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Abstract

in vitro -

These results show that a single immersion vaccination without boosting does not induce systemic 
IgM-based immunity in sea bass. A control experiment where VERv was administered intraperito-

in vitro in response 

immune responses.

Finally, by employing a rabbit antiserum against VERv (pAb 283) and a mouse monoclonal against 
VERv capsid protein (mAb 4C3) we have developed a Capture ELISA system to detect and quan-
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Introduction
Viral encephalophaty and retinopathy (VER) 
otherwise known as viral nervous necrosis 

a spherical and non enveloped RNA retrovi-

species worldwide including European sea bass 

stages (Munday et al., 2002). The betanodavirus 
transmission can be vertical (Yanong, 2010), i.e. 

Kai et al., 2010), potentially within or on the 

-

Artemia 
(brine shrimp), Acetesinte medius (shrimp), Ti-
griopus japonicus

clinical signs relate to the lesions present in 
the brain and retina, i.e. there are abnormali-

and coloration (Munday et al., 2002) but the 

-

2011; Chaves-Pozo et al., 2012) employing am-

(Baud et al., 2014).

at young age through mucosal immunisation 

monitoring cellular and molecular immune 
responses. At the same time we are developing 

-

ELISA based system to detect and quantitate 
-

against VERv (pAb 283) and a mouse mono-
clonal against VERv capsid protein (mAb 4C3).

Materials and methods

± 9 g were kept in a UV-treated recirculation 

ad libitum with standard com-

(VERv) (GenBank accesion number JN189865 
and JN189992, Panzarin et al., 2012) was pre-

described (Iwamoto et al., 2000; Vendramin et 

anesthetic Ethylenglycolmono-phenylether 
(MERCK-Schuchardt) and then were divided 
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VERv group, 100 intraperitoneally immunised 

Control group, 100 intraperitoneally injected 

(IFN, Mx, ISG-12, and IgT) was observed in 
-

-
tions. RNA was suspended in DEPC-treated 

primers that bracket an intron. For reverse tran-
scription, the BioScript RNase H minus (Bioline) 

-

were determined with an Mx3000P™ real-time 
PCR system (Stratagene) equipped with version 

RNA was used as house-keeping gene. A 10 ng  
cDNA template was used in each PCR reaction. 

which was replaced with water in all blank 
control reactions. Each run was terminated 
with a melting curve analysis which resulted in 

target DNA. The analysis was carried out using 

qPCR products were checked by agarose gel 
electrophoresis.

was done using either a rabbit polyclonal 

protein (mAb 4C3), previously described (Costa 
-

oxidase with nickel enhancement as previously 
described (Scapigliati et al., 1995). 

samples were taken and tested by Indirect 
ELISA previously shown to detect VERv-spe-

preparation (108 TCID50 -

succinimidyl ester (CFSE, Molecular Probes) 

24 and 48 h post-immunisation leukocytes were 
stimulated with Phytohaemagglutinin (PHA) 

by a Flow Cytometer XL200. At the same time 

antibody (DLT15) (Scapigliati et al., 1995) by 
using a Flow Cytometer.

The cell line used was Dicentrarchus labrax em-
bryonic cell (DLEC) (Buonocore et al., 2006) 

-
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®

using a plasmid vector pcDNA3 (Invitrogen) 

the VERv coat protein (NNV, accession number 
YP_611157). Positive cells named DLEC-NNV 
were selected by continuous incubation in L-15 
medium containing Geneticin G-418 (Sigma-Al-

cells and the monoclonal antibody mAb 4C3. 

onto nitrocellulose (BA85 Schleicher & Schuell) 

was treated with PBS containing 3% bovine 

30 min and then incubated overnight at 20 ºC 
with mAb 4C3 in DMEM containing 10% FBS. 
Immunoreactive bands were detected with a 
peroxidase-labelled goat anti-mouse antibody 

revealed by adding 50 mM Tris-HCl pH 6.8 
containing 0.3% 4-chloronaphthol and 0.002% 
H2O2

DLEC-NNV was extracted and then PCR on 

CNVV-FW: 5’ – GAC CAC CAA GGC CGC 
GAA– 3’ 
CNVV-RW: 5’– TGC AGG CTG GTT TCG CTG 
– 3’ 

explained above and divided in two groups: 

cells with PBS in a glass Dounce homogeniz-
er). At 30 days post-injection individual sera 
samples were extracted to be tested the presence 

one as explained above and another using ho-
mogenised DLEC-NNV as antigen. At the same 
time 5 head kidney and 5 spleen samples were 

assay as described above. 

In addition we developed a Capture ELISA 
employing as capture antibody pAb 283 and as 
detection antibody mAb 4C3 to detect and quan-
titate VERv in biological samples (Nuñez-Ortiz 

that the antibody pAb 283 recognizes VERv per-
 as explained above but 

loaded with denatured VERv 283. A VERV-load-

pAb 283 as negative control.

-

the polystyrene plates (Maxisorp, Nunc, Roskil-

7 TCID50 mL -
-

7.4 containing 0.05% Tween-20 and 0.15 M NaCl 
(TTN) to remove unbound VERV. Each well 
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as above and coated wells and control wells 

-

-
tion to rabbit IgG (GAR-HRP) (Cappel, catalog 

washing as above, the wells were washed twice 

(pH 5.0). The reaction was then developed with 

-
ing 0.001% H2O2. The reaction was allowed to 

nm with an Automatic Plate Reader (Labsys-
tems Multiskan MS). To normalise the results, 

-
nition sensitivity was tested using the working 

Capture ELISA based sensitivity was deter-

antibody pAb 283 was diluted in duplicate 

min at room temperature. The plates were then 

-

as above, the capture mAB 4CF diluted 1:10 in 
TBT, was added and incubated overnight at 

above, then a peroxidase-conjugated goat IgG 

catalog number: 55550) diluted 1:1000 in TBT 

wells were washed with TTN and developed 
as described above. 

VERv detection with the Capture ELISA was 

groups: a control group with 10 unmanipulated 

8 
TCID50 mL-1

then each sample was homogenised with 10 
passages in a glass Dounce homogenizer with 

x g

duplicate wells previously coated with pAb 

Results and discussion

in the IP VERv group, intraperitoneally im-

increase. Previously it has been reported that 
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IgM gene expression can be induced by intra-
muscularl (IM) injection with virus-like particles 

and intraperitoneal injection with Yersinia ruckeri 
in rainbow trout (Lai et al., 2014; Raida and 
Buchmann, 2007, 2008; Kai et al., 2014). Prelim-
inary results suggest that intraperitoneal im-

anti-VERv IgM titers in sea bass.

Mucosal vaccination has induced no or very 

the result in this group being not statistically 

due to the individual variability. Furthermore 

showed that a single immersion vaccination 
without boosting does not induces systemic 
IgM-based immunity in sea bass.

and a possible modulation in transcriptional 

and stimulated with Phytohaemagglutinin 
(PHA) at 24 and 48 hours post treatment by 

-
ation with PHA, as expected (Nuñez-Ortiz et 

monoclonal antibody (DLT15) by Flow Cytom-

neither detected with DLT15 in VERv stimulated 
Leukocytes. From these data we conclude that 

we must consider the possible detection limit 

and the individual variability. Experiments are 

immunisation experiments and to evaluate al-
ternative VERv inactivation methods.

with a plasmid encoding VERv capsid protein. 

monoclonal antibody Mab 4C3 that recognised 

at 38 KDa was detected corresponding with 

cell line, named DLEC-NNV has been used 
to immunise sea bass intraperitoneally. We 

IgM by Indirect ELISA in sera using either 
adsorbed VERv or absorbed DLEC-NNV as 

ELISAs. Moreover, leukocytes collected 30 days 

in vitro in response to VERv. We 
are developing new trials to optimise this new 

that can be employed to investigate antiviral 
immune responses.

using a rabbit polyclonal serum raised against 

juvenile barramundi Lates calcarifer (Fenner et 
al., 2006), but in sea bass Nodavirus was only 
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have developed an immunoenzymatic method 

5 

50-titrated 

ELISA system consisted on a rabbit polyclonal 

strain, the most common RGNNV genotype 
in the Mediterranean area, which was used 

western blot, applied as explained above but 
loaded with denatured VERv 283, indicated 
that the antibody pAb 283 recognises VERv. 
Two immunobands were detected at around 
110 kDa (virus polymerase) and at ca. 38 kDa 
(capsid protein). pAb 283 recognizes VERV 
showing the binding as dose-dependent and 

5

protein was used to reveal bound antigen.

in vivo
were tested with the Capture ELISA . Control 

in vivo 

in three arbitrary groups, namely responders, 

low responders and negatives. The respond-

were 9 samples with an OD 450nm between 
0.09 and 0.03, and the remaining 10 samples 

With the data obtained by assays we have run 
it can be assumed that OD values higher than 

We propose that this method can be used in 

in vivo
but it could also potentially be employed by 

This Capture ELISA could be coupled with 

2010), improving the available tools to provide a 

in sea bass. 
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