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Research article
Ερευνητικό άρθρο

ABSTRACT: Disease outbreaks are the main cause of financial loss in aquaculture, resulting in an estimated annual 
loss of over $10 billion. Viral diseases in fish continue to present a persistent threat to aquaculture production. Despite 
ongoing advancements within the industry, an estimated 10% of farmed aquatic animals still fall victim to infectious 
diseases, leading to substantial economic losses. Preventing and treating viral diseases in fish is one of the most difficult 
tasks due to the varying effectiveness of vaccines, interferons, and other medications. While fish species have been 
successful in controlling significant bacterial diseases through the use of antibiotics and vaccines, vaccines for viral 
diseases often prove to be ineffective. Standard antibiotics are not effective in preventing or treating viral diseases in 
fish. The risk of infectious disease outbreaks, including viral infections, increases with monoculture. Unfortunately, the 
treatment of viral diseases often fails, highlighting the need for more research to find effective drugs and vaccines to 
manage viral diseases. This article explores the potential of using herbal and synthetic drugs to combat viral diseases 
that impact fish populations.
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INTRODUCTION

In comparison, it can be argued that controlling in-
fectious diseases in aquaculture is more challeng-

ing than managing diseases in terrestrial animals. 
This is primarily due to the aquatic environment in 
which fish reside and the inherent characteristics of 
fish themselves. Unlike terrestrial animals, fish can-
not be closely observed, making it harder to detect 
early signs of illness. Furthermore, the aquatic envi-
ronment facilitates rapid disease transmission, fish are 
not easily captured without causing stress, they tend 
to gather in groups, and identifying and characterizing 
diseases in fish is often a complex task (Cain, 2022; 
Mishra et al., 2023).  Diagnosing fish diseases 
presents a significant challenge in aquaculture, as the 
aquatic environment introduces additional complexi-
ties. In this scenario, the focus of attention shifts from 
individual fish to the entire tank/cage which requires 
thorough examination and diagnosis. To effectively 
diagnose aquatic animal diseases, it becomes nec-
essary to gather samples not only from the fish but 
also from the surrounding water. These samples help 
assess fundamental factors like pH levels, substrate 
conditions, temperature, and turbidity (Ninawe, Ha-
meed, & Selvin, 2017). Infectious diseases pose a sig-
nificant global threat to aquaculture. This is primarily 
due to the growing trade and movement of aquatic 
animals and their products across international bor-
ders. Among the various causes of these diseases in 
aquaculture, bacteria (54.9%), viruses (22.6%), para-
sites (19.4%), and fungi (3.1%) are the predominant 
culprits. Among them, viruses present the greatest 
challenge in terms of control. This is primarily be-
cause young aquatic animals are highly susceptible to 
viral infections, and our understanding of their natural 
defense mechanisms against viruses is limited (Man-
chanayake, Salleh, Amal, Yasin, & Zamri-Saad, 2023; 
Ouyang et al., 2023). Among the major aquacultured 
salmon species, namely rainbow trout (Oncorhynchus 
mykiss) and Atlantic salmon (Salmo salar), viruses 
present the most significant threat to their production. 
Viral diseases such as Infectious Pancreatic Necrosis 
(IPN), Pancreatic Disease (PD), Infectious Haemor-
rhagic Necrosis (IHN), Viral Haemorrhagic Septicae-
mia (VHS), and Infectious Salmon Anaemia (ISA) 
have the potential to cause substantial economic loss-
es to the global salmonid aquaculture industry annu-
ally (Collet, 2014). Atlantic salmon (Salmo salar) is a 
highly valued fish species, with carp species leading 
in terms of volume. Aquaculture is an important oc-
cupation and has a significant impact on food security 

and social development in many countries (Adams, 
2019). The knowledge about fish immunity to viral 
infections heavily relies on studies conducted on carp 
and salmon species. This is not surprising, consider-
ing that carp and salmon are extensively farmed fish 
species worldwide (Lulijwa, Alfaro, Merien, Meyer, 
& Young, 2019; Ortega-Villaizan, Chico, & Perez, 
2022). It is widely recognized that diseases in Fresh-
water farmed fish are predominantly caused by vi-
ruses with single-stranded RNA (ssRNA) genomes. 
Well-established examples of such pathogens include 
the spring viremia of carp virus (SVCV) affecting 
carp and pathogens like salmon infectious hematopoi-
etic necrosis virus (IHNV), infectious salmon anemia 
virus (ISAV), salmonid alphavirus (SAV), and viral 
hemorrhagic septicemia virus (VHSV) that impact 
salmon species (Ortega-Villaizan, Chico, & Perez, 
2022). The primary challenge in effectively treating 
viral diseases with antiviral drugs stems from the inti-
mate association between the virus and its host. This 
close relationship often leads to the toxicity of most 
antiviral agents. Hence, the most effective strategy 
in developing antiviral drugs is to focus on targeting 
specific processes that are exclusive to virus replica-
tion. These processes should be distinct from the es-
sential metabolic functions of the host cell (Kibenge, 
Godoy, Fast, Workenhe, & Kibenge, 2012). Vaccines, 
interferons and various drugs are used to prevent and 
manage viral illnesses, though their effectiveness var-
ies depending on the virus. In this article, we have 
provided a comprehensive and updated review of var-
ious methods for preventing and dealing with viral 
diseases in fish, especially rainbow trout and carp.

ANTIVIRAL IMMUNE STIMULANTS IN FISH 
SUCH AS VITAMINS, HERBAL SUBSTANCES 
AND VACCINES

To enhance the innate defense mechanisms of ani-
mals and boost their resistance to pathogens during pe-
riods of heightened stress (e.g., grading, reproduction, 
sea transfer, and vaccination), immune stimulants can 
be utilized. These immune stimulants include dietary 
supplements that contain vitamin C, beta-glucans, 
garlic (allicin), and propolis. Vitamins are widely 
known to increase growth and survival and provoke 
the immune response. Research has indicated that 
incorporating vitamins C and E into the diet of Nile 
tilapia can enhance their ability to withstand osmotic 
stress (Elnagar, Khalil, Talaat, & Sherif, 2024). Stud-
ies have demonstrated that vitamin C can enhance the 
immune response and boost resistance to infections 
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in different species of fish (Ibrahim et al., 2021; Per-
veen et al., 2022; Zhu et al., 2022). It is important to 
note that overdosing on vitamins, especially vitamin 
A, can be dangerous (Lieke, Meinelt, Hoseinifar, Pan, 
Straus, & Steinberg, 2020). Beta-glucans are non-di-
gestible polysaccharides composed of glucose mol-
ecules that are present in the cell walls of bacteria, 
plants, and fungi, such as brewer’s yeast (Saccharo-
myces spp.). These immune-stimulating beta-glucans, 
particularly ß-1, 3 and ß-1,6 glucans, are common-
ly utilized in aquaculture (Meena et al., 2013). For 
optimal administration, it is advisable to administer 
them orally or through intramuscular injection. It is 
recommended to use them for a short duration and 
at appropriate dosages before a stressful event, such 
as transportation, or during an unavoidable stressor 
(Barros et al., 2014). Crushed garlic (Allium sativum) 
contains allicin (diallyl thiosulfinate) and various 
sulfur-allyl compounds. These components possess 
immune-stimulating, antioxidant, hypolipidemic, 
antimicrobial, and antihypertensive properties (J. Y. 
Lee & Gao, 2012). Whole garlic is not effective; only 
crushed garlic yields satisfactory results. The recom-
mended dosage typically ranges from 5 to 10 grams 
per kilogram of feed, to be administered for a dura-
tion of two to four weeks (Shahsavani, Baghshani, & 
Alishahi, 2011). It is advisable to avoid higher dos-
es and longer treatment periods, as there have been 
reports of oxidative tissue damage and instances of 
acute deaths (Breyer, Getchell, Cornwell, Wooster, 
Ketola, & Bowser, 2015). Double stranded RNA, 
such as Poly I: C, can trigger anti-viral defenses in 
fish by binding to the TLR-3 analog (Bricknell & Dal-
mo, 2005; Das, Ellis, & Collet, 2009; Fernandez-Tru-
jillo et al., 2008; Jensen, Albuquerque, Sommer, & 
Robertsen, 2002; Lockhart, Bowden, & Ellis, 2004). 
There are concerns regarding the potential side effects 
of immunostimulants on the immune system of fish, 
especially on the developing immune system of fish 
larvae (Bricknell & Dalmo, 2005). Although research 
and experimental trials have shown promising results 
and some fish vaccines demonstrate moderate to high 
market potential, only a limited number of approved 
vaccines are currently available to protect econom-
ically important fish species from diseases. While 
progress in aquaculture has led to more fish vaccines 
being developed commercially, their range remains 
relatively narrow. Many fish illnesses still have no 
standard vaccine options. In these instances, farmers 
may resort to custom-made vaccines like Autogenous 
(auto) vaccines designed for specific disease out-

breaks on their premises. The number of commercial 
vaccines available for fish to protect against major 
bacterial and viral infections has grown from just 2 
in the 1980s to more than 50 today (Du, Hu, Miao, 
& Chen, 2022; Irshath, Rajan, Vimal, Prabhakaran, & 
Ganesan, 2023). The most efficient way to adminis-
ter these vaccines is through injection. However, this 
method is labor-intensive, costly, and impractical for 
large quantities of fish weighing less than 20 grams. 
Efforts to create innovative ways of delivering sub-
stances orally or through immersion have achieved 
different degrees of success, but they hold significant 
promise for the future (Assefa & Abunna, 2018). Vac-
cines are widely acknowledged as the main method 
for preventing and managing fish diseases. They are 
regularly employed in aquaculture, especially for At-
lantic salmon (Salmo salar). However, in other fish 
species, their usage is restricted or non-existent due to 
factors such as the absence of vaccines, subpar effec-
tiveness, or high costs. Vaccination has the potential 
to decrease the reliance on antibiotics in the aquacul-
ture sector. In different parts of the globe, there have 
been instances of excessive or improper use of dif-
ferent fish species (Adams, 2019). Excessive use of 
antibiotics is a major concern as it can lead to anti-
biotic resistance. Furthermore, the absence of avail-
able vaccines for numerous viral diseases that im-
pact valuable fish species in the aquaculture industry, 
along with the lack of effective treatments to combat 
these diseases once they have emerged in fish farms, 
is a significant obstacle to increasing fish production 
(Pereiro, Figueras, & Novoa, 2021). Excessive use of 
antibiotics can cause antibiotic resistance, which is a 
major concern. Additionally, viral diseases affecting 
valuable fish species in the aquaculture industry lack 
available vaccines, and effective treatments for these 
diseases are limited once they appear in fish farms, 
hindering fish production. To address this issue, fish 
vaccines that are administered through injection, im-
mersion, or feed using polyvalent vaccines are now 
commonly used in various farmed species (Bøgwald 
& Dalmo, 2019; Ma, Bruce, Jones, & Cain, 2019). 
There are various types of modern vaccines available, 
such as killed, weakened, DNA, synthetic peptide, re-
combinant vector, genetically modified, and subunit 
vaccines. Whole- organism vaccines are generally 
more effective than other types. While there are many 
types of modern vaccines available, most do not offer 
full protection against diseases. Synthetic peptide vac-
cines, on the other hand, have been effective in pre-
venting certain viral infections, including nodavirus, 
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viral hemorrhagic septicemia, rhabdovirus, and bir-
navirus (Dadar et al., 2017). In the United States, vac-
cine production must adhere to strict guidelines and 
regulations. A veterinarian or a qualified fish health 
specialist must oversee the process, and the vaccines 
must be produced in a facility that is licensed by the 
USDA (Covarrubias, Rivera, Soto, Deeks, & Kaler-
gis, 2022). To ensure that the vaccine is effective, it 
must be kept refrigerated and used within a short time 
frame, and immune stimulants may be given to en-
hance the success rate. Vaccination is most effective 
when administered before exposure or clinical symp-
toms appear. To reduce the risk of viral infections, it 
is important to minimize stressors, practice biosecu-
rity, and vaccinate (Assefa & Abunna, 2018; Mugim-
ba, Byarugaba, Mutoloki, Evensen, & Munang’andu, 
2021). In the following sections of this article, we will 
provide further explanations regarding vaccines and 
their ability to prevent various viral diseases in fish 
(Table 1).

RHABDOVIRAL INFECTIONS OF FISH

INFECTIOUS HEMATOPOIETIC NECROSIS 
(IHN)

Infectious hematopoietic necrosis virus is a rhab-
dovirus of particular concern to the salmon aqua-
culture industry in British Columbia (Romero et al., 
2022). To prevent IHN, disinfecting eggs using iodo-
phors (PVP-I) with a 100 ppm dilution for 10 minutes 
at a pH of 6 is essential. Increase the water tempera-
ture in the breeding environment to above 15 degrees 
Celsius. Addition of 0.5 grams of PVP-I to the diet 
of the fish. Ensure that fingerlings are raised in wa-
ter temperatures exceeding 15 degrees Celsius. Using 

killed vaccines can help prevent the Infectious Hema-
topoietic Necrosis virus, A. salmonicida, and V. sal-
monicida (Assefa & Abunna, 2018). DNA vaccines 
are composed of genes from a pathogen and when in-
jected intramuscularly, they offer both immediate and 
long-lasting protection against economically signifi-
cant diseases such as infectious hematopoietic necro-
sis virus and viral hemorrhagic septicemia virus (Bal-
lesteros, Alonso, Saint-Jean, & Perez-Prieto, 2015; 
Cho et al., 2017). The use of interferon is effective 
in combating Infectious hematopoietic necrosis virus 
(IHNV), but it does not have any impact on Infectious 
pancreatic necrosis virus (IPNV). This finding is con-
sistent with observations made during dual infections 
involving both viruses, where the presence of IPNV 
prevents the spread of IHNV (Kim, Oseko, Nishi-
zawa, & Yoshimizu, 2009; Kotob, Menanteau-Le-
double, Kumar, Abdelzaher, & El-Matbouli, 2017). 
Aquaculture has utilized DNA vaccines to effectively 
safeguard fish against rhabdovirus infections, includ-
ing IHNV and viral hemorrhagic septicemia virus 
(VHSV). The use of DNA vaccines in aquaculture has 
been successful in protecting fish from rhabdovirus 
infections, such as IHNV and VHSV. This has result-
ed in a significant decrease in the negative effects of 
these viruses on the salmon aquaculture industry (As-
sefa & Abunna, 2018).

VIRAL HEMORRHAGIC SEPTICAEMIA 
(VHS)

The origin of VHS can be traced back to a virus 
with single-stranded negative-sense RNA from the 
Rhabdoviridae family (Jung, Jung, & Kim, 2022). 
To tackle VHS effectively, it’s crucial to issue health 

Table 1. Antiviral vaccines are used against aquatic viral diseases.
Disease Vaccines

1 Infectious Hematopoietic Necrosis (IHN) Using killed vaccines and DNA vaccines.
2 Spring Viraemia of Cyprinids (SVC) A vaccine called Spring Viremia of Carp Virus
3 Marine birnavirus (MABV) Using a peptide vaccine.
4 Herpesvirus Salmonis Disease Using a modified live vaccine
5 Koi herpes virus (KHV) Using oral DNA vaccines in farms, Gene gun or intramuscular 

injection vaccinating for few sufferers, Using oral probiotic vaccine 
(Lactobacillus rhamnosus), Using a vaccine called Koi herpes virus.

6 Viral Nervous Necrosis (VNN) Using a vaccine called Betanodavirus and a vaccine called Nodavirus 
vaccine.

7 Infectious Salmon Anemia (ISA) Administrating the Infectious Salmon Anemia Vaccine.
8 Tilapia lake virus (TiLV) Using a live attenuated vaccine, Utilizing a β-propiolactone-

inactivated TiLV vaccine in combination with the adjuvant Montanide 
IMS 1312 VG and administering booster immunizations.
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certificates, implement health controls during fish 
transportation, and impose quarantines on import-
ed fish. Be aware that cold-blooded animals native 
to Europe can carry the virus, so special attention is 
needed, particularly when transferring Astachus as-
tachus. Strengthening fish health can be achieved by 
incorporating essential vitamins (A, B, E) into their 
diet. An innovative approach involves administering 
intramuscular injections of a plasmid that encodes 
interferon in turbot. This approach has yielded im-
pressive outcomes, lowering VHSV-induced mortal-
ity from 100% to 47% and increasing mx gene ex-
pression in muscle tissue by 200-fold (Pereiro, Costa, 
Díaz-Rosales, Dios, Figueras, & Novoa, 2014). The 
β-defensin (BD)-1 peptide has also been shown to 
have antiviral activity against VHSV in rainbow trout 
(Rajanbabu & Chen, 2011). Research has shown that 
synthetic OF-hepcidin-1 can effectively combat dif-
ferent fish pathogens, including VHSV, with a mini-
mum dose of 50 μM. This indicates its potential as an 
antimicrobial agent for the aquaculture industry (Y. 
Lee et al., 2022).

PIKE FRY RHABDOVIRUS DISEASE (PFRD - 
PFVD)

Pike Fry Rhabdovirus Disease (PFRD or PFVD) 
results from the presence of rhabdoviruses. To effec-
tively control PFRD, it’s advisable to perform ELISA 
or VI screenings on female broodstock’s ovaries and 
employ iodophors for egg disinfection. Additionally, 
it’s crucial to prevent the transfer of eggs or larvae 
that are suspected of carrying the virus and implement 
strict quarantine measures (Hadfield, 2021).

SPRING VIRAEMIA OF CYPRINIDS (SVC)
SVCV is the virus responsible for causing SVC 

and belongs to the rhabdovirus family (Ahne, Bjork-
lund, Essbauer, Fijan, Kurath, & Winton, 2002). A vi-
ral DNA vaccine has been tested for carp virus spring 
viremia (Assefa & Abunna, 2018). A vaccine called 
Spring Viremia of Carp Virus has been developed for 
common carp to combat Spring Viremia of Cyprinids 
(Emmenegger & Kurath, 2008). Research has indicat-
ed that having a robust interferon response does not 
necessarily equate to being resistant to virus infec-
tion. A case in point is the Spring Viremia of Carp 
virus (SVCV), which effectively triggers interferon 
and Mx in carp cells. However, despite this immune 
response, the infected cells ultimately perish. This 
phenomenon has also been observed in live organ-
isms, such as zebrafish infected with SVCV, where 

high levels of ifn and mx are induced, yet mortality 
rates remain elevated (Mikołaj Adamek et al., 2012; 
Liu et al., 2020; X.-y. Zhou, Lu, Li, Zhang, Chen, & 
Li, 2021). Research conducted in live organisms has 
shown that administering artemisinin after incubation 
substantially improved the survival rate of common 
carp by 33.3% and effectively reduced viral loads. 
Additionally, artemisinin was found to enhance the 
expression of genes associated with antiviral activity, 
including type I Interferon (IFN1), Interferon-stim-
ulated gene product 15 (ISG15), Mx1, and viperine 
(Y. Zhou, Qiu, Hu, Ji, Liu, & Chen, 2022). Hydrogen 
has been recognized for its potential as an anti-in-
flammatory agent. It was previously believed that it 
could prevent virus-related inflammatory responses 
and mitigate tissue damage. Nevertheless, hydrogen’s 
limited solubility in water markedly restricts its effec-
tiveness when ingested orally. According to Li et al., 
administering nano-bubble hydrogen water was found 
to lower the cumulative mortality rate of SVCV-in-
fected zebrafish by 40%. The qRT-PCR findings indi-
cated significant inhibition of SVCV replication after 
treatment. Nano-bubble hydrogen water (nano-HW) 
prevented inflammation caused by viral infection in 
zebrafish, suggesting its potential use in antiviral re-
search and providing a new therapeutic strategy for 
virus-induced inflammation. Additionally, nano-HW 
reduced intestinal and brain damage in SVCV-infect-
ed zebrafish (C. Li et al., 2022).

REOVIRUS INFECTIONS OF FISH

GRASS CARP REOVIRUS DISEASE OR HAE-
MORRHAGIC DISEASE OF GRASS CARP

Grass Carp Hemorrhagic Disease is caused by a 
virus called grass carp reovirus (Rao & Su, 2015). Ac-
cording to certain Chinese researchers, the utilization 
of rhubarb has been studied. Yu et al. discovered that 
Moroxydine hydrochloride (Mor) has the potential to 
inhibit the replication of grass carp reovirus (GCRV) 
and prevent apoptosis in Ctenopharyngodon idella 
kidney cells (Yu, Hao, Ling, Zhu, & Wang, 2020).

BIRNAVIRUS INFECTIONS

INFECTIOUS PANCREATIC NECROSIS (IPN)
Aqua-birnaviruses are responsible for triggering 

Infectious Pancreatic Necrosis (IPN)(Dopazo, 2020). 
IPN is a highly infectious disease that can be found 
all over the world. It is caused by a virus called infec-
tious pancreatic necrosis virus (IPNV) (Magnadottir, 
2010). To effectively control IPN, follow these mea-
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sures: Ensure the issuance of health certificates when 
transferring eggs and larvae, Employ egg sterilization 
techniques, reduce the breeding water temperature 
(cold water conditions), Utilize disease-resistant fish 
breeds, and Implement vaccination protocols. In the 
event of an outbreak: Promptly report the disease to 
the relevant authorities, Perform the extermination 
of all affected fish, Thoroughly disinfect pools and 
equipment using 200 ppm chlorine or iodophors, Al-
low pools to dry out, Avoid fish breeding in ponds for 
a minimum of 6 months. It is worth noting that there 
is a clear connection between increased production of 
interferon and improved resistance to IPNV in Atlan-
tic salmon (Reyes-López et al., 2015).

MARINE BIRNAVIRUS (MABV)
Marine birnavirus (MABV) belongs to the Aqua-

birnavirus genus within the Birnaviridae family (Is-
shiki, Nagano, Kanehira, & Suzuki, 2004). Marine 
birnavirus (MABV) is a highly pathogenic virus that 
affects marine and shellfish species. It has been ob-
served that an outbreak of this virus can result in com-
plete mortality within a short timeframe. To prevent 
this, some analysts have developed a peptide vaccine 
(Islam, Mou, & Sanjida, 2022).

IRIDOVIRAL INFECTIONS

VIRAL ERYTHROCYTIC NECROSIS (VEN)
VEN is attributed to the presence of Iridovirus 

(Pagowski et al., 2019). Regarding prevention and 
control, research has revealed that the VEN virus uti-
lizes the major capsid protein (MCP) to invade the 
host cell. By targeting this protein and impeding vi-
rus entry, economic losses caused by the pathogen 
can be reduced. Furthermore, phytochemicals found 
in Allium sativum have shown potential as significant 
inhibitors of the MCP (Sanjida, Mou, Islam, & SA-
ROWER-E-MAHFUJ, 2022).

LYMPHOCYSTIS
Iridoviruses are responsible for the development 

of lymphocytosis (Labella, Leiva-Rebollo, Alejo, 
Castro, & Borrego, 2019). Lymphocystis disease vi-
rus (LCDV) is an extremely contagious virus that can 
infect 125 different species of fish in both freshwa-
ter and marine environments. It is known to cause a 
disease in fish called lymphocystis, which is charac-
terized by an abnormal growth of cells in the connec-
tive tissue. This virus is very common in aquaculture, 
with infection rates as high as 70%, which can lead 
to significant economic losses for the industry (Bor-

rego, Valverde, Labella, & Castro, 2017). To prevent 
and manage Lymphocystis: Refrain from transferring 
fish that are infected or raise suspicions, Implement 
quarantines for imported fish, Detect and eliminate 
infected fish, and Isolate aquarium fish that are infect-
ed until they recover.

SINGAPORE GROUPER IRIDOVIRUS (SGIV)
Singapore grouper iridovirus (SGIV) can cause 

significant fish mortality, making it crucial to develop 
treatments to combat this virus. Green tea, a valuable 
medicinal and edible plant, has been suggested as a 
potential treatment for SGIV. According to Li et al., 
various components of green tea have demonstrat-
ed potent antiviral properties against SGIV. These 
components could potentially be utilized as effective 
agents for the treatment and control of SGIV infec-
tions in grouper aquaculture (P. Li et al., 2022).

HERPES VIRUS INFECTIONS

HERPESVIRUS SALMONIDS DISEASE
Herpesvirus Salmonis Disease, as the name im-

plies, is a condition caused by the herpes virus (Han-
son, Dishon, & Kotler, 2011). It has been found that 
the interferon reaction presents a good correlation 
with viral loads in herpesvirus-infected carp (Miko-
laj Adamek et al., 2019; Xia et al., 2018). Acyclo-
vir (9-(2-hydroxyethoxymethyl) guanine) has been 
shown to have in vitro effects against channel catfish 
virus and salmon herpesvirus (Buck & Loh, 1985; 
Kimura, Suzuki, & Yoshimizu, 1983). A dose of 25 
mg per liter of Acyclovir, administered daily for up 
to 15 days, has been found to possess anti-herpesvi-
rus properties. Both ACV and ACV-MP can inhibit 
CyHV-3 replication in vitro. Several antiviral med-
ications, including adenine-β-d-arabinofuranoside, 
phosphonoacetic acid, phosphonoformic acid, and 
5-iodo-2′-deoxyuridine, have been discovered to 
be less efficient in laboratory testing (Buck & Loh, 
1985). Yildirim et al. conducted a study that demon-
strated significant antiviral effects of propolis against 
the replication of both Herpes Simplex Virus Type 1 
and Type 2. The combination of propolis and acyclo-
vir exhibited a synergistic effect, proving to be more 
potent against HSV-1 and HSV-2 compared to acyclo-
vir alone (Yildirim et al., 2016). A modified live vac-
cine designed to combat cyprinid herpesvirus 3 (Ca-
voy, Novartis Animal Health, Charlottetown, Canada) 
was authorized for use in koi fish in the United States. 
However, some facilities observed negative side ef-
fects from the vaccine, and as a result, the product 
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was withdrawn from the US market (O’Connor et al., 
2014; Weber et al., 2014).

KOI HERPES VIRUS (KHV)
Koi herpes virus (KHV) is a highly lethal and con-

tagious virus that affects cyprinid fish, leading to sig-
nificant economic losses and challenges for the carp 
aquaculture industry. Various chemical and herbal 
remedies can be employed to combat Koi Herpes-
virus (KHV). These options include DNA vaccines, 
exopolysaccharides derived from Arthrospira platen-
sis, and a monoclonal antibody. Exopolysaccharides 
sourced from Arthrospira platensis have emerged as 
an alternative treatment for KHV and have exhibited 
promising potential in the fight against Koi Herpesvi-
rus Disease (KHVD) (Reichert, Bergmann, Hwang, 
Buchholz, & Lindenberger, 2017). Rheum palmatum, 
Chrysanthemum indicum, and Sanguisorba officina-
lis extracts offer potential solutions for combating the 
Koi herpes virus (KHV). These extracts can be com-
bined with acyclovir, an antiviral agent, to effectively 
address herpes virus infections (Bomstein, Marder, & 
JOWERS, 2020). A monoclonal antibody designed to 
target KHV has been developed and can be utilized 
for large-scale KHV detection (Li et al., 2017). DNA 
vaccines have proven their capability to induce target-
ed immune responses and provide immunity against 
KHV. In terms of prevention and control, traditional 
vaccination methods such as gene gun or intramus-
cular injection are not suitable for large-scale vac-
cination of carp. Therefore, the development of oral 
vaccines that can be easily administered in the field 
is highly desirable. For instance, researchers have 
explored the use of chitosan-alginate capsules as a 
delivery system for an oral probiotic vaccine (Lac-
tobacillus rhamnosus) (Huang et al., 2021). This ap-
proach shows promise for effectively protecting fish 
against KHV (Huang et al., 2021). A vaccine called 
Koi herpes virus (KHV) has been created in Koi carp 
against Koi herpes virus infection (Dishon, Ashoulin, 
Scott Weber III, & Kotler, 2014). The most efficient 
method of preventing KHV is by adhering to robust 
biosecurity practices. This includes isolating new-
ly acquired fish, thoroughly disinfecting equipment, 
and refraining from introducing fish from unfamiliar 
sources. Furthermore, ensuring optimal water quality 
and providing appropriate nutrition can greatly reduce 
the likelihood of disease outbreaks. In the event of an 
outbreak, it is imperative to isolate infected fish and 
employ suitable management techniques, such as re-
ducing stocking density and enhancing aeration to im-

prove water quality. Raising the salinity level to 5 g/L 
can considerably decrease the incidence of illness and 
death, and treatment should continue for a minimum 
of four weeks. It is advisable to conduct PCR testing 
for CEV before removing carp or koi from quarantine. 
Carp pox, which is marked by epidermal papillomas 
in common carp and other cyprinids, is caused by 
Cyprinid herpesvirus 1 (CyHV-1) (Rahmati-Holasoo, 
Ahmadivand, Shokrpoor, & El-Matbouli, 2020).

BETANODA VIRAL INFECTIONS

VIRAL NERVOUS NECROSIS (VNN)
Viral Nervous Necrosis (VNN) is caused by vi-

ruses belonging to the Betanodavirus genus, mak-
ing it one of the most severe diseases in aquaculture 
(Gye, Oh, & Nishizawa, 2018). Nodaviruses present 
a significant threat to cultured marine fish globally, 
particularly perciform species (Ortega-Villaizan, Chi-
co, & Perez, 2022). A vaccine called Betanodavirus 
has been produced against VNN (Patel & Nerland, 
2014). A vaccine called Nodavirus vaccine has been 
produced in Seabass against Viral Nervous Necrosis 
(Vimal et al., 2016). Ribavirin at a dose of 20 mg per 
liter has an anti-nerve necrosis virus effect .Treatment 
of zebrafish larvae with ribavirin before infection 
with NNV has been found to reduce mortality from 
the virus up to 10 days after infection. Nanoplastics 
(NPs) can have a range of adverse effects on aquatic 
organisms, from single cells to entire organisms, such 
as cytotoxicity, reproductive issues, behavior chang-
es and oxidative stress. The existence of NPs could 
impact the infection mechanism of NNV, diminishing 
the fish’s capacity to combat the disease, thereby pos-
ing an extra threat to marine life (González-Fernández 
& Cuesta, 2022). Qing Wang and their team created 
an artificial form of genetic material called synthetic 
mRNA that contains instructions for making CasRx. 
They then used CRISPR RNAs to direct CasRx to 
target the nervous necrosis virus (NNV) (Bandín & 
Souto, 2020; Nishizawa, Furuhashi, Nagai, Nakai, & 
Muroga, 1997).

ORTHOMYXOVIRUS INFECTION

INFECTIOUS SALMON ANEMIA(ISA)
Infectious Salmon Anemia (ISA) is a viral disease 

caused by an RNA virus that shares similarities with 
the Orthomyxoviridae family (Falk, Namork, Rim-
stad, Mjaaland, & Dannevig, 1997). To prevent and 
control Infectious Salmon Anemia (ISA), it is crucial 
to implement certain measures. These include main-
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taining a safe distance between sea pens containing 
farmed Atlantic salmon and wild stocks, as well as 
other farmed Atlantic salmon and salmon processing 
plants. Additionally, the administration of the Infec-
tious Salmon Anemia Vaccine can help in mitigating 
the spread of the disease (Caruffo, Maturana, Kam-
balapally, Larenas, & Tobar, 2016). Antiviral im-
mune stimulants to deal with viral diseases such as 
infectious salmon anemia (ISA) are used (Jensen et 
al., 2002). Furthermore, it has been discovered that 
administering nucleotide analog ribavirin orally at 6.5 
μmol/kg body weight once a day for ten days can de-
crease the mortality rate of salmon that are potentially 
infected.

TILAPIA LAKE VIRUS (TILV)
Tilapia tilapinevirus, commonly referred to as Ti-

lapia lake virus (TiLV), is an RNA virus that infects 
both wild and farmed tilapia populations. It belongs to 
the Tilapinevirus genus, which is the only genus in the 
Amnoonviridae family (Jansen, Dong, & Mohan, 
2019).Up to this point, there have been few effective 
therapeutic methods found to control TiLV. As a re-
sult, the primary approach remaining is to implement 
sound management practices, prioritize bio-security, 
and enforce rigorous quarantine protocols. It is im-
portant to adhere to affordable measures for disease 
prevention and control, such as practicing good farm-
ing techniques, maintaining proper water quality, en-
suring adequate nutrition and sanitation. Organiza-
tions like FAO and OIE offer guidelines and 
procedures for managing TiLV disease through con-
trol measures and bio-security protocols. Farmers are 
advised to either use tilapia seeds (larvae and finger-
lings) from their own farms or procure them from lo-
cal, regional farmers, or hatcheries with a clean track 
record that is free from any abnormalities, mass mor-
tality, or reported diseases. It is crucial to avoid ob-
taining tilapia from areas or countries that are vulner-
able to TiLV to prevent the virus from spreading to 
unaffected regions. In unavoidable circumstances, 
strict screening and quarantine procedures must be 
followed meticulously (Aich, Paul, Choudhury, & 
Saha, 2022). According to a study by Thammatorn, 
Rawiwan, and Surachetpong (2019), it was discov-
ered that Tilapia fillets that were frozen for 14 days 
after being subclinically infected with TiLV did not 
contain any active viral particles (Thammatorn, Raw-
iwan, & Surachetpong, 2019).   This finding suggests 
that commercial exporters from various countries 
could adopt this freezing technique to help prevent 

the virus from spreading further. Recent findings indi-
cate that in a laboratory environment, the use of com-
monly employed disinfectants may offer a preventive 
measure against viral infections, as proposed by cer-
tain researchers (Jaemwimol, Sirikanchana, Tatti-
yapong, Mongkolsuk, & Surachetpong, 2019; Soto, 
Yun, & Surachetpong, 2019). Researchers in Israel 
have successfully created a live attenuated vaccine for 
TiLV through experimental methods. When this vac-
cine was administered to Tilapia that was exposed to 
TiLV either through bathing or intraperitoneal injec-
tion, there was a notable 56%-58% increase in surviv-
al rates within 21 days after vaccination. The author 
of this vaccine has obtained a patent for it 
(US20160354458A1), although it has not yet been 
made available for commercial purposes (Kem-
bou-Ringert, Steinhagen, Readman, Daly, & Adamek, 
2023). Researchers have found that utilizing β-propi-
olactone to inactivate viral particles results in a vac-
cine that provides greater efficacy in protecting 
against virus challenges, surpassing the effectiveness 
of formaldehyde. After administering the vaccine, 
fish were subjected to varying doses of 50% tissue 
culture infectious dose (TCID50)/mL, specifically 
108, 107, and 106. The results showed that without 
adjuvant, the relative percent survivals were 42.9%, 
28.5%, and 14.3%, respectively. However, when ad-
ministered with the adjuvant, the relative percent sur-
vivals increased significantly to 85.7%, 64.3%, and 
32.1%, respectively. In addition, the vaccine triggered 
the production of specific IgM and neutralizing anti-
bodies against TiLV within three weeks of immuniza-
tion. Furthermore, after a second booster immuniza-
tion, these antibody levels increased significantly. The 
levels of various immune response-related genes, 
such as tumor necrosis factor-α (TNF-α), interleu-
kin-1β (IL-1β), interferon γ (IFN-γ), cluster of differ-
entiation 4 (CD4), major histocompatibility complex 
(MHC)-Ia, and MHC-II, were observed to be in-
creased, demonstrating successful immune activation 
against TiLV. Additionally, the vaccine demonstrated 
the ability to reduce viral loads and significantly im-
prove survival rates. This suggests that the vaccine 
not only inhibits viral replication but also triggers a 
protective antibody response. By utilizing a β-propio-
lactone-inactivated TiLV vaccine in combination with 
the adjuvant Montanide IMS 1312 VG and adminis-
tering booster immunizations, tilapia can attain a sig-
nificant level of protection against virus challenges 
(Zeng et al., 2021). A review of the literature has 
shown that fish that survived a TiLV outbreak dis-
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played a certain level of resistance to the virus during 
subsequent culture phases. This discovery has in-
stilled hope in researchers that effective management 
of this disease can be accomplished in the near future 
(Eyngor et al., 2014). Moreover, research has revealed 
that different strains of Tilapia demonstrate varying 
levels of vulnerability to this virus (Ferguson, Kabuu-
su, Beltran, Reyes, Lince, & del Pozo, 2014), which 
implies the potential for identifying TiLV-resistant 
strains. The evidence suggests that gene profiling can 
be used to create Tilapia strains that are genetically 
enhanced to resist TiLV. The current methods for con-
trolling TiLV disease are difficult to implement due to 
challenges such as enforcing bio-security and quaran-
tine procedures. The guidelines from FAO and OIE 
mainly focus on larger commercial farms and are not 
commonly used for small-scale farms (Aich et al., 
2022). The creation of vaccines for TiLV is still ongo-
ing and requires technological advancements, infra-
structure, and financial support. Furthermore, there 
are concerns about the vaccine’s effectiveness as a 
preventative measure, as it can cause illness in young 
fish with underdeveloped immune systems. Although 
there are still unresolved inquiries about the classifi-
cation and spread of the virus, the findings of its abil-
ity to resist recurring infections offer prospects for 
creating vaccines and strains of Tilapia that are resis-
tant to TiLV. The importance of vaccines in prevent-
ing and controlling viral and other diseases is widely 
acknowledged. Conducting thorough scientific re-
search is essential for the development of a potent 
vaccine against this deadly virus. The creation of SPF 
(Specific Pathogen-Free) tilapia or selectively bred 
resistant tilapia could be the key to fighting this lethal 
disease, and significant efforts should be directed to-
wards this goal (Aich et al., 2022). In a study by 
Wayamitra et al. (2020), fish were divided into three 
groups and given different diets: a control diet, a diet 
with 0.5% probiotic supplementation, and a diet with 
1% probiotic supplementation. Following 21 days of 
experimental feeding, the three groups were infected 
with TiLV, and their mortality rates and growth per-
formances were observed. Organ samples were col-
lected at different time intervals to assess viral load 
and the transcriptional changes of immune response 
markers. The study revealed that there were no nota-
ble variances among the groups in terms of weight 
gain (WG), average daily gain (ADG), feed efficiency 
(FE), or feed conversion ratio (FCR). However, the 
groups of fish that were given diets with 0.5% and 1% 
probiotic supplementation demonstrated a lower cu-

mulative mortality rate (25% and 24% respectively) 
compared to the control group (32%). Moreover, fish 
that received a diet enriched with 1% probiotics 
showed significantly lower levels of the virus com-
pared to those fed with 0.5% probiotics and the con-
trol diet at 5, 6, 9, and 12 days after the infection-chal-
lenge (dpc). The expression patterns of 
immune-related genes, such as il-8 (also known as 
CXCL8), ifn-γ, irf-3, mx, and rsad-2 (also known as 
VIPERIN), exhibited significant upregulation follow-
ing probiotic treatment during the peak of TiLV patho-
genesis (between 9 and 12 dpc) and throughout most 
of the study period in fish that received a diet supple-
mented with 1% probiotics. Collectively, these find-
ings suggest that incorporating Bacillus spp. Probiot-
ics in the diet can potentially enhance the immune 
system of tilapia and improve their ability to resist 
TiLV infections. Consequently, administering probi-
otic treatments preventively may help minimize loss-
es resulting from this emerging viral infection in tila-
pia aquaculture (Table 2) (Waiyamitra et al., 2020).

SIMULTANEOUS AND SECONDARY BACTE-
RIAL AND PARASITIC DISEASES

Simultaneous and secondary bacterial and parasit-
ic infections are very common in nature. When a host 
is infected with two or more different pathogens at 
the same time or in succession, co-infections occur 
and can affect the course and severity of a variety of 
fish diseases. For instance, the combination of viral 
hemorrhagic septicemia virus (VHSV) and the ec-
toparasite Trichodina was detected in whiting (Mer-
langius merlangus euxinus) found in the Black Sea 
region (Kotob et al., 2017). It is common to see viral 
fish diseases accompanied by bacterial and parasitic 
infections. Therefore, in addition to measures to com-
bat viral diseases, measures to address bacterial and 
parasitic infections should also be taken.

CONCLUSION AND FUTURE 
PERSPECTIVE

Aquaculture, which is an age-old practice, is still 
widely prevalent across the globe today. It encom-
passes various forms, ranging from sustainable aqua-
culture to large-scale salmon farming. However, the 
expansion of this industry is significantly hampered 
by the prevalence of viral diseases. Although certain 
methods employed to manage viral diseases in land-
based livestock have been adapted for use in aqua-
culture, the aquatic environment poses distinct ob-
stacles. For instance, there are no physical barriers to 
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Table 2. Antiviral compounds used against aquatic viral diseases.
Disease Preventive or therapeutic compounds

1 Infectious Hematopoietic Necrosis (IHN) Disinfecting eggs using iodophors, Using interferon
2 Viral Hemorrhagic Septicaemia (VHS) implementing health controls during fish transportation, imposing 

quarantines on imported fish, Strengthening fish health by essential 
vitamins (A, B, E), intramuscular injections of a plasmid that encodes 

interferon, prescription β-defensin (BD)-1 and OF-hepcidin-1.
3 Pike Fry Rhabdovirus Disease (PFRD - 

PFVD)
performing ELISA or VI screenings on female broodstock’s ovaries, 
Disinfecting eggs using iodophors, Avoiding the transfer of eggs or 
larvae that are suspected of carrying the virus, implementing strict 

quarantine measures.
4 Spring Viraemia of Cyprinids (SVC) Administering artemisinin after incubation, Administering nano-

bubble hydrogen water.
5 Grass Carp Reovirus Disease or 

Haemorrhagic Disease of Grass Carp
Using Moroxydine hydrochloride and Rhubarb.

6 Infectious Pancreatic Necrosis (IPN) Issuance of health certificates when transferring eggs and larvae, 
Employing egg sterilization techniques, Reducing the breeding water 
temperature, and Utilizing disease-resistant fish breeds. In the event 

of an outbreak perform the extermination of all affected fish, disinfect 
pools and equipment using chlorine or iodophors, Dry out the pools, 

and Avoid fish breeding in ponds for a minimum of 6 months.
7 Viral Erythrocytic Necrosis (VEN) Using phytochemicals found in Allium sativum.
8 Lymphocystis Refraining from transferring fish that are infected or raise suspicions, 

Implementing quarantines for imported fish, Detecting and 
eliminating infected fish, Isolating aquarium fish that are infected 

until they recover.
9 Singapore grouper Iridovirus (SGIV) Using Green tea
10 Herpesvirus Salmonis Disease Prescribing adenine-β-d-arabinofuranoside, phosphonoacetic acid, 

phosphonoformic acid and 5-iodo-2′-deoxyuridine, Prescribing the 
combination of propolis and acyclovir.

11 Koi herpes virus (KHV) Using exopolysaccharides derived from Arthrospira platensis, and 
a monoclonal antibody, Prescribing the combination of Acyclovir 

with Rheum palmatum, Chrysanthemum indicum, and Sanguisorba 
officinalis extracts. Adhering to robust biosecurity practices. In the 

event of an outbreak, isolating infected fish reduces stocking density 
and enhances aeration to improve water quality, Raising the salinity 

level to 5 g/L.
12 Viral Nervous Necrosis (VNN) Prescribing Ribavirin, Not using nano plastics in aquaculture, Using 

a synthetic mRNA that contains instructions for making CasRx and 
targeting the nervous necrosis virus with it.

13 Infectious Salmon Anemia (ISA) Maintaining a safe distance between sea pens containing farmed 
Atlantic salmon and wild stocks, as well as other farmed Atlantic 

salmon and salmon processing plants, Using antiviral immune 
stimulants, Administering nucleotide analog ribavirin orally.

14 Tilapia lake virus (TiLV) Implementing sound management practices, Prioritizing bio-security, 
Enforcing rigorous quarantine protocols, Using commonly employed 
disinfectants, The creation of SPF (Specific Pathogen-Free) tilapia or 
selectively bred resistant tilapia, Administering probiotic treatments 

(incorporating Bacillus spp. probiotics into the diet).
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prevent pathogens from being transmitted to wild fish 
populations, which can serve as reservoirs for these 
diseases. With many of the traditional treatments 
used to manage viral diseases in aquaculture slated 
to be prohibited in Europe, there is a pressing need 
for alternative solutions. Many synthetic drugs have 
more or less side effects, some of which are chronic 
and occur in the long term. If severe side effects are 
proven after taking a certain drug, its use should be 
prohibited. Despite the effort to accurately express 
the dosage of drugs, there are individual possibilities 
or the occurrence of mistakes. In general, it is rec-
ommended that the lowest possible dose be used in 
unusual species, as well as in sick, old and juvenile 
fish. The article stresses the need for more research to 
assess the effectiveness, safety, and impacts of herbal 

and synthetic drugs in fighting viral diseases in fish. 
It proposes that a combination of these methods could 
provide a more complete solution, leveraging the ben-
efits of both natural and synthetic compounds. In gen-
eral, the investigation of herbal and synthetic drugs 
as potential treatments for viral diseases in fish is a 
major advancement in improving disease manage-
ment strategies in aquaculture. Ongoing research and 
cooperation between scientists, industry stakeholders, 
and regulatory bodies are crucial for creating success-
ful and sustainable solutions to combat these difficult 
diseases.
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