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A. Name of Disease and Etiological Agent 
 

Viral Encephalopathy and Retinopathy (VER) also known as Viral Nervous Necrosis (VNN) is a 

serious disease of marine and to a lesser extent freshwater fish.  This disease is caused by species of 

virus belonging to the genus Betanodavirus within the family Nodaviridae.  The International 

Committee on the Taxonomy of Virus currently recognizes 4 species of Betanodavirus: Striped Jack 

nervous necrosis virus (SJNNV) which is the type species, Barfin Flounder nervous necrosis virus 

(BFNNV), Red-spotted Grouper nervous necrosis virus (RGNNV) and Tiger Puffer nervous necrosis 

virus (TPNNV) http://www.ictvonline.org/virusTaxonomy.asp . For the purposes of this chapter we 

will follow this taxonomy and will refer to the species of Betanodavirus collectively as Nervous 

Necrosis Virus (NNV).  

 

Betanodaviruses have non enveloped virions that are about 25-30 nm in diameter with icosahedral 

symmetry (Luo et al. 2014, Chen et al. 2015). The genome is made up of 2 molecules of positive 

sense single stranded RNA (ssRNA) (Mori et al. 1992, Liu et al. 2012). RNA1 encodes directly an 

RNA-dependent RNA polymerase and a subgenomic section of RNA1, which is referred to as RNA3 

encodes the non-structural proteins B1 and B2 (Sommerset and Nerland 2004). The B2 protein which 

is only detected during periods of active viral replication, binds and protects double stranded RNA 

and through this process stops the host siRNA silencing response against the virus (Fenner et al. 

2006, Fenner et al. 2006, Fenner et al. 2007, Mezeth et al. 2009).  RNA2 encodes the capsid protein. 

The current classification of Betanodavirus as proposed by Nishizawa et al., (1997) is based on 

sequence analysis of a highly variable region of the RNA2.  
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B. Known Geographical Range and Host Species of the Disease 

 

1. Geographical Range 

 

Betanodavirus species are found in wild and cultured fish across a broad geographical range 

having been isolated from and/or associated with outbreaks of VER in almost every continent 

(Table 1). Although the majority of these records are for cultured fish in the marine environment 

the presence of NNV in freshwater has been reported in Singapore, Taiwan, India, Australia, 

Italy, Greece and Spain. Although NNV or VER has not been reported to be present in South 

America, NNV genomic material has been detected by molecular means in healthy fish imported 

from the Amazon region (Gomez et al. 2006). The Fish Pathogen Database 

(http://www.fishpathogens.eu/website) is a recently developed source for molecular, geographical 

and epidemiological information for NNV (Mikkelsen et al. 2015).  
  

Table 1: Geographic locations where NNV has been detected and/or diagnosed associated with 

mortalities in fish.  Regions where NNV has been reported in both marine and freshwater are underlined.  
A 

 Includes a report for Réunion Island in the Indian Ocean.  

Continent Region Reference 

Asia China (Lin et al. 2001, Wang et al. 2006, Liu et al. 2012, 

Ma et al. 2012, Ma et al. 2015, Mao et al. 2015)  
 

Japan (Yoshikoshi and Inoue 1990, Nguyen et al. 1994, 

Fukuda et al. 1996, Nakajima et al. 1998, Muroga 

2001, Starkey et al. 2004, Tanaka et al. 2004, Suzuki 

2006, Gomez et al. 2009, Nishioka et al. 2010) 

 
Indonesia (Pakingking Jr et al. 2009)  

 
Singapore (Tan et al. 2001, Hegde et al. 2003, Hegde et al. 

2003)  
 

South Korea (Sohn and Park 1998, Oh et al. 2002, Cha et al. 2007, 

Gomez et al. 2008) 
 

Taiwan (Chi et al. 1997, Chi et al. 2003, Kuo et al. 2012) 

 
Philippines (Maeno et al. 2004, de la Pena et al. 2011) 

 
India  (Azad et al. 2005, Parameswaran et al. 2008, Binesh 

2013) 
 

Thailand (Starkey et al. 2004, Nopadon et al. 2009, 

Keawcharoen et al. 2015) 
 

Malaysia (Ransangan and Manin 2010, Ransangan et al. 2011) 

 Iran (Nazari et al. 2014) 

 
Israel (Ucko et al. 2004) 

Oceania Australia (Glazebrook et al. 1990, Munday and Owens 1998, 

Munday et al. 2002, Moody et al. 2009, Hick et al. 

2011)   
French Polynesia  (Renault et al. 1991, Thiéry et al. 2004, David et al. 

2010) Europe France
A
 (Bigarré et al. 2009, Mikkelsen et al. 2015) 

 
Portugal (Cutrín et al. 2007, Mikkelsen et al. 2015)  

 
Italy (Bovo et al. 1999, Starkey et al. 2004, Toffolo et al. 

2007, Bovo et al. 2011, Giacopello et al. 2013, 

Vendramin et al. 2013)  
Greece (Le Breton et al. 1997, Athanassopoulou et al. 2003, 

Athanassopoulou et al. 2004, Starkey et al. 2004, 

Xylouri et al. 2007, Katharios and Tsigenopoulos 

2010) 

 Cyprus  (Mikkelsen et al. 2015) 

 
Spain (Starkey et al. 2004, Thiéry et al. 2004, Hodneland et 

al. 2011, Vendramin et al. 2012) 
 

Malta (Skliris et al. 2001, Starkey et al. 2004) 

 
Norway (Grotmol et al. 1997, Dannevig et al. 2000, Johansen 

et al. 2004, Patel et al. 2007) 
 

United Kingdom (Starkey et al. 2000, Starkey et al. 2001, Starkey et 

al. 2004, Murray et al. 2010) North America 

and The 

Caribbean 

Canada (Barker et al. 2002, Johnson et al. 2002, Gagné et al. 

2004) U.S.A (Curtis et al. 2001) 

Martinique (Breuil et al. 1991) 

Africa Tunisia (Chérif et al. 2009, Haddad-Boubaker et al. 2013, 

Haddad-Boubaker et al. 2014)  

http://www.fishpathogens.eu/website
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2. Host Species 

 

NNV is recognized for its lack of host specificity (Renault et al. 1991, Thiéry et al. 2004). The 

majority of the susceptible hosts are marine fish, but susceptible species have also been reported 

from brackish and freshwater habitats. Since the first reports of VER, the number of susceptible 

species has increased over the years so that to date, NNV has been reported from more than 60 

species of fish from 35 families and 11 orders of cultured fish (Appendix 1). NNV detection is a 

common occurrence in wild caught fish with large numbers of species identified as carriers in 

marine surveys conducted in the Adriatic Sea (Ciulli et al. 2007), Canada (Barker et al. 2002), 

China (Liu et al. 2015, Ma et al. 2015), Italy (Giacopello et al. 2013), Japan (Sakamoto et al. 

2008), Korea (Baeck et al. 2007, Kim et al. 2007, Gomez et al. 2008), Norway (Nylund et al. 

2008), Spain (Moreno et al. 2014) and the Philippines (de la Pena et al. 2011).    

 

NNV isolates are considered not to be host specific as isolates have been found to be pathogenic 

across wide ranges of unrelated fish species despite these species having large phylogenetic 

distances between them and dissimilar environmental niches (Skliris and Richards 1999, Sommer 

et al. 2004, Bigarré et al. 2009). There are a number of species which are considered resistant to 

infection and disease. These include the: Japanese Amberjack (Seriola quinqueradiata), 

Yellowtail Amberjack (Seriola lalandi), Red Seabream (Pagrus major), Rabbitfish (Siganus 

guttatus), Goldfinned Barb (Puntius sachsii), Bronze Coridora (Corydoras aeneus), Sailfin 

Catfish (Liposarcus multiradiatusand) and Neon Tetra (Paracheirodon innesi) (Arimoto et al. 

1993, Furusawa et al. 2007, Maeno et al. 2007). However, NNV resistance should be taken with 

prudence as naturally occurring outbreaks of VER have been reported in species that were 

initially considered to be resistant to NNV infection by experimental challenge (Furusawa et al. 

2007, Binesh 2013).  

 

C. Epizootiology 
 

1. NNV Genotypic and phenotypic variants  

 

Although a large number of Betanodavirus species have been proposed, there are presently only 4 

recognized species based on phylogenetic analysis of the variable T4 region.  In addition, genetic 

analysis of the RNA1 and RNA2 has identified the occurrence of reassortant variants that contain 

nucleic acids from SJNNV and RGNNV and which were likely produced in cells co-infected with 

these viruses (Olveira et al. 2009, Souto et al. 2015).  At this time there is relatively little known 

about host specificity and pathogenicity of different NNV species and reassortant mutants (Breuil 

et al. 2001, Toffolo et al. 2007, Olveira et al. 2009). Recently, Vendramin et al., (2014) compared 

the pathogenicity of 10 strains of NNV in European Sea-bass (Dicentrarchus labrax) at 

temperatures of 20, 23 and 25
o
 C.  These strains were isolated from a variety of hosts and host 

environments and included RGNNV and SJNNV and reassortant variants of these species. 

Despite significant differences in virulence, as measured by morbidity and sublethal affects such 

as reduced growth and condition, among strains no patterns were evidenced that could suggest a 

relationship between genotype and virulence.  

 

2. Susceptible host stages  
 

Outbreaks of disease are most commonly reported in larval and juvenile stages; however 

outbreaks also occur in market-sized fish of some species such as European Sea-bass, and 

grouper Epinephelus sp. (Fukuda et al. 1996, Le Breton et al. 1997).  
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3. NNV Transmission 
 

As NNV infects a wide number of species spawned and reared under a wide variety of conditions 

and health management practices, it is difficult to generalize about the relative importance of 

routes of transmission of this virus.  

 

Vertical Transmission: Outbreaks of clinical disease in early larval stages and the presence of 

NNV genetic material within mature gonads have led to the general view that NNV can be 

transmitted vertically. However, the evidence for vertical transmission is limited and sometimes 

contradictory. Evidence supporting the occurrence of vertical transmission includes: 1) reports of 

successful use of ozonation of eggs to prevent the disease (Mori et al. 1998, Grotmol and Totland 

2000, Watanabe et al. 2013), however egg disinfection is not always effective (Buchan et al. 

2006, Kuo et al. 2012); 2) an association between antibody levels in broodstock  and disease 

occurrence at individual broodstock-larval level (Mushiake et al. 1994), although the association 

does not always hold true (Mushiake 1993); and 3) the identification of NNV genetic material in 

eggs and larvae from IP challenge broodstock (Breuil et al. 2002), in this case the possibility of 

contamination of gonads cannot be ruled out . In addition, Kai et al. (2010) demonstrated that 

vaccination of Orange-spotted Groupers (Epinephelus coioides) resulted in undetectable levels of 

NNV in eggs from vaccinated fish when compared to those from unvaccinated fish and proposed 

vaccination as a potential way to reduce the risk of vertical transmission of NNV broodfish 

subjected to stresses associated with repeated spawning. However this study was limited by a 

small sample size (n=3) and the conclusions were not supported by statistical analysis. Thus, 

further epidemiological research is needed to establish the importance of vertical transmission in 

NNV. 

 

Horizontal Transmission: Horizontal transmission of NNV is widely accepted. Epidemiological 

studies on VER outbreaks have pointed at the spread of the virus via water through the 

introduction of an infected or contaminated population (Le Breton et al. 1997) or via water from 

an environmental source (Curtis et al. 2001, Hick et al. 2011). Horizontal transmission of NNV 

and the subsequent development of disease have also been demonstrated by experimental 

infections using immersion and cohabitation challenges in a large number of species. The portal 

of viral entry and dynamics of NNV shedding are important questions that require further study. 

 

Contamination of Feedstock: Feeding of raw fish or fish meal that hasn’t been adequately 

processed is another route by which NNV is thought to be transmitted (Kim et al. 2007, de la 

Pena et al. 2011). However, it is not known whether NNV transmission occurs through ingestion 

or water borne exposure to NNV released from infected food, or both. Juvenile European Sea-

bass have been shown to be susceptible to NNV infection via the oral route under laboratory 

conditions (Peducasse et al. 1999). 

 

Carrier States: Betanodaviruses have been identified to be present at low concentrations in fish 

showing no obvious signs of VER under cultured and wild conditions (Johansen et al. 2002, 

Munday et al. 2002, Johansen et al. 2004, Rise et al. 2010, Hodneland et al. 2011, Giacopello et 

al. 2013, Olveira et al. 2013, Ma et al. 2015). In some species such as the Gilthead Seabream 

(Sparus aurata) which is an asymptomatic carrier of NNV and resistant to the development VER,  

this virus can replicate and persist for up to 3 months in the central nervous system without any 

gross or histological signs of neurological damage (Castric et al. 2001, Lopez-Munoz et al. 2012).  

Thus, the presence of NNV carrier states within broodstock populations is thought as a significant 

challenge with respect to VER management in many species (Breuil et al. 2000). 
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4. Environmental and Husbandry Factors:  

 

A number of environmental and husbandry-related factors have been associated with clinical 

disease in cultured fish populations and increased risk of spreading NNV to offspring. Binesh 

(2014) examined the effects of elevated temperature and crowding on the development of acute 

disease in Zebrafish (Brachydanio rerio) that were asymptomatic carriers of NNV.  Elevation of 

temperature and crowding were significantly related to cumulative mortality due to VER.  In a 

more recent study, juvenile Senegalese Sole (Solea senegalensis) were infected by bath challenge 

and co-habitation with a reassortant Betanodavirus strain and reared at 22, 18 or 16
o
 C (Souto et 

al. 2015).  These authors demonstrated that NNV could be transmitted at all of these temperatures 

and that virulence decreased with decreasing temperatures with 100%, 75-80% and 8% mortality 

reported at 22, 18 and 16
o
 C, respectively. Fish held at 16

o
 C remained infected but showed little 

signs of disease, however, increasing water temperature from 16 to 22
o
 C resulted in a rapid 

increase in NNV load and the development of clinical disease. Elevated temperature was also 

shown to play a role in the development of disease in European Eels (Anguilla anguilla) (Chi et 

al. 2003).  There is also evidence that stress associated with the induction of spawning and 

repeated spawning is related to higher risk of VER outbreaks in larval fish (Mushiake et al. 1994).  

Reduced feeding resulting in low growth was associated with higher levels of NNV in 

asymptomatic Atlantic Halibut (Hippoglossus hippoglossus) (Johansen et al. 2004).   

 

D. Disease Signs 
 

1. Behavioral Changes Associated with the Disease 

 

Marine and Freshwater fish infected with NNV have been reported to show: erratic swimming 

behavior, hypersensitivity to stimuli, lethargy, and loss of appetite during disease outbreaks 

(Arimoto et al. 1994, Le Breton et al. 1997, Munday and Nakai 1997, Oh et al. 2002, Maeno et al. 

2004, Bovo et al. 2011, Binesh et al. 2013). NNV subclinical carriers may display no behavioral 

changes associated with infection even in the presence of moderate to severe pathological 

changes in the eyes and central nervous system (Gjessing et al. 2009).  

 

2. External Gross Signs 
 

In some disease outbreaks darkening of body coloration has been reported. With exception of 

spinal deformities, no other external signs have been associated with NNV infection (Oh et al. 

2002).  

 

3. Internal Gross Signs  

 

Internal lesions are rarely described for NNV infection. However, inflation of the swim bladder, 

which is not a specific sign of VER, and hyperemia around the cranium have been described with 

infection (Husgaro et al. 2001, Oh et al. 2002).    

 

4. Histopathological Changes Associated with the Disease 

 

In cases of clinical disease histopathological changes are generally confined to tissues of the 

nervous system and eye. Vacuolization and necrosis of the brain, spinal cord and/or retina are the 

most common histopathological findings reported in clinically infected fish from naturally 

occurring outbreaks (Figure 1) (Grotmol et al. 1997, Johansen et al. 2003, Bigarré et al. 2009, 

Nopadon et al. 2009). The same pathological changes are generally reported in fish that have 
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been experimentally infected with NNV by various routes. However, in the case of 

experimentally challenged larval Atlantic Halibut, lesions were reported to become more severe 

and widespread being found in the intestine, liver, olfactory epithelium, yolk-sac epithelium, gills 

and pectoral fins, as well as in the retina and central nervous system at later stages of infection 

(Grotmol et al. 1999).    

 

Fish that are subclinical carriers of NNV, including survivors of disease outbreaks, may show 

different histopathological lesions including cell degeneration and reactive changes such as 

hypercellularity, and proliferation or hypertrophy of glial cells (Johansen et al. 2002, Johansen et 

al. 2004, Gjessing et al. 2009).  

NNV has been found in association with lesions and neuronal tissue in the retina, brain and spinal 

cord in both diseased and apparently healthy cells by immunohistochemisty (Hellberg et al. 

2010). 

   

5. NNV Tissue Tropism 

 

In fish undergoing clinical disease or in those that are asymptomatic carriers NNV genomic 

material and antigens are generally reported within tissues of the central nervous system and eyes. 

However, it is important to remember that these are the tissues which show histopathological 

signs of VER and are therefore the tissues that are most commonly examined.  With the use of 

molecular diagnostics testing it has become possible to identify NNV genetic material in a variety 

of other tissues in clinically diseased and carrier fish.  Intraperitoneal and intramuscular injection 

challenges have been used to examine tissue tropism in Atlantic Cod (Gadus morhua), Atlantic 

Halibut, European Seabass and Pompano (Trachinotus ovatus) over various timeframes post 

infection (Grove et al. 2003, Korsnes et al. 2009, Lopez-Jimena et al. 2011, Su et al. 2015). 

Pompano samples were obtained from 4 to 96 hours post-infection (hpi) from an infection that 

resulted in the onset of clinical disease at 72 hpi (Su et al. 2015).  Betanodavirus genomic 

material was found in all of the tissues tested, with brain tissue having the highest load and liver 

and intestine only testing positive at the last time point (96 hpi). Atlantic Cod were examined at 

25, 130 and 180 days post-infection (dpi) in an experimental challenge that resulted in no 

morbidity. At 25 dpi NNV was found primarily in the heart, spleen, liver and kidney with only 

3/5 and 1/5 individuals testing positive in the eye and brain, respectively (Korsnes et al. 2009). At 

the later time points NNV levels remained relatively constant in the spleen, liver, and kidney but 

increased in brain and eye.  Intraperitoneal challenge (IP) of juvenile Atlantic Halibut resulted in 

increasing numbers of fish testing positive for NNV in the brain/eye and liver over time (5 -41 

dpi) with the first detection at 13 dpi (Grove et al. 2003). Kidney and intestine tested positive at 

all-time points, whereas heart tissue was variable and gills never tested positive. To our 

knowledge there is only 1 report of NNV tissue tropism in naturally infected fish.  Chi et al. 

(2001) using in situ hybridization for the coat protein gene reported the detection of NNV in the 

brain and retina, gill, skeletal muscle, liver, pyloric gland, intestine and blood cells in the heart of 

moribund grouper larvae. 
 

E. Disease Diagnostic Procedures 
 

Detailed diagnostic procedures for the detection of NNV are given in Chapter 2.3.11 of the OIE 

Manual of Diagnostic Tests for Aquatic Animals 2015 http://www.oie.int/international-standard-

setting/aquatic-manual/access-online/ . Please note that VER is no longer listed by the OIE and 

not all tests recommended in the manual have been validated. Readers are encouraged to consult 

the OIE Manual (2015) for details on the diagnostic procedures described below.  

 

http://www.oie.int/international-standard-setting/aquatic-manual/access-online/
http://www.oie.int/international-standard-setting/aquatic-manual/access-online/
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Figure 1:  Histopathological changes in retina of severely infected Australian Bass Macquaria 

novemaculeata. All layers of the retina display generalized vacuolation (empty round spaces) and signs of 

necrosis including pyknosis and karyorrhexis. 

 
1. Presumptive Diagnosis 
 

There are no external or internal gross signs that are specific for this disease; however, behavioral 

and histopathological changes can be used to support a presumptive diagnosis of VER. Lack of 

behavioral changes and/or histopathological signs of VER should not be taken as an indication 

that the fish are free of NNV. Diagnostic testing using cell culture, indirect florescent antibody 

tests (IFAT), molecular assays or serological tests is required to confirm the presence of NNV.   

 

2. Confirmatory Diagnosis 

 
Virus isolation in cell culture is the only in vitro technique that allows the confirmation of the 

infectivity of viruses and therefore it is considered by many to be the “gold standard” for NNV 

diagnosis. Because of its high permissivity to all known NNV species: BFNNV, RGNNV, 

TPNNV and SJNNV, the SNN-1 cell line (ECACC 96082808)  is widely  used for NNV isolation 

(Frerichs et al. 1996, Iwamoto et al. 1999). It consists of a mixed cell population which is 

persistently infected with a C-type endogenous retrovirus SnRV (Frerichs et al. 1991). Concern 

that the presence of the mixed cell population could impair the performance of the SNN-1 for 

NNV diagnosis led to the development of the clone cell line E-11 (ECACC 01110916) (Iwamoto 
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et al. 2000, Bandín et al. 2014). According to the OIE both SSN-1 and E-11 cell lines are suitable 

for culture of all betanodaviruses (OIE 2015).   

More details on these cell lines and the conditions for their maintenance can be found at the 

European collection of Authenticated cell lines website: 

http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=96082808&collection=ecacc_gc and 
http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=01110916&collection=ecacc_gc .  

Other NNV susceptible cell lines include SAF-1 cell line(Bandin et al. 2006)(ECACC 00122301), 

free from SnRV : 
http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=00122301&collection=ecacc_gc   
and GF-1 (grouper fin: ATCC PTA-859)(Chi et al. 1999, Lai et al. 2003, Qin et al. 2006). More 

information about this cell line can be found at the USPTO patent database website: 
http://patft.uspto.gov/netacgi/nph-

Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6,436,702.
PN.&OS=PN/6,436,702&RS=PN/6,436,702 . 

 

The OIE manual provides a detailed description of cell culture methods and optimal temperatures 

for viral growth: 25-30
o
C for RGNNV, 20-25

o
C for SJNNV, 20

o
C for TPNNV and 15-20

o
C for 

BFNNV (OIE 2015). An example of extensive and methodic optimization of RGNNV culture and 

numeration in SSN-1 can be found in the publication by Hick et al., (2011).  

 

Cell cultures (inoculated and positive controls) are usually monitored for cytopathic effects (CPE) 

for a period of 10 days (OIE 2015) (Figure 2). In cases where CPE is not detected in the first 

round of culture (10 days) the OIE recommends sub-cultivation on fresh cells or passages. To 

confirm that NNV is the causative agent of the CPE, an additional identification step is needed 

using alternative testing by IFAT, conventional PCR or Real Time PCR (SYBR green or 

probe-based) can be used. These techniques can also be used to identify NNV proteins or 

nucleic acids directly from tissues and histological sections (described below).  

 

 
 

Figure 2: A) Typical CPE of NNV on SSN-1 cell culture showing round intra-cellular vacuoles, 

shrinkage (cells look round and dark) and detachment (clear spaces) B) non-infected SSN-1 cells 

 
 

http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=96082808&collection=ecacc_gc
http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=01110916&collection=ecacc_gc
http://www.phe-culturecollections.org.uk/products/celllines/generalcell/detail.jsp?refId=00122301&collection=ecacc_gc
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6,436,702.PN.&OS=PN/6,436,702&RS=PN/6,436,702
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6,436,702.PN.&OS=PN/6,436,702&RS=PN/6,436,702
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6,436,702.PN.&OS=PN/6,436,702&RS=PN/6,436,702
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Indirect florescent antibody tests: 

 

Indirect florescent antibody tests (IFAT) can be used to identify the presence of NNV antigens in 

nervous tissue imprints, histological sections and cell culture (OIE 2015). Commercially 

produced antibodies are available for a number of betanodavirus; however, prior optimization 

validation is recommended for the recognition of each NNV species or strain/s of interest. 

Procedures for conducting IFAT are described in detail in the OIE manual (2015 ). These tests are 

not fully validated therefore results should be interpreted with caution.  

 

Nucleic Acid Based Detection Methods:  

 

Molecular detection of NNV RNA serves as a rapid and sensitive screening method that 

facilitates higher laboratory throughput. At present most molecular diagnostic testing for NNV 

uses Real Time Quantitative PCR (RT-qPCR) as this method has been demonstrated to have 

better analytical performance than the conventional or nested PCR methods that were initially 

developed (Hick and Whittington 2010) and even higher analytical sensitivity than cell culture 

(Dalla Valle et al. 2000, Grove et al. 2006). Testing procedures using conventional or nested PCR 

are described in detail in the OIE Manual and will not be described here (OIE 2015). 

 

There are two types of chemistries used to detect PCR products using real-time PCR instruments 

these are: SYBR®-Green Based Detection and TaqMan®-Based Detection. Regardless of the 

chemistry which is used the most common diagnostic protocols for NNV use a two-step real time 

PCR method that involves a separate first strand cDNA synthesis (reverse transcription reaction 

(RT)) and then the adding of an aliquot of  the resulting cDNA to the PCR reaction. The two-step 

method allows for the optimization of both the RT and real-time PCR steps which can make this 

method more sensitive and a better choice when developing diagnostic tests for new 

isolates/strains. An important feature of the two-step method is that it generates a cDNA pool that 

is suitable for storage should additional testing be required.   

 

There are numerous published RT-q PCR tests for different species and strains of NNV.  The 

majority of these tests use primers and probes which, due to a large amount of genetic diversity 

within species and strains of NNV, do not amplify all species and in some cases not all strains 

within species. Dalla Valle et al. (2000) developed a SYBR-green assay using primers designed 

against RNA1 and RNA2 capable of detecting all 4 species of NNV.  Hicks and Whittington 

(2010) developed and validated a TaqMan RT-qPCR assay which is reported to identify all 4 

species of NNV, but with different sensitivities in tissue and cell culture. The most thoroughly 

validated test is a TaqMan RT-qPCR designed to identify all 4 species of NNV, as well as the 

genetically distinct isolates from Atlantic cod and Atlantic halibut, in a variety of sample matrices 

(Panzarin et al. 2010).  Taken together these 3 diagnostic procedures provide a good starting point 

for those wishing to apply molecular methods for the detection of NNV.  Step by step details of 

the test method of  Panzarin et al. (Panzarin et al. 2010) are provided in the OIE manual (2015 ).   

 

More recently Baud et al. (Baud et al. 2015) reported the development of a one-step TaqMan RT-

qPCR assay targeting the RNA2 region of the genome.  This assay was tested against a variety of 

isolates belonging to all 4 species of NNV in tissue and cell culture samples.  The biggest 

difference of this assay is the use of a one-step PCR method.  This method is faster, simpler, 

reduces the risk of contamination and can potentially be more sensitive, though potential 

drawbacks include lack of individual control of reaction conditions for the RT and PCR, NNV 

primers and probe are present during the RT reaction risking formation of primer-dimers, and the 

entire cDNA pool is used in the reaction and therefore not available for additional testing.  The 

one-step PCR method can be applied to any of the above mentioned procedures.  
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Isothermal methods for  detection of Betanodaviruses include loop-mediated isothermal 

amplification (LAMP) (Sung and Lu 2009, Xu et al. 2010, Wang et al. 2011, Suebsing et al. 

2012, Mekata et al. 2015, Su et al. 2015, Hwang et al. 2016), nucleic acid sequence based 

amplification (NASBA) (Starkey et al. 2004) and cross-priming isothermal amplification (CPA) 

(Su et al. 2015). It is widely reported that these isothermal amplification methods for the 

detection of NNV are highly sensitive, up to 100 times more sensitive than RT-PCR or nested 

RT-PCR (Starkey et al. 2004, Xu et al. 2010, Wang et al. 2011, Suebsing et al. 2012, Mekata et 

al. 2015, Su et al. 2015, Hwang et al. 2016) and equivalent to RT-qPCR methods (Su et al. 2015). 

However, the specificity of these methods is unknown as formal validation has not been 

conducted to date.  

 

All of the molecular tests described above do not distinguish viable from non-viable NNV. 

Detected segments could consist of RNA from replication intermediates, or fragments from 

viruses that are no longer viable or infectious. For these reasons positive molecular results 

especially those that are not confirmed by pathological/clinical signs or other test methods, such 

as cell culture, should be interpreted with caution.  

 

F. Procedures for Detecting Subclinical Infections 

 

As mentioned previously, Betanodaviruses are often found in low abundance in fish showing no 

obvious clinical or histopathological signs of VER (Johansen et al. 2002, Munday et al. 2002, 

Johansen et al. 2004, Rise et al. 2010, Hodneland et al. 2011, Giacopello et al. 2013, Olveira et al. 

2013, Ma et al. 2015). Some species of fish can be asymptomatic carriers of NNV, supporting the 

replication and persistence of the virus, and serve as reservoirs of infection (Castric et al. 2001, 

Lopez-Munoz et al. 2012). Due to the tissue tropism of NNV, tissues from the CNS and the eyes 

from juvenile and adult fish, and whole bodies of larval fish, are the tissues of choice for 

diagnostic testing. Identification of NNV carriers is especially problematic in populations, such as 

broodstock, where lethal sampling is not possible. In such situations other tissues (eggs, ovarian 

and seminal fluids, gonadal biopsies, fin tissue etc.) can be used. However it is important to 

remember that these tissues often test negative in carrier fish, meaning that only positive results 

from these tissues should be view as conclusive.   

 

Cell culture and molecular methods can both be used for the detection of subclinical infections 

keeping in mind limitations and relative sensitivity of these methods as previously discussed.  

More important for detection of subclinical infections is the collection of appropriate numbers 

and types of samples for analysis.  Large sample sizes from suspect populations, multiple tissue 

samples from each fish, and replicate testing of individuals will increase the chance of identifying 

subclinical infections.       

 

G. Procedures for Determining Prior Exposure to the Etiological Agent 

 

Although serological methods cannot be used to assess NNV status of fish, they are valuable in 

determining whether fish have been previously exposed to NNV or vaccinated against NNV.  

 

ELISA protocols for the detection of anti-NNV antibodies have been described (Breuil et al. 

2000, Watanabe et al. 2000, Jaramillo et al. 2016, Jaramillo et al. 2016). Recent validation efforts 

of an antibody based ELISA for NNV shows that serological methods can be relatively accurate 

at detecting previous exposure to NNV, with a 81.8% sensitivity and 86.7% specificity 

performance in subclinical populations (Jaramillo et al. 2016). There are a variety of 

commercially available NNV and anti-fish Ig antibodies on the market, many of which cross react 
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between species, suggesting that these ELISA protocols may be adaptable for a wide range of 

species.  

 

Information on how long NNV antibodies persist following exposure (or vaccination) in different 

host species under different culture conditions and whether carriers of NNV retain their antibody 

titers would further improve the interpretation of serological tests results. 

 

H. Procedures for Transport and Storage of Samples to Ensure Maximum Viability and Survival of 

the Etiological Agent 

Cell Culture: Although NNV can remain viable in saline water at 15°C for over to 6 months 

(Frerichs et al. 2000), changes in the viability of NNV in tissue following the death of the host 

and/or long term frozen storage have not been determined. For this reason tissues should be kept 

on ice or refrigerated and processed as quickly as possible into cell culture, preferably within 48 

hours. It is possible to isolate viable NNV from tissues that have been stored at -80°C, however it 

is expected that virus titer will decrease with time.  

Molecular Testing: To ensure NNV RNA integrity, tissues for molecular testing should be either 

frozen immediately after collection (-80°C)  or placed into a suitable RNA stabilizing reagent, 

such as RNAlate®r (Ambion®) or AVL buffer (Qiagen®). It is important to follow the 

manufacturers’ instructions with respect to tissue size, tissue/reagent ratios and storage conditions 

to ensure that the viral RNA is adequately protected.  

Tissues that have been stored frozen for brief periods of time can still be used for diagnostic 

testing. However it should be expected that some degradation of viral RNA will occur which may 

have an effect on test performance.   

The  use of  endogenous controls "reference gene assay", to determine the quality of the original 

tissue with respect to RNA degradation is considered a desirable practice (Sepulveda et al. 2013). 

This procedure provides an indication of the level of decomposition of the fish sample by 

comparing it to a well preserved sample. However, the procedure makes the assumption that host 

RNA degrades at a similar rate to pathogen RNA which may not be the case for all viruses.  

It is also possible to conduct molecular tests on fixed and/or paraffin embedded samples and 

commercially available kits for total RNA extraction are available.  Only positive results should 

be considered conclusive and it is important to remember that contamination of tissues during 

histological processing may occur.  Negative results from such tissues should also be interpreted 

cautiously as these processes can have significant effects on RNA integrity.   
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Appendix 1: NNV- susceptible species.   

 
Family Species Common name Habitat Reference 

Acipenseridae Acipenser sp.  Sturgeon  Freshwater/ 

Anadromous 

(Athanassopoulou et al. 2004) 

Acipenser gueldestaedtii.  Russian Sturgeon  Freshwater/ 

Anadromous 

(Xylouri et al. 2007) 

Ephippidae Platax orbicularis Orbicular Batfish Marine (David et al. 2010) 

Scaridae Calatomus japonicas Japanese Parrotfish Marine (Yoshikoshi and Inoue 1990, 

Muroga 2001) 

Scombridae Thunnus oleintalis Pacific Bluefin Tuna Marine (Nishioka et al. 2010) 

Serranidae Epinephelus akaara Red-spotted Grouper /Hong 

Kong Grouper 

Marine (Chi et al. 1997, Lin et al. 

2001) 

Epinephelus awoara Yellow Grouper Marine (Lai et al. 2001) 

Epinephelus costae Golden Grouper Marine (Vendramin et al. 2013) 

Epinephelus fuscoguttatus Brown-marbled Grouper, 

Flowery Cod  

Marine (Chi et al. 1997) 

Epinephelus coioides Orange-spotted Grouper  Marine (Lin et al. 2001, Ma et al. 

2012, Wu et al. 2012) 

Epinephelus lanceolatus Giant Grouper, Dragon 

Grouper 

Marine  (Liu et al. 2005)  

Epinephelus marginatus Dusky Grouper Marine (Vendramin et al. 2013) 

Plectropomus maculatus Spotted coral Grouper Marine (Nopadon et al. 2009) 

Cromileptes altivelis Barramundi Cod  Marine (Moody et al. 2009) 

Epinephelus aeneus White Grouper,  Marine (Ucko et al. 2004) 

Epinephelus malabaricus Malabar Grouper Marine (Boonyaratpalin et al. 1996, 

Starkey et al. 2004) 

Epinephelus 

stemphasciatus 

Seven- band Grouper Marine (Fukuda et al. 1996, Sohn and 

Park 1998, Tanaka et al. 1998, 

Tanaka et al. 2004) 

Epinephelus moara Kelp Grouper Marine (Nishizawa et al. 1997) 

Cromileptes altivelis Humpback Grouper Marine (Chi et al. 2003) 

Epinephelus tauvina Greasy Grouper  Marine (Tan et al. 2001) 

Moronidae Dicentrarchus labrax European Sea-bass  Marine/ 

euryhaline 

(Breuil et al. 1991, LeBreton 

et al. 1997, Thiery et al. 1999, 

Starkey et al. 2004, Chérif et 

al. 2009, Hodneland et al. 

2011, Haddad-Boubaker et al. 

2013, Vendramin et al. 2013)  

Morone saxatilis X 

Morone chrysops 

Hybrid Striped x White 

Bass 

Freshwater (Bovo et al. 2011) 
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Latidae Lates calcarifer Barramundi (Asian 

Seabass) 

Diadromous (Munday et al. 1992, Chi et al. 

2003, Maeno et al. 2004, 

Azad et al. 2005, 

Parameswaran et al. 2008, 

Moody et al. 2009, Hick et al. 

2011) 

Lateolabracidae Lateolabrax japonicus Japanese Sea-bass Diadromous (Nishizawa et al. 1997) 

Latridae Latris lineata Striped Trumpeter Marine   (Moody et al. 2009) 

Sparidae Sparus aurata Seabream  Marine   (Castric et al. 2001, Thiéry et 

al. 2004, Bitchava et al. 2007, 

Chérif et al. 2009, Haddad-

Boubaker et al. 2013) 

Pagrus major Red Seabream Marine   (Nishizawa et al. 1997) 

Diplodus sargus White Bream  Marine   (Toffolo et al. 2007) 

Carangidae Pseudocaranx dentex White Trevally, Striped 

Jack 

Marine   (Mori et al. 1992, Nakajima et 

al. 1998, Muroga 2001, 

Starkey et al. 2004) 

Trachinotus blochii Snubnose Pompano, 

Golden Pompano 

Marine (Ransangan et al. 2011) 

Trachinotus ovatus Pompano  Marine   (Wang et al. 2006)  

Trachinotus falcatus Yellow-wax Pompano , 

Permitfish 

Marine   (Chi et al. 2003) 

Seriola dumerili Purplish Amberjack  Marine   (Nishizawa et al. 1997) 

Oplegnathidae Oplegnathus fasciatus Rock Bream, Knifejaw Marine   (Cha et al. 2007) 

Oplegnathus punctatus Spotted Knifejaw Marine (Starkey et al. 2004) 

Lutjanus erythropterus Firespot Snapper  Marine   (Chi et al. 2003) 

Lutjanidae Sciaenops ocellatus Red Drum  Marine   (Oh et al. 2002, Ucko et al. 

2004, Oh et al. 2005) 

Sciaenidae Atractoscion nobilis White Sea-bass,  Marine   (Curtis et al. 2001) 

Umbrina cirrosa Shi Drum Marine   (Katharios and Tsigenopoulos 

2010) 

Percichthyidae Argyrosomus regius Meagre Marine   (Thiéry et al. 2004) 

Macquaria novemaculeata Australian Bass Diadromous (Moody et al. 2009, Jaramillo 

et al. 2016) 

Cichlidae Oreochromis niloticus Tilapia  Freshwater- 

euryhaline 

(Bigarré et al. 2009, 

Keawcharoen et al. 2015) 

Acanthuridae Acanthurus triostegus Convict Surgeonfish,  Marine (Thiéry et al. 2004) 

Apogonidae Apogon exostigma/ 

Pristiapogon exostigma 

Narrow-stripe Cardinal  Marine (Thiéry et al. 2004) 

Centrarchidae Micropterus salmoides Largemouth Bass Freshwater  (Bovo et al. 2011) 

Rachycentridae Rachycentron canadum Cobia Marine (Chi et al. 2003) 

Elotridae Oxyeleotris lineolata Sleepy Cod  Freshwater (Moody et al. 2009) 

Pomacentridae Amphiprion sebae Sebae Clownfish Marine (Binesh et al. 2013) 

Mugilidae Liza aurata Golden-grey Mullet Catadromous (Nazari et al. 2014) 

 Mugil cephalus Grey Mullet Diadromous (Cha et al. 2007, Toffolo et al. 

2007) 

Paralichthyidae Paralichthys olivaceus Japanese Flounder  Marine (Nguyen et al. 1994, 

Nishizawa et al. 1997, Suzuki 

2006) 
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Soleidae Solea senegalensis Senegalese Sole  Marine (Thiéry et al. 2004) 

Scophtalmidae Scophthalmus maximus Turbot Marine (Bloch 1991, Olveira et al. 

2013) 

Pleuronectidae Hippoglossus 

hippoglossus 

Atlantic Halibut Marine (Totland et al. 1999, Dannevig 

et al. 2000, Johansen et al. 

2004, Nylund et al. 2008)  

Pleuronectes americanus Winter Flounder Marine (Barker et al. 2002) 

Verasper moseri Barfin Flounder  Marine (Nishizawa et al. 1997, Suzuki 

2006) 

Sebastidae Sebastes oblongus Oblong Rockfish Marine (Oh et al. 2005) 

Siluridae 

 

Silurus asotus Anur Catfish, Japanese 

Catfish, Chinese Catfish 

Freshwater (Chi et al. 2003) 

Monacanthidae Stephanolepis cirrhifer Thread-sail Filefish Marine  (Pirarat et al. 2009)  

Tetraodontidae Takifugu rubripes Tiger puffer  Marine (Nishizawa et al. 1997) 

Gadidae Gadus morhua Atlantic Cod  Marine (Johnson et al. 2002, Gagné et 

al. 2004, Starkey et al. 2004, 

Patel et al. 2007, Nylund et al. 

2008) 

Gadus macrocephalus Pacific Cod Marine (Nishizawa et al. 1997) 

Melanogrammus 

aeglefinus 

Haddock  Marine (Gagné et al. 2004, Murray et 

al. 2010) 

Cyprinidae 

 

Danio rerio Zebrafish Freshwater (Binesh 2013) 

Carassius auratus Goldfish Freshwater (Binesh 2013) 

Anguillidae 

 

Anguilla anguilla European Eel Diadromous (Chi et al. 2003) 

Poeciliidae Poicelia reticulate Guppy  Freshwater (Hegde et al. 2003) 
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