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ÄÎÑË²ÄÆÅÍÍß ÂÏËÈÂÓ ÎÑÍÎÂÍÈÕ Â²ÐÓÑ²Â ÐÈÁ
ÍÀ ÀÊÂÀÊÓËÜÒÓÐÓ (ÎÃËßÄ)

Àêâàêóëüòóðà º ãàëóççþ, ùî ðîçâèâàºòüñÿ íàéøâèäøå ó ñâ³ò³, ïðîòå ñòèêàºòü-
ñÿ ³ç ñåðéîçíèìè ïðîáëåìàìè, ïîâ’ÿçàíèìè ç õâîðîáàìè, îñîáëèâî â³ðóñíèìè ³íôåê-
ö³ÿìè. Â îñòàíí³ ðîêè õâîðîáè ã³äðîá³îíò³â ìàëè âåëè÷åçí³ åêîíîì³÷í³ òà åêîëîã³÷í³
íàñë³äêè, à ïîÿâà íîâèõ ³íôåêö³é, çîêðåìà â³ðóñ³â, ñòàíîâèòü ïîñò³éíó çàãðîçó. Çã³ä-
íî ç ðåçóëüòàòàìè íåùîäàâí³õ äîñë³äæåíü, ðèáè ì³ñòÿòü á³ëüøå â³ðóñ³â, í³æ áóäü-
ÿêèé ³íøèé êëàñ õðåáåòíèõ. Â³ðóñè ðèá îõîïëþþòü øèðîêèé ñïåêòð ïàòîãåí³â, ùî
íàëåæàòü äî ð³çíèõ ðîäèí â³ðóñ³â, òàêèõ ÿê Reoviridae, Birnaviridae, Iridoviridae òà
Rhabdoviridae. Ö³ â³ðóñè âðàæàþòü âèäè ðèá íà ð³çíèõ ñòàä³ÿõ ðîçâèòêó, âèêëèêàþ÷è
ÿê ëåãê³, òàê ³ âàæê³ çàõâîðþâàííÿ, ùî ÷àñòî ïðèçâîäèòü äî ìàñîâî¿ ñìåðòíîñò³ òà
çíà÷íèõ åêîíîì³÷íèõ çáèòê³â. Áîðîòüáà ç â³ðóñíèìè çàõâîðþâàííÿìè ó ã³äðîá³îíò³â
çàëèøàºòüñÿ ñêëàäíîþ ÷åðåç áðàê åôåêòèâíèõ òåðàïåâòè÷íèõ çàñîá³â, à â³äêðèòòÿ
ïîòóæíèõ â³ðóñíèõ âàêöèí ùå äàëåêî íå çàâåðøåíå. Çóñèëëÿ äîñë³äíèê³â, ñïðÿìîâàí³
íà ðîçóì³ííÿ â³ðóñíîãî ïàòîãåíåçó, âçàºìîä³¿ â³ðóñó òà õàçÿ¿íà, à òàêîæ ðîçðîáêó âàê-
öèí, º âàæëèâèìè äëÿ çìåíøåííÿ âïëèâó â³ðóñ³â ðèá íà ñòàëèé ðîçâèòîê àêâàêóëüòó-
ðè. Íåçâàæàþ÷è íà ö³ òðóäíîù³, ³ñíóº îáìåæåíà ³íôîðìàö³ÿ ïðî ð³çíîìàí³òí³ñòü,
÷èñåëüí³ñòü òà åâîëþö³þ â³ðóñ³â ðèá. Â îãëÿä³ íàãîëîøóºòüñÿ íà ð³çíîìàí³òíîñò³
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â³ðóñ³â ðèá, äèíàì³ö³ ¿õ ïåðåäà÷³, ¿õíüîìó ãëèáîêîìó âïëèâ³ íà àêâàêóëüòóðó òà
ïðîô³ëàêòèö³ ç àêöåíòîì íà âàæëèâèõ âèäàõ ðèá.

Êëþ÷îâ³ ñëîâà: àêâàêóëüòóðà, â³ðóñè ðèá, ïàòîãåíåç, ïåðåäà÷à â³ðóñ³â.

Aquaculture is one of the booming industries globally. It is estimated that
fish accounts for approximately 16 percent of the global consumption of ani-
mal protein. One of the key factors restricting aquaculture production is the
presence of various diseases in commercial and economic fishes. The lack of
understanding of fish viruses’ abundance, diversity, and evolutionary dyna-
mics has resulted in significant financial and environmental consequences as
new aquatic pathogens emerge.

The rise in the need for seafood and the significant growth of aquaculture
paves the way for the spread of emerging viruses. Following a substantial eco-
nomic loss, wild and farmed aquatic populations are vulnerable to several dise-
ases. Diverse aquatic pathogens, such as bacteria, viruses, fungi, and parasites,
inhabit natural water bodies, but healthy fishes have exhibited considerable re-
sistance.

They can also adapt to dynamic environmental changes to avoid diseases
caused by pathogens. The fish become vulnerable to infections and diseases
only when the level of the pathogen in the water body develops rapidly due to
external factors, and the natural resistance of the fish stock cannot deal with the
increasing pathogens.

Nevertheless, a comprehensive understanding of fish viruses, including
their evolution and prevalence, remained limited [109]. Hence, there is a swift
demand to explore the unexplored aquatic virosphere, which could hold signi-
ficant practical value for aquaculture and provide facts about virus ecology and
evolution.

According to a recent report, fishes harbor more viruses than any other
class of vertebrates. It is indeed important to note that most RNA virus families
previously believed to infect mammals have been found in bony fishes [109].
This indicates that the evolution of these viruses encompasses the whole histo-
ry of the vertebrates. As fishes have an ancient evolutionary origin, it could be a
probability that certain fish viruses occupy more basal phylogenetic positions
than those seen in the other vertebrate hosts, like mammals, birds, and amphi-
bians [72].

As a remarkable illustration, detecting hepadnavirus in fishes revealed the-
ir ancient roots in vertebrates, with more instances of host hopping from aqua-
tic to terrestrial vertebrates [25]. However, there is no indication of viruses that
affect fish, causing diseases or infections in humans, emphasizing the phyloge-
netic gap between fish and humans and the significant distinctions in cell re-
ceptors and cell types. While the presence of plant viruses in human feces sug-
gests that viruses can be transmitted passively through food [18], consumption
of raw fish has been linked to bacterial (group B Streptococcus) disease in hu-
mans [115]. However, the spreading of viruses amongst fish has been said to
occur horizontally via feces, contaminated water, or unpasteurized fish pro-
ducts in aquaculture [65]. Effective management strategies for fish viral disea-
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ses in aquaculture include stringent biosecurity measures, vaccination pro-
grams, and the development of diagnostic tools for rapid detection and early
intervention. Fish viruses represent significant challenges to the aquaculture
industry, necessitating comprehensive strategies for disease prevention, cont-
rol, and management. Addressing these challenges requires collaborative ef-
forts among researchers, industry stakeholders, and policymakers to ensure the
long-term viability and resilience of global aquaculture production.

Fishes reveal assorted population ecologies likely to play a role in viral di-
versification and transmission.

Infectious pancreatic necrosis virus (IPNV)

Infectious pancreatic necrosis virus (IPNV), a non-enveloped double-
stranded RNA virus belonging to the family Birnaviridae, is a subspecies of the
genus Aquabirnavirus. This virus poses significant concern within aquacultu-
re, particularly among salmonid farmers. It is estimated that around 80—90 %
of stocks of Atlantic salmon (Salmo salar), young rainbow trout (Salmo gaird-
nery), and post-smolt are under colossal loss. Infectious pancreatic necrosis
(IPN) was initially known as acute catarrhal enteritis by R.H. M’gonigle in 1941
but soon was changed to IPN as the histopathology of the infected brook trout
(Salvelinus fontinalis) resembled catarrhal enteritis [77]. Necrosis of the exoc-
rine pancreas in the infected salmon fish was the basis for its name and the
sub-species type. This viral disease is seen in young fry and salmonids shortly
after they absorb their yolk sac and the first feeding.

Genome analysis of the IPN virus confirmed two segments (A and B) of
dsRNA around six kilobases (kb) [21]. The viral genome codes for five proteins
(VP1 to VP5), three of them are structural proteins (VP1, VP2, and VP3), and
the other two are known to be non-structural ones (VP4 and VP5) [27].

Segment A of the viral genome encodes a precursor polyprotein (107 kDa),
giving rise to the structural (VP2 and VP3) and non-structural proteins (VP4).
The other non-structural protein (VP5) is encoded in a small open reading fra-
me at the 5 end of segment A. Segment B of the genome encodes VP1 encoding
for RNA-dependent RNA polymerase protein [27].

The replication cycle of this virus takes about 24 hours at 15 oC. Seven ge-
nogroups (I-VII) according to 10 serotypes are known in this virus, and simila-
rity is found among the serotype, genotype, and type strain. The American stra-
ins WB (West Buxton), USA, and Ja (Jasper) from Canada would constitute ge-
notype 1, corresponding to serotypes A1 and A9 [11]. Likewise, the Danish-ty-
pe strains Sp (Spajarup) and Ab (Abildt) constitute serotypes A2 and A3 geno-
types 5 and 2. From Germany, Hetch (He) is a serotype of A4 and genotype 6.
Meanwhile, genotype 3 comprises isolates clustering with type strains Te (Tel-
lina, from the UK; serotype A5) and C1 (Canada 1; serotype A6). Type strains
C3 and C5 (from Canada, corresponding to serotypes A7 and A8) constitute
genotype four, and the seventh genotype corresponds to Japanese marine bir-
navirus (MaBV) [87]. The structure of the pathogen responsible for IPNV in-
fection and its infection site is represented in Fig. 1.
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A novel IPN virus strain that caused mortality in salmon with genetic resis-
tance in Western Norway was identified [48]. This resulted in the recovery and
assemblage of the virus’s full-length genome by deep sequencing. Critical ami-
no acid patterns that have previously been linked to virulence in the virus were
shared by the newly discovered variant. However, they identified unique dedu-
ced amino acid residues in the VP2 hypervariable region. This variation differs
from all other reference sequences because these particular mutations resulted
in significant outcomes. Even in salmon that have been genetically determined
to be resistant to IPN, the changes improve the ability of the virus to elude the
defensive host mechanism more effectively. This provides new insight into the
pathogenicity and evolution of IPNV variants and encourages monitoring and
understanding of the behaviour of the viruses. This study contributes signifi-
cantly to fish viral research by illuminating fundamental mechanisms behind
viral epidemics in salmon populations.

In 2021—2022, a similar study was carried out on farmed Atlantic Salmon
(Salmo salar). This study emphasizes the significance of using genetically resis-
tant farmed Atlantic salmon and a robust surveillance approach to combat
IPNV (Infectious Pancreatic Necrosis Virus). The study’s results demonstrate
the importance of specific amino acid sequences in VP2, which are critical in
determining virulence. Further, it helps in the viral invasion and aiding the im-
mune response [40].
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Fig. 1. Structure of pathogen responsible for IPNV infection (a) and its infection site (b)



IPNV-resistant fish appears more efficacious in controlling the disease
than the vaccines. A protective immune response in salmon can show signifi-
cant variations depending on their genetic background and the IPNV strains
involved. The virus may withstand a temperature of about 10°C for seven
months and, interestingly, several years at -20°C (some strains are sensitive to
freezing and thawing, especially if the environment has a low pH). It is resistant
when exposed to chloroform, ether, and glycerol while inactivated by iodop-
hors, UV radiation, and chlorine.

The virus is diagnosed based on isolation and cell culture following a neut-
ralization test to identify its serotype corresponding to the particular genotype.
IPNV can enter a wide range of mammalian cells; however, it is most likely to
be receptor-mediated. IPNV replication was not found in any mammalian cell
lines investigated [90]. Macropinocytosis is the most common method of virus
internalization in CHSE-214 cells (derived from a Chinook Salmon embryo).
FHM, CHSE-214, BF2, RTG-2, and EPC are among the cell lines employed.

Liver necrosis, caecal pancreatic acinar necrosis, and epithelial sloughing
are the hallmarks of histological analysis of the fish tissue infected with the
IPNV virus. Replication of the virus continues in the cell lines derived from a
wide range of freshwater, marine hosts, and green turtles [76]. Being resistant
to temperature, it retains its infectivity at 60°C for about an hour in fish silage.

Diagnosis is based on the clinical signs, case history, and laboratory exami-
nation. QRT-PCR and IFAT are frequently used. Furthermore, its diagnosis
should be based on the diagnostic tools’ ability to detect various virus strains.
The gross pathology of the young infected fish comprises an empty stomach
and intestinal tract. Pyloric caeca could consist of petechiae, and the body cavi-
ty may contain milky exudate. Other salient features that would help are anore-
xia, atypical swimming behaviour, frequent pseudo-fecal portions, uncoordi-
nated movements, and periods of lethargy followed by a fast and atypical swim.

As mentioned earlier, though caecal epithelial sloughing, pancreatic acinar
necrosis, and liver necrosis are the histological hallmarks of IPNV infection,
isolation-based diagnosis in cell culture followed by antibody-based identifica-
tion of the agent is recommended [92]. To meet the demand for rapid scree-
ning, quick immunological assays, like the Indirect fluorescent antibody test
(IFAT) [30], and molecular-based techniques such as conventional polymerase
chain reaction (PCR) have been developed [121]. Real-time reverse transcripti-
on-PCR (qRT-PCR) is commonly used for various reasons, such as its simplici-
ty, specificity, and less time-consuming technique [13, 90].

Variants of RT PCR are widely accepted as a method to screen IPNV. Stai-
ning methods like immunoperoxidase, immunofluorescence of infected cells
[30], coagglutination [60] or immunoblotting [28] have been used.

Infectious salmon anemia virus (ISAV)

Infectious salmon anemia (ISA), a disease of farmed Atlantic salmon (Sal-
mo salar) initially described in 1984 in Norway, is caused by the infectious sal-
mon anemia virus (ISAV). Rainbow trout are also known to be infected. The
highest prevalence was observed in the 1990s, necessitating the implementati-
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on of disease-prevention measures. Anemia, eye and skin hemorrhaging, asci-
tes, swollen spleen, pale gills, and dark liver are common signs of diseased fish.
Circulatory failure is one of the main pathways of disease pathogenesis [1].

The mucosal barrier is one of the most common sites for aquatic viruses,
including ISAV, to enter the host [e.g., skin, gills, or gastrointestinal (GI) tract].
As gills are constantly exposed to water, they are believed to be ports of entry
for many infectious agents [43]. A schematic representation of ISAV and its
target organs is depicted in Fig. 2.

Previous studies have shown that low virulent ISAV (LVI) infects and rep-
licates faster in the gills than highly virulent ISAV (HVI). According to the re-
sults of the immersion challenge, the method of entry and phase of early ISAV
infection varied amongst isolates.

ISAV is caused by the virulent HPR-deleted strains, known as
ISAV-HPR0, which may have evolved from non-virulent variants. The World
Animal Health Organization and European Commission (Council Directive
2006/88/EC) have listed infections caused by ISAV as a notifiable disease. Vi-
rus outbreaks in farmed Atlantic salmon were documented in Canada, the Uni-
ted Kingdom, Chile, the United States, Scotland, and the Faroe Islands [75].

Most ISAV-infected fish do not survive and die during the production cyc-
le, whereas the outbreak progresses slowly. Disease caused by ISAV is conta-
gious, yet its vertical transmission is still a talk over, while the ability to spread
horizontally is well established.

The disease can spread to other salmon sea farms by passive water trans-
mission or using contaminated equipment, as well as fish migration and boat
traffic. ISAV is a sub-type of the genus Isavirus belonging to the family Ortho-
myxoviridae. The virus has evolved into cold-water salmonid fish and thrives
best at 15 °C.

It is an enveloped virus with a 100—130 nm diameter and a genome com-
posed of eight single-stranded RNA segments with negative polarity. The virus
has receptor-destroying, hemagglutinating, and fusion activities, among other
things. The virus’s morphological, physiochemical, and genetic features are si-
milar to those of Orthomyxoviridae. The virus has also been designated as the
type species for the new genus Isavirus, which belongs to the Orthomyxoviri-
dae family.

The genome of the virus ISAV encodes at least ten proteins. Four of these
are major structural proteins, including a nucleoprotein (68 kDa), a matrix
protein (22 kDa) and a haemagglutinin esterase protein (42 kDa) accountable
for receptor binding and neutralization. The genome segments coded with a
surface glycoprotein (50 kDa) are considered to possess the fusion activity.
While segments 1, 2, and 4 codes for the viral polymerases PB1, PB2, and PA,
respectively. Segments 7 and 8 contain two open reading frames each. ORF1 of
segment 7 codes for a nonstructural protein with interferon antagonistic pro-
perties, whereas ORF2 encodes nuclear export protein. A smaller part of the
ORF1 of segment 8 encodes the matrix protein. On the other hand, larger seg-
ment ORF2 codes for RNA-binding structural protein with interferon antago-
nistic properties [23].
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Sequence analyses showed differences between and across specific geo-
graphical areas of the isolates. Variability among the 5’-terminal ends of the
HE gene has led to classifying ISAV isolates into two significant groups: the
European and the North American. There are three subdivisions of the Euro-
pean group. The haemagglutinin gene attributes a highly polymorphic, small
region (HPR) where gaps are prevalent rather than single-nucleotide substitu-
tions. Nevertheless, no direct association between deletion patterns and the
phylogenetic groups in the HPR has been observed. Still, they have been sug-
gested to be crucial in virulence as all the ISAV-infected fishes carry these dele-
ted regions. The virulence of these isolates, which have identical HPRs, is also
influenced by other genes, resulting in significant variations in disease develop-
ment and severity.

The role of ISAV components in virulence modulation in in vitro and in
vivo settings was investigated [16]. It exhibits a distinct pattern from the influ-
enza A virus, in which most segments are infected. To delve deeper, the authors
created synthetic reassortant viruses using a highly virulent strain (ISAV
752_09, HPR7b) and an avirulent strain (SK779/06, HPR0) through reverse ge-
netics. The scientists investigated the behaviour of these synthetic viruses on
various cell lines by exploring their capacity for infection and replication and
their influence on the in vitro cellular immune response. The findings showed
that segment 5 of ISAV contributes to the observed traits and is involved in dif-
ferent stages of the viral cycle, influencing viral infection.

The study emphasizes the genetic compatibility between the genomic seg-
ments of HPR7b and HPR0, posing a latent risk of reassortment that could lead
to a new virus with an unpredictable phenotype. This investigation sheds light
on the complex interplay of viral components in determining the virulence and
infectivity of ISAV, contributing valuable insights to the field of virology and
potential risk assessment for emerging viruses.

The performed studies [35] aimed to investigate the genetic composition
of a commercial population of Atlantic salmon that underlies resistance to
ISAV. The study investigates the underlying genetic mechanism of this resis-
tance by RNA sequencing. According to the findings, ISAV resistance has a po-
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Fig. 2. Schematic representation of ISAV and its target organs



lygenic structure and moderate heritability, making it a good candidate for ge-
nome-assisted selection methods. The heart transcriptomes of genetically re-
sistant and susceptible samples reveal an intricate response, indicating a mutu-
al interaction between the host and pathogen that regulates the innate immune
response, especially the interferon pathway. The gene TRIM25 emerges as a
good option for subsequent functional investigations on ISAV resistance due
to the diversity of the transcriptome profiles connected with resistance. The
potential of genome editing experiments to elucidate the impact of TRIM25 in
disease progression offers a chance for developing and enhancing salmon resis-
tance to ISAV, eventually leading to improved stability, food security, and fish
well-being.

ISAV propagated in cell culture was not affected by exposure to 15°C for
ten days or 4°C for 14 days. Though ISAV is associated with other influenza vi-
ruses, the mechanism of viral entry is distinct. The influenza virus attaches to
host cells through the sialic acid-binding domain on the viral fusion protein.
Meanwhile, viral entry in ISAV occurs through a multistep mechanism. Before
viral attachment and entry, the haemagglutinin esterase of ISAV forms a com-
plex with the F fusion protein on its surface. Upon receptor binding, this comp-
lex dissociates, facilitating the endocytosis of the virus by the host cell. Fresh-
water lakes undergo diurnal oscillation of pH (0.2—0.4 units) and acidic lakes
(pH < 6.5) resulting from photosynthetic respiration by aquatic organisms.
This acidic pH environment becomes optimal for ISAV fusion. A fusogenic
milieu could be generated via acid deposition from anthropogenic sources due
to the acidification of Salmo salar ecosystems. At the same time, the absence of
ISAV HE protein results in premature ISAV F protein rearrangement. ISAV
HE: F complex protects the ISAV F protein from environmental pH fluctuati-
ons. A pH decrease could cause ISAV F protein dissociation, which would be
an irreversible signal for F protein rearrangement. When exposed to a low-pH
environment, the expression of F protein on the surface of cultured cells is ade-
quate for syncytia formation. It’s evident from the structures that ISAV HE
does not resemble the paramyxoviral HN protein, unlike ISAV HE, which po-
ssesses receptor-binding and destroying activities. Conformational rearrange-
ment typically occurs via receptor binding of paramyxoviral HN, transmitting
a bound-state signal to the paramyxoviral F protein, triggering rearrangement
and culminating in the merger of host and viral membranes. Contrastingly, re-
ceptor binding of 4-OAS fails to induce any conformational change in ISAV
HE and is unlikely to trigger the activation of ISAV F for host-virus membrane
fusion.

The segmented viral genome will be released into the cytoplasm upon fusi-
on of the virus and the endosomal membrane. Subsequently, the genomic RNA
of the virus is translocated into the nucleus. The viral proteins are produced in
the cytoplasm and endoplasmic reticulum before being directed to the plasma
membrane for assembly. Finally, the esterase activity of ISAV HE is neutralized
by 4-OAS-containing receptors on the membrane, facilitating the release of the
virus from the host cell as a final cycle step.
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ISAV infections have no vaccinations or treatments available. Early detec-
tion is critical to managing the disease’s spread. Isolation of the virus (VI), indi-
rect immunofluorescent antibody testing (IFAT), RT-PCR, and LAMP are ro-
utinely used to detect ISAV [42, 85, 86, 88]. Mitochondrial processing peptida-
se (isothermal and non-PCR-based nucleic acid amplification system) combi-
ned with rolling circle amplification /Hbr amplification would aid in develo-
ping an on-site field test for the diagnosis of ISAV [79].

Developing a vaccine is a crucial technique for controlling outbreaks by sa-
feguarding the stock or inhibiting the spread of ISAV.

Atlantic salmon paramyxovirus

Paramyxoviruses belonging to the Paramyxoviridae family were initially
isolated from adult Chinook salmon Oncorhynchus tshawytscha, returning to
Oregon’s coastal rivers in 1982 and 1983 [123]. Salmonid fry treated at a high
titer value do not show any signs of virus replication or mortality, even though
these isolates multiply slowly in fish cell lines and can result in persistently in-
fected cultures [69].

ASPV was initially isolated in Norway from an inflamed gill of a fish, a di-
sease with a multifactorial etiology that results in significant losses in farmed
Atlantic salmon (Salmo salar L.) [67].

Viruses of the Paramyxoviridae family exhibit pleomorphism, with sizes
ranging from 150— 300 nm. They possess an enveloped, single-stranded, nega-
tive-sense RNA genome of 15—19 kb and are classified into Paramyxovirinae
and Pneumo-virinae. Morbillivirus, Rubulavirus, Avulavirus, Respirovirus, and
Henipavirus are the five genera that make up the Paramyxovirinae virus family
[14, 68].

The complete genome sequence of ASPV, the first paramyxovirus isolated
from teleost fish to be characterized at the molecular level, was described by
K. Falk et al. [32]. Paramyxoviruses have also been isolated from finfish species
other than Pacific salmon.

A paramyxovirus caused buccal—opercular hemorrhaging and increased
mortality in turbot, Scophthalmus maximus in Spain [17]. Additionally, a po-
tential paramyxovirus was discovered in the gills of koi, a species of common
carp, Cyprinus carpio [12]. ASPV has been genetically analyzed and shown to
be closely related to the members of the Respirovirus genus [32,89].

The ASPV was discovered in Atlantic salmon in 1995. It is a single species
within the Aqua paramyxovirus genus, characterized by a negative-sense RNA
and linear genome comprising six non-overlapping genes. It is enveloped,
spherical virions with around 150 nm diameter. When fish are infected, it cau-
ses proliferative gill inflammation (PGI) and respiratory issues, propagating
mainly within fish farms through contact with infected specimens. Virion at-
taches itself to the host’s cell surface and merges with the plasma membrane,
releasing its ribonuclear into the cytoplasm for replication. The virus exits the
host cell through budding, enabling it to infect other neighbouring cells and
propagate further. ASPV’s impact on proliferative gill inflammation is profo-
und, resulting in symptoms that include cell death, a proliferation of gill tissue,
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reduced growth rate, and mortality among the affected fishes. This virus has in-
flicted significant losses on Norwegian aquaculture since the 1980s with increa-
sed outbreaks. Given the detrimental effects on aquaculture, implementing
PCR would be beneficial for the rapid, accurate detection of the virus in the
aquaculture industry.

The complete genome of ASPV, isolated from Atlantic salmon with proli-
ferative gill inflammation (PGI), has been studied. With an RNA genome that
is 16,965 nucleotides long, it has six non-overlapping genes that encode the
nucleocapsid, phospho-, matrix, fusion, hemagglutinin-neuraminidase, and
large polymerase proteins, respectively. These genes are organized in the follo-
wing order: 3’- N - P/C/V - M - F - HN - L -5’. Gene junctions within the virus
exhibit high conservation, characterized by transcription start and stop signal
sequences containing intergenic regions. The pathogenesis of paramyxovirus
is depicted in Fig. 3.

Infectious hematopoietic necrosis virus

Infectious hematopoietic necrosis virus (IHNV), an economically signifi-
cant pathogen in aquaculture, induces clinical abnormalities and mortality in
various salmonid species, including rainbow trout (Oncorhynchus mykiss) and
Atlantic salmon. It is the primary agent responsible for infectious hematopoie-
tic necrosis.

Virus outbreaks affecting young fish have led to substantial economic los-
ses (up to 90 % or more in fry) [94]. The first case of IHNV infection in blue-
back salmon brood was reported in the 1950s [105]. The virus has been repor-
ted in Austria, Belgium, Korea, China, Chile, Croatia, Switzerland, Russia,
Czech Republic, France, Germany, Spain, Iran, Japan, Netherlands, Taiwan,
Canada, Poland, Italy, Slovenia, and the USA.

Some of the species of fish highly susceptible to the virus include Chinook
salmon (O. tshawytscha), steelhead trout (Oncorhynchus mykiss), Atlantic sal-
mon (Salmo salar), rainbow trout, sockeye salmon (O. nerka), chum salmon
(O. keta), coho salmon (O. kisutch), masu salmon (O. masou), and biwa trout
(O. rhodurus) [26].

IHNV belongs to the family Rhabdoviridae, with the genus Novirhabdovi-
rus, and was initially isolated from sockeye salmon [122].

The virus is enveloped and has a negative-sense single-stranded RNA; it
has a well-defined shape and the structure of a bullet. Its virion size is approxi-
mately 150—190 nm long and 65—75 nm wide. The genome of the RNA virus
is about 11 kilobases and encodes six viral proteins: nucleoprotein (N), matrix
protein (M), polymerase-associated phosphoprotein (P), non-structural prote-
in (NV), glycoprotein (G), and RNA-dependent RNA polymerase (L) [64]. The
presence of non-structural protein is distinctive, leading to the establishment
of an individual genus, Novirhabdovirus, within the Rhabdoviridae family with
IHNV as its type species and the Western Regional Aquaculture Centre
(WRAC) isolate (Genbank Accession L40883 for sequence) as the type strain.

The N protein interacts with the viral RNA genome to form a ribonucleop-
rotein (RNP) complex, which coils into a bullet-shaped structure. L and P pro-
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teins also associate themselves with the RNP, playing a significant role in geno-
me replication and transcription of viral mRNAs. The M protein lines the inner
surface of the host-derived envelope, facilitating the cementing of the RNP and
envelope, thereby packing them into a bullet-like shape. Further, M protein in-
hibits host protein synthesis and induces apoptosis. The NV protein is crucial
in the pathogenicity of the virus [117]. A pictorial representation of the hema-
topoietic necrosis virus and its target organ is depicted in Fig. 4.

Since there are no effective treatment alternatives for IHNV, timely detec-
tion plays a pivotal role in preventing and managing the transmission of infec-
tious diseases.

The primary identification of IHNV is based on examining prognostic fac-
tors and behavioral changes in infected fish, which seem to be simple to recog-
nize and provide presumptive evidence of infection.

Gross and microscopic examinations, chemical pathology, electron mic-
roscopic analysis, and tissue imprinting are other reliable ways to detect and
identify IHNV infection. Infected fish become lethargic and exhibit irregular
swimming patterns such as erratic whirling, flashing, and spiral swimming.
Apart from these, changes in the physical appearance include opaque feces
casts, darkening of the skin color, mucoid and pale gills, exophthalmia, and pe-
techial haemorrhages could be noted [33].

In addition, other pathological symptoms of IHNV-infected fishes include
pale internal organs, for instance, liver, spleen, and kidney; bloated belly with
gelatinous substance; exophthalmia; petechial hemorrhages in the muscles and
tissues surrounding the organs of the body cavity; and deformities on the spine.
Microscopic pathological signs include degenerative necrosis in hematopoietic
tissues, the digestive tract, spleen, pancreas, and liver [107]. Among these, sple-
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Fig. 3. Pathogenesis of paramyxovirus



nic and renal hematopoietic tissues exhibit the most severe impact of IHNV in-
fection. Therefore, the virus’s cytopathic effect (CPE) is most prominently ob-
served in tissue imprints prepared from the spleen and kidney.

Cell culture following diagnosis of the virus by immunological and mole-
cular techniques is considered the gold standard for the diagnosis of IHNV
[15]. It can be detected by observing the development of viral cytopathic effects
in cell lines such as fathead minnow under a phase-contrast microscope [22,
26]. Further confirmation tests by molecular method, serological, or a combi-
nation of both become mandatory when CPE is observed under an electron
microscope [94]. On the other hand, serological diagnostic methods such as vi-
rus neutralization test (VNT) and enzyme-linked immunosorbent assay
(ELISA) remain necessary for confirming IHNV infection. Based on PCR and
loop-mediated isothermal amplification (LAMP) technologies, molecular di-
agnostic approaches are generally considered more sophisticated than serolo-
gical procedures due to their enhanced detection sensitivity. Serological diag-
nosis seldom uses monoclonal or polyclonal antibodies that specifically bind to
the pathogen. A classic viral neutralization test (VNT) is time-consuming, ta-
king about 2-8 weeks to complete. However, it is considered a method for de-
tecting IHNV without sacrificing the fish [53]. Other rapid tests based on re-
cognition of viral antigen including the direct and indirect fluorescent antibo-
dy tests (FAT/IFAT) [4], western blotting [101], immunohistochemistry [29]
and ELISA [61] have been developed successfully. APIC staining and
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Fig. 4. Pictorial representation of hematopoietic necrosis virus and its target organ



FAT/IFAT are frequently used to detect IHNV-infected fishes via fixed tissue
sections or immunostaining of tissue imprints. It has been reported that APIC
assay can detect IHNV in fixed tissues that are up to a year old [29].

Likewise, dot blotting, western blotting, and ELISA have been used to con-
firm the presence of IHNV by detecting viral components using antibodies that
distinctly bind to the viral antigens. To further enhance the serological detecti-
on of IHNV, conducted an advanced screening method using flow cytometry
to select recombinant antibodies that could serve as potential universal diag-
nostic reagents was conducted [127].

Apart from particular antibodies, alkaline phosphatase or biotin-labeled
nucleic acid hybridization probes could be used to identify the genomic materi-
als of IHNV [41]. Employing molecular diagnosis in clinical microbiology la-
boratories speeds the identification and detection of IHNV. Reverse transcrip-
tase PCR could often be used to detect N and G genes of IHNV [62]. Compared
to RT-PCR, qRT-PCR is also widely utilized and has been proven to have hig-
her sensitivity and a lower risk of contamination [26, 94]. Among its capabiliti-
es, it efficiently quantifies viral genome transcripts, making it a valuable tool for
determining the health status of an infected fish [95].

RT-droplet digital PCR (RT-ddPCR) was used to identify IHNV quantita-
tively as an alternative to qRT-PCR [55]. In addition, multiplex RT-PCR
(mRT-PCR) has been developed to detect major viruses that infect rainbow
trout, including IHNV.

IHNV has an impact on both wild and hatchery-raised salmonids [104].
Research has been implemented for the earlier three decades to develop safe
and effective vaccines to combat the disease [71, 103]. Over five years, LaPatra
et al. [71]. demonstrated that passive immunity to one strain of IHNV immuni-
zed other rainbow trout against all other IHNV variants. It has been shown
[102] that two neutralization-resistant attenuated IHNV mutants (RB-1 and
193-110-4) provided significant protection against wild-type IHNV in rainbow
trout, resulting in a high survival rate. As a biotechnological innovation, a seri-
es of living recombinant IHNV was created using a reverse genetic technique.

Investigations have shown that the N protein sequence has been discove-
red to play a role in the attenuation of IHNV pathogenicity. Further, N and G
sequence alternations provide some protection and immunity [70, 104].

Vaccination is a substitute for fish farmers who can afford to spend more
money to protect fish from IHNV infection. Oral vaccinations that are possibly
low-cost and have few reports of success are still promising, but they are unsui-
table for farmers with limited resources. To date, only Apex-IHN®, a DNA vac-
cination, has been licensed in USA and Canada. Despite having exceptional de-
fensive efficiency, the application of DNA vaccination is now highly restricted.
Therefore, it is essential to support research on DNA vaccine safety.

Infectious Spleen and Kidney Necrosis Virus

ISKNV, a Megalocytivirus with a broad host range, was the second virus to
cause spontaneous infections in zebrafish, resulting in clinical illness. Howe-
ver, no fatality was reported [113]. It was initially isolated from mandarin fish
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in 1998 (Siniperca chuatsi) [44]. Megalocytiviruses have been confirmed to in-
fect over 50 distinct fish species, posing a severe threat to the aquaculture in-
dustries of China, Japan, Australia, and Southeast Asia [59, 81, 120]. The
ISKNV virus was formerly exclusively detected in Singapore, Taiwan, China,
and Korea [54, 116], but it was later discovered in the United States [126], Aust-
ralia [81], Japan [116], and Germany, via fish transportation [59]. Since India
imports a wide variety of ornamental fish [36], the potential for viral infection
through the imported live fish cannot be disregarded, despite the uncertain
pathway of entry. ISKNV was found in Carassius auratus, Astronotus ocellatus,
Mikrogeophagus ramirezi, Pterophyllum scalare, Poecilia sphenops, Cyprinus
carpio koi, Maylandia lombardoi, Trichopodus trichopterus, Poecilia reticulata,
and Puntius titteye [37]. Interestingly, among 10 ISKNV-positive fish species
studied, three species — Maylandia lombardoi, Puntius titteye, and Cyprinus
carpio koi were discovered for the first time globally. Ram�rez Paredes et al.
ISKNV was discovered in farmed tilapia in Africa [97].

Chloriridovirus, Megalocytivirus, Iridovirus Lymphocystivirus, and Rana-
virus are members of the Iridoviridae, a Group I (dsDNA) virus family that
comprises five genera recognized by the Eighth Report of the International
Committee on the Taxonomy of Viruses (ICTV) [19]. Lymphocystivirus, Me-
galocytivirus, and Ranavirus are three genera known to infect fish. Iridoviruses
have a terminally redundant genome and are circularly permuted, which ma-
kes them distinctive among eukaryotic organisms [51]. The iridoviruses infec-
ting fishes notably display highly methylated genomes [118]. An invasive pat-
hogen infection known as Red Sea bream Iridovirus (RSIV) was observed in
Asian Seabass from India [37]. A pictorial representation of the infectious sple-
en and kidney necrosis virus with their target organs is given in Fig. 5.

Megalocytiviruses were further separated into genera [66] based on their
major capsid protein (MCP) and ATPase gene, identifying infectious spleen
and kidney necrosis virus (ISKNV) (Genotype I and II), Red Sea bream iridovi-
rus (RSIV) (Genotype I and II) and turbot reddish body iridovirus (TRBIV)
(Genotype III). ISKNV, a newly emerged viral disease, is causing immense eco-
nomic losses in the ornamental fish sector [46, 125]. Furthermore, transporting
live fish for trade across national borders raises the risk of exotic infections. Ini-
tially, ISKNV was isolated in Chinese mandarin fish (Siniperca chuatsi), which
manifests symptoms such as lethargy, aberrant swimming, diminished body
coloration, and white gills [45], which leads to considerable economic losses
[38]. Subsequently, it spread to other countries such as Malaysia, Singapore,
Korea, Australia, Indonesia, and Germany [38, 59, 111, 112].

Livebearers, cichlids, and gourami species are some of the ornamental fis-
hes that are highly vulnerable to ISKNV [126], and surprisingly, few fish speci-
es that appeared healthy and had no clinical symptoms were also carrying the
ISKNV [54]. As a result of these findings, it is clear that the ISKNV manifests
either symptomatic or asymptomatic cases in ornamental fish. India currently
classifies ISKNV as an exotic pathogen that needs to be discovered and repor-
ted.
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Red Sea bream iridoviral disease (RSIVD)

Red Sea bream iridoviral disease is caused by the Red Sea bream iridovirus
(RSIV), a double-stranded DNA Icosahedral virus with a 120-240 nm diameter
(RSIVD). The Megalocytivirus genus belongs to the iridoviridae family, which
also contains 56 Iridovirus, Ranavirus, Lymphocystivirus, and Chloriridovirus
[52]. Megalocytivirus is categorized into RSIV genotype I and genotype II,
ISKNV, and turbot reddish body iridovirus (TBIV) [34, 66]. Other Asian coun-
tries where RSIV has been found include Taiwan, China, Hong Kong, Korea,
Japan, Malaysia, Singapore, and Thailand. Many marine and brackish finfish
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Fig. 5. Pictorial representation of infectious spleen and kidney necrosis virus and Red Sea
bream iridovirus with their target organs



species, including Lates calcarifer, are known to be infected [99, 124]. The sym-
ptoms encompass fatigue, sluggish locomotion, and dilated basophilic 63 cells
in vital organs such as the heart, gills, liver, spleen, and kidney [49, 84], with a
100 % fatality rate. The initial incidence of RSIV infection in native Indian Asi-
an seabass has been documented [37]. Infected fish show anaemia in their gills
and an enlarged spleen with multiple expanded cells propagating the virus. Se-
veral similar viral infections affecting cultured fish in Asia have been documen-
ted, including infectious spleen and kidney necrosis virus (ISKNV) documen-
ted in mandarin fish (Siniperca chuatsi) in China [44], rock bream iridovirus
found in striped beakfish (Oplegnathus fasciatus) cultures in Korea [58] and
turbot reddish body iridovirus (TRBIV) observed in turbot (Scophthalmus ma-
ximus) in China [108, 110]. The iridovirus contains a genome of double-stran-
ded DNA of about 110 kbp length, enclosed within an icosahedral virion capsid
ranging in diameter from 140 to 200 nm [52]. The phylogenetic analysis of the
major capsid protein (MCP) gene divides the ISKNV species into three genoty-
pes: the RSIV genotype (found in marine fish), the ISKNV genotype (present in
both freshwater and marine fish), and the TRBIV genotype (found primarily in
marine flatfish) [39, 66].

Rapid transmission and high mortality rates in infected fish populations
threaten the aquaculture fishery sector. Electron microscope, monoclonal anti-
body technique, immuno-fluorescent antibody tests (IFAT), stained imprints
or tissue sections, PCR, and multiplex PCR approaches have been developed
[63, 83].

However, when the vaccine cost is too high compared to farmed fish’s
market value, vaccination is occasionally avoided. Even though certain
RSIVD-resistant strains of Red Sea bream have been established using mar-
ker-assisted selection paired with DNA-based family selection [106] widespre-
ad implementation across vulnerable species in aquaculture will be time-con-
suming. In complement to vaccines and disease-resistant fish strains, it is cru-
cial to employ strategies for identifying the infection routes and sources to pre-
vent outbreaks. Horizontal transmission through water streams is recognized
as the primary way of infection for RSIVD [106]. Fish that resist RSIVD [50], as
well as latently infected fish with reduced viral replication at lower temperatu-
res [91], wild fish, and bivalves near fish farms [56] are believed serve as virus
carriers or vectors.

It belongs to the Alloherpesviridae [119] family of aquatic herpesviruses
[47]. The koi herpesvirus (KHV) (Cyprinid herpesvirus (CyHV) 3) is an emer-
ging viral pathogen affecting common carp and koi carp [82]. Koi herpesvirus
disease (KHVD) has been observed in common carp and koi, and their hybrids,
with more severe mortality [8]. The spherical to pleomorphic envelope of Koi
herpesvirus (KHV), also called cyprinid herpesvirus 3 (CyHV-3), encompasses
particles ranging from 180—200 nm. The genome of 295 kbp is the largest
known in the order Herpesvirales, harboring at least 156 ORFs. Currently, the
NCBI database has 9—11 whole genomic sequences of KHV, the majority of
which are from viruses isolated in cell culture [7]. The virus’s DNA molecule
comprises a base region flanked by 22-kb repeating portions known as the left
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and right repeats [5]. The protein is encoded by the genome’s 156 open reading
frames (ORFs), from which eight are found in duplicate regions. Among these,
ORF2, ORF22, ORF25, and gene families TNFR and RING constitute five gene
families encoded by KHV’s genome. Specifically, six ORFs (ORF25, ORF26,
ORF27, ORF65, ORF148, and ORF149) are responsible for encoding membra-
ne glycoproteins of KHV, with their proteins have been detected in mature viri-
ons [96]. ORF25 and ORF26 encode glycoprotein type 1 membrane characteri-
zed by a hydrophilic transmembrane terminal, a polypeptide segment in the
NH2 region of the transmembrane domain, and an exposed COOH terminal
part in the cytoplasmic section.

The infection is influenced by age, water, the biological state of the fish,
temperature, and several other stressors. Infected fish are known to be more li-
able to disease in colder water (around 13°C), especially during their earlier sta-
ges of development. The virus is transmitted horizontally and indirectly thro-
ugh sediments, water, mud, sea organisms [93], and planktons [80]. Following
acute infection and mortality, the remnant population can act as a reservoir for
the virus, facilitating its propagation [100].

KHV is effective in a wide range of carp species, including goldfish, koi
carp, grass carp, ghost carp, and ornamental catfish, can harbor the infection
[93, 100]. Investigations have revealed that freshwater shrimp, goldfish (Caras-
sius auratus) [9] a variety of Cyprid, Ictalurid, Percid and Esocid fish [31], grass
carp (Ctenopharyngodon idella), Crucian carp (Carassius carassius), tench
(Tinca tinca) [78], rainbow trout (Oncorhynchus mykiss) [73] and Prussian
carp (Carassius gibelio), brown bullhead (Ameiurus nebulosus) have also been
found to be carriers of the KHV [6].

KHV is currently detected using a variety of diagnostic methods, such as
virus isolation in a susceptible cell line, histopathology, ELISA, and PCR [98].
A pictorial representation of Red Sea bream Iridovirus with their target organs
is depicted in Figure 5.

Clinical manifestations and cytology. Temperature affects susceptibility to
ISKNV transmission, with infection occurring when temperatures exceed
20 °C [46]. ISKNV infection in experimental zebrafish has been associated with
clinical symptoms, including inflammation, irregular swimming, colorless or
hyperemic gills, low appetite, lethargy, petechial bleeding, and respiratory dif-
ficulties. Histopathology revealed the presence of hypertrophied virus-infected
cells, along with megalocytes featuring enlarged nuclei characterized by margi-
nated chromatin, basophilic, granular cytoplasm, distributing across various
organs such as kidney, spleen, dermis, and lamina propria of the intestine, as
well as in various other tissues. Additionally, necrosis, inflammation, and dege-
nerative lesions were noted along with lymphohistiocytic dermatitis, granulo-
matous polyserositis, and hepatic granulomatous inflammatory infiltrates
[10].

Clinical manifestations of primary infections in various fish species en-
compass malnutrition, flaring, petechiae, whitish or swollen gills, drowsiness,
gloomy or pale skin tone, blisters and shattered fin rays, a gaping mouth, erratic
motility [59], swollen and dark renal tissue, inflated liver with petechiae, a pale
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heart, and splenomegaly are the instances of external lesions. The histopatho-
logical observations consist of widespread necrosis in the renal hematopoietic
tissue and spleen, along with the identification of enlarged, basophilic virus-in-
fected cells (megalocytes) in various tissues such as cranial connective tissues,
kidney, endocardium, and spleen [46].

Real-time PCR stands out as the foremost sensitive diagnostic method for
detecting ISKNV. ISKNV was first identified through clinical history and his-
tological examination, later confirmed by electron microscopy [46]. In zebra-
fish tissues, ISKNV detection can also be achieved through immunohistoche-
mistry employing the monoclonal antibody M10, which has been previously
utilized to identify RSIV [10].

Turbot Reddish Body iridovirus (TRBIV)

The turbot reddish body iridovirus (TRBIV) is a novel piscine iridovirus
that can cause high mortality in turbot (Scophthalmus maximus) cultivated in
northern China. TRBIV (turbot reddish body iridovirus) is one of the most
common viral infections in farmed turbot, with a mortality rate of up to 40 %.
This virus is distinct from the Red Sea bream iridovirus (RSIV) in Japan, the
Singapore grouper iridovirus (SGIV) in Singapore, and the infectious spleen
and kidney necrosis virus (ISKNV) in China [108, 110].

A conventional PCR technique for identifying TRBIV presence in cultured
turbot has been deviced [108]. Traditional PCR, on the other hand, has several
disadvantages, including the requirement for a rapid thermal cycler, lack of
specificity, and low amplification efficiency [114]. To overcome these limitati-
ons in viral diagnostics, a loop-mediated isothermal amplification (LAMP) tec-
hnique was developed to detect TRBIV. LAMP, a recently developed single-tu-
be technology, can amplify a few DNA copies to over a billion in less than
1 hour, exhibiting excellent specificity, speed, and efficiency in nucleic acid am-
plification under isothermal conditions. The reaction involves a DNA polyme-
rase with high strand displacement activity and four primers targeting six uni-
que sequences on the target DNA. Amplification of the target gene is achieved
within an hour at temperatures ranging from 60 to 65°C [88]. As a result, this
method can achieve high specificity in viral detection within a short period wit-
hout requiring expensive equipment. At the same time, LAMP was used to de-
tect RSIV and RGIV [74]. However, this method has yet to be employed to de-
tect TRBIV specifically. This study employs a sensitive and rapid diagnostic ap-
proach to detect TRBIV in turbot.

Dwarf Gourami iridovirus (DGIV)

It belongs to the Iridoviridae family, specifically the genus Ranavirus.
DGIV primarily affects Dwarf Gouramis, causing symptoms such as abnormal
swimming behavior, loss of appetite, lethargy, bloating, and color changes.
Dwarf Gourami (Trichogaster lalius) is found in India, Pakistan, Bangladesh,
and Nepal in the lowland Ganges and Brahmaputra basins. The University of
Sydney’s [38] reported the identification of an iridovirus in ornamental goura-
mi’s in Australia, as well as the experimental sensitivity of Murray cod (Maccul-
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lochella peelii) to DGIV infection. The possibility of exotic iridoviruses being
brought into Australia via imported ornamental fish, as well as the susceptibili-
ty of native Australian fish, is highlighted by these findings. An irido-like virus
was discovered in diseased dwarf gourami (Trichogaster lalius) brought to Aus-
tralia from Singapore in 1988 [2]. After a tropical fish trader imported infected
Orange chromide cichlid (Etroplus maculatus) to Canada from Singapore in
1989, a similar iridovirus disease was discovered in the fish [3]. Eastern India
and Bangladesh are home to the dwarf gourami, a freshwater fish. The chromi-
de cichlid is a freshwater fish found in India and Sri Lanka. They are widely
used as ornamental fish. The iridovirus infection was also discovered in Afri-
can lampeye (Aplocheilichthys centralis) and dwarf gourami shortly after their
importation from Singapore by tropical fish dealers. The African lampeye, a
freshwater fish initially from Sierra Leone, Nigeria, and Cameroon, was bro-
ught to Singapore and has been cultured there since around 1990, most of
which are grown on Sumatra Island, Indonesia. Diseased fish of African lam-
peye exhibited symptoms consistent with those seen in iridovirus infections of
dwarf gourami [2]; orange chromide cichlid [3], brown-spotted groupers, Epi-
nephelus tauvina [20], and E. Malabaricus [24], sea bass, Lateolabrax sp. [57];
Seriola quinqueradiata, and striped jack, Caranx delicatissimus [49] (92), Sini-
perca chuatsi [44]; and striped beakperch Oplegnathus fasciatus [58].

This virus can spread rapidly among fish in aquariums or fish farms, lea-
ding to significant mortality rates if not properly managed. Prevention strategi-
es include maintaining good water quality, avoiding overcrowding, and qua-
rantining new fish before introducing them into established aquariums. Un-
fortunately, there’s no specific treatment for DGIV, so prevention and quaran-
tine measures are crucial to control its spread.

Conclusion

As an energetic contributor to global protein and a growing economy, aqu-
aculture faces challenging issues that call for a thorough knowledge of the un-
derlying causes of fish viruses. The sector has been facing numerous constra-
ints and challenges which are complex and multifaceted. This review emphasi-
zes the need to investigate the diversity, prevalence, and evolution of viruses in
fish, laying the foundation for adaptable management approaches and respon-
sive prevention strategies. It also sheds light on the critical need to understand
fish virus diversity, abundance, and evolution. A thorough understanding of
the etiological agents of major fish viruses is required for the development of
effective preventive measures and responsive management protocols. These vi-
ral challenges highlight the critical need for collaborative efforts in diagnostics,
research, and intervention strategies. Collaboration between industry stake-
holders, policymakers, and researchers is critical for implementing proactive
measures, mitigating risks, and strengthening the aquaculture system’s resili-
ence to viral diseases. A comprehensive approach is essential to secure the futu-
re of aquaculture and its ability to provide a consistent and abundant supply of
fish protein to a growing global population.
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UNVEILING THE IMPACT OF KEY MAJOR FISH VIRUSES ON AQUACULTURE:
A COMPREHENSIVE OVERVIEW

Aquaculture is the world’s fastest-expanding industry, yet faces major challenges
from aquatic diseases, especially viral infections. In recent years, aquatic diseases have had
massive economic and environmental consequences, and the emergence of novel aquatic
infections, particularly viruses, poses a constant threat. According to recent discoveries,
fishes harbor more viruses than any other vertebrate class. Fish viruses encompass a wide
array of pathogens belonging to diverse viral families such as the Reoviridae, Birnaviridae,
Iridoviridae, and Rhabdoviridae. These viruses infect various fish species at different deve-
lopmental stages, causing diseases ranging from mild to severe, often resulting in mass
mortalities and substantial economic losses. Addressing viral diseases in aquatic species re-
mains challenging due to the scarcity of effective therapeutics available, and the discovery
of potent viral vaccines for delivery in aquatic systems remains a long way off. Research ef-
forts focusing on understanding viral pathogenesis, host-virus interactions, and vaccine
development are essential for mitigating the impact of fish viruses on aquaculture sustaina-
bility. Despite these challenges, there exists limited information on the diversity, abundan-
ce, and evolution of fish viruses. This review emphasizes the diversity of fish viruses, their
transmission dynamics, and their profound implications for aquaculture and prevention
with a keen focus on important fish species.

Keywords: aquaculture, fish viruses, pathogenesis, virus transmission.
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