
Iranian Journal of Virology 2019;13(2): 42-57  

©2021, Iranian Society of Virology 
 

42 Iranian Journal of Virology, Volume 13, Number 2, 2019  

 

 

Review Article 

Impact of Viral Nervous Necrosis (VNN) Disease as a New Threat 

to Global Fisheries and Aquaculture Development- A Review 

 
Zorriehzahra M1, Hassantabar F2, Ziarati M3*, Yazdanpanah Goharrizi L4, Seidgar M5, Radkhah 

K6, Sheikh Asadi M4 

 
1. Department of Scientific Information and Communication, Iranian Fisheries Science Research Institute (IFSRI), 

Agricultural Research Education and Extension Organization (AREEO), Tehran, Iran. 

2. Department of Fisheries Science, Sari Agricultural Sciences and Natural Resources University, Sari, 

Mazandaran, Iran. 

3. Department of Microbiology, Islamic Azad University, Jahrom Branch, Jahrom, Iran. 

4. Animal Sciences Research Department, Kerman Agricultural Research and Education Center, Agricultural 

Research Education and Extension Organization (AREEO), Kerman, Iran. 

5. National Artemia Research Center, Iranian Fisheries Science Research Institute, Agricultural Research, 

Education and Extension Organization, Urmia, Iran. 

6. Department of Aquatic Animal health & Diseases, Iranian Fisheries Science Research Institute (IFSRI), 

Agricultural Research Education and Extension Organization (AREEO), Tehran, Iran. 

Abstract 
Viral Nervous Necrosis (VNN) also known as Viral Encephalopathy and Retinopathy (VER), 

is a hazardous and devastating disease of many species of cultured and marine fish 

worldwide. It is caused by Betanodaviruses, a serious concern especially in larvae and 

juvenile fish. This virus infects most of the cultured fish causing severe mortality. Our current 

review focuses chiefly on recent studies performed on VNN disease. Recent outbreaks have 

been reported in China, Indonesia, Singapore and India, affecting the mariculture and 

aquaculture industries. It has also led to the dramatical decline of mullet stocks in the Caspian 

Sea. The four main genotypes of  Betanodaviruses were found in all continents except South 

America. The economic loss due to the virus is mainly due to mortality and spread of 

infection both vertically and horizontally. More research and epidemiological surveys should 

be conducted, especially in critical areas, where mariculture farms are planned to be 

established. Therefore, finding new rapid diagnostic tools, monitoring and surveillance 

programs, and effective vaccines, for the control, prevention and eradication of this disease 

should be considered globally. 
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Introduction* 

 
 iral Nervous Necrosis (VNN) is a 

potential viral disease affecting more 

than 120 invertebrate and fish species in the 

world (1) and has caused serious economic 

damage over the past few years (2).  

 

 
*
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It belongs to the genus Betanodavirus and 

consists of segmented RNA genome (3). VNN 

disease is considered as one of the most 

widespread and destructive viral infections of 

fish (4-5-6) and also has global distribution 

with a broad range of hosts. It can cause severe 

disease and great economic loss in marine and 

freshwater fish with no treatment or commer-

cial vaccine available up to now (7-8). The 

Betanodavirus is a non-enveloped, icosa-hedral 

shapedmember of the family of Nodaviridae. 

The diameter of the virion is 25-30 nm and 

contains two segments of single-stranded 
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RNA (9). The genera of this family are 

alphanodavirus that primarily infects insects, 

Betanodavirus which are [pathogens of fish 

and a third category which proposed to be 

named gammanodavirus that infects shrimp 

and prawns (10-11). 

Outbreaks of Betano-davirus in fish popu-

lations are reported from salt and freshwater. 

Based on the coat protein gene sequence, 

Betanodaviruses have four main genotypes; 

Barfin Flounder NNV (BFNNV), Tiger Puffer 

NNV (TPNNV), Stri-ped Jack NNV (SJNNV), 

and Red Spotted Grouper NNV (RGNNV) (12-

13) and can infect wild and farmed fish 

between the temperature range of 16 to 30°C.  

VNN infection has been proved in more than 

50 fish species (3).  

The mortality rate due to VNN in the early 

larval and juvenile stages is remarkably more 

than in adult fish. VNN is reported to be 

responsible for the dramatical decrease of 

mullets stock in the Caspian Sea (14-15-16) 

causing disease outbreaks in hatchery-reared 

larvae and juveniles (7,17-18-19-20), fish 

mortality and economic loss in farm and cage 

reared fish (7,21-22-23). 

 

Virus genome and morphology 
 

Betanodaviruses are non-enveloped and spheri-

cal. The average diameter of the viral capsid is 

only 37 nm. Its RNA strand is split into two 

sections RNA1 and RNA2 that together 

account for 3.5 kbp (approx.) that encode 3 

genes. Genomes are linear and segmented, 

bipartite, around 21.4kb in length (24). 

The nonenveloped virion is about 30 nm in 

diameter with a T=3 icosahedral symmetry 

(180 protein subunits) (Fig. 1). The genome of 

betanodavirus is composed of RNA1=3.1 kb 

and RNA2=1.4 kb. Each genome segment 5' 

end is capped. The 3'end has no poly (A) tail. 

The virion RNA is infectious and serves as 

both the genome and viral messenger RNA.  

RNA1 encodes the RNA-dependent RNA 

polymerase (protein A) directly, and RNA2, 

the capsid protein.  

A subgenomic RNA (sgRNA3), 3' co-linear to 

RNA1 is also pro-duced and encodes proteins 

B1 and B2. Thus the RNA1 gene encodes the 

viral replicase and the RNA2 segment encodes 

the structural capsid protein. A third gene 

called RNA3, which is included in the RNA1 

segment, codifies non-structural proteins with 

antiapoptotic and RNAi-inhibiting activities 

that interfere with the cellular defense mecha-

nism, thus favoring viral replication (25). 

 

Replication/transcription events 

 

Positive stranded RNA serves both as genomic 

and mRNA for these viruses. The 5' may be 

naked, capped or covalently linked to a VPG 

protein.  

The 3' may be either naked or polyadenylated. 

Upon infection, the genomic/mRNA is trans-

lated, often into a polyprotein encoding for 

replication machinery. The replication occurs 

in membranous invaginations of the REG, 

possibly to avoid dsRNA intermediate detec-

tion.  

Replication of the positive strand presumably 

leads to dsRNA formation, which in turn will 

be transcribed into positive single stranded 

genomic/mRNA. The neo-synthesized RNA 

may serve either for replication or translation. 

 

1. Replication: 

 

The path to the virus into the cytoplasm after 

localization and attaching: 1- Virus penetrates 

into the host cell. 2- Uncoating and release of 

the viral genomic RNA into the cytoplasm. 3- 

The viral RNA-1 is translated to produce the 

RdRp protein. 4- Replication takes place in 

cytoplasmic viral factories. A dsRNA genome 

is synthesized from the genomic ssRNA (+). 5- 

The dsRNA genome is transcribed /replica-ted 

thereby providing viral mRNAs/new ssRNA 

(+) genomes. 6- Expression of the subgenomic 

RNA-3. 7- Translation of RNA-2 encoding 

capsid protein alpha. 8-Virus assembly in the 

cytoplasm around genomic RNA1 and RNA2. 

9- Assembled capsid protein alpha is cleaved 

into capsid protein beta and gamma. 10- Relea-

se of infectious particles (lysis) (27) (Fig. 2). 

The virus multiplies within the cytoplasm. 

Entry into the host cell is achieved by penet-

ration into the host cell. Replication follows 

the positive stranded RNA virus, replication
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model. Positive stranded RNA virus transcri-

ption, using the internal initiation model of 

sub-genomic RNA transcription is the method 

of transcription. Vertebrates and invertebrates 

serve as the natural host. Transmission routes 

are contact and contamination (28) . 

 

 

 
 

Fig 1. Icosahedra-shaped particle was similar to VNN in the specimen from Gilan. PTA staining. Mag, ×48000 (26) 

 

The widespread expansion and 

multiplicity of hosts 
 

The Betanodavirus can escape the host defense 

system and replicate and transfer to other cells 

and also remain hidden in them, therefore the 

host keeps the infection (29), and transmits it 

horizontally and vertically (1) through a 

number of susceptible hosts and environment, 

the intensification of trade and cultivate the 

fish in virus-sensitive species (30).  

Betano-davirus hosts have grown a lot since its 

first report so far (31) in wild and farmed fish 

and even freshwater fish (25), because of the 

increase in fish imports from different coun-

tries (32).  

On the other hand, Betanodavirus has two 

strand RNA that can do virus reassortment. 

Evidence from research in 2017 suggests this 

genetic process. Sequence analysis revealed a 

certain genetic similarity between different 

species and identified human activities such as 

trade and transport of fish in the spread of 

disease (7). Viral reassortant is specific to the 

RNA genome, which accelerates the mecha-

nism of evolution, infections of new hosts and 

inhibits host immune responses (1). 

Marine fish are the most susceptible species 

and a few species are resistant because of lack 

of symptoms (31). Even before some fish such 

as Zebrafish and Goldfish were resistant (33), 

but with the spread of disease in recent deca-

des, they are susceptible (34). 

The high homology of the sequence isolated 

from saltwater fish with the sequence from 

ornamental fish in freshwater has suggested the 

commercial exploitation of freshwater fish by 

sea fish (35). 

In the mortality of fish, Vendriman et al. (36) 

revealed the close relationship between marine 

and farmed sequences, indicating the circu-

lation of the virus between marine and wild 

fish (37). Figure 3 illustrates the spread of the 

virus around the world. 

 

Viral infection in different fish 

through various conditions and 

factors 
In Japan, in 1985, VNN was detected in 

parrotfish (Oplegnathus fasciatus) from clinical 

signs. After that in 1990, for the first time, 

Betanodavirus was reported as an agent of 

mortality in farmed fish (37) and the first 

report of piscine nodavirus was isolated from 

winter flounder in Atlantic Canada. 

In Korea, in 1991, the first definition of the 

disease was reported in the farmed grouper 

although the viral agent was not identified 

(38). In the following years, various reports 

were provided in marine and farmed grouper in 

countries in Asia and the Mediterranean (23, 

39-44) . 
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Fig 2. Schematic overview of the betanodavirus replication (http://smart.servier.com/) 

 

 
 

Fig 3. Distribution of Nervous necrosis virus (NNV) genotypes in the world (http://smart.servier.com/) 
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The virus genomic analysis suggests that a 

viral agent can be present in water and only 

infect susceptible fish (45). Water temperature, 

size and age of the host, and the dose of the 

virus can be considered important factors in the 

pathogenesis of betanodavirus (31). 

In this way, smaller and younger fish are more 

sensitive (46), and the higher the temperature 

and the greater the dose, the greater the 

incidence of clinical symptoms (31). 

Also, different studies showed the influence of 

temperature on Betanodavirus infection in 

various types of fish species (7-47).  

Changing environmental conditions cause 

stress in fish which can play an important role 

in the growth and spread of the virus. 

Relatively high water temperatures and low 

volatility contribute to the growth and 

replication of the virus and the transmission of 

the virus from one place to another due to 

water currents, migration of wild fish and fish 

cultivation facilities (48). The thermal depen-

dence is mainly determined by RNA1 and the 

species' tropism is also determined by RNA2. 

Due to the segmented nature of their genome, 

VNN can generate reassortant viruses and 

create new hosts (7). 

In addition, the effect of climate change on 

VNN infection has been reported in Indonesia 

on grouper fish (48). So, VNN can be patho-

genetic in different weather conditions.  

For example, genotype RGNNV is most 

abundant in warm water with an optimum 

temperature of 25 to 30 ⁰C and in fish such as 

Asian sea bass, European sea bass and grouper. 

BFNNV infects coldwater marine fish like 

flounder at an optimum temperature of 15 to 

20 ⁰C. SJNNV is typical at 20-25 ⁰C in 

different fish and TP is specific at 20 ⁰C in 

Tiger Puffer (49). It has been made clear that 

the temperature of the water is effective in 

determining the appearance and severity of 

VNN disease (50).  

It is assumed that fish trade around the world 

contributes to the adaptation of the virus to 

different environmental conditions and the 

creation of a new host. In the future, water will 

be significant in the compromise and mole-

cular evolution of the virus species in geogra-

phic areas with different temperatures (35).  

 
Table 1. Some listed marine or farmed species susceptible to VNN 

Fish species 
Common 

name 
Key ref 

Marine species Or Farmed 

specie 

Sea bass 11,51-52-53-54-55 

Rock fish 52 

Sea bream 7,56-57 

Parrotfish 12,37 

Tuna fish 58 

Cobia 59 

Pompano 22,59 

Striped Jack 12,60 

Grouper 
9,12,40,61-62-63-64-

65-66 

Tiger puffer 12,66 

Senegalese 

sole 
11 

Flounder 67 

Atlantic 

halibut 
68 

Turbot 69 

Cod 55,70 

Haddock 71 

Shrimp 72 

 

 
Table 2. Some listed Ornamental species susceptible to VNN 

Fish species Common name 
Key 

ref 

Ornamental 

fish species 

Guppy 23 

Zebrafish 73 

Goldfish 34 

Blenny 74 

Medaka 75 

Table 3. listed wild species susceptible to VNN 

Fish species Common name 
Key 

ref 

wild species 

Cardinal fish, Grenadier, Eel, Slimehead 76 

Rockfish 52 

Bogue, Black goby, Horse mackerel,                                              

Garpike, Whiting, Hake, Pilchard, 

Gurnard  

77 

Flounder 71 

Mullet 14,77 

Scad 52 

Scraper 78 

Filefish 52 

Grouper 36 

Shellfish,  Crab , Shrimp, Mussel                                                      78 

Table 4. Some listed freshwater species susceptible to VNN 

Fish species Common name Key ref 

Freshwater species 

Cod 13 

Black bass, Pick-perch 21 

Tilapia 79 

Sturgeon 80 

Eel 59 

Catfish 13,59 

Giant prawn 81 
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Fig 4. Exophthalmia (large arrow) observed in naturally VNN infected  

Grey mullet. B: brain. SC: spinal cord (26) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. VNN-associated vacuolation in the eye (left) 

 and in the brain (right) (109) 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. Hyperinflation of the swim bladder (left) and abdominal 

extension (right) in VNN infected Liza aurata in the Caspian   

Sea (14)  

 

 

 

 

 

Fig 7. Positive reactions in IHC against VNN in 

retina of infected Grey mullet. Immunolabeling (large 

arrows) in the PE: pigment epithelium, ON: outer 

nuclear layer, IN: inner nuclear layer, IP: inner 

plexiform layer, GC: ganglion cell layer. Basophilic 

cells (small arrows), ×100 (26) 
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Target organs and pathogenesis 
 

VNN can enter the body through several 

tissues, such as the nasal cavity, the intestinal 

epithelium and intact skin. These routes were 

reported in infected sevenband groupers (Epi-

nephelus septemfasciatus), spotted coral group-

ers (Pletropomus maculatus), and European 

sea bass larvae. 

Some studies indicate that pathological chan-

ges first developed in the olfactory lobes and 

then spread to the abnormal brain tissue, medu-

lla oblongata, spinal cord and finally to the 

retina (82-83-84-85). 

Direct entry of VNN into the nerve cell 

through axonal transport to the brain stem via 

cranial nerves is another hypothesis (84-86). 

The central nervous system (CNS) including 

the brain, spinal cord, and retina are the main 

target organs  in which the virus actively 

replicates (16,  26,  69) (Fig. 4). Nguyen et al. 

(87) indicated that in striped jack, nerve cells 

in the spinal cord, particularly the area just 

above the swim bladder, were initially affected 

and then spread to the brain and finally to the 

retina.  Although the virus is neurotropic, it is 

possible to detect the viral particles in non-

nervous tissues, including liver, kidney, 

digestive tract, heart, spleen, anterior and 

posterior intestine, gonadal fluid, fins and gills 

using IHC/ISH or molecular techniques (68,  

82,  88, 89, 90, 91, 92, 93). These authors sug-

gest that the viral antigens first appear in the 

nervous tissues, where the virus has the highest 

persistence and the other organs are not gene-

rally believed to play an important role in the 

disease pathogenesis (92).  

Although the swim bladder hyperinflation has 

been described in most of the infected fish with 

clinical signs of VNN, this is not considered to 

be a target organ for betanodavirus because no 

marked histopathological changes have been 

observed (85). In addition, the distribution of 

VNN in other tissues varies with fish species 

and age. Nodavirus disease causes highly 

consistent histopathological lesions,  including 

severe widespread necrosis and vacuolation 

throughout the central nervous system (CNS) 

and all retinal layers of the affected fish (66). 

The intra- or extracellular vacuoles or  vacuo-

lating encephalopathy can be seen in the grey 

matter of the olfactory bulb, telence-phalon, 

diencephalon, mesencephalon, cerebellum, 

medulla oblongata, and in the dendritic cell of 

the spinal cord, particularly in the cranial part 

(35, 66, 68, 82, 92, and 94). Gliosis may also 

be found in the CNS. 

The emersion of vacuolization is generally 

associated with the appearance of the neuro-

logical signs of the disease (95). 

In the retina, massive necrosis of small round 

cells and spongiotic vacuolization are mainly 

present in the bipolar and ganglionic nuclear 

layer (92). Other histological lesions in the 

nervous tissues of infected fish include karyo-

rrhexis, shrinkage, basophilia, the granularity 

of the neuropil, inflammatory infiltration, neur-

onal degeneration, pyknosis and cell lysis (1,  

37, and 66). 

 

Histopathological findings 
 

The most common histopathological findings 

are vacuoles in the nervous system  including 

the olfactory bulb, retina, optical nerve, spinal 

cord and different parts of the brain (35, and 

96). The virus is detectable in other organs 

such as gonad, stomach, intestine, kidney and 

liver and body fluids. The VNN can infect wild 

fish as well as farmed fish (88). Distinct 

histopathological findings in different species 

are forming of vacuoles and necrosis in the 

nervous tissue. Lesions are observed in some 

parts of the brain including the forebrain, 

midbrain, hindbrain, medulla oblongata, spinal 

cord and granular layer of the retina (97-98-

99).  

Zorriehzahra et al. (96) detected VNN in the 

brain, optical nerve and retina of wild golden 

grey mullet (Liza auratus) and leaping mullet 

(Liza saliens). Also, swim bladder distention in 

mature captured Liza auratus was reported in 

the Caspian Sea  (100). Following lesions app-

earing in the central nervous system (CNS) and 

retina fish which are affected show abnormal 

swimming, looping swimming and belly up 

rest, circular swimming, erratic swimming, 

spiral swimming (101), and deformity of the 

vertebral column (17). 
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The histological lesions of VNN include severe 

degeneration, pyknosis, shrinkage and baso-

philic cells in affected areas and vacuolation 

throughout the central nervous system of the 

fish and all retinal layers. The main target 

tissues are the nerve tissues especially the 

central nervous system (CNS) and the eye 

(retina) (8). 

The distinctive histopathological signs of 

naturally betanodavirus-infected fish are necro-

sis with vacuolization of the nerve cells in the 

central nervous system and the retina (84).  

The brain and eye were found to have the 

highest VNN titer and copy number. The gill, 

spleen and kidney also showed higher VNN 

titers than the other non-nervous tissues, 

suggesting that these tissues can be used for 

VNN diagnostics although they do not seem to 

represent the infective tissues (84). Affected 

fish displayed specific immunolabelling in the 

epidermal cells or the intestinal epithelial cells, 

concurrently with the nerve cells of the CNS in 

the early stages of betanodavirus infection, 

suggesting that the epithelium was a possible 

portal of entry for the virus (84). The spinal 

cord and brain of the affected fish showed 

vacuolation and pyknosis coinciding with 

marked shrinkage and basophilia of affected 

cells (102).  

Besides, enzyme-linked immunosorbent assays 

(ELISA) and RT-PCR have been developed as 

detection tools and conventionally, the virus 

can be observed via transmission electron 

microscopy (TEM) (3). 

Damage may occur in different parts of the 

brain, and the spinal cord and the granular 

(nuclear) retina of the cone and cylindrical 

cells and the coverage tissue around  the 

germline layer (94). 

The histopathologic lesions associated with the 

infection with betanodavirus  clearly indicate 

that the virus has a high initial tendency to 

neural tissue (neurotropism) and has a high 

reproductive site in the CNS and the retina (8).  

One of the earliest positions of the virus 

replication in the Pseudocaranx dentex is the 

spinal cord, and then the virus can migrate 

from this site to the brain and ultimately 

migrate through the optic nerve to the retina 

(87).  

In the brain and retina, infected larvae of fish 

can be seen to have large vacuoles, together 

with severe congestion of the blood vessels.  

Larger fish also showed vacuoles and conges-

tion in nervous tissue. Vacuolated cells and 

vacuoles are mainly present in the bipolar and 

ganglionic nuclear layer of the retina in the 

eyes (68,103-104-105). A common finding in 

the CNS is gliosis (1, and 13). In the tele-

ncephalon, diencephalon and the cerebellum 

vacuolated cells and larger vacuoles were 

mainly apparent (8, 65, and 104). 

In the nerve cells, small vacuoles and strong 

basophilic inclusions are seen. The most 

prominent vacuolation is usually found in the 

grey matter of the optic tectum and cerebellum 

and there is often involvement of Purkinje cells 

(13,106).  

Vacuolated cells and vacuoles are mainly 

present in the bipolar and ganglionic nuclear 

layer of the retina in the eyes (8, 68, and 103-

104-105).  

A common finding in the CNS is gliosis (1, 

and 13). Vacuolation can also be seen in the 

white matter; adjacent to the ventri-cles.  These 

vacuoles appear to be intracyto-plasmic, but 

their exact position cannot always be deter-

mined (107-108).  

Studies have shown the location of immuno-

positive cells. This demonstrated that the virus 

enters the CNS along the nerves and blood 

vessels during the viremic stage of infection (8, 

13, 69, and 104). Severe vacuolation in the 

outer nuclear layer, inner nuclear layer and 

ganglion cell layer of the retina and brain were 

observed in fish (109) (Fig. 5). Virus lesions in 

organs evaluated via histo-pathology can show 

viral tissue tropism. Histopathological signs 

may be different based on age and species.   The  

 virus proliferates in nerve cells. 

Nguyen et al. (87) believed that nervous nec-

rosis virus proliferation at early stages of 

Pseudocaranx dentex occurs in the neural cord.  

The virus then migrates to the brain, optical 

nerves and eventually to the retina. 

In another study, histological findings  showed 

extensive vacuolation and neuronal necrosis of 

the olfactory bulb and the optic lobe of the 

forebrain and the inner and outer nuclear layer 

of the retina (101). 
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Virus antigen was detected in the olfactory 

bulb so virus migration through the nasal 

cavity is proposed (82, and 88). 

The virus was detected in viscera of fish  

including bile ducts in the liver, the mucosal 

epithelium of intestine and stomach, as well as 

tubular epithelial cells of the kidney. It 

supports the hypothesis of viral contamination 

by body fluid and feces. Water and food could 

be the easiest pathway. Hyperinflation of swim 

bladder has been reported from different fishes 

such as Asian sea bass (Lates  calcarifer), 

European sea bass (Dicentrarchus labrax),   and  

white trevally (Pseudocaranx dentex) (14, 54, 

63, and 66) (Fig. 6).  

Also,  Nopadon et al. (101) described cystitis in 

swim bladder which correlated with abdominal 

distention in sea cage reared spotted coral 

groupers (Plectropomus  maculatus). 

Darkening of skin and trauma and lesions 

around the jaws and redness around the head 

probably due to vision problems in fish leading 

to the collision was observed (17,104,110). 

 The number and extent of lesions and their 

effects mostly depend on species and age of 

fish. Lesion effects on larvae and juvenile are 

more harmful than in other life stages. Besides 

the presence of vacuoles in nervous system 

pyknosis, karyorrhexis and karyolysis of neural 

cells were observed (17, 37, and 98).  

Basophilic intracytoplasmic inclusion bodies in 

Japanese parrotfish and brown spotted grouper 

have been reported. 

 

Diagnostic tests 
 

Various methods could be employed such as 

histopathology followed by immunostaining, 

cell isolation and culture followed by immuno-

staining or PCR, transmission electron micro-

scopy (TEM), immunohistochemistry test (IH-

CT) (Fig. 7), indirect immunofluorescent anti-

body test (IFAT), reverse-transcrip-tion poly-

merase chain reaction (RT-PCR), RT-PCR 

followed by sequencing and Real-time PCR 

(3).  

In our recent investigation on the rapid 

diagnosis of VNN in golden grey mullet (Liza 

auratus) in the Caspian Sea, Nested RT-PCR 

was also approved to be a suitable method for 

rapid detection of the low  level of infection 

that can detect low viral particles in asympto-

matic carrier fish (111). 

 

Potential risk to mariculture and its 

spread in freshwater aquaculture 
 

Marine or brackish water fish culture on 

coastal areas and the development of sea cage 

culture has led to an increase in fish production 

(112). Recently, habitat loss and overfishing, 

and the spread of pathogens have led to the 

current decrease of fish stocks that indicates 

the necessity of proper management and 

conservation of fish resources (5,113).VNN is 

one of the emerging serious viral infections 

with mortalities up to 100% in fish larvae and 

juveniles leading to high economic loss. The 

disease can spread in wide geographical areas 

with a wide range of cultured and wild fish 

species susceptible to it. Vertical and hori-

zontal transmission, a wide range of suscep-

tible hosts, high resistance of the virus may 

contribute to the spread of the disease. 

Also, stress such as insufficient food, bad 

water quality, overcrowding and repeated 

spawning are involved in VNN outbreaks 

(112). Evidence of VNN has been isolated 

from gonads and brain homogenates in some 

wild species from marine protected areas of 

southeast Italy (5). 

It has been mentioned that a pathogen may be 

introduced through wild species, global warm-

ing, protective barriers, transport of animals, 

exchange of pathogens between wild and 

farmed fish and food an important vehicle of 

pathogens (5,113). Larval and juvenile stages 

of sensitive species to nodavirosis have typical 

lesions in the central nervous system and 

retina.  

The virus can multiply in the gonads, liver, 

stomach, kidney and intestine. The virus can 

also be transmitted vertically by eggs or 

sperms and horizontally by contaminated 

water, human activity, and vehicles.  

The causative agents of VNN resist pH ranging 

from 2 to 9 and seawater thereby increasing 

horizontal transmission (5,105).  
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Infected wild fish with no clinical signs can 

show pathological changes under stress 

condition. The virus can transfer between 

white winter flounder (Pseudopleuronectes 

americanus) and sea caged halibut (Hippoglo-

ssus hippoglossus) or cod (Gadus morhua) 

(114), and from wild marine fish to surroun-

ding mariculture areas.  

Asymptomatic fish as reservoirs of infection 

might spread the pathogen as virus carriers. 

Affected wild fish in the population are rapidly 

preyed making it difficult to observe the 

disease (5). 

The virus not only damages the nervous system 

but also, leads to failure in reproduction, 

reduces hatching rates and results in high larval 

mortality (5). Regarding the widespread of this 

virus and the possible consequences of asymp-

tomatic forms, it is necessary to conduct dis-

ease surveillance and monitoring programs in 

all intensive aquaculture areas (5).  

Official reports of the disease have been from 

many areas including  Asia (Iran, India, 

Indonesia, Japan, Korea, Malaysia, Philippines, 

Thailand, Vietnam), Oceania (Australia, 

Tahiti), Mediterranean (France, Greece, 

Occupied Palestine, Italy, Malta, Portugal, 

Spain, Tunisia), England, Norway, Caribbean, 

and North America (Canada, USA) (66).  

Each of the wide range of carriers and vertical 

transmission are a challenge and effective 

treatment is not available that makes it 

necessary to implement essential management 

and tight biosecurity and preventive measures 

(112).  

Some factors such as water quality especially, 

water temperature, species, age, life stages, 

inappropriate handling and food are considered 

as risk factors for VNN infection.  Eradication 

of VNN is difficult due to the role of 

environmental conditions in viral growth and 

spreading and resistance of VNN in water 

environments (8, 48). Different kinds of fish 

such as cold-water fish, warm water fish, 

ornamental fish and sturgeon fish can be 

infected by VNN that makes it one of the most 

serious threats for mariculture in the Persian 

Gulf and Oman Sea of Iran in the future (8).  

Exclusion of virus-carrying animals, elimina-

tion of infected spawners, disinfection of 

fertilized eggs using ozone, vaccination of 

brood fish,  screening of new viral reservoirs, 

reducing environmental and anthropogenic 

activities, good health management, proper 

biosecurity measures and preventive actions in 

both open environments and cultured facilities, 

ozonation of water, decreasing stress factors 

and further research to provide an appropriate 

vaccine are recommended to reduce losses 

related to VNN. 

 

Conclusion 
 

In the last decade, VNN infection has been 

reported among cultured and marine fish 

worldwide.  So far, morbidity and sensitivity of 

more than 50 fish species of wild marine or 

reared fishes to VNN  have been reported since 

1986 (96). The clinical signs of VNN in larvae  

and juveniles are characterized by a variety of 

neurological  abnormalities, such as erratic 

swimming behavior (spiral, whirling  or belly-

up at rest), darkening of the body, enlarged 

swimbladder and massive mortality (66). 

In the last decade, VNN was reported in all 

continents except Africa; but recently, some 

official outbreaks have been reported in wild 

groupers in North beaches of some African 

countries such as Tunisia, Algeria, Libya, and 

Senegal.  

This infectious viral disease can spread in 

marine waters or freshwater of tropical, 

moderate, and cold areas in fishes that can live 

in warm or cold waters, and also in ornamental 

and marine fish. It may be concluded that VNN 

can be considered the main reason for 

morbidity and mortality of some important 

marine fish in the world. So, all aspects of 

VNN as the most important catastrophic 

emerging viral disease in marine aquaculture 

should be discussed (96).  

Therefore, developing new rapid diagnostic 

tools for quick detection of viral carriers or 

health apparently,  monitoring and surveillance 

programs, effective vaccines, control, preven-

tion and eradication should be considered 

globally in a comprehensive program. 
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