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ABSTRACT The transmission of vlral encephalopathy and retinopathy (VER) was investigated In juve- 
nlle sea bass (3 g )  D~centrarchus labrax by using cell culture supernatant (SSN-1 cell llne) containing 
nodavirus F ~ v e  methods of infection were tested intramuscular ~n]ection (IM), intraper~toneal inlection 
(IP) oral Infection bath exposure and cohabitation of healthy flsh with infected fish Some differences 
were observed in time of disease onset and seventy of symptoms depending on the mode of infect~on 
used Chn~ca l  symptoms such as w h ~ r h n g  swmming and lethargic or hyperactive behavlour were 
generally reproduced, except for fish infected vla oral and IP infection First mortali t~es occurred 3 d 
after IM and IP infection and 6 d after for the other modes of infection Cumulative mortal~ties were 
also vanable 100% after IM infect~on, 10% after IP infection 32",, for bath exposure 43% after co- 
hab~tatlon and 24% vla oral infect~on Histopatholog~cally vacuolation was observed in the central 
nervous tlssues and in the retina The observed lesions were more or less severe depending on the 
mode of Infection, the sampllng t ~ m e  and the organs leslons on the surviving flsh (42 days post infec- 
tion d p i ) seemed to be generally more conspicuous in the retina than in the brain of the same fish In 
most cases, the presence of nodavirus was conf~rmed in the same samples of brain and retina by 
~mmunohistochemistry and reverse transcnptase-polymerase c h a ~ n  reactlon (RT-PCR) The virus was  
not detected In other organs examned  The present results suggest that 2 forms of VER can be  Induced 
IM inlectlon leads to an  acute form (severe nervous disorders m t h  high and fast n~ortality) whereas oral 
infect~on bath exposure and cohabitation Induce a subacute form (less severe disorders and weak dally 
mortality) This experlrnent demonstrates expenmentally induced honzontal transmission of VER in sea 
bass for the first t ~ m e  
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INTRODUCTION 

Since 1985, a new disease, recently named viral 
encephalopathy and retinopathy (VER) by the OIE 
(Office International des Epizooties 1995) has ap- 
peared in approximately 25 species of cultured marine 
fish: sea bass Dicentrarchus labrax (L. )  in Martinique 
(Bellance & Gallet d e  Saint Aurin 1988) and in France 
(Breuil et  al. 1991), barramundi Lates calcarifer (Bloch) 
(Glazebrook et al. 1990, Renault et al. 1991), halibut 
Hippoglossus hippoglossus (L.) (Grotmol et al. 1995), 

turbot Scophthalmus maximus (L.) (Bloch et  al. 1991) 
and numerous species in Japan such as Oplegnathus 
Easciatus (Temminck & Schlegel) (Yoshikoshi & Inoue 
1990), striped jack Pseudocaranx dentex (Bloch & 

Schneider) (Mori et  al. 1992, Arimoto et  al. 1994), and 
redspotted grouper Epinephelus akaara (Temminck & 

Schlegel) (Mori et al. 1991). The disease mainly occurs 
in larval and juvenile stages of marine fish and fre- 
quently leads to high mortalities. Fish generally show 
abnormal swimming behaviour and,  histopathologi- 
cally, the disease is characterised by conspicuous vac- 
uoles in the nervous tissues of different parts of the 
brain and the retina. Electron microscopy reveals, viral 
particles of 25 to 30 nm in the cytoplasm of affected 
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cells. Different methods such as imrnunohistochem- 
istry (Le Breton et al. 1997) and polymerase chain reac- 
tion (Nishizawa et al. 1994) are used to detect the pres- 
ence of virus or viral genome in fish organs. Some 
studies have already been done on the transmission of 
the disease: Glazebrook et al. (1990) experimentally 
demonstrated the possibility of horizontal transmission 
from diseased barramundi larvae to healthy ones. Mori 
et al. (1991) and Arimoto et al. (1993) reported trans- 
mission of the disease to redspotted grouper juveniles 
and to striped jack larvae exposed to a bath of filtered 
homogenates from diseased fish. Arimoto et al. (1993) 
were also able to transmit the disease by cohabitation 
of diseased and healthy larvae. A few studies have 
been carried out with juvenile fish: Boonyaratpalin et 
al. (1996) succeeded in transmitting the disease to 
juvenile of Epinephelus rnalabaricus (Bloch & Schnei- 
der). Preliminary experiments were also conducted on 
E. septemfasciatus and E. akaara (Tanaka et al. 1998) 
and on juvenile sea bass D. labrax (Thiery et al. 1997) 
using intramuscular injection of brain and eye homo- 
genates from diseased fish. As VER became a threat 
for hatchery production of sea bass larvae and juve- 
nile, the experimental model of horizontal transmission 
was refined to study the pathogenicity of the virus and 
the epidemiology of the disease. Subsequently, the aim 
of the present work is to verify the possibility of hori- 
zontal transmission of VER to juvenile sea bass, to test 
and to compare different routes of infection by using 2 
methods for detecting the virus. 

MATERIALS AND METHODS 

Fish and installation. Sea bass used in the experi- 
ment were juvenile weighing 3 g and came from a 
Mediterranean fish breeding never previously affected 
with VER. Fish were randomly placed in 50 1 (volume 
of water: 30 1) aerated tanks, with opened circulation of 
sea water filtered and sterilised by UV at a controlled 
temperature of 25 + 1°C. A commercial food was 
manually distributed twice a day. 

Virus preparation. Brains and eyes from sea bass 
suffering from VER were homogenised in a mortar 
with pestle and sea sand and with 9 volumes of Eagle's 
solution containing penicillin (200 immunising units 
[I.U.] ml-l), streptomycin (0.2 mg ml-l) and kanamycin 
(0.2 mg ml-'). After centrifugation at 2000 X g for 
15 min at 4°C the supernatant was passed through 
a membrane filter (0.45 pm) and was inoculated on 
SSN-l cells (Frerichs et al. 1996). The cells were grown 
in Leibovitz medium (L15) supplemented with 10% 
foetal bovine serum, penicillin 100 I.U. ml-', strepto- 
mycin 0.1 mg ml-'. Inoculated cells were incubated at 
24°C for 4 or 5 d. The strain (V26) was passed 3 more 

times on cell culture before being used in experiments. 
The cell culture supernatant was recovered and the 
cellular debris was removed by centrifugation at 2000 
X g for 15 min at 4°C. ALiquots of the viral suspension 
were stored at -80°C until used. 

Virus titration was conducted on preformed mono- 
layers of SSN-1 cells in a 24 well-plate using serial 10- 
fold dilutions from 10-' to 10-l' of cell culture super- 
natant. Cultures were then incubated at 24OC for 5 d. 
As the cytopathic effect was not always clearly 
obtained, the nodavirus was identified on cell culture 
by an indirect irnmunofluorescence technique (IFAT). 
Briefly, cell monolayers were fixed with ethanol- 
acetone and then treated for an hour at 37'C with a 
rabbit polyclonal serum against sea bass nodavirus. 
After washing with phosphate-buffered saline (PBS) 
Tween, the plate was incubated for an hour at 37°C 
with an anti-rabbit Ig goat antibody conjugated with 
FITC (fluorescein isothiocyanate) (Sigma). Virus titra- 
tion was defined by the last detection of virus after 
IFAT treatment in the 10-fold dilutions. Infection 
experiments were performed with cell culture super- 
natant with an initial infectivity titre of 107 plague- 
forming unit (PFU) ml-'. 

Infection protocol. For oral infection, 40 fish were 
fed with food mixed with 1 m1 of V26 cell culture 
supernatant. A total of 6 g of food per day was manu- 
ally distributed for 5 d in small amounts to avoid the 
decomposition of unused food granules in water and to 
control the food ingestion by fish. In bath exposure, 
1 m1 of V26 was added to 20 1 of water. Forty fish were 
placed in this tank at 25°C for 2 h under aeration; 
normal water circulation was then restored. Forty fish 
were infected by intramuscular injection of 100 p1 of 
cell culture supernatant diluted to 1/10. For a cohabita- 
tion experiment, 40 healthy fish marked with alcian 
blue injection were added to the tank containing the 
40 intramuscularly infected fish. Another batch of 40 
fish was infected by intraperitoneal injection of 100 p1 
of cell culture supernatant diluted to 1/10. 

For each mode of infection, a mock-infected control 
group of 40 fish was handled in the same manner but 
the viral suspension was replaced by a non-infected 
cell culture supernatant. 

Sampling and analysing protocol. At Days 2, 4 and 
42 post-infection (pi.) ,  5 fish from each infected group 
were randomly taken except for those infected by 
cohabitation for which samples were only taken at 
Days 4 and 42 p.i. The eyes, brain, gills, heart, spleen, 
liver, kidney, stomach and intestine of all fish were 
collected. The spinal cord was taken as frequently as 
possible. All the samples were analysed by histopatho- 
logy, immunohistochernistry (IHC) and reverse tran- 
scriptase polyrnerase chain reaction (RT-PCR). At the 
end of experiment (Day 42 p.i.), all the survivors were 
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collected and their brains and eyes were examined by 
histopathology, IHC and RT-PCR. Dead fish were col- 
lected every day and only brains and eyes were 
analysed by RT-PCR. At Day 42 p.i., 5 fish of each con- 
trol group were randomly taken and their brains and 
eyes analysed by RT-PCR and histology. 

Methods of virus detection. Histopathology and 
immunohistochemistry: Organ san~ples were fixed in 
Bouin's fixative, dehydrated through a graded ethanol 
xylene series and embedded in paraffin. Sections of 5 
to 6 pm were first deparaffinised, rehydrated and then 
were either stained with haematoxylin-eosin (H&E) for 
histopathological examination (Gabe 1968) or treated 
by IHC. The IHC detection of viral antigens was per- 
formed with a rabbit polyclonal serum against noda- 
virus coming from sea bass. Endogenous peroxidase 
activity was blocked by incubating the slides in a 3 % 
solution of hydrogen peroxide in distilled water for 
5 min. After washing in PBS for 5 min, nonspecific anti- 
body sites were blocked by covering the sections with 
a solution of 2.5 % BSA in PBS for 10 min, followed by 
incubation with rabbit polyclonal antiserum for 1 h at 
room temperature. After washing 2 times for 3 min 
with PBS Tween and 1 time with PBS, sections were 
incubated for 30 min with an anti-rabbit Ig goat anti- 
body conjugated with peroxidase. After washing, the 
peroxidase substrate solution (AEC chromogene, 
Sigma) was added for 10 min. After washing with dis- 
tilled water, samples were counterstained with haema- 
toxylin and mounted in an aqueous mounting medium. 
The presence of nodavirus antigens was characterised 
by a brown coloration. 

A scale of intensity of IHC reaction was defined as 
follows: (+) corresponding to a few marked cells in the 
tissue section (1 to 5); (++) corresponding to 5-15 
stained cells and (+++) for more stained cells. 

RT-PCR: Parts of the samples were treated for the 
detection of RNA 2 gene by RT-PCR according to the 

procedure previously described by Nishizawa et al. 
(1994). In this experiment, the T4 region was selected 
as a target sequence for amplification. The total RNA 
of each sample was isolated using RNA NOW (Bio- 
genetex). Complementary DNA was then synthesised 
from extracted RNAs by using MuLV reverse tran- 
scriptase (Perkin Elmer) and a reverse primer R3 
(5'-CGA GTC AAC ACG GGT GAA GA-3') (Genset). 
After addition of a forward primer F2 (5'-CGT GTC 
AGT CAT GTG TCG CT-3') (Genset) and Taq DNA 
polymerase to the mixture, each cycle of amplification 
was repeated 40 times. Finally, 15 p1 of the PCR prod- 
ucts were analysed by 1.5% agarose gel electro- 
phoresis. A specific band of 420 base pairs (bp) was 
observed in case of successful amplification of the 
nodavirus genome. 

RESULTS 

Clinical signs and mortalities 

The initial clinical sign of infection was a black skin 
pigmentation which rapidly appeared in fish that were 
intramuscularly and intrapentonealy injected (2 d p i )  
and later (6 d p.i) in fish infected by the other modes 
(Table 1). In most cases, an abnormal behaviour was 
observed: some fish were lethargic and floated with 
their abdomen up or, on the contrary, displayed hyper- 
excitability when they were disturbed (artificial light, 
food distribution). Spiral swimming was often seen and 
seemed to lead to death of the fish. For these fish, the 
survival time varied from several hours to 3-4 d. After 
oral and IP infection, fish never showed erratic swim- 
ming. A few fish showed a swimbladder hyperinflation 
and afterwards they floated on the surface of water. 
This change was observed late in infection and only 
after bath exposure and cohabitation. 

Table 1. Dicentrarchus labrax. Comparison of clinical signs and mortalities depending on the mode of infection 

Mode of infection Clinical symptoms Mortalities 
First day outbreak Observed signs Beginning End 

Oral contamination Days 6-7 Dark colour, Day 6 Day 15 
hyperreactivity (10%) (24 %) 

Bath exposure Day 6 Dark colour, Day 6 Day 21 
whlrling pattern of swimming, (17 %) (32 %) 
swimbladder hyperinflation 

Cohabitation Day 6 Dark colour, Day 6 Day 37 
whirling pattern of swimming, (3 %) (43 %) 
swimbladder hyperinflation 

IM injection Day 2 Dark colour, Day 3 Day 4 
whirling pattern of swimming (56 %) (100 %) 

IP injection Day 2 Dark colour, Day 4 Day 5 
hyperreactivity (7 %) (10%) 
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Cumulative mortalities depended on the mode of 
infection. After IM injection, mortalities reached 100% 
4 d p.i. By oral infection, mortalities regularly extended 
from Day 6 to Day 15 p.i, to finally reach 24% at the 
end of experiment. After bath exposure, mortalities 
(32%) were mainly limited to Day 6 and Day 7 p.i. 
In the cohabitation experiment, 2 main mortalities 
periods could be distinguished: the first one from Day 6 
to Day 14 p.i. (22%) and the second from Day 20 to 
Day 26 p.i. (40%). By IP infection, mortalities (10%) 
appeared 3 d p i .  but stopped rapidly. 

Histopathological, IHC and RT-PCR analysis 

Vacuolation and basophilic cells in the retina and 
brain, the most characteristic histopathological signs of 
VER, were reproduced in experimentally infected fish. n 
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c 1- - 1  - Day 2 p.i. Day 4 p.1. Day 42 p.1. 

Oral infection 
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Day 2 p.1. Day 4 p.i. 

On Day 2 p i ,  no conspicuous histopathological 
changes were seen in the brain, the retina or in other 
tissues in any examined fish (Table 2,  Fig. 1A). This 
result was confirmed by the absence of detectable viral 
antigen or viral RNA, by IHC or RT-PCR analysis, 
respectively. At Day 4 p.i., 1 of the 5 fish was detected 
positive in the brain and 1 in the retina but the inten- 
sity of IHC reactions was weak. No lesions were seen 
at this stage of infection. At Day 42 p i . ,  89% of fish 
were IHC positive in brain samples and all were 
positive in retina samples. For the same group of fish, 
RT- PCR analysis (Fig. 2) showed 56 and 78% of fish 
positive in the brain and retina, respectively. The 
intensity of IHC reaction varied considerably from fish 
to fish, but as a rule intensity was stronger in retina 
samples, particularly in the inner nuclear and gan- 
glionic cell layers (Fig. 3). The brain and the spinal 
cord (observed as frequently as possible) were rela- 
tively spared by the virus with only few vacuoles; on 
the contrary, degeneration of nerve cells and vacuola- 
tion in the retina were often very advanced. Focal 
aggregates strongly stained by H&E and IHC were 
also observed (Fig. 4). 
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Day 2 p.i. Day 4 p.i. Day 42 p.i. At Day 2 p i ,  no samples positive for IHC and RT- 
PCR were detected and no lesions were noted in 

Fig. 1. Dicentrarchuslabrax. 1HC detection of nodavirus from Sampled organs ( ~ ~ b l ~  2 ,  ~ i ~ ,  IB) ,  ~t 4 p,i , ,  5 
5 groups of ~nfected sea bass juvenile. (A) Oral infection. 
(B) bath exposure, (C) cohabitation, (D) IM injection and (E)  IP brains and 4 retina were positive by IHC. Basophilic 

injection. Br- brain. Re: retina, p.i.: post-infection. Intensity of cells strongly stained by H&E were observed in the 
IHC (+) weak, (++) moderate and (+++l strong same sections. At Day 42 p.i., retina from most fish 
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Table 2. Djcentrarchus labrax. Number of fish found IHC and KT-PCR positive in brain and retina samples (d  p.i.: days post- 
infection; N: number of tested fish) 

Tissue Method Oral contamination Bath exposure Cohabitation IM IP 
2dp.1. 4dp.i 42dpi 2dp.i. 4dp i .  42dp.1. 4dp.i. 42dp1 d2p.1 4dp1. 2dp.i 4 d p i  42dp.l. 
(N=5) (N=5) (N=18) (N=5) (N=5) ( N = l ? )  (N=5)  (N=l6)  (N=5] (N=5)  (N=5)  (N=5)  (N=19) 

Brain IHC 0 1 16 0 5 6 0 11  5 3 5 3 12 
RT-PCR 0 0 10 0 4 6 0 10  5 3 5 3 6 

Retina IHC 0 1 18 0 4 15 0 14 5 5 2 3 19 
RT-PCR 0 0 14 0 4 11  0 12 4 5 2 3 18 

(15 out of 17) and brains from 6 fish were found to be 
IHC positive. IHC labeling was mainly observed in 
ganglionic cell and nerve fiber layers and to a lesser 
extent in the inner nuclear layer. Focal aggregates 
strongly stained by H&E and IHC reaction were also 
noted in the same layers. The intensity of IHC was 
generally moderate. Basophilic cells and vacuoles 
were often observed in retina whereas vacuoles were 
rare in the brain. 

Cohabitation 

At Day 4 p i . ,  no conspicuous histopathological 
changes were seen in the sampled organs and no virus 
was detected by IHC and RT-PCR examinations 
(Table 2, Fig. 1C).  At Day 42 p i ,  l 1  and 14 fish out of 
16 were diagnosed positive in the brain and retina, 
respectively. IHC labeling was pronounced (+++) in 
the inner nuclear and ganglionic cell layers, but vari- 
able in the outer nuclear layer. The lesions were simi- 
lar to those observed after oral infection and bath 

Fig. 2. Agarose gel stained wlth ethidium bromide of RT-PCR 
products (420 bp). Detection of sea bass nodavirus gene from 
brain and eye of 4 fish after oral infection (Day 42 p.i.). 
M: DNA ladder (Raoul marker, Appligene); Lanes 1, 3,  5, 
and 7: products of RT-PCR from eye samples of infected fish; 
Lanes 2, 4, 6 and 8: products of RT-PCR from brain samples 
of infected fish; Lane 9: tissue samples (brain or eye) of fish 
known to be positive (RT-PCR positive control); Lane 10: eye 

sample of the control group (RT-PCR negative control) 

exposure. The brain showed only basophilic cells and 
moderate IHC labeling (+ or ++) whereas the retina 
displayed focal aggregates, vacuoles and often strong 
IHC labeling. 

IM injection 

At Day 2 p i . ,  all brain and retina samples were 
determined to be positive by IHC (Table 2, Fig. ID).  
The spinal cord samples which were observed were 
also positive after IHC treatment (Fig. 5).  In the same 
samples, basophilic cells and necrosis were observed 
by H&E staining. At Day 4 p i . ,  3 fish out of 5 and 5 out 
of 5 were positive in the brain and retina, respectively. 
IHC labeling was prominent in the nuclear and plexi- 
form layers but also in the rod and cone cells of the 
retina (Fig. 6) .  Neuronal degeneration of the brain 
tissue was always less pronounced than retina1 degen- 
eration in the same fish. 

IP injection 

At Day 2 p.i., the brain samples of all fish were diag- 
nosed positive while the retina samples of 2 fish were 
positive. IHC labeling was also observed in the spinal 
cord (Table 2, Fig. 1E). At this stage, the IHC intensity 
was moderate (+ or ++) and no lesions were seen. At 
Day 4 p i . ,  3 fish were found to be positive in the brain 
(Fig. 7) and retina upon IHC and RT-PCR examination. 
IHC labeling was conspicuous in the brain, in the 
ganglionic cell layer and in the inner and outer nuclear 
and plexiform layers of the retina. Conspicuous vac- 
uoles were observed especially in the outer nuclear 
layer (Fig. 8) whereas few small vacuoles were seen in 
brain of the same fish. At Day 42 p.i.,  12 brains out of 
19 and all retinas were determined positive after IHC 
treatment. IHC labeling was in general less conspicu- 
ous than a t  Day 4 p.i. However, severe vacuolation and 
focal aggregates strongly stained by H&E were seen 
in all retinas and slight vacuolation was noted in the 
brain. 
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Figs. 3-8. Djcentrarchus labrax. Section of eye stained immunohistochemically after oral infection (Day 42 p i . ) .  Note the 
mmunolabehng in the inner nuclear layer (INL), in the ganglionic cell layer (GCL) and in the inner plexiform layer (IPL) of the 
retina (arrows). Scale bar = 10 pm. (a) Section of eye after oral infection (Day 42 pi.) stained with haematoxylin-eosin. Note 
the focal aggregates (arrows) strongly stained by haematoxylin-eosin in the inner nuclear layer (INL) and in the ganglionic cell 
layer (GCL) of the retina. Scale bar = 10 pm. (b) Eye stained immunohistochemically after oral infection (Day 42 p.i.). Note the 
focal aggregates (FA), as Fig. 3 strongly stained after IHC reaction (arrows) in the inner nuclear layer (INL) and in the ganglionic 
cell layer (GCL). IPL: inner plexiforn~ layer. Scale bar = 10 pm. Figs. 4 to 7. Immunohistochernical staining of paraffin sections. 
Fig. 5. Section of spinal cord stained immunohistochemically (arrows) after IM injection (Day 2 p i ) .  Scale bar = 10 pm. 
Fig. Retina stained irnmunohistochernically after IM injection (Day 4 p.i.). Note the irnrnunolabeling in the layer of rods and 
cones (RCL), in the outer plexiform layer (OPL) and the inner nuclear (INL) layer (arrows). Note also the absence of lesions in this 
part of the retina in contrast to Fig. 8. IPL: inner plexiform layer; ONL: outer nuclear layer. Scale bar = 10 pm. Flg. Brain stained 
immunohistochemically after IP injection (Day 4 p i . ) .  Note the immunolabeling limited in the cytoplasm (CY) of neuronal cells 
(N: nucleus) (arrows). Scale bar = 10 p. Retina stained immunohistochernically after IP injection. Note the conspicuous 
vacuoles (V) associated with strong irnrnunolabehg (arrows) especially in the outer nuclear layer (ONL) and in the outer plexl- 

form layer (OPL). RCI: layer of rods and cones. Scale bar = 10 pm 

Control group 

None of fish examined in each control group were 
found to be positive by either IHC or RT-PCR, and no 
histopathological changes were noted. 

DISCUSSION 

No matter what mode of infection was used (oral, IP 
and IM infection, bath exposure and cohabitation), 
VER was experimentally transmitted in juvenile sea 
bass. Furthermore, experimentally induced horizontal 
transmission in sea bass was demonstrated for the 
first time. Differences were, however, observed with 
respect to the onset and extent of clinical symptoms, 
mortality, histopathological condition and level of viral 
antigen and RNA. 

The first clinical signs of disease, common to many 
fish diseases, were dark coloration, reduced feeding 
and alternation of lethargy and hyperactivity (de 
Kinkelin et al. 1985). Spiral swimming was generally 
observed, except for fish infected via oral and IP infec- 
tion. In the last 2 cases, the virus was detected in the 
brain and retina by IHC and RT-PCR, and characteris- 
tic lesions were observed in the form of basophilic cells 
and necrosis in the brain and often in extensive vacuo- 
lation in the retina. Munday et al. (1992) have showed 
that a typical sign of disease such as a whirling pattern 
of swimming was always associated with the presence 
of vacuoles in the central nervous system and in the 
retina; the lesions were correlated with the appearance 
of clinical signs. In the same way, a correlation could 
exist between clinical signs and the extent of lesions. 
After oral and IP infection, the lesions which were 
occasionally observed in the spinal cord and brain 
samples were slight and might be insufficient to affect 
the equilibrium system of fish and consequently to 
induce spiral swimming. In support of this hypothesis, 
lesions observed in brains of fish survivors (42 d p i . )  

were only slightly necrotic with few vacuoles, whereas 
in moribund fish showing abnormal swimming, lesions 
of the central nervous system always seemed to be 
more extensive (authors' unpubl, data) than those ob- 
served in the present study. Diseased fish with only 
retina1 vacuolation could probably adapt themselves to 
a state of impaired vision, whereas fish with vacuo- 
lation of the entire central nervous system could not 
easily adapt their behaviour so as to ensure survivals. 

The outbreak of disease first appeared in the case of 
infection via injection (IM and IP). Virus directly intro- 
duced into the muscle or peritoneal cavity could gain 
access to the central nervous system faster than virus 
placed in the fish environment (water, food, infected 
fish in the case of cohabitation). The low mortality 
(10%) observed after IP injection could be explained 
by a nonspecific immune defence in the peritoneal 
cavity. Bodammer (1986) and several other authors 
have proved that the peritoneal cavity of fish was a 
good source of cells for phagocytosis (macrophages, 
eosinophils and neutrophils): a part of the injected 
virus may be neutralized by phagocytic cells before it 
can gain access to the central nervous system. Mori et 
al. (1991) have successfully produced experimental in- 
fection via IP injection in juvenile redspotted grouper; 
abnormal behaviour appeared 10 to 14 d after expo- 
sure to the virus but mortalities were relatively low 
(10 to 30%). Other experiments will be necessary to 
understand the difference between IP and IM infec- 
tion in the onset of the disease (clinical symptoms, 
mortalities) and to demonstrate, by studying the 
immune response, the possibility that part of the virus 
is eliminated in the peritoneal cavity. 

The mortality values were different depending on 
mode of infection and it seems that 2 forms of the dis- 
ease can be observed. Sweetman et al. (1996) and 
other authors have also distinguished 2 forms of VER 
disease: in the acute form, fish show nervous symp- 
toms such as spiral swimming, a daily mortality of 5 % 
and a cumulative mortality of 60%; in the subacute 
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form, the course of the disease was slower (1 mo 
instead of 1 wk in the case of the acute form), nervous 
disorders were less severe and daily mortality was 
0.5 %. In the present study, the IM infection induced an 
acute-like form of the disease with nervous symptoms, 
severe lesions and massive mortality within a short 
time. The other modes of infection (oral contamination, 
bath exposure and cohabitation) led to a subacute form 
and they were more closely related to infections occur- 
ring naturally under farm conditions. 

Characteristic lesions such as basophilic cells, necro- 
sis and vacuolation were only observed in the central 
nervous system and in the retina. Similarly, virus anti- 
gens detected by IHC and nodavirus genome by RT- 
PCR were only found in the brain and the retina of 
infected fish. Virus was also detected in the spinal cord 
by IHC. These methods did not detect virus in other 
organs, indicating either that the organs (gills, heart, 
spleen, liver, kidney, stomach and intestine) did not 
carry the virus at the sampling time or that the level of 
virus was below the detection limit of the techniques 
used. Some differences were noted between the 2 
methods of detecting the virus (Table 2): detection of 
viral antigen by IHC seems to be more sensitive than 
detection of viral genome by RT-PCR. Several samples 
were found to be positive by IHC while they were 
negative by RT-PCR examination. This result was 
more often observed in the case of brain samples, 
which could indicate that the quantity of virus was 
below the detection limit of the PCR method in these 
samples or that the virus was in an undetectable form. 
This could be explained by a slightly lower sensitivity 
of the RT-PCR when used for the detection of the sea 
bass virus compared to striped jack nervous necrosis 
virus (SJNNV) because a few mismatches exist be- 
tween the coat protein gene sequences of striped jack 
and sea bass nodavirus (Nishizawa et al. 1997). The 
sea bass nodavirus isolate was classified as being of 
the RGNNV (redspotted grouper nervous necrosis 
virus) type, which has more nucleotide substitutions as 
compared to the SJNNV isolate. The problem of RT- 
PCR sensitivity can be resolved by the use of sea bass 
specific primers and/or the use of a nested RT-PCR. In 
addition, the possibility that there may be a nonspecific 
immunoperoxidase reaction cannot be totally dis- 
counted even if, in this study, the noninfected sections 
(brain and eye of the control group) showed no reac- 
tion with the polyclonal rabbit antiserum. Neverthe- 
less, further studies will be needed to evaluate the 
sensitivity of the IHC method by testing the specificity 
of polyclonal antiserum and the use of different fixa- 
tives. Skliris et al. (1996) showed that formalin fixed- 
tissues demonstrated reduced antigenicity compared 
to bouin-fixed tissues, and this is why Bouin's fixative 
was used here in preference to buffered formalin. 

The retina seems to be a target tissue for nodavirus 
(Fig. 1). This hypothesis is based on several observa- 
tions: on the one hand, IHC intensity increased in the 
retina with the sampling time whereas a reduction or 
a stabilization was noted in brain samples and the 
lesions were also more extensive in the retina than in 
brain and spinal cord of the same fish. On the other 
hand, viral genome detection by RT-PCR was more 
often positive in retina samples than in the brain, 
which probably indicates that this tissue was strongly 
infected. Necrosis of the nerve cells and vacuolation 
were often very pronounced in the retina especially in 
the inner nuclear and ganglionic cell layers. Focal 
aggregates strongly stained by H&E and IHC were 
seen in these layers but only 42 d p.i. These structures 
could not be clearly identified by histopathological 
observations alone. In the observed sections, they 
seemed to consist of several cells which could be 
retina1 cells affected by virus and in the process of be- 
coming necrotic. After total destruction, these focal 
aggregates may give way to large vacuoles. 

The virus was only seen in the central nervous 
system and in retina, confirming the neurotropism of 
the nodavirus (Table 2, Fig. 1). Nguyen et al. (1996) 
suggested that one of the initial multiplication sites of 
the virus in larval striped jack was the spinal cord just 
above the swimbladder; then the virus spread back- 
ward to the end of spinal cord and forward to the brain 
to terminate in the retina probably via the optic nerve. 
Virus may gain access to the central nervous system 
via the peripheral nervous system, which is composed 
of nerves which emerge from the brain and spinal 
cord. After oral and IP infection, viscerosensory and 
visceromotnc fibers connecting the sensory and ef- 
fector organs of the viscera with the central nervous 
system may be used by the virus to reach first the brain 
and then the eyes of the fish. Even if there is no 
detectable virus in the other organs, virus must be 
present somewhere before its apparent multiplication 
in the nerve cells, either in an undetectable form or at 
an undetectable level. Arimoto et al. (1992) detected 
the virus in the ovaries of striped jack spawners and in 
fertilized eggs. Nguyen et al. (1997) observed that the 
virus was present not only in the gonad but also in the 
intestine, stomach, kidney and liver of 13 yr old striped 
jack; according to them, during the stress of spawning, 
the virus replicates and is distributed in all these 
organs. 

The portals of entry of the virus were not identified 
here after bath exposure and cohabitation. No virus 
was detected in gills of infected fish by IHC or RT-PCR 
analysis, but these organs were not examined before 
Day 4 p.i. Nguyen et al. (1996) reported that virus 
multiplication was observed in the epidermal cells of 
striped jack larvae, which could promote horizontal 
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transmission, but in the opinion of the authors the role 
of skin as a portal of entry still remains unclear even if 
the virus is able to enter the spinal cord via sensory 
and/or motor nerve cells linked to the epithelium. 

Le Breton et al. (1997) noted that all sizes of cultured 
sea bass must be considered sensitive to the nodavirus. 
According to Anmoto et al. (1992), juvenile striped jack 
were not sensitive to the virus after bath exposure in a 
purified viral solution of 100 ng ml-'. Neither signifi- 
cant mortality nor abnormal behaviour was observed 
during the 4 wk of the experiment while under the 
same conditions larvae developed the disease. The 
massive mortality caused by nodaviruses seems to 
occur especially in the larval stage, but in Epinephelus 
septemfasciatus (Fukuda et al. 1996, Tanaka et al. 
1998) and sea bass (Bellance & Gallet of Saint Aurin 
1988) as well, disease leads to nonnegligible mortality 
in the juvenile and more developed stages. Age could 
certainly affect the susceptibility of fish to the VER. 
The maturity of the immune system could perhaps 
partly explain the differences in mortality values 
between larvae and juveniles. The lymphoid system is 
not fully mature at hatching; indeed, the larvae have to 
rely mainly on nonspecific defence mechanisms such 
as phagocytosis or perhaps, for specific defence, on 
maternal immunity. Further studies will be needed to 
evaluate the immune response of fish to the infection. 

The results obtained during this experimental trans- 
mission show that juvenile sea bass weighing 3 g are 
susceptible to the nodavirus. Subsequently, we assume 
that horizontal transmission, the existence of which is 
strongly suspected based on observations in the field, 
occurs under natural conditions where healthy fish 
cohabite with carriers. The cannibalistic behaviour of 
young fish could be also a means of VER transmission: 
during our experiments, fish tended to eat the viscera 
and eyes of dead fish, which could have contained the 
virus. 

The aim of this study was to refine an experimental 
model of VER transmission in juvenile sea bass. Two 
modes of infection will be chosen for further experi- 
mental models: intramuscular injection to evaluate the 
viral dose effect and bath exposure to study the entry 
and tropism of the virus. 
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