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Abstract
A piscine nodavirus was isolated from wild haddock, Melanogrammus aeglefinus, caught via 
commercial trawling in the North Sea, (N56o 56” W2o 1.5”) east of Stonehaven, Scotland. The fish 
were transported to the aquarium facility at the Marine Laboratory, Aberdeen on 21/02/08 and 
allowed to acclimatise for a period of 10 weeks before further study. Four weeks into the study, 
2 of the fish were observed swimming upside down and close to the surface of the water. A total 
of 42 fish were examined at two time points (28/05/08 and 17/07/08). Eight fish were found to be 
nodavirus positive by reverse transcriptase – polymerase chain reaction (RT- PCR) and 3 of those 
fish were confirmed nodavirus positive by cell culture isolation and indirect fluorescent antibody 
test (IFAT). Sequence and genetic analysis revealed that the isolates were grouped within the 
barfin flounder viral nervous necrosis (BFNNV) genotype. This is the first report of viral nervous 
necrosis in wild caught haddock, which could represent a potential risk to the wild haddock stocks 
and the Atlantic salmon aquaculture industry in Scotland. The risk associated with this isolate will 
be investigated at a later date by aquarium challenge studies.

Introduction
Viral nervous necrosis (VNN), also known as 
viral encephalopathy and retinopathy (VER) 
belongs to the genus Betanodavirus, a member 
of the family Nodaviridae. Nodaviruses are 
non-enveloped, spherical viruses averaging 
37nm in diameter with a genome consisting 
of 2 single-stranded positive-sense RNA 
molecules (Schneemann et al., 2005). 

Fish nodaviruses target cells within the central 
nervous system, causing vacuoles in the grey 
ma�er of the brain (Munday et al., 2002), spinal 
cord and/or retina. External signs of disease 
include abnormal swimming behaviour such 
as spiral movements.
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Betanodavirus infections have emerged as 
major constraints to the culture of marine fish 
in all parts of the world with the exception 
of the African continent (Munday et al., 
2002). Betanodaviruses have previously been 
detected from a number of marine fish species, 
including wild winter flounder, Pleuronectes 
americanus (Barker et al., 2002), farmed 
Atlantic cod, Gadus morhua (Patel et al., 2007) 
and farmed Atlantic halibut, Hippoglossus 
hippoglossus (Dannevig et al., 2000). Gomez 
et al., (2004) detected betanodavirus from 17 
different species of wild marine fish collected 
from 2 geographically remote areas where 
aquaculture production occurred in Japan. A 
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further 21 species of wild marine fish collected 
off the southern coast of Korea were found to be 
positive for betanodavirus (Gomez et al., 2008). 
While betanodavirus has also been isolated 
from cultured haddock (Melanogrammus 
aeglefinus) in New Brunswick, Canada, (Gagné 
et al., 2004), this report documents the first 
isolation of betanodavirus from this species 
in the wild. It also represents the first report 
of isolation from haddock in the UK, where 
betanodavirus infection has previously been 
recorded in the following fish species: (1) 
farmed Atlantic halibut on the west coast of 
Scotland (Starkey et al., 2000), (2) Atlantic cod 
hatched from wild stock caught in the Irish 
Sea and (3) Dover sole (Solea vulgaris) derived 
from broodstock caught around the Isle of 
Man (Starkey et al., 2001). 

Several authors have hypothesised that 
vertical transmission of betanodavirus from 
parental broodfish to ova and larvae from 
various fish species is a potential risk factor 
in the spread of this virus. Arimoto et al., 
(1992) detected betanodavirus antigens in the 
ovaries of striped jack, Pseudocaranx dentex 
spawners at a frequency of 65% and also in 
fertilised eggs but it was not determined if the 
virus particles were present on the surface or 
intra-ovum. Betanodavirus was also detected 
in the ovary tissue of sea bass, Dicentrachus 
labrax spawners by Comps et al., (1996). Breuil 
et al., (2002) detected betanodavirus from sea 
bass eggs and the brain tissue from larvae 
hatched from experimentally infected parents. 
Azad et al., (2006) detected viral antigens in 
the connective tissue covering the oocytes 
and from other tissue sections taken from 
the larvae of hatchery produced Asian sea 
bass (Lates calcarifer) and Sugaya et al., (2009) 

found that the haplotype distribution of viral 
populations sequenced from cultured juvenile 
Pacific bluefin tuna, Thunnus orientalis, was 
related to the broodstocks from which the 
juveniles had originated from, suggesting that 
vertical transmission had occurred.

From further transmission studies it appears 
that horizontal transmission is a potent 
means of spread of infection. Resistance 
of betanodavirus to pH extremes and its 
capacity to survive in sea water at 15oC for 
more than a year increases the potential for 
horizontal transmission (Munday et al., 2002). 
This also increases the risk of betanodavirus 
infection transferring between wild stocks 
to farmed stocks and vice versa. Munday et 
al., (2002) stated that the risk associated with 
horizontal transmission of betanodaviruses 
was influenced by factors such as stocking 
density, temperature and virus virulence. 

Materials and methods
Wild haddock (n = 250) were caught via 
commercial trawling in the North Sea, one 
to two miles east of Stonehaven, on the 
Sco�ish east coast (N56o 56”,W2o 1.5”) and 
transported live to the Marine Laboratory 
aquarium in sealed, oxygenated holding 
tanks. The haddock caught in this trawl were 
to be used as part of a behavioural studies 
research project at Marine Scotland. Upon 
return to the aquarium facility at the Marine 
Laboratory, Aberdeen, the fish were allowed 
to acclimatise for a period of 10 weeks in 1.8m 
diameter tanks containing sea water (35ppt) 
at a flow through rate of 200l/hour. They were 
kept at a temperature of 12oC and were fed 
a sterilised wet feed of squid. The Marine 
Laboratory aquaria facility is equipped with a 
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highly specialised multi-factorial biosecurity 
system. Water coming into the aquarium 
was pre-filtered (sand and ultra violet filters) 
and was then recirculated at a rate of 1m3/h 
passing through ultra violet (UV-C), ozone, 
sand filters, fluidised sand towers and a 
protein fractioner.

A�er the acclimatisation period, 175 fish 
with an average weight of 85g (± 15g) were 
distributed evenly between four 1m diameter 
tanks under the same culture conditions as 
described above and mortality rates of 3 - 8 
fish per week (0.57 – 1.14% mortalities/tank/
week) were detected 4 weeks a�er transfer. 
Two fish (average weight: 135g) were observed 
swimming upside down and close to the 
surface of the water and were sampled for 
diagnostic testing. Upon internal examination, 
fish one was found to have a swollen swim 
bladder and fish two exhibited pale gills. A 
lack of fat around the pyloric caeca was noted 
in both individuals. 

Three weeks a�er the first sample point all 
remaining fish were euthanized using methane 
tricaine sulphonate (MS-222; Sigma-Aldrich) 
and 40 were sampled for molecular testing 
and virus isolation. Virus isolation samples 
from the second sample point were stored at 
-80oC and processed if detected betanodavirus 
positive by molecular methods.

Virus isolation was performed as per the 
Manual of Diagnostic Tests for Aquatic 
Animals (OIE 2006) with minor modifications. 
Briefly, 1g of mixed tissue sample (brain, eye 
and optic nerve) was aseptically dissected 
and homogenised in nine volumes of viral 
transport media (Liebovitz L-15 cell culture 

media; (Lonza; Basel, Switzerland), 10% 
newborn calf serum (Invitrogen; Paisley, 
UK), gentamicin at 50mg/ml (PAA; Pasching, 
Austria), polymixin ‘B’ at 10,000U/ml (Sigma-
Aldrich; Dorset, UK) with a final pH value 
of 7.4 – 7.8 and centrifuged at 2,000g. for 15 
min. Supernatant was then mixed at a 1/1 
v/v ratio with infectious pancreatic necrosis 
virus neutralising polyclonal antiserum and 
incubated at 20oC for 1 h. Samples were 
inoculated at a 1:100 and 1:1000 dilution onto 
12 -well plates containing a monolayer of E-11 
cells (Cat. No. 01110916; ECACC; Salisbury, 
UK). Iwamoto et al. (2000) developed a clone 
of the striped snakehead (SSN-1; Cat. No. 
96082808; ECACC; Salisbury, UK) cell line 
and classified it as the E-11 cell culture. The 
E-11 cell monolayer was found to be stable at 
a temperature range of 20 – 25oC and highly 
permissive to all of the 4 main genotypes 
of betanodaviruses producing clear CPE 
(Iwamoto et al., 2000). The cell monolayer 
was at a confluency of 60 – 80%, 24 – 48 hours 
old and incubated at 20oC a�er inoculation. 
Cultures were read every 7 days for cytopathic 
effect (CPE) and subcultivation procedures 
were carried out on days 14 and 28. A negative 
cell control and a 6 serial dilution positive 
control (10-2 – 10-7 dilution series), using the 
Atlantic halibut betanodavirus isolate AHNV 
692/9/98 (provided by B. Dannevig, National 
Veterinary Institute; Oslo, Norway; Dannevig 
et al., 2000) were prepared on the days of 
sample inoculation and passage.

Cultures displaying signs of CPE were 
confirmed betanodavirus positive by an 
indirect fluorescent antibody test (IFAT) 
utilising a rabbit polyclonal antiserum raised 
against the Norwegian betanodavirus isolate 
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AHNV 692/9/98 (Dannevig et al., 2000) and a 
fluorescent isothiocyanate (FITC) goat anti-
rabbit immunoglobulin (Ig) conjugate (Sigma-
Aldrich). 

For RT-PCR screening, brain tissue from 
fish 1 and 2 at the first sample point was 
pooled, as was the kidney tissue and placed 
in RNAlater (Ambion, Inc). Individual brain 
tissue samples were taken at the second 
sample point and placed in RNAlater prior to 
RNA extraction which was performed using 
the Qiagen MagA�ract M48 RNA Tissue Kit 
on a Qiagen M48 Biorobot according to the 
manufacturers’ protocol. Resultant RNA was 
converted into cDNA using the TaqMan® 
Reverse Transcription Reagents kit (Applied 
Biosystems) as follows: 19.25 μl of total RNA 
and was mixed in a final volume of 50 μl 
containing the following: 1 x RT buffer (25 
mM Tris-HCl pH 8.3, 37.5 mM KCl), 5.5 mM 
MgCl2, 2.5 μl 50 μM random hexamers, 0.5 
mM each dNTP, 0.4 U RNase Inhibitor and 
1.25 U Multiscribe Reverse Transcriptase. 
The mixture was incubated at 25 ºC for 10 
min, 48 °C for 30 min, heat inactivated at 95 
°C for 5 min and then stored at -20 °C. The 
resultant cDNA (5μl) was used as template for 
amplification using primers F2 (5’ CGT GTC 
AGT CAT GTG TCG CT 3’) and R3 (5’ CGA 
GTC AAC ACG GGT GAA GA 3’) targeting 
the nodavirus capsid protein gene RNA2 
(Nishizawa et al, 1994). PCR was performed 
using a Techne Flexigene using the following 
cycling conditions: 94°C for 2 min followed 
by 35 cycles of 94°C for 30 sec, 55°C for 30 sec, 
72°C for 30 sec with a final elongation step of 
72°C for 7 min. PCR products were visualised 
by UV light following electrophoresis on 
a 1.5% agarose (Invitrogen) gel containing 

ethidium bromide (Sigma-Aldrich).

The PCR products obtained from brain 
tissue from pool 1 (fish 1 and 2) and fish 38 
were purified using ExoSAP-IT PCR clean 
up (AmershamGE Healthcare) using 2 μl 
reagent per 5 μl sample and incubating at 
37°C for 15 min, followed by 80°C for 15 
min. Concentrations of purified products 
were estimated a�er electrophoresis on a 1.5 
% agarose gel alongside a Low DNA Mass 
Ladder (Invitrogen) and ethidium bromide 
staining.

Sequencing was performed on each product 
using the F2 and R3, 313F and 1322R 
primers (Gagne et al., 2004) using the DTCS 
Quickstart mix on a Beckman Coulter CEQTM 
8800 Genetic Analysis System according to 
the manufacturers’ protocol. The resulting 
sequences were analysed using Sequencher 
so�ware version 4.5 (Gene Codes Corp). 
Partial nucleotide sequences for the RNA2 
gene from a further 21 isolates were obtained 
from Genbank (Table 1).

Publicly available betanodavirus sequences 
of relevance to this analysis were identified 
from a previous study (Gagne et al., 2004), 
imported into CLC sequence viewer (www.
clcbio.com) from Genbank and a multiple 
alignment was performed. The resultant 
alignment was exported into BioEdit version 
7.0.5.3 (Hall, 1999), manually edited based on 
amino-acid sequences and finally consisted 
of a region of 614 nucleotides of the RNA2 
gene from 23 representative sequences. The 
phylogenetic relationship among nodavirus 
isolates was inferred using a maximum 
likelihood based approach implemented 
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within PAUP* (version 4.0b8; Swofford, 
1993). The MODELTEST program (Posada 
and Crandall, 1998) was used to identify the 
model that best fits the sequence data from 56 
models using the Akaike Information Criterion 
(AIC; Akaike 1974). The model selected was 
HKY+G and was defined as: base frequencies 
A = 0.2243, C = 0.3081, G = 0.2250, T = 0.2426; 
proportion of invariable sites (I) =0; Gamma 
distribution shape parameter = 0.3871. The 
optimum tree generated using the maximum 
likelihood distances was identified using the 
heuristic search option implemented in Paup*. 
Confidence in the resultant tree topology 

was assessed using 100 bootstrap iterations 
(Felsenstein, 1985). Significant bootstrap 
values for the major clades were transferred 
to the tree derived from the original data. 

Results and discussion
Betanodavirus was confirmed in pool 1 (fish 1 and 
2) by RT-PCR and virus was isolated from fish 
1 and confirmed betanodavirus by IFAT (Table 
2). Subsequent RT-PCR assays demonstrated 
that 7/40 fish from the second sample time 
point tested positive for betanodavirus, 2 of 
which produced CPE and were confirmed 
betanodavirus positive by IFAT (Table 2). 

Table 1. Nodavirus isolates used in study for phylogenetic analysis. The first 2 entries refer to fish 1 
(316/08) and fish 38 (460/08) of this study. 

Accession 
Number

Isolate Host Species Country Year

- 316/08 Haddock Scotland 2008
- 460/08 Haddock Scotland 2008

D38635 BF93hok Barfin flounder Japan 1993
AF160473 HhNNV2 Atlantic halibut Norway 1999
AJ245641 HhNNV1 Atlantic halibut Norway 1999
AY547547 Cod02ac2 Atlantic cod Newfoundland, Canada 2002
AY547548 Cod02ac Atlantic cod Nova Scotia, Canada 2002
AY547549 Had02ac2 Haddock Bay of Fundy, Canada 2002
AF445800 Cod99ac Atlantic cod Nova Scotia, Canada 1999

D30814 SJOri Striped jack Japan 1991
D38637 TP93kag Tiger puffer Japan 1993
U39876 Dlev-Fr European seabass France 1997

AB045980 JF-2 Japanese flounder Japan ?
AF175518 Dl-th1 European seabass Thailand ?
AF283554 YG-Tw Yellow grouper Taiwan ?
AF534998 OsG-Ch Orange-spo�ed grouper China ?

D38636 RG91tok Redspo�ed grouper Japan 1991
Y08700 Dlev-Gr Europen seabass Greece 1997
D38527 Jf93Hir Japanese flounder Japan 1993

AF318942 GGNNV Greasy grouper Singapore 2000?
AF499774 Gup Guppy Singapore? ?
AF245003 MR Malabaricus Taiwan ?
AF245004 DgNNV Dragon Taiwan ?
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The genetic relationships among betanodavirus 
sequences are illustrated in the maximum-
likelihood derived phylogeny depicted in 
Figure 1. The groupings identified by Gagne 
et al., 2004 were identifiable with generally 
high degrees of confidence (Table 3). The 
results indicated that the Sco�ish haddock 
betanodavirus sequence could be assigned 
to the barfin flounder viral nervous necrosis 
(BFNNV) genotype (Figure 1). Amongst the 
23 isolates, the 2 isolates from this study show 
least identity with D30814 and D38637. Isolate 
0460/08 has identities of 0.737 and 0.770 with 
D30814 and D38637 respectively, while isolate 
0316/08 shows identity of 0.739 and 0.767 with 
these isolates. The Canadian haddock isolate 
(AY547548), isolated from an aquaculture 
faciltity (Gagne et al., 2004) was assigned 
to the Atlantic Cod nervous necrosis virus 
(ACNNV) genotype which is closely related 
genetically to the BFNNV genotype.

According to the nucleotide sequence of 
the coat protein precursor, betanodaviruses 
have been classified into 4 genotypes, barfin 
flounder viral nervous necrosis (BFNNV), 

striped jack viral nervous necrosis (SJNNV), 
tiger puffer viral nervous necrosis (TPNNV) 
and redspo�ed grouper viral nervous necrosis 
(RGNNV) while there are a further 12 tentative 
species in the genus (Schneemann et al., 2005). 
These include such species as Dicentrarchus 
labrax encephalitis virus (DlEV), Lates calcarifer 
encephalitis virus (LcEV), Japanese flounder 
nervous necrosis virus (JFNNV), halibut 
nervous necrosis virus (HNNV), Atlantic 
halibut nervous necrosis virus (AHNNV) and 
Atlantic cod nervous necrosis virus (ACNNV) 
(Schneemann et al., 2005).

RGNNV has been isolated from a number of 
warm water species while cold water species 
have been placed in the BFNNV group. 

VNN infections have an optimal growth 
temperature ranging from 15oC to 30oC 
(Iwamoto et al., 1999). This varies between 
genotypes, with the optimum range for the 
predominantly warm-water and cold-water 
RGNNV and BFNNV genotypes being 25 
- 30oC and 15 – 20oC respectively. From the 
sequencing results we can clarify that the 

Table 2. Comparison of the 9 fish confirmed betanodavirus positive via RT-PCR against virus isolation/IFAT 
(fish 1 and 2 pooled together for RT-PCR).

Date Sampled Diagnostic Case No.
Fish 

Number
RT-PCR

Virus 
Isolation

IFAT

28/05/08 316/08
1

+
+ +

2 - -
17/07/08 460/08 33 + - -

36 + - -
37 + + +
38 + - -
39 + - -
40 + + +
41 + - -
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Figure 1. Phylogenetic tree displaying the phylogenetic relationships between 23 betanodavirus sequences. 
The 2 isolates genotyped in this study have been highlighted in bold and are labelled 0316 08 and 0460 08-
38.
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betanodavirus PCR positives from fishes 1 

and 38 from the wild caught haddock belong 
to the BFNNV genotype. It is expected that 
our isolate would relate to this genotype as 
haddock are a cold-water species.

It is assumed that the infection occurred in 
the wild as there is no aquaculture in the 
area where the haddock were caught. The 
aquarium facility where the fish were held 
never conducts pathogen challenge trials and 
inlet water is pre-sterilised, however it cannot 
be completely ruled out that the infection 
occurred within this aquarium due to elevated 
stress levels within the haddock, induced by 
transportation and fish movements. 

In 2002 a VNN outbreak occurred at the St-
Andrews Biological Station, New Brunswick, 
Canada. A total of 164 juvenile haddock 
(3 – 6 months old) started to show signs of 
disease similar to those reported from other 
species infected with VNN. Ninety of the 
fish were sampled for VNN diagnosis by 
virus culture and 74 were confirmed VNN 
positive (Gagne et al., 2004). It has been 
proven via an intraperitoneal (i.p.) challenge 
that betanodavirus, originally isolated 
from Atlantic halibut can cause a persistent 
infection in Atlantic salmon (Korsnes et al., 

2005). Betanodavirus was detected in brain 
tissue seven days post injection demonstrating 
transport of virus particles from the injection 
site to the brain and challenged fish showed 
both clinical signs and pathology associated 
with VNN disease. This study concluded 
that betanodavirus isolate AAG01/03 was 
neuroinvasive and proliferated in the brain 
of salmon a�er (i.p.) injection and raised the 
question of potential risk for transmission of 
betanodavirus from Atlantic halibut to Atlantic 
salmon (Korsnes et al., 2005). As i.p. injection 
is not a natural route of infection, further 
work should be performed to determine 
if betanodavirus originating from marine 
species could infect Atlantic salmon by bath 
infection i.e. via horizontal transmission. 

The aquaculture industry of marine species 
in the UK has increased from an annual 
production of four tonnes since it began 
in 1999 to a total of 842 tonnes in 2006 and 
is worth nearly 6 million US dollars (Food 
and Agriculture Organization of the United 
Nations). The discovery of a potential wild 
reservoir of betanodavirus infection could 
have a serious impact on the aquaculture 
industry of marine species as the virus can 
induce a high mortality rate and can spread 
by both horizontal and vertical transmission. 

Table 3. Sequence identity matrix for 614 nucleotides of the RNA2 gene from the BFNNV group.

460/08 316/08 AJ245641 AF160473 D38635
460/08 ID
316/08 0.990 ID
AJ245641 0.991 0.988 ID
AF160473 0.991 0.991 0.990 ID
D38635 0.983 0.980 0.978 0.985 ID



Bull. Eur. Ass. Fish Pathol., 30(1) 2010, 23

This also poses a potential risk to the salmonid 
aquaculture industry and wild fishery 
of Scotland. Indeed, the Atlantic salmon 
aquaculture industry of Scotland produced 
an estimated 136,775 tonnes in 2008 (Anon 
2008) and is worth over four hundred million 
pounds sterling, therefore this industry is 
of high economic importance to the Sco�ish 
economy. In this context it will be important 
to investigate the pathogenesis and virulence 
of these new nodavirus isolates to Atlantic 
salmon and haddock, which is planned for 
the near future. 
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