, 86-98.

25. Jennings, S.; Stentiford, G.D.; Leocadio, A.M.; Jeffery, K.R.; Metcalfe, J.D.; Katsiadaki, I.; Auchterlonie, N.A.;
Mangi, S.C.; Pinnegar, J.K.; Ellis, T.; et al. Aquatic food security: Insights into challenges and solutions from an
analysis of interactions between fisheries, aquaculture, food safety, human health, fish and human welfare, economy
and environment. Fish Fish. 2016, 17, 893-938.

26. Shapawi, R.; Ebi, I.; Yong, A.S.K.; Ng, W.K. Optimizing the growth performance of brown-marbled
grouper, Epinephelus fuscoguttatus (Forskal), by varying the proportion of dietary protein and lipid levels. Anim. Feed
Sci. Technol. 2014, 191, 98-105.

27. McLoughlin, M.F.; Graham, D.A. Alphavirus infections in salmonids --a review. J. Fish Dis. 2007, 30, 511-531.

28. Thuy, N.T.T.; Nguyen, D.H.; Wergeland, H.I. Specific humoral immune response and protection against Vibrio
parahaemolyticus in orange-spotted grouper Epinephelus coioides. Int. J. Aquat. Sci. 2013, 4, 24-35.

29. Biller-Takahashi, J.D.; Urbinati, E.C. Fish Immunology. The modification and manipulation of the innate immune
system: Brazilian studies. An. Acad. Bras. Cienc. 2014, 86, 1484-1506.

30. Veeramohan, R.; Azizan, K.A.; Aizat, W.M.; Goh, H.-H.; Mansor, S.M.; Yusof, N.S.M.; Baharum, S.N.; Ng, C.L.
Metabolomics data of Mitragyna speciosa leaf using LC-ESI-TOF-MS. Data Br. 2018, 18.

32. Kordon, A.O.; Karsi, A.; Pinchuk, L. Innate immune responses in fish: Antigen presenting cells and professional
phagocytes. Turk. J. Fish. Aquat. Sci. 2018, 18, 1123-1139.

33. Low, C.-F.; Shamsudin, M.N.; Chee, H.-Y.; Aliyu-Paiko, M.; Idrus, E.S. Putative apolipoprotein A-1, natural Killer
cell enhancement factor and lysozyme g are involved in the early immune response of brown-marbled
grouper, Epinephelus fuscoguttatus, Forskal, to Vibrio alginolyticus. J. Fish Dis. 2014, 37, 693-701.

34. Smith, N.C.; Rise, M.L.; Christian, S.L. A comparison of the innate and adaptive immune systems in cartilaginous
fish, ray-finned fish, and lobe-finned fish. Front. Immunol. 2019, 10.

35. Semple, S.L.; Dixon, B. Salmonid antibacterial immunity: An aquaculture perspective. Biology 2020, 9, 331.
36.Semple, S.L.; Dixon, B. Salmonid antibacterial immunity: An aquaculture perspective. Biology 2020, 9, 331.

37. Austin, B.; Austin, D.A. Bacterial Fish Pathogens: Disease of Farmed and Wild Fish; Springer Netherlands:
Dordrecht, The Netherlands, 2012; ISBN 978-94-007-4883-5.

38. Kalia, V.C.; Kumar, P.; Kumar, R.; Mishra, A.; Koul, S. Genome wide analysis for rapid identification
of Vibrio species. Indian J. Microbiol. 2015, 55, 375-383.

39.Toranzo, A.E.; Magarifios, B.; Avendano—Herrera, R. Vibriosis: Vibrio anguillarum, V. ordalii and Aliivibrio
salmonicida. In Fish Viruses and Bacteria: Pathobiology and Protection; PTK, W., Cipriono, R.C., Eds.; CAB
International: Wallingford, UK, 2017.

40. Mohamad, N.; Amal, M.N.A.; Yasin, .S.M.; Zamri Saad, M.; Nasruddin, N.S.; Al-saari, N.; Mino, S.; Sawabe,
T. Vibriosis in cultured marine fishes: A review. Aquaculture 2019, 512, 734289.

41.Rameshkumar, P.; Nazar, A.K.A.; Pradeep, M.A.; Kalidas, C.; Jayakumar, R.; Tamilmani, G.; Sakthivel, M.;
Samal, A.K.; Sirajudeen, S.; Venkatesan, V.; et al. Isolation and characterization of pathogenic Vibrio

24

o=
lw International Journal of

Food And Nutritional Sciences

S A ratho S e enara TS S S e asen Sy e



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 IJFANS. All Rights Reserved, [S[€{oX@7N{ =8 M=o €T golt]o Rl hILoI0 g g VA6 [V]qa R R T SN0l il0 22

alginolyticus from sea cage cultured cobia (Rachycentron canadum (Linnaeus 1766)) in India. Lett. Appl.
Microbiol. 2017, 65, 423-430.

42. Zhu, Z.M.; Dong, C.F.; Weng, S.P.; He, J.G. The high prevalence of pathogenic Vibrio harveyi with multiple
antibiotic resistance in scale drop and muscle necrosis disease of the hybrid grouper, Epinephelus fuscoguttatus (%)
x E. lanceolatus (&), in China. J. Fish Dis. 2017, 19, 191-198.

43.Low, C.-F.; Mariana, N.S.; Maha, A.; Chee, H.-Y.; Fatimah, M.Y.. Identification of immune response-related genes
and signalling pathways in spleen of Vibrio parahaemolyticus -infected Epinephelus fuscoguttatus (Forskal) by next-
generation sequencing. J. Fish Dis. 2016, 39, 389-394.

44. Dong, H.T.; Taengphu, S.; Sangsuriya, P.; Charoensapsri, W.; Phiwsaiya, K.; Sornwatana, T.; Khunrae, P.;
Rattanarojpong, T.; Senapin, S. Recovery of Vibrio harveyi from scale drop and muscle necrosis disease in farmed
barramundi, Lates calcarifer in Vietnam. Aquaculture 2017, 473, 89-96.

45.Albert, V.; Ransangan, J. Effect of water temperature on susceptibility of culture marine fish species to
vibriosis. Int. J. Res. Pure Appl. Microbiol. 2013, 3, 48-52.

46. Qin, Y.X.; Wang, J.; Su, Y.Q.; Wang, D.X.; Chen, X.Z. Studies on the pathogenic bacterium of ulcer disease
in Epinephelus awoara. Acta Oceanol. Sin. 2006, 25, 154-159.

47. Zorrilla, 1.; Arijo, S.; Chabrillon, M.; Diaz, P.; Martinez-Manzanares, E.; Balebona, M.C.; Morinigo,
M.A. Vibrio species isolated from diseased farmed sole, Solea senegalensis (Kaup), and evaluation of the potential
virulence role of their extracellular products. J. Fish Dis. 2003, 26, 103-108.

48. Labella, A.; Vida, M.; Alonso, M.C.; Infante, C.; Cardenas, S.; Lopez—Romalde, S.; Manchado, M.; Borrego, J.J.
First isolation of Photobacterium damselae ssp. damselae from cultured redbanded seabream, Pagrus
auriga Valenciennes, in Spain. J. Fish Dis. 2006, 2, 175-179.

49. Haenen, O.L.M.; Fouz Rodriguez, B.; Amaro Gonzalez, C.; Isern, M.M.; Mikkelsen, H.; Zrn¢i¢, S.; Travers, M.A.;
Renault, T.; Hellstrom, A.; Dalsgaard, I. Vibriosis in aquaculture. 16th EAFP Conference, Tampere, Finland, 4th
September 2013. B. Eur. Assoc. Fish Pat. 2014, 34, 138-147.

50. Ina-Salwany, M.Y.; Al-saari, N.; Mohamad, A.; Mursidi, F.; Mohd-Aris, A.; Amal, M.N.A.; Kasai, H.; Mino, S.;
Sawabe, T.; Zamri-Saad, M. Vibriosis in Fish: A review on disease development and prevention. J. Aguat. Anim.
Health 2019, 31, 3-22.

51. Bruno, D.W. Furunculosis, Revised ed.; Leaflet No, 5; ICES ID Leaflets for Diseases and Parasites of Fish and
Shellfish; International Council for the Exploration of the Sea: Copenhagen, Denmark, 2015.

52. Austin, B.; Austin, D.A. Aeromonadaceae Representative (Aeromonas salmonicida). In Bacterial Fish Pathogens;
Springer International Publishing: Cham, Switzerland, 2016; pp. 215-321.

53. Braden, L.M.; Whyte, S.K.; Brown, A.B.J.; Iderstine, C.V.; Letendre, C.; Groman, D.; Lewis, J.; Purcell, S.L.;
Hori, T.; Fast, M.D. Vaccine-induced protection against furunculosis involves pre-emptive priming of humoral
immunity in Arctic charr. Front. Immunol. 2019, 10.

54. De Ocenda, V.-R.; Almeida-Prieto, S.; Luzardo-Alvarez, A.; Barja, J.L.; Otero-Espinar, F.J.; Blanco-Méndez, J.
Pharmacokinetic model of florfenicol in turbot (Scophthalmus maximus): Establishment of optimal dosage and
administration in medicated feed. J. Fish Dis. 2017, 40, 411-424.

55. Devadason, C. Lysozyme level during acute infection of bacterium Aeromonas salmonicida subsp Salmonicida in
halibut and Atlantic salmon. J. Exp. Biol. Agric. Sci. 2018, 6, 236-242.

25

e
l‘ International Journal of
Food And Nutritional Sciences
B T =



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 IJFANS. All Rights Reserved, [S[€{oX@7N{ =8 M=o €T golt]o Rl hILoI0 g g VA6 [V]qa R R T SN0l il0 22

56. Du, Y.; Yi, M.; Xiao, P.; Meng, L.; Li, X.; Sun, G.; Liu, Y. The impact of Aeromonas salmonicida infection on
innate immune parameters of Atlantic salmon (Salmo salar L). Fish Shellfish Immunol. 2015, 44, 307-315.

57. Marana, M.H.; von Jargensen, L.G.; Skov, J.; Chettri, J.K.; Holm Mattsson, A.; Dalsgaard, I.; Kania, P.W.;
Buchmann, K. Subunit vaccine candidates against Aeromonas salmonicida in rainbow trout Oncorhynchus
mykiss. PLoS ONE 2017, 12, e0171944.

58. Liu, P.F.; Du, Y.; Meng, L.; Li, X.; Liu, Y. Metabolic profiling in kidneys of Atlantic salmon infected
with Aeromonas salmonicida based on 1 H NMR. Fish Shellfish Immunol. 2016, 58, 292-301.

59. Pham, T.H.; Cheng, T.; Wang, P.; Chen, S. Genotypic diversity, and molecular and pathogenic characterization
of Photobacterium damselae subsp. piscicida isolated from different fish species in Taiwan. J. Fish Dis. 2020.

60. Romalde, J.L. Photobacterium damselae subsp. piscicida: An integrated view of a bacterial fish pathogen. Int.
Microbiol. 2002, 5, 3-9.

61. Belinda, V.; José, R.V.; Jimena, B.; Begona, A.; Maria, L.D.; Arbelo, F.A.; Kumar, D. Effect of different culture
conditions on the (twitching) displacement of Photobacterium Damselae Subsp. Piscicida. J. Bacteriol. Mycol. Open
Access. 2017, 4, 134-141.

62. He, T.; Jin, M.; Zhang, X. Marine Viruses. In Virus Infection and Tumorigenesis; Springer Singapore: Singapore,
2019; pp. 25-62.

63. Volpe, E.; Gustinelli, A.; Caffara, M.; Errani, F.; Quaglio, F.; Fioravanti, M.L.; Ciulli, S. Viral nervous necrosis
outbreaks caused by the RGNNV/SINNV reassortant betanodavirus in gilthead sea bream (Sparus aurata) and
European sea bass (Dicentrarchus labrax). Aquaculture 2020, 523, 735155.

64. Ni, S.; Yu, Y.; Wei, J.; Zhou, L.; Wei, S.; Yan, Y.; Huang, X.; Huang, Y.; Qin, Q. MicroRNA-146a promotes red
spotted grouper nervous necrosis virus (RGNNV) replication by targeting TRAF6 in orange spotted
grouper, Epinephelus Coioides. Fish Shellfish Immunol. 2018, 72, 9-13.

65. Wen, C.M. Characterization and viral susceptibility of a brain cell line from brown-marbled grouper Epinephelus
fuscoguttatus (Forsskal) with persistent betanodavirus infection. J. Fish Dis. 2016, 39, 1335-1346

66. Zorriehzahra, M.J. Viral Nervous Necrosis Disease. In Emerging and Reemerging Viral Pathogens; Academic
Press: London, UK, 2020; pp. 673-703.

67. Low, C.-F.; Syarul Nataqain, B.; Chee, H.-Y.; Rozaini, M.Z.H.; Najiah, M. Betanodavirus: Dissection of the viral
life cycle. J. Fish Dis. 2017, 40, 1489-1496

68. Nishi, S.; Yamashita, H.; Kawato, Y.; Nakai, T. Cell culture isolation of piscine nodavirus (betanodavirus) in fish-
rearing seawater. Appl. Environ. Microbiol. 2016, 82, 2537-2544.

69. Bandin, I.; Souto, S. Betanodavirus and VER disease: A 30-year research review. Pathogens 2020, 9,106.

70. Valverde, E.J.; Cano, |.; Castro, D.; Paley, R.K.; Borrego, J.J. Rapid and sensitive detection of lymphocystis
disease virus genotype VI by loop-mediated isothermal amplification. Food Environ. Virol. 2017, 9, 114-122.

71. Nagasawa, K.; Cruz-Lacierda, E.R. (Eds.) Diseases of Cultured Groupers; Southeast Asian Fisheries Development
Center, Aquaculture Department: Illoilo, Philippines, 2004; ISBN 971-8511-70-9.

26

e
l‘ International Journal of
Food And Nutritional Sciences
B T =



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

Research paper © 2012 1JFANS. All Rights Reserved, [S[€{oXe7AN{ =8 NE\ c=lo NEET fol¢1 o)l DI LoI0Tga U Ao) (Vg SR RN KO A0

72. Colorni, A.; Diamant, A. Infectious diseases of warmwater fish in marine and brackish waters. In Diseases and
Disorders of Finfish in Cage Culture; CABI: Wallingford, UK, 2014; pp. 155-192.

73. Borrego, JJ.; Valverde, E.J.; Labella, A.M.; Castro, D. Lymphocystis disease virus: Its importance in
aquaculture. Rev. Aquac. 2017, 9, 179-193

74. Xu, G.;Sheng, X.; Xing, J.; Zhan,W.Effect of temperature on immune response of Japanese flounder (Paralichthys
olivaceus) to inactivated lymphocystis disease virus (LCDV). Fish Shellfish Immunol. 2011, 30, 525-531

75. Rameshkumar, G.; Ravichandran, S. Problems caused by isopod parasites in commercial fishes. J. Parasit.
Dis. 2014, 38, 138-141

76. Byadgi, O.; Beraldo, P.; Volpatti, D.; Massimo, M.; Bulfon, C.; Galeotti, M. Expression of infection-related
immune response in European sea bass (Dicentrarchus labrax) during a natural outbreak from a unique
dinoflagellate Amyloodinium ocellatum. Fish Shellfish Immunol. 2019, 84, 6272

77. Lokanathan, Y.;Mohd-Adnan, A.; Kua, B.-C.; Nathan, S. Cryptocaryon irritans recombinant proteins as potential
antigens for sero-surveillance of cryptocaryonosis. J. Fish Dis. 2016, 39, 1069-1083.

78. Qiao, Y.; Mao, Y.; Wang, J.; Chen, R.; Libing, Z.;Su, Y.-Q.; Chen, J.; Zheng, W.-Q. Analysis of liver and gill
miRNAs of Larimichthys crocea against Cryptocryon irritans challenge. Fish Shellfish Immunol. 2016, 59,484-491.

27

{2.‘
- .
W International Journal of
Food And Nutritional Sciences
Pl v At eTSt Assesiatten srme =




