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INTRODUCTION 
 
Aquaculture is the rearing and harvesting of aquatic 
organisms like fish and shellfish, mollusks, crustaceans 
and aquatic plants. With the increase in human 
population, the demand for animal-based proteins is 
increasing. Fish is an important source of animal proteins 
and around 354 species of fish are cultured around the 
globe for human consumption (FAO 2012). Carps are 
mainly cultured in Asia, especially China, members of 
salmonids are cultured in Europe and South America, 
while tilapias are mainly cultured in Africa and Asia (Hall 
2011). As the demand of fish increases, the aquaculture 
practices shift from extensive to intensive culture. High 
stocking density in intensive culture practices may lead to 
chronic stress in fish (Yada and Nakanishi 2002). If not 
managed properly, stressed fish are more prone to 
infectious diseases. Viral diseases are increasing rapidly in 
aquaculture, causing huge economic losses.  
Viruses are infectious organisms that have a genome (a 
property of living organisms). Viruses are inactive outside 
the host body, once they enter the host, they become 
functionally active and exploit the host machinery to 
produce their protein, genome, and RNA that assemble 
and makes new viruses. According to “International 
Committee on Taxonomy of Viruses” (ICTV), genome of 
about 400,000 viral strains has been sequenced (Sharma et 
al., 2015). Viruses are classified into various hierarchical 
levels, i.e. order, family, genus and species. Some viruses 
are diverse, so they are further classified in to subfamilies. 
First letter of viral order, family, sub-family and genus is 
capital and italicized. Viruses are classified based on (i) 
structure- presence and absence of envelope, shape, size 
and capsomers, (ii) viral genome- DNA or RNA viruses, 
single stranded or double stranded, positive sense 
stranded or negative sense stranded, (iii) mode of 
replication- viruses replicating in host nucleus using 
cytoplasmic enzymes or viruses replicating in host 
cytoplasm using their own enzymes, and (iv) presence of 
enzymes.  
Standard virological procedures are used to isolate and 
identify viruses from aquatic organisms. Viral isolation is 
the most sensitive and crucial phase; after isolation viruses 
are identified using “gold standard” procedures like PCR 
and RT-PCR (Goodwin et al. 2010). Viruses are then 

cultured in fish cell lines.  
Fishes are susceptible to many viral diseases, most of 
which are yet to be discovered. Viruses that affect 
aquacultural important fish species are listed in Table 1. In 
this chapter, some important viral diseases, with special 
emphasis on the disease management and prevention, 
have been discussed.  
 
Infectious Pancreatic Necrosis (IPN) 
 
Infectious pancreatic necrosis (IPN) is caused by the 
infectious pancreatic necrosis virus (IPNV), which is a 
double-stranded RNA (dsRNA) virus, belonging to the 
family Birnaviridae (Leong et al. 2000; ICTV 2014). 
Infectious pancreatic necrosis (IPN) is a well-known 
disease that was first named as acute catarrhal enteritis by 
M’Gonigle (1951), but was renamed as Infectious 
Pancreatic Necrosis by Wood et al. (1955) on the basis of 
histopathological analysis of brook trout (Salvelinus 
fontinalis) suffering from an infectious disease that 
resembled catarrhal enteritis. Infectious pancreatic 
necrosis virus (IPNV) belongs to the family Birnaviridae 
and the genus Aquabirnavirus. It is the first double-
stranded RNA (dsRNA) virus of fish which was isolated in 
vitro (Sano and Okamoto 2017). The IPNV mainly infects 
salmonids, especially Atlantic salmon (Salmo salar), brook 
trout (Salvelinus fontinalis), rainbow trout (Oncorhynchus 
mykiss), brown trout (Salmo trutta) and other species of 
salmon (Oncorhynchus spp.) (Smail 2012). 
 
Clinical signs and transmission 
 
Affected fish are usually sluggish, show a darker coloration, 
and swim abnormally. Fish infected with the virus also 
have a distended belly, milky substances and mucus in the 
anterior intestine, with no food in the stomach. Long, thin, 
whitish fecal casts are common in fish (Reno 1999). The 
liver, spleen, heart, kidneys and gills are normally paler 
than the rest of the body. Blood spots may appear on 
visceral fat along the intestine and also on the ventral fins. 
The fluid in the body cavity may become bloody as well 
(Dopazo 2020). Hemorrhages of the visceral organs are 
usually visible in fish infected with IPNV (Munro and 
Midtlyng 2011). Sudden increase in mortality of fish fry and 
fingerlings is characteristic of IPN infection (Jensen and 
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Kristoffersen 2015), however, mortality depends on age, 
physiology and developmental stage of host and also on 
the environmental conditions (Munro and Midtlyng 2011). 
Viral infection in stressed fish is more virulent (Gadan et 
al. 2013). Even if the fish survives the IPN infection, it may 
contain virus without showing any clinical signs and serve 
as carrier that transmits infection either horizontally 
through urine and feces or vertically through eggs and 
sperms (Roberts and Pearson 2005). Figure 1 showed 
rainbow trout suffering with IPNV. 
 
Prevention and control 
 
Spread of the IPN virus can be prevented by the use of 
virus-free water,  disinfection of fertilized eggs, purchase 
of disease-free stock, and strict biosecurity steps. 
Treatment of incoming water with UV is a suitable 
preventive measure. Despite the ability of the virus to 
survive, a variety of chlorine (5-minute treatment at 
concentration of 30 ppm) and iodine-based disinfectants, 
as well as per oxygen compounds (10-minute treatment 
with NaOH pH 12.5 or 5-minute treatment with 3% 
formalin), have been shown to be useful against viral 
infection (OIE 2003). Younger fish can be protected with 
an oral vaccine. 
 
Infectious Hematopoietic Necrosis (IHN) 
 
Infectious hematopoietic necrosis (IHN) is caused by a 
single stranded RNA virus (infectious hematopoietic 
necrosis virus-IHNV) of genus Novirhabdovirus and family 
Rhabdoviridae. This virus causes disease in salmonids 
including Pacific and Atlantic salmon and trout (rainbow 

and steel head trout). This virus causes necrosis in the 
hematopoietic tissues of the fish, therefore named as 
infectious hematopoietic necrosis virus (Amend et al. 
1969). 
 
Clinical signs and transmission 
 
All stages of fish are susceptible to viral infection. Fish 
become lethargic and infected fry has pale gills, dark 
coloration and distant abdomen. Hemorrhages are usually 
visible on the vent, fins, base of gills and mouth. Juvenile 
and adult fish have less clinical signs, the most common 
sign being hemorrhage near the vent, gills and eyes. Many 
adult fish succumbed to virus without showing any 
clinical signs. Both horizontal and vertical transmission of 
the virus is seen (Bootland and Leong 1999). Virus enters 
the fish through the base of the vent, gills and skin to 
stomach or intestine and then goes to internal organs, 
where it causes hemorrhages. Spleen and liver are the first 
organs to become severely infected with the virus. 
Ultimately, the virus reaches the circulatory system and 
causes hemorrhages, resulting in anemia. A farmed 
rainbow trout infected with IHNV is shown in Figure 2. 
 
Prevention and control  
 
Prevention strategies to avoid IHNV infection involve use of 
virus free water, disinfection and quarantine of new fish 
(Meyers et al. 2003; Breyta et al. 2016). Iodine based 
disinfections e.g. iodophor are effective against IHNV. 
Intramuscular injection of DNA based vaccine (APEX-IHN 
by Novartis Animal Health Canada Inc.) is used to control 
IHVN infections. 

 
Table 1: Some important viral diseases of farmed fish and their aetiological agents  

Disease  Causative agent/ aetiological 
agent 

Family Genra  Viral genome 

Pancreatic necrosis (IPN) Infectious pancreatic necrosis 
virus (IPNV) 

Birnaviridae Aquabirnavirus Double stranded 
RNA virus 

Infectious 
hematopoietic necrosis (IHN) 

Infectious hematopoietic 
necrosis virus (IHNV) 

Rhabdoviridae Novirhabdovirus single-stranded 
RNA 

Viral hemorrhagic septicemia 
(VHS) 

Viral hemorrhagic septicemia 
virus (VHSV) 

Rhabdoviridae Novirhabdovirus single-stranded, 
negative-sense RNA 

Epizootic hematopoietic necrosis 
(EHN) 

Epizootic hematopoietic 
necrosis virus (EHNV) 

Iridoviridae Ranavirus Double stranded 
DNA 

Infectious salmon anemia (ISA) infectious salmon 
anemia virus (ISAV) 

Orthomyxoviridae Isavirus  Single stranded 
RNA virus 

Spring viraemia of carp (SVC) spring viraemia of 
carp virus (SVCV) 

Rhabdoviridae Sprivivirus Single-stranded 
RNA virus 

Channel catfish viral disease 
(CCVD) 

Ictalurid herpesvirus 1 (IcHV1, 
commonly known as channel 
catfish virus, CCV), 

Alloherpesviridae Ictalurivirus Double stranded 
DNA virus 

Largemouth bass Viral Disease largemouth bass virus (LMBV) Iridoviridae Ranavirus double-stranded 
DNA-viruses 

Koi herpesvirus disease (KHVD) Cyprinid herpesvirus 3 
(CyHV-3) 

Alloherpesviridae Herpesvirus Double stranded 
DNA virus 

Viral nervous necrosis (VNN)  
or Viral encephalopathy and 
retinopathy (VER) 

Viral nervous necrosis  Nodaviridae Betanodavirus Two single stranded 
RNA-virus 

Red sea bream iridoviral disease 
(RSIVD) 

red sea bream iridovirus 
(RSIV) 

Iridoviridae Megalocytivirus Double stranded 
DNA 
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Viral Hemorrhagic Septicemia 
 
Viral hemorrhagic septicemia virus (VHSV), a single 
stranded RNA virus of Rhabdoviridae family and genus 
Novirhabdovirus, is the causative agent of viral 
hemorrhagic septicemia (VHS) (Baillon et al. 2020). Two 
closely related viruses, viral hemorrhagic septicemia virus 
and infectious hematopoietic necrosis virus are most 
economically important rhabdovirus, belonging to genus 
Novirhabdovirus.  
First reports of viral hemorrhagic septicemia were from 
Europe and Japan, where it infected rainbow trout. Later, 
wild fish collected from Baltic Sea, Pacific and Atlantic 
oceans were also infected with VHS. Korea has also been 
hit by this virus (Hedrick et al. 2003). Infection of VHS 
from Great Lakes of North America was first reported in 
2005. This virus infected almost 50 freshwater and marine 
species of Northern hemisphere (Faisal et al. 2012). The 
VHSV infects a wide range of fish which belong to 
Salmoniformes (trout and salmon), Scorpaeniformes 
(Sticklebacks and rockfishes), Gadiformes (cod), 
Clupeiformes (anchovy and herring), Pleuronectiformes 
(soles and flatfishes) and Osmeriformes (smelt). 
 
Clinical signs and transmission 
 
Hemorrhages on the body, gills, eyes or at the base of the 
fins are common in VHS-infected fish, along with the 
swollen (fluid-filled) abdomens, bulging eyes (“pop-eye”), 
lethargy and darkened coloration (OIE 2105). Infected fish 
can exhibit unusual swimming patterns. Hemorrhages in 
the muscle and organ tissues are also possible. Some of 
the VHS-infected fish display no symptoms 
(asymptomatic), but they can infect other fish and spread 
the disease (horizontal transmission) (Groocock et al. 
2007). Disease outbreak mostly occurs in spring season 
when water temperature is less than 5°C (59°F). Fish 
mortalities due to VHS are uncommon at temperatures 
above 18°C (64°F). Once the infection spreads, mortality 
rate becomes very high. Mass mortality up to 80-100% has 
been reported after VHS infection. Healthy fish become 
infected by uptake of virus through gills. Horizontal 
transmission is common mode of spread of VHS infection 
(Al-Hussinee et al. 2016). Common histopathological 
lesions in fish infected with VHS are degeneration and 
necrosis of spleen, liver and kidneys.  
 
Prevention and control 
 
Viral Hemorrhagic Septicemia is a highly contagious, and 
the best practice to limit the outbreak is use of quarantine. 
VHSV has been shown to be transmitted from wild to 
farmed fish and vice versa. Fish health monitoring systems, 
as well as eradication and fallowing are currently used as 
control methods. In certain parts of Europe, the VHS has 
been eradicated thanks to these procedures. If farm ponds 
are not dried and disinfected, VHSV can survive for a long 
time at the bottom of the pond (OIE 2015).  
Many popular disinfectants, such as iodophor, formalin 
disinfectants, sodium hypochlorite and sodium hydroxide, 

are used for VHSV. The efficacy of lime disinfection is still 
debatable. When disinfectants are dissolved in seawater, 
their virucidal activity is decreased. Irradiation of inflow 
water for hatcheries and recirculation system with UVC 
(280-200 nm wavelength) is very effective against VHSV. 
As this virus is quite thermostable, drying and a pH of 2.5 
or 12.2 can inactivate this virus (Bovo et al. 2005). 
 
Epizootic Hematopoietic Necrosis (EHN) 
 
The causative agent of epizootic hematopoietic necrosis is 
epizootic hematopoietic necrosis virus (EHNV). This virus 
belongs to the family Iridoviridae, which includes four 
genera; Iridovirus, Lymphocystivirus, Megalocytivirus, and 
Chloriridovirus and six species; Epizootic hematopoietic 
necrosis virus, Santee-Cooper ranavirus, Ambystoma 
tigrinum virus, Frog virus 3, Bohle irido virus and 
European catfish virus. This virus cannot be identified 
through conventional antibody-antigen interaction assays. 
The identification of this virus is through host specificity, 
protein profiling of virus, DNA sequence analysis and 
RFLP (Wolf 1988). 
The genome of EHNV is 127kb. With the diameter of 
175nm, this is a massive icosahedral virus with a double-
stranded DNA. Replication of this virus is in the nucleus 
and cytoplasm and the virus is assembled 
intracytoplasmic. The virus gets its outer limiting 
membrane by budding from the plasma membrane of the 
host cell. An internal bilayer of lipids, which is identical to 
FV3, surrounds the nucleoprotein center of the inner 
capsid (Yan et al. 2009) and comprises a circularly 
permuted and terminally redundant genome. 
The virus was first reported in juvenile redfin perch (Perca 
fluviatilis) in 1985 from Victoria, Australia. EHNV was the 
first virus to be isolated from freshwater fish from 
Australian region (Langdon and Humphrey 1987). Later, it 
was isolated from farm-raised rainbow trout 
(Oncorhynchus mykiss) (Langdon et al. 1988). While red 
fin perch is most vulnerable to the viral infection, this 
virus also infects many other fish species. The 
geographical range of this virus is restricted and it is 
mostly endemic to south-east Australia (Victoria, South 
Australia and New South Wales). 
The varying level of infection and mortality was reported 
in mosquito fish (Gambusia affinis), Australian bass 
(Macquaria novemaculeata), Atlantic salmon (Salmo salar) 
and other species of perch like Macquarie (Macquaria 
australis), golden (Macquaria ambigua) and silver perch 
(Bidyanus bidyanus) raised under laboratory conditions 
(Langdon 1989). 
 
Clinical signs and symptoms 
 
Pathology of the disease involves necrosis of 
hematopoietic tissues, as the name suggests. Infected fish 
displays multifocal necrosis of the liver, spleen, renal 
hematopoietic tissue, atrial trabeculae and 
gastrointestinal epithelial cells. Hyperplasia of epithelial 
cells of gills can also be seen after viral infection. Infected 
cells have intra cytoplasmic inclusion bodies, which are  
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Figure 1: Rainbow trout infected with IPNV. Fish at the top 
shows normal belly, while fish at the bottom is infected with 
IPNV, showing swollen distended belly. Taken from Tamer et al. 
(2020). “Pathogenicity trials regarding Turkish isolates of 
infectious pancreatic necrosis virus and viral hemorrhagic 
septicemia virus in rainbow trout” Used with permission: 
courtesy C. Tamer. 
 

 
 
Figure 2: Gross pathological signs of IHNV infected fry trout 
showing skin darkening (a and b), abdominal distension (a & c), 
exophthalmia (a & b), hemorrhage of the eye (a and b), pale gills 
(e), ulceration of the snout (c and d) and visceral pallor with 
yellowish fluid in the intestine. Taken from Ahmadivand et al. 
(2017). “Infectious hematopoietic necrosis virus (IHNV) outbreak 
in farmed rainbow trout in Iran: Viral isolation, pathological 
findings, molecular confirmation, and genetic analysis”. Used 
with permission: courtesy S. Ahmadivand. 

 
basophilic in nature and are a distinct microscopic 
characteristic of EHNV infection. These structures are 
virus assembly sites, where para-crystalline arrays can be 

seen by electron microscopy (Whittington et al. 2010). 
Swim bladder oedema and ulcerative dermatitis can only 
be seen in rainbow trout after EHNV infection (Reddacliff 
and Whittington 1996). 
 
Prevention and control 
 
EHNV is highly resistant to drying and may live for 
months in water and may survive for at least a year in the 
frozen fish carcasses and tissues (Langdon 1989). There 
are currently no vaccines available for the management of 
EHNV. Control of infection and spread on-farm is 
managed by active surveillance of fish health, good 
husbandry practices, minimizing physiological stressors 
and up to the mark bio-security measures. Destocking and 
disinfection according to OIE protocols (Wolf 1988) help 
to avoid reinfection on contaminated properties. 
 
Infectious Salmon Anemia 
 
A single-stranded RNA virus of the Orthomyxoviridae 
family causes infectious salmon anemia (ISA). The viral 
infection was first reported in Norway in 1984. Since then, 
it has been reported from Chile, Canada, Ireland, 
Scotland, the Faroe Islands and the United States of 
America (Geoghegan 2002). Infection with this virus 
results in a systemic and lethal disease, characterized by 
extreme anemia, necrosis in multiple organs and variable 
hemorrhages (Geoghegan 2002, Godoy et al. 2008). Even 
though the disease takes a long time to develop and has 
low daily mortality (0.05–0.1%) rate, but overall mortality 
and economic loss increase as the virus spreads. Exposure 
to seawater or rearing fish in sea cages increases the 
chances of exposure to virus. Farmed Atlantic salmon is 
more susceptible to natural outbreaks of ISA, but the virus 
has the potential to infect variety of farmed and wild 
salmonid species (Kawaoka et al 2005). 
 
Clinical signs and symptoms 
 
Infectious salmon anemia is a systemic disease, which 
mainly affects the fish circulatory system. Fish infected 
with ISA becomes sedentary, swim near the surface and 
losses appetite. Internally, liver and gut become dark in 
color due to hemorrhaging, while gills become pale due to 
anemia (Figure 3). Blotted kidney, pop-eye, swollen belly, 
and blood spots in the eye chamber are common in 
infected fish. In the early stages of infection, hemorrhages, 
circulatory failure and severe anemia are common. 
 
Prevention and control 
 
The main mode of disease transmission is horizontal 
transmission of the virus. In Norway and elsewhere, well 
boats have been linked to the spread of the disease. The 
ISA virus is resistant to a variety of disinfectants, including 
ozone, sodium hypochlorite, formic acid, and ultraviolet 
light (Snow et al. 2009). Vaccine against ISA is used in the 
Faroe Island, Chile and United States of America. Europe 
has been declared ISA free and therefore, use of vaccine is 
not allowed.  



 

Veterinary Pathobiology and Public Health  

476 Faheem et al. 

 
 
Figure 3: Fish infected with infectious salmon anemia. 
Hemorrhagic liver and spleen, pale gills. Taken from Health 
situation in Norwegian aquaculture. Used with permission, 
Courtasy  Geir Borno. 

 

 
 
Figure 4: Clinical signs of VNN: Inflation of swim bladder (left) 
and abdominal extension (right) in infected Liza aurata in 
Caspian Sea. Taken from Zorriehzahra (2020). “Viral Nervous 
Necrosis Disease”. Used with permission: Courtesy MJ 
Zorriehzahra. 
 
Spring Viraemia of Carp 
 
Spring viraemia of carp virus (SVCV) is the causative agent 
of spring viraemia of carp (SVC) disease. It is a 
Rhabdovirus that causes significant infection in carps, 
cyprinids and ictalurid fish species (Dixon 2008). This 
virus belongs to genus Sprivivirus in the virus family 
Rhabdoviridae. This virus   is   highly   resistant   at  low  
temperature   and   can tolerate a wide range of pH (Ahne 
1976). 
The virus can enter the fish through gills and abruptly 
affects other vital organs such as spleen, liver, kidneys and 
gut. Virus can be physically spotted in fish urine, faces and 
in a water body. Small fish are most vulnerable to the 
disease; however, virus can affect fish of all age groups. 
Intensity of infection may vary with age and age-related 
innate immunity. This virus can easily transfer through 
crustacea and from members of annelids and hirudinea. 
Virus can simply transfer from infected to healthy fish 
(Ahne et al. 2002). Virus is usually not transferred through 
eggs, but it is necessary to disinfect eggs with iodophor. 
Disease is particularly spread in winter season, when the 
temperature is between 15-17°C. 
 
Clinical signs and symptoms 
 
Spring viraemia of carp is difficult to identify because 
symptoms are non-specific and not all fish show all 
symptoms. Most commonly observed signs are distended 
abdomen with hemorrhages. Fish infected with SVCV 
swim erratically and slowly. Loss of balance is another 

common sign of infection. Abdominal distention may be 
due to accumulation of fluid which may be clear or 
bloody. Oedema of internal organs and enlarged spleen is 
usually observed. Hemorrhages on gills, skin and eyes are 
common. Farms with SVC outbreaks have rapid onset of 
fish mortality. 
 
Prevention and control 
 
The research trial showed that DNA vaccination can save 
fish from serious theatres of SVC virus (Emmenegger and 
Kurath 2008) but further research is required to 
implement this idea in carp culture at commercial level. 
Ponds and handling equipment should be disinfected at 
regular intervals. High density and poor management 
increase the chance of infection. In 2002, it was reported 
that virus caused loss up to 70 percent population of 
young carps in Europe and 20 percent population died in 
USA (Ahne et al. 2002). 
 
Channel Catfish Viral Disease 
 
Channel catfish virus disease (CCVD) is caused by 
Ictalurid herpesvirus, which affects the Channel catfish 
species (Ictalurus punctatus). The virus was reported first 
time in southern United States of America and infection 
spread in the fish industry in mid1960 (Fijan et al. 1970). 
However, status of CCVD infection in other countries is 
unknown, though some cases were reported in Honduras 
and Russia following shipment of fry from USA (Plumb 
1994). 
CCVD can be easily spotted from infected fish and carrier 
bodies, however, it is difficult to find out the chain of 
coming off infection. The virus is sufficiently present on 
kidneys, gills, skin, spleen and intestine during the 
dominant stages of infection (Kancharla and Hanson 
1996). Moreover, virus genetics analysis showed that it has 
capacity to transform in to new strains (Vanderheijden et 
al. 1999). Transmission of virus can be vertical and 
horizontal, but horizontal transmission is the most 
obvious and pathway of vertical transmission is vague, as 
no signs of infection were detected in the sex organs. 
Hedrick et al. (1987) explained that chance of infection is 
greater in fish which are less than one year or four months 
in age. The second most important factor is the 
temperature of water body; it has been noticed that 
tendency of infection is severe and mortality rate was high 
at 27°C and dramatically reduced below 18°C. 
 
Clinical signs and symptoms 
 
The necropsy examination of infected fish revealed the 
presence of excessive blood in peritoneal cavity with 
yellow or light reddish fluid. Liver and kidneys may be 
paled and spleen is narrowed and darkened in color. 
Yellow-coloured mucus is present in intestine instead of 
food. Oedema, necrosis, hemorrhages, accumulation of 
macrophages are noticed in hematopoietic tissues, 
nephrons, liver, kidneys, intestinal tract and in cardiac 
tissues (Major et al. 1975). 

https://www.cabi.org/isc/datasheet/89027#5533D5E2-971D-43CC-B317-732FBD7EF6CA
https://www.cabi.org/isc/datasheet/89027#5533D5E2-971D-43CC-B317-732FBD7EF6CA
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Virus can be easily detected by immunosorbent assay 
(ELISA) or through polymerase chain reaction (PCR). As 
during infection new proteins and virus are not produced, 
antigen-antibody (ELISA) test is not suitable; it is better to 
do PCR for genomic DNA test. 
 
Prevention and control 
 
Virus outbreaks can be minimized through adopting some 
precautionary measures, such as low stocking density and 
avoiding stressful handling. The fish should be totally 
isolated during developmental stages from carrier fish or 
infected fish. Epizootic capacity of disease increases in 
stress and overcrowded environment (Thompson et al. 
2005). Currently, no vaccine is available in the market. 
This virus drastically affects the economy and is 
responsible for closure of many catfish farms in USA. 
 
Pike Fry Rhabdovirus Disease 
 
Pike fry rhabdovirus disease, which is abbreviated as 
PFRD, mainly affects the pike ((Esox lucius). This virus 
caused severe infection in fry and juvenile stages of 
Netherlands hatchery in 1965. The disease was named as 
hydrocephalus’ and red disease by Bootsma (1971). The 
virus is geographically limited to Europe, especially in 
Germany and Hungary. 
Nucleotide sequencing revealed that the virus which 
affects the pike belongs to Geno-group III and other three 
geno-groups of this virus affect the other fishes (Stone et 
al. 2003). Haenen and Davidse (1993) described that early 
age stages of fish make them more susceptible for the 
infection, while sexually mature fish have complete 
resistance against the viral infection. 
Pike fry rhabdovirus (PFR) is closely related to spring 
viraemia of carp virus (SVCV); because of this closed 
resemblance, it is difficult to isolate the PFR from SVCV 
through serology. Enzyme linked immunosorbent assay 
(ELISA) can be used to separate these two pathogenic 
strains, however nucleotide sequence analysis is the best 
method for identification of PFR (Stone at al. 2003). 
 
Clinical signs and transmission 
 
The pike fry rhabdovirus causes hemorrhages in 
connective tissues, with accumulation of fluid in the 
ventricle. Proximal tubules of kidneys show severe 
degeneration, with petechiae in the spinal cord and optic 
tectum (Bootsma 1971).  
The most obvious and significant symptom is that fish 
schooling behavior is disturbed; the affected fish move 
very slowly at surface or present at the bottom 
motionlessly. Slight swelling behind the eyes, pale gills, 
popped eyes, distended belly and hemorrhages on fins and 
skin can easily be observed.  
The sources of pike fry rhabdovirus are indefinite, while 
transmission can be possible through injection, and when 
injected to eggs it can cause hundred percent infection. 
The virus also be transferred from one organism to other 
organism through predation or cannibalism (Ahne 1985).  

The previous reports do not show any significant 
economic loss recorded due to pike fry rhabdovirus 
infection. 
 
Koi Herpesvirus Disease 
 
Common carp (Cyprinus carpio) is a global aquaculture 
species. Many strains are also raised for ornamental 
industry, where it is known as koi. Koi herpesvirus disease 
is caused by a highly infectious koi herpesvirus (KHV), 
also known as cyprinid herpesvirus 3 (CyHV3). First case 
of KHV was reported in 1996 from UK (Haenen et al. 
2004). Since then, many cases have been reported from 
almost all the countriesthat culture koi carp, except 
Australia (Pokorova et al. 2005). 
Viral genome is double stranded DNA that belongs to 
family Alloherpesviridae. Temperature of the water body 
affects the virulence of the KHV. Virus infects fish of all 
ages at the water temperature between 16-25°C, with the 
mortality range of 80-100% (Haenen et al. 2004). Like 
other herpesvirus, KHV can survive in infected fish for a 
long period of time. Fish that survive the KHV infection 
carries the virus and acts as carrier (Petty and Fraser 2005; 
Eide et al. 2011). 
 
Clinical signs and transmission 
 
The symptoms of KHV infection are mostly non-specific. 
Behaviorally, infected fish gather at the water surface, 
gasping, disorienting, and swimming erratically, and 
mortality rates begin to rise. In the early stages of KHV 
infection, there is a lot of mucus secretion. Externally, the 
most noticeable symptoms are white necrotic patches, 
light coloration and hemorrhages in the gills. During 
clinical infections, KHV is most prevalent in the gills, 
spleen and kidneys. Infected populations can experience 
rapid mortality, which starts within 24-48 hours of the 
onset of clinical signs. Under experimental conditions, 
high mortality rates up to 82% were recorded within 15 
days after virus exposure at temperature of 22°C (Ronen et 
al. 2003). The most common clinical signs of infection by 
KHV are gill lesions that can be severe, resulting in gill 
mottling with red and white patches. Necrosis of the gill 
tissue results in the white patches. Pale patches on the 
skin and sunken eyes are some other external symptoms 
of KHV infection. A notched nose is also seen in some koi 
carp infected with KHV (Goodwin 2012). The KHV 
infection is mostly accompanied with secondary parasitic 
and bacterial infections, which can exaggerate/hide and 
overlap the viral symptoms. 
 
Prevention and control 
 
KHV does not have any medication. KHV and other viral 
diseases in cultivated fish are not treatable with antiviral 
drugs. According to the previous studies, rising water 
temperature of the fish holding bodies to 30°C can 
improve survival rate of fish (Ronen et al. 2003), but the 
increasing water temperature can increase the incidents of 
other parasitic and bacterial diseases. Treatment of the 

https://www.cabi.org/isc/datasheet/69873#11CC3C99-B296-4505-AD01-F372D371DD0E
https://www.cabi.org/isc/datasheet/69873#905D17DB-9755-416A-B1C6-E92319E5805B
https://www.cabi.org/isc/datasheet/69873#905D17DB-9755-416A-B1C6-E92319E5805B
https://www.cabi.org/isc/datasheet/69873#0509CB09-5663-4269-B319-B0B6C7A19FF1
https://www.cabi.org/isc/datasheet/69873#11CC3C99-B296-4505-AD01-F372D371DD0E
https://www.cabi.org/isc/datasheet/69873#A5D0C57A-E043-4187-9C9B-849DF819D382


 

Veterinary Pathobiology and Public Health  

478 Faheem et al. 

water with 200 ppm of chlorine for one hour is usually 
effective. Quaternary ammonium compounds (QACs) are 
another choice for disinfection of aquaculture systems and 
equipment. Treatment of 500 ppm of QAC for one hour is 
effective against KHV infection (Noga 2000). 
 
Viral Nervous Necrosis (VNN) 
 
The etiological agent of viral nervous necrosis is 
Betanodavirus (Ball et al. 2000), one of two genera that 
make up the Nodaviridae family (viral encephalopathy; 
VNN & VER retinopathy). Betanodavirus are small, non-
enveloped virus. The capsid is present which is octahedral 
in shape. Their genetic material is single stranded, positive 
senses RNA.  
This disease was first observed in Australian farmed 
barramundi (Munday et al. 2002). This virus infects 
almost 40 species of freshwater and marine fish in 
different parts of the world (Munday et al. 2002). South 
and East Asia, UK, Ngorway, Europe, Oceania and North 
America are all affected by viral nervous necrosis. To date, 
no cases of the virus have been recorded in South 
America. 
Betanodavirus has the following four different species of 
virus (ICTV 2009), characterized by the species they infect. 
i. Redspotted grouper nervous necrosis virus (RGNNV), 

causing disease in red spotted grouper  
ii. Barfin flounder nervous necrosis virus (BFNNV)  
iii. Striped jack nervous necrosis virus (SJNNV) 
iv. Tiger puffer nervous necrosis virus (TPNNV) 
Nervous necrosis virus (NNV) virions are small in size, 
with diameter ranges from 25-30 nm, non-enveloped, 
spherical; their genome is made up of double positive 
sense RNA molecules, complete sequences of which have 
been regulated (Tan et al. 2001). 
 
Clinical signs and transmission 
 
This disease is characterized by vacuolating the necrosis of 
neural cells in the retina, brain, and spinal cord.The virus 
can kill larval and juvenile fish up to 100% of the time, as 
well as cause major losses in fish. Their pathology is well 
defined (Munday et al. 2002; Tanaka et al. 2004), but viral 
characterization analysis was delayed until the virus was 
isolated and expanded in the SSN-1 cell line (Frerichs et al. 
1996), and our knowledge regarding the biology of virus 
has rapidly expanded since then. Horizontal transmission 
of NNV is through maternal fluids on the egg surface (Kai 
et al. 2010). Figure 4 shows inflation of swim bladder and 
abdominal extension of Liza aurata suffering from VNN.  
 
Prevention  and control 
 
Good husbandry practices and various necessary 
biosecurity protocols can limit the chances of viral 
infection. Inactivation of virus resulted after treatment 
with a solution of sodium or calcium hypochlorite (50 
ppm), iodine, or benzalkonium chloride. A short exposure 
for around 2.5 minutes with ozone (0.1 µ g/mL) was also 
helpful in inactivating the virus (Kasai et al. 2002).  

Conclusion 
 
With the expansion of aquaculture and the use of new 
techniques for fish breeding and culture, the production 
of animal-based proteins has increased tremendously. 
Stocking densities in semi-intensive and intensive cultures 
are high. If culture system is not managed properly, it can 
lead to stressful conditions and the fish under stress are 
more prone to infectious diseases. Viral diseases are 
responsible for huge economic loses to the fish industry 
worldwide. Some important viral diseases were discussed 
in this chapter. Viruses are transmitted both vertically and 
horizontally. Best practice to avoid infection is its 
prevention. Use of sanitary conditions, proper quarantine 
and hygiene is the key to prevent viral infections. 
Chemical disinfectants and UV radiations, as discussed 
above, can limit the spread of the virus. Vaccines are used 
for the prevention and control of viral diseases. The most 
common way of vaccine administration is through 
intraperitoneal injection. However, injecting larval fish is 
not feasible, but quite laborious. Another way of vaccine 
administration is bathing which is used to vaccinate large 
numbers of fish without stressing them. Protection 
provided by bath vaccines is for limited time, which is the 
important limitation of this method. Moreover, vaccines 
against some viruses are yet to be developed. Recently, use 
of medicinal plants having anti-viral properties has been 
evaluated for the treatment of viral diseases. This 
approach is eco-friendly with minimum foot prints; 
however, more research is needed in this regard. 
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