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Abstract

An enzyme-immunohistochemical procedure was employed to facilitate neutralization/diagnostic tests for viral
haemorrhagic septicaemia virus (VHSV), a significant pathogen in trout farms throughout Europe. The method
described can be used for trout or mice antibodies; increases speed (1 day), simplicity, and minimizes the use of
reagents compared to other neutralization assays. Furthermore, the test requires a minimum handling of the cell
cultures under sterile conditions, decreasing frequent contamination due to the non-sterile conditions of the fish
pathological samples. Foci of 5-20 infected epithelioma papillosum carp (EPC) cells are detected and counted with
an inverted microscope in under 16 h after infection of EPC monolayers using a high titre anti-N VHSV monoclonal
antibody (MAb) 2C9. MAb 2C9 recognizes different viral haemorrhagic septicaemia virus serotypes and VHSV
isolates from different host species (trout, salmon and barbel) and Spanish geographical locations. The high titre and
specificity of MAb 2C9 favour its conjugation to peroxidase and also make it possible to use in direct immunoperox-
idase staining of the VHSV infected EPC monolayers. This neutralization/immunoperoxidase assay should improve
diagnostics that use currently agarose or methylcellulose plaque reduction neutralization assays.
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to work under sterile conditions. Other tech-
niques, such as immunofluorescence, ELISA, or

1. Introduction

Current methods of fish thabdovirus detection
and identification are based on cell culture am-
plification and subsequent neutralization (Sanz
and Coll, 1992a). These methods are time-con-
suming (5-6 days), labour-intensive and require
well equipped laboratories mostly due to the need
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immunoblot, although useful in research, have
limited application in diagnosis because of either
low sensitivity, technical complexity, difficulty of
interpretation or need for specialized equipment
(McAllister and Schill, 1986; Mourton et al.,
1990; Mourton et al., 1992; Olesen et al., 1991;
Olesen et al.,, 1993; Olesen and Vestergard-Jor-
gensen, 1986; Sanz and Coll, 1992b), while new

(techniques based on PCR or ELISA with PCR
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(Estepa et al., 1995) have not yet been applied
successfully to clinical diagnosis.

Rhabdoviruses cause significant annual losses
in salmonid farms in Europe and North America
(DeKinkelin, 1972). The neutralizing antibody to
viral haemorrhagic septicaemia virus (VHSV), a
rhabdovirus affecting trout, only reacts with the
glycoprotein G (Lorenzen et al., 1988; Lorenzen
et al., 1990) as in other rhabdoviruses (Coll,
1995a). Of the five virion proteins of VHSV, L
(the RNA polymerase of & 200 kDa), N/Nx (the
nucleoprotein of 45-50 kDa), M;/M, (the matrix
proteins of 22-28 kDa) and G (the neutralizing
epitope-carrier glycoprotein of 60-80 kDa)
(Deuter and Enzmann, 1986; McAllister and
Wagner, 1975), the N is not only the majority
component of virions (Basurco and Coll, 1989)
but is also the earliest to be synthesized after
VHSYV infection (Bernard and DeKinkelin, 1985).
In the experiments reported now, a MAb (Coll
and Dominguez, 1994) was selected from a panel
of anti-N MAbs (Sanz et al., 1993; Sanz and Coll,
1992¢) for use for immunoperoxidase staining of
VHSYV infected EPC monolayers for use in rapid
(<1 day) and for simpler neutralization diagnos-
tic tests.

2. Materials and methods
2.1. Viruses

The viruses used to characterize the MAbs were
VHSV-F,, VHSV-F,, and VSHV-23.75. VHSV
Spanish isolates were isolated from rainbow trout,
Onchorynchus mykiss, Richardson (689 from Gali-
cia in 1984; 471 from Navarra in 1986; and 144
from Salamanca in 1984), Atlantic salmon, Salmo
salar, Linneus (472, from Cantabria in 1986) and
barbel, Barbus graellsi, Steindachner (798 from
Aragén in 1986) (Basurco and Coll, 1989; Ba-
surco and Coll, 1992). Epithelioma papillosum
cyprini (EPC) cell culture techniques and virus
purification were carried out essentially as re-
ported by DeKinkelin (1972). Supernatants from
VHSYV 07.71 infected EPC, were clarified by cen-
trifugation at 20000 x g for 20 min, and kept
frozen at — 70°C in aliquots until used as inocu-
lum in the neutralization assays.

2.2. Anti-G VHSYV antibodies to neutralize
VHSV

Anti-p2 was polyclonal mice ascites obtained by
immunizing Balb-c with the peptide p2 (aa82—
106) from the G protein of VHSV. The anti-p2
antibodies were purified by affinity chromatogra-
phy over immobilized p2 at pH 7.6 as described

" . by Estepa and Coll (1995). MAb C10 neutralizing

VHSV was obtained from Sanofi Diagnostic Pas-
teur (Marnes-La-Coquette, France).

2.3. Anti-N VHSYV monoclonal antibodies (MAbs)
to detect VHSV infected EPC foci

Anti-N  MAbs were obtained using the
myeloma cell line P3X63-Ag8653 (Sanz et al.,
1993). Mouse ascites from the hybridoma 2C9
were obtained by injection of physiological saline
as described (Coll, 1989). The ascites, clarified by
low speed centrifugation, were purified by affinity
chromatography using Protein A-Sepharose
columns (Pharmacia, Uppsala, Sweden) in sample
buffer (1.5 M glycine, 3 M NaCl, pH 8.9). The
retained fractions of MAb 2C9 (IgG2a) eluted
with 0.1 M citric acid, pH 4.9, were pooled and
dialyzed against 10 mM sodium phosphate, 150
mM NaCl, pH 7.2 (PBS). Purity, tested by gel
electrophoresis, was demonstrated by two single
Coomassie-blue stained bands at 50 and 24 kDa,
respectively. To couple peroxidase to MAb 2C9,
0.7 mg of MAb was mixed with 20 mg of
horseradish peroxidase, E.C. 1.11.1.7., 1000 U/
mg, RZ/3.3 (Bochringer Mannheim) in 0.4 ml of
PBS pH 7.2 and 10 ul of 25% glutaraldehyde.
After incubation at 37°C during 2 h, 400 ul of 1
M glycine were added to quench the glutaralde-
hyde.

2.4. Immunoperoxidase staining procedure

About 10° TCIDs, per ml of VHSV 07.71 were
incubated overnight at 4°C with serial dilutions of
anti-VHSYV antibodies. Then, cultures of EPC cells
in 96-well plates were infected with 100 ul of the
different virus/antibody mixtures, adsorbed during
1 h at 14°C with agitation, washed with cell culture
medium and filled with 100 ul/well of culture
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ing units of VHSV per ml. The neutralization titre
obtained for anti-p2 was non-significant for both
plaque forming assays or/and the neutralization/
immunoperoxidase assay. The neutralization titres
obtained for C10 were similar (1000-3000)
whether the plaque forming assay or the neutral-
ization/immunoperoxidase assay were used (Fig.
2).

Fig. 3 shows the percentage of DAB positive
foci obtained by the neutralization/immunoperox-
idase assay with serum obtained from a popula-
tion of trout whose blood was sampled at
different times (from 0 to 8 months) after surviv-
ing two VHSV infections. Neutralization titres

Fig. 1. VHSV-infected EPC cell monolayer stained by im-
munoperoxidase at low (up) and high (low) magnifications.
EPC monolayers in 96-well plates (containing about 300000
EPC cells/well) were incubated at 14°C overnight with 600
PFU of VHSV 07.71/well. Monolayers were fixed and stained
with MAb 2C9 and DAB as indicated. Bars are 100 u.
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Fig. 2. Percentage of DAB-positive foci obtained by the neu-
tralization/immunoperoxidase assay with anti-p2 and MADb
C10. Controls of VHSV 07.71 were included in each of the
experiments. Means and standard deviations of duplicate
counts are represented. @, C10 neutralization of 6000 PFU/
ml; M, C10 neutralization of 1500 PFU/ml; O, anti-p2 neu-
tralization of 6000 PFU/ml; — OJ -, anti-p2 neutralization of
1500 PFU/ml. - - -, C10 percentage of plaques obtained by
the plaque assay using methylcellulose (included for compari-
son).

varied from 0 in the initial non-infected trout (n
= 3), to between 100 and 500, 4—6 months after
the last VHSV infection (n = 3) and to non-de-
tectable, 8 months after the last VHSV infection
(n = 3).

4. Discussion

MADbs anti-N were selected to optimize the
neutralization/immunoperoxidase assay  for
VHSYV because the N protein is probably one of
the least variable of the rhabdoviruses in general
(Bernard et al, 1990; Bernard et al, 1991;
Bernard et al., 1992) and this assay could there-
fore be used for most viral serotypes and isolates.
Furthermore, the N protein of VHS is a major
component found both in the complete virus and
in infected cells (McAllister and Wagner, 1975)
and the N protein is the first VHSV protein to be
synthesized 1-3 h after infection (Bernard and
DeKinkelin, 1985). On the other hand, the N
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