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ABSTRACT-In this study, we report outbrealくofviral nerv-

ous necrosis (VNN) in wild Epinephelus species, which are 
of an endangered fish group, in different Tunisian coastal 

areas in 2012. Seven fish of E. marginatus and E. costae 
caught at dead or moribund condition were investigated. 

Betanodavirus was detected in the brain and retinal tissues 
of all fish by RT句 PCRand at high infective titers (1060 8・8 

TCID5ofg) in five of seven fish. Sequence and phylogenic 
analyses of the viral genes revealed that the viruses 

belonged to RGNNV genotype and were closely related to 

some previously reported Mediterranean betanodavirus 

strains, suggesting virus exchanges among different fish 

populations in the Mediterranean Sea. 

Key words: betanodaviruses, disease outbreak, Epinephelus 

spp., phylogeny, RGNNV 

Viral nervous necrosis (VNN) is a major concern for 
marine aquaculture (Mundayθt al., 2002). Similarly, 
VNN represents a menace to wild fish populations, 
affecting numerous species of nine distinct orders 
(Panzarin et al., 2012). Diseased fish present an unco-
ordinated swimming behaviour as a consequence of 
lesions occurring in the central nervous system. In lar-
val and juvenile stages, this disease can cause up to 
100% mortality and in adults, significant mortality was 
reported (Bovo et al., 1999; Munday et al., 2002 ). 

VNN is caused by betanodaviruses, non-enveloped 
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viruses belonging to the family Nodaviridaθ. Betanodavi嗣

ruses have a single-stranded positive-sense RNA 
genome divided into two segments: RNA 1 (3.1 kb) and 
RNA2 (1.4 kb) coding for a RNA”dependent RNA 
polymerase and a coat protein respectively (Mori et al., 
1992). On the base of phylogenetic analysis of the 
RNA2 segment, five genogroups have been described: 
red町 spottedgrouper nervous necrosis virus (RGNNV), 
barfin flounder nervous necrosis virus (BFNNV), tiger 
puffer nervous necrosis virus (TPNNV), striped jack 
nervous necrosis virus (SJNNV) and turbot nervous 
necrosis virus (TNNV) (Nishizawa et al., 1997; Johansen 
et al., 2004). However, NNV genetic diversity is more 
complex since many reassortant viruses bearing an 
円NA1 segment related to a specific genotype and an 
RNA2 segment from another genotype have been 
described. Thus the combined characterization of 
RNA 1 and RNA2 segments is recommended (Panzarin 
et al., 2012). 

The genus Epinθphelus, one of the most relevant 
fish genus, is highly susceptible to betanodavirus 
infection. Numerous VNN outbreaks have been 
reported in farmed and wild Epinephelus spp. in Asia 
(Munday et al., 2002). In the Mediterranean sea, VNN 
outbreaks in Epinephelus spp. was first reported in 
1999 in the natural marine reserve of Ustica, Italy 
(Marino and Azzurro, 2001) and recently in 2011 in the 
South of Italy (Vend ram in et al., 2013a) and the North-
eastern of Algeria (Kara et al., 2014). RGNNV isolates 
were also found in such groupers in 2001, 2002 and 
2009 in Italy and Greece (Panzarin et al., 2012). 

In the Mediterranean Sea, the genus Epinephelus 
is of great interest from an ecological and economic 
point of view. Among these species, E. marginatus, 
which is heavily exploited, is safeguarded and included 
in the Red list of marine fishes (Zabala et al., 1997). 
Particularly, in Tunisia, groupers are represented by six 
species: E. aeneus, E. caninus, E. costae, E. haifensis, 
εmarginatus and Mycteroperca rubra (Bradai et al., 
2004）.トJotably,standings and mortalities of wild grou-
pers, such Epinephelus spp., were reported in the 
Northern regions during the last years. Betanodavirus 
RGNNV strains were isolated from farmed fishes since 
1992 (Thiery et al., 2004) and, recently in 2011, we dem-
onstrated the spread of RGNNV strains among farmed 
fishes along the Tunisian coasts (Haddad脚色oubakeret 
al., 2013). However, the presence of betanodavirus in 
wild fish stocks has never been officially described so 
far. 

The present study reports the occurrence of severe 
disease and mortality of wild Epinephelus species in 
association with betanodaviruses in northern coasts of 
Tunisia （ドig.1 ). 

Material and Methods 

In 2012, in the period of August to November, 
severe mortalities of wild dusky groupers εmarginatus 
and golden groupers E. costae in northern Tunisian 
coasts (Tabarka, Cap Negro, Cap Serrat, Kef Abed, 
Bizerte, Cap Bon and Kelibia were documented by fish-
ermen and scuba divers (Fig. 1 ). More than 250 spec卜
mens presented neurologic signs or were recovered 
stranding on the beach. A total of eight samples were 
collected from September to November (Table 1): 



54 

E. Fakhfakh, W. Boughdir, S. Sghaier, J. B. Souissi, A. Megdich, R. Dhaouad1, 
A. Amara, V. Panzarin and S. Haddad-Boubaker 

Mecn陶＂＇回＂＂＇島孟

Fig. 1. Geographical distribution of sites where moribund groupers 
were observed 

seven wild Epinephelus specimens sampled 1n 
Tabarka, Bizerte, Kelibia regions (Fig. 1) and one 
farmed European seabass Dicentrarchus /abrax spec卜
men obtained during an outbreak in the Sahel region 
(Eastern Tunisian coast) (Table 1）目 Epinephe/usspec卜
mens were identified as E. marginatus (n = 4) and E. 
costae (n = 3). Six of them were caught by fishermen 
and exhibited opaque eyes, while one moribund spec卜
men was collected alive by scuba diver during an explo-
ration of Tabarka region in the first of November (Table 
1 ). The moribund fish (T2.12) presented erratic swim-
ming behavior with loss of equilibrium and, sometimes, 
sank to the bottom and then floated to the surface again. 
The sea surface temperature was 24°C at the time of 
capture. The caught specimens were obtained in 
September (T1.12, 81.12, K1.12), October (T3.12, 
82.12) and November (T4.12) at 26-27°C, 24-25.5°C 
and 22°C sea surface temperature respectively. 
Concerning the D. labrax specimen, the fish was co卜
lected at the first of September at 27。Csea surface 
temperature 

The total length and weight of each specimen were 
recorded. Examination and dissection of fish were 
focused on the observation of swim bladder and search 
of parasites in the gills and digestive tract. At autopsy, 
brain and retinal tissues were sampled. Portions of 
brain obtained from specimens T1.12, 82.12 and K1.12, 
caught respectively from Tabarka, Bizerte and Kelibia 
regions, were conserved for histopathological 
examination. 

Virus isolation was assessed on striped snakehead 
fry cell line (SSN-1) (Frerichs et al., 1996). Briefly, 
SSNイ cellswere propagated at 29°C in Leibovitz 
medium （し15)(Sigma) supplemented with 10% of fetal 
bovine serum, penicillin (100 l.U./ml) and streptomycin 

(0.1 mg/ml). The samples of brain and retinal tissues 
were separately homogenized with a mortar and pestle 
and diluted 1 :10 (w:v) in L-15 medium containing penici卜
lin (200 l.U./ml), streptomycin (0.2 mg/ml) and kana-
mycin (0.2 mg/ml). The homogenates were centr卜
fuged at 3,000×g for 15 min (4°C) and the supernatants 
were either immediately used or stored at -80°C. 
Virus isolation was assessed at 22-27°C, according to 
the water temperature during fish collection. lnfectivity 
viral titers, expressed as tissue-culture infective dose 
(TCDl5c/ml), were calculated as described by Reed and 
Muench (1938). 

For molecular detection, RNA extraction was per-
formed by the NucleoSpin RNA II kit (Macherey-Nagel) 
on the tissue homogenates. A segment of 170 bases 
in the RNA1 gene was amplified using oPVP154 and 
oPVP155 primers and the One-Step RT-PCR kit 
(QIAGEN) (Haddad-Boubaker et al., 2013). 

For genetic characterization, products of 680 bases 
in the RNA2 segment and 930 bases in the RNA 1 seg-
ment were obtained using the oPVP88/oPVP111 
(Bigarre et al., 2010) and the VNNV5/VNNV6 primer 
sets (To行oloet al., 2007) respectively and the One-Step 
RT-PCR kit (QIAGEN). 

The phylogenetic analysis of the obtained RNA 1 
and RNA2 sequences and relevant sequences avai卜
able in GenBank was conducted using the maximum-
likelihood method available in the MEGA 5.1 package. 
Robustness of individual nodes was confirmed with 
1,000 bootstrap replicates. The sequences generated 
in this study were submitted to Gen Bank (Table 1 ). 

Results and Discussion 

The examination of the digestive tract exhibited a 
total vacuity (100%) and no signs of parasitism. A 
hyperinflated swim bladder was observed in five sam-
pies (T1.12, T2.12, T3.12, 82.12 and K1.12). 

Histopathological examination of the three samples 
of brain (T1.12, 82.12 and K1.12) revealed the pres-
ence of severe cytoplasmic vacuolation with consistent 
nuclear pyknosis suggesting the involvement of betano-
davirus in the mortality. 

Molecular investigation showed positive PCR 
results for all the samples confirming the presence of 
betanodavirus. For five samples, positive results were 
also confirmed by virus isolation (T4.12 and 81.12 sam-
pies were negative): virus infective titers in the brain 

Table 1. Details of investigated fish specimens and related GenBank accession numbers 

Geographic Weight 
Total Virus Titer 

Accession number 
Specimen Species length Clinical signs (TCIDsofg) 

origin (kg) 
(cm) Brain RNA1 RNA2 

T1.12 εmarginatus (w) Tabarka 5.3 65 Opaque eyes 10 KF748953 KF748945 

T2.12 εcos飽e(w) 6.9 74 
Neurological signs, 1088 107.9 KF748949 KF748941 
Superficial lesions 

T3.12 E. marginatus (w) 3.2 59 Opaque eyes 106.9 1060 KF748950 KF748942 
T4.12 E. costae (w) 7.2 69 OQague eyes KF748951 KF748943 
81.12 E. costae (w) Bizerte 4.6 64 Opaque eyes KF748952 KF748944 
82.12 E. marg_inatus (w) 6.3 72 OQague eyes 107 0 106.2 KF748954 KF748946 
K1.12 E. marg_inatus (w) Kelibia 5.2 66 OQague eyes 10 E耳 10s.n KF748955 KF748947 

816.12 0. labrax (f) Sahel 
region 

0.15 11 No 1073 1070 KF748956 KF748948 

(w): Wild fish; (f): Farmed Fish 
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and retinal tissues were 1064-1088 TCID5ofg and 

1060-107.9 TCID5ofg respectively (Table 1）目 Thus,high 

infective titers in nervous organs in addition to positive 
molecular results confirmed involvement of betanodav卜
rus in the mortality for five samples (T1.12, T2.12, 
T3.12, 82.12 and K1.12) collected from the three 
Northern Tunisian regions. In the other hand, for sam-
pies T4.12 and 81.12, the absence of swim bladder 
inflation and cytopathic effect on SSN-1 cells may only 
suggest a carriage of betanodavirus目

The phylogenic analysis of the RNA 1 and RNA2 
sequences demonstrated that the studied viruses 
belong to the RGNNV genotype (Fig. 2). These 
viruses shared 95.2 100% and 96.2-100% nucleotide 
identity for the RNA 1 and RNA2 segments respectively. 
Both topologies confirmed that strains T1.12 and 82.12 
detected in E. marginatus specimens in two different 
regions are 100% identical, but differ from the other 
Tunisian strains herein characterized. On the base of 
the RNA 1 and the RNA2 sequences, they were highly 
related to Italian strains (JX290521 and JX290531) 
isolated from wild Mui/us barbatus (99.8% and 99.7% 
identity, respectively) and E. 
costae (99.7% and 99.5% 

identity, respectively) collected A. 

旦旦Jll!'ilL

SJNNV 

ト一一斗

2007; Panzarin et al., 2012; Vendramin et al., 2013a). 
In this study, we report, for the first time, the occurrence 
of a severe VNN outbreak a行ectinga large number of 
Epinephelus specimens in different northern Tunisian 
regions. This mortality episode seems to become 
recurrent phenomenon in accordance with the augmen-
tation of water temperature. Indeed, the investigation 
conducted with professional fishermen and diving clubs 
in the region of Tabarka showed that the mortality ep卜
sodes of groupers had existed during warm season 
(August to November) since 1984. The phenomenon 
sporadically reappeared in the following years, and 
became recurrent with more emphasis after 2003, affect” 

ing annually a larger number of fish species (Balistes 
carolinensis, Corvina nigra, Diplodus sargus) and 
extending to a wider geographic area (Bizerte, Cap Ser-
rat, Cap Negro, Kef Abed and Kelibia) (Fig. 1）’ although 
the involvement of beta「1odavin』sin this打10「talityhas 
never been official y investigated. It is general y 
assumed that the water tempe「atu「eis a majo「factor
for the development of clinical disease. In northern 
Tunisia, the average of sea surface temperatures has 
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in 2011 as well as to a Tu n卜
sian strain (HE796793) (99.9% 
RNA2 identity) obtained during 
an outbreak in 2011 81.12 
strain originating from Bizerte 
showed to be highly related to 
samples T2.12, T3.12 and 
T4.12 collected in Tabarka 
(99.9% identity for RNA1 and 
RNA2, respectively). 
Viruses 816.12 and K1.12 
detected in farmed sea bass 
and wild dusky grouper respec-
tively, were highly similar 
to each other (99.9% identity 
for RNA2). Overall, high 
nucleotide similarities were 
observed between the investi-
gated viruses and Tunisian 
viruses previously detected in 
farmed fish in 2011 (HE796793, 
HE796785, HE796792 and 
HE796795) as well as with 
viral isolates originating from 
Italy (JX290521, JX290531, 
JN189799, JN189952) and 
Greece (JN189823, JN189828, 
JN189980, JN189975). Taken 
together, these data suggest 
the existence of epidemiologi-
cal connections between d1行er-
ent geographic areas of 
Tunisia and the Mediterrane-
an, and the occurrence of viral 
exchanges between reared 
and feral fish. 

In the Mediterranean basin, 
several reports described the 
presence of betanodavirus in 
wild fish stocks (Ciulli et al., 

Fig. 2. Comparative phylogenetic analysis of the investigated viruses based on the partial RNA 1 and 
RNA2 sequences: {A) Partial RNA 1 sequence based tree; (B) Partial RNA2 sequence based tree 
The phylogenetic tree was inferred through the Maximum Likelihood method with 1000 bootstrap 
replicates (only values" 75 are reported at branch points). The genotype subdivision is shown at 
the main branches. The scale bar represent the number of substitutions per site. Tunisian 
viruses obtained from wild golden grouper, dusky grouper and European sea bass, in 2012, are 
labeled in red. n.a., not available 
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increased by 0.9°C during the last 50 years, according 

to the Simple Ocean Data Assimilation database, and 

the largest rises occurred between 2000-2009, the 

period from which this disease has spread (data not 

shown). This significant increase of temperature could 

have disastrous consequences on ecosystems and fish 

species such as groupers. It can be also considered 

as a stimulating factor of virulence of some pathogens 

including betanodaviruses. Many cases of betanodavi-

rus outbrealくs have been reported at 24-30°C wate「

temperature (Fukuda et al., 1996; Chi et al., 1999; 

Athanassopoulou et al., 2003) as well as the increase of 

betanodavirus pathogenicity under experimental condト

tions (Nishizawa et al., 2012; Vendramin et al., 2013b). 

However, it is difficult to assess whether the onset of 

clinical disease is a consequence of the optimal tem-

perature for virus multiplication, or it is caused by the 

physical stress of fish induced by elevated temperatures. 

Both factors may probably have a role in the apparition 

of clinical disease. 

Our phylogenic data suggest the occurrence of 

viral exchange between farmed and wild fish popula-

tions as previously hypothesized by Vendramin et al. 
(2013a). Notably, in this case, Tunisian aquaculture 

facilities are mostly located in the eastern coasts, far 

from Tabarka and Bizerte regions (more than 100 km) 

and it is known that Epinephelus species are territorial, 
generally standing in rock caves. Thus, we speculate 

that the transmission of viruses might occur via vectors 

such as other wild fish. The contamination via food 

chain should also be considered since groupers are car-

nivore, especially piscivore. However, it is difficult to 

assess the origin of the infection: Epinephelus species 
can constitute a reservoir acting as a potential source of 

virus and at the same time farmed fish might shed high 

levels of virus in the environment during outbreaks, 

causing contamination of different wild species. More 

investigations are needed to evaluate the role of 

Ep的ephelusspecies in the dynamics of betanodavirus 

infections. 

In the concern of general decline of endangered 

fish groupers, the control of the disease by combination 

of good management practices and vaccination of 

adults and/or fries could preserve wild fish populations 

by limiting viral exchanges, sustaining virus rejection in 

the environment and in the same time could reduce 

severe economic losses in aquaculture facilities. 
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チュニジaア沿岸で天然の Epinephelus属魚種に発生し

たウイルス性神経壊死症による大量死

S. Haddad-Boubaker ・ W. Boughdir ・ S. Sghaier 

J. B. Souissi ・ A. Megdich ・ R. Dhaouadi 

A. Amara ・ V. Panzarin ・ E. Fakhfakh 
2012:::i:oにチュニジア北部の地中海沿岸で天然の

Ep的ephe/usmarginatusおよびE.costaeに大量死亡が

観祭された。検査した死亡魚（6個体）と瀕死魚（1個

体）には外観症状は認められなかったが，全illil体の脳と

網膜組織から RT“PCRによりベータノダウイルスが検出

され，このうち際の肥大を呈した 5個体からは高力側
(106ル 8'8TCID5ofg）でウイルスが分離されたことから，

これらの大量死はウイルス性神経壊死症によると考えら

れた。 RNA1とRNA2についてのシーケンス解析の結果，

これらのウイルスはいずれも RGNNV遺伝子型に分類さ

れ，その一部は2011年にイタリアやチュニジアで養猫f.~1,

から分離されたウイルスと治jい相河性が認められた。
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