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ABSTRACT

Lecomte, C,, Pin, J.J., De Moerlooze, L., Vandenbergh, D,, Lambert, A F., Pastoret, P.P. and Chap-
puis, G., 1990. ELISA detection of bovine viral diarrhoea virus specific antibodies using recombi-
nant antigen and monoclonal antibodies. Fet. Microbiol., 23; 193-201.

A panel of monoclonal antibodies was prepared by immunization of BALB/c mice with Moredun
{BD) virus strains. These antibodies were characterized by immunofluorescence and seroneutraliza-
tion against BD, BVD and hog cholera (HC) virus strains, and radioimmunoprecipitation of BVD-
infected cells extracts. The MADbs reacting with the majority of the Pestivirus strains recognize the 80
kDa antigen of the BVD cytophathic strains. The 80 kDa antigen of the BVD/Osloss virus strain has
been cloned and expressed in E. cofi as a fusion protein with fgalactosidase. The fusion protein has
been purified from inclusion bodies and used successfully as an antigen for ELISA detection of BYDV
specific antibodies in bovine sera. A competitive ELISA using MAbs is more specific than a direct
assay. These results compare well with the ones obtained with antigen extracted from BVDV-infected
cells.

INTRODUCTION

Bovine viral diarrhoea virus (BVDYV) is one of the most important viral
pathogens of cattle, causing a wide range of clinical syndromes like abortion,
teratogenic defects, stillbirths or weak calves and a variety of illnesses in adult
cattle (Brownlie, 1985). BVDYV is currently classified in the Pestivirus genus
of the Togaviridae family, which also includes hog cholera (HC) virus and
border disease virus (BDV) of sheep (Horzinek, 1981; Westaway, 1985).
However, doubt on this classification has been raised recently (Renard et al.,
1985; Collett et al., 1988).

Field isolates of BVD virus can be divided into two biotypes according to
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their ability to induce cytophathology in bovine cell cultures: cytopathic or
non-cytopathic. Infection during pregnancy with a non-cytopathic BVDV
strain can lead to the birth of persistently infected calves that present a highly
specific immunotolerance (McClurkin et al., 1984). Superinfection of per-
sistently viraemic animals with an antigenically related cytopathic strain usu-
ally results in the invariably fatal mucosal disease (Brownlie et al., 1984). To
date, the molecular determinants of the pathogenic mechanisms remain largely
unknown.

Several types of assays have been described for BVD virus serology, the
most widely used being the serum neutralization test (Rossi and Kiesel, 1971;
Ruckerbauer et al., 1971). Enzyme-linked immunosorbent assays (ELISA)
have been described for the detection of BVDYV antibodies in cattle sera, us-
ing antigens isolated from bovine infected cells and test sera from hyperim-
munized calves (Chu et al., 1985; Howard et al., 1985; Straver et al., 1985;
Katz and Hanson, 1987).

Here we report on the preparation of a panel of monoclonal antibodies
(MAbs) that were characterized by serum neutralization (SN ), immunoflu-
orescence (IF) and rad101mmunoprcc1p1tatlon We describe the purification
of a recombinant protein expressed in bacteria as a fusion protein with B—
galactosidase and its use for ELISA detection of BVD specific antibodies in
bovine sera. An indirect ELISA is compared with a competitive assay using
MAbs, and recombinant antigen is compared with antigen extracted from
BVDV-infected cells.

MATERIAL AND METHODS

Preparation and characterization of monoclonal antibodies

The Aveyron (AV) and Moredun (BD) isolates of BDV were used to im-
munize BALB/c mice as a source of lymphocytes for hybridoma production
(Kdhler et al., 1976; Fazekas de St. Groth and Scheidegger, 1980). Screening
of the hybrids was carried out by testing supernatants in an indirect immu-
nofluorescence assay (IFA; Fernelius, 1964).

Characterization and classification of MAbs were performed by IFA, by
virus neutralization (Rossi and Kiesel, 1971; Ruckerbauer et al,, 1971) and
by radioimmunoprecipitation of BVD-infected cell extracts (Donis and Du-
bovi, 1987).

Virus strains and cells

All virus strains were propagated in fetal ovine kidney cells (OCK). The
virus strains used in characterizing MAbs are listed in Table 1. Cytophatic
BVD and BD virus strains were plaque-purified. Some of the initial isolates
(Osloss, Singer and Moredun) yielded both cytopathic and non cytophatlc
biotypes (¢/nc).
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Preparation of ELISA antigens

The recombinant antigen is produced as a fusion protein with f-galactosid-
ase (Renard et al, 1985). Inclusion bodies were purified as described
{Klempnauer et al., 1983), then denatured in 7 M urea, 0.25 M Tris-HC], pH
3, 10 mM dithiothreitol; the renaturation process consisted of dialysis against
0.25 M Tris-HCI, pH 8, 1 mM dithiothreitol. f-galactosidase was produced
and purified in the same way to provide control recombinant antigen.

The Singer strain of BVD virus was grown in OCK and used to prepare the
cellular antigen. Infected cells were harvested before cytophatic effects be-
came apparent, and frozen at —70°C. Cells that had not been infected with
BVDYV were extracted in the same way as control antigen.

ELISA procedure

For the assay, microtitre plates were sensmzed with recombinant or cellu-
lar antigens and their respective negative controls, in the usual carbonate
buffer, pH 9.6. Plates were incubated overnight at 4°C, washed twice with

TABLE 1

Origin and biotype of virus strains

Strain Origin _ Biotype

BVDYVY g ’
NADL Gutekunst and Malmquist (1963 ) Cytopathic
Osloss (¢/nc) Liess (1967) Cytopathic
Singer (¢/nc) McClurkin and Coria (1978) Cytopathic
New-York ATCC Non-cytopathic
" Lamspringe Liess (1967) Cytopathic
Nebraska - Non-cytopathic
Oregon Gillespie et al. (1960) Cytopathic
0321 Liess et al. (1983) Non-cytopathic
7443 - Non-cytopathic
BDV
AV-Aveyron Rhéne-Mérieux (1984) Non-cytopathic
BD (c/nc) Moredun (1933) Cytopathic
HCV
Alfort Aynaud (1968) Non-cytopathic
A4Y Rhdne-Mérieux (1965) Non-cytopathic
C30-chinoise Rhone-Mérieux (1970) Non-cytopathic
Duvaxin Duphar-RM (1984) Non-cytopathic
Glentorf Pittler et al. (1968) Non-cytopathic
Thiverval Launais et al. {1972) Non-cytopathic
331 Mengeling and Cheville (1968) Non-cytopathic
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TABLE 2

Specificity of MAbs determined by IFA
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PBS containing 0.1% Tween 20 and incubated at 37°C with dilutions of bo-
vine sera and MAbs.

Bovine sera

Groups of sera from several lots of animals were examined. The first group
was collected from 400 calves from the “Centre de sélection de Ciney”, Calves
were 6 months old when first bled and were bled again 4 weeks later.

The second group of sera was from 80 cattle on six farms, in which some
animals had shown clinical symptoms of BVDYV.,

RESULTS

From ten fusions of SP2/0 myeloma cells with spleen cells of BALB/c mice
immunized with BD (c/nc) and AV virus strains, more than 100 hybridoma
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colonies secreting specific antibodies were identified by IFA. Out of these, 40
cell lines were selected for subcloning and ascitic fluid production.

MAbs were characterized by IFA using OCK cells infected with 3 BD, 11
BVD and 7 HC virus strains. The results are summarized in Table 2. Only
three of these MADbs were found to neutralize viral infectivity in seroneutral-
ization (SN) assays performed using 19 Pestivirus strains {Table 3). When
the MAbs were used in radioimmunoprecipitation (RIP) assays on BVDV-
infected cell extracts, we mainly detected two distinct classes of antibodies
(Fig. 1): class | MADs reacted with the 80 kDa protein exclusively present in
the BVD cytophatic virus strains (Donis and Dubovi, 1987), whereas class 2
MAbs reacted with glycosylated polypeptides, as shown by the endoglycosi-
dase F treatment of the NY immunoprecipitated material.

The RNA genome of the cytopathic Osloss isolate of BVDV has been pre-
viously cloned and the nucleotide sequence determined (Renard et al., 1985).
The pUR290 plasmid (Riither and Miiller-Hill, 1983) was used to express
the 80 kDa protein-coding region as a fusion protein with the f-galactosidase
{Renard et al., 1985); the fusion protein is easily purified as inclusion bodies,
that can be denatured in urea and renatured by successive dialysis steps.

The purified recombinant fusion protein was tested by indirect ELISA for
the detection of BVDV antibodies in bovine sera, and the results were com-
pared with the virus neutralizing activity of these samples. Fig. 2 illustrates
an indirect ELISA performed on several cattle sera that were previously iden-

TABLE 3

Neutralization titres of MAbs. SN titres are recorded as the logarithm of the highest dilution
inhibiting 50% initial plaque formation - .
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Fig. 1. Use of MAbs in RIP assays. Te: non infected OCK cells; SIN: Singer BVDYV isolate; Oc:
cytopathic Osloss BVDYV isolate; Onc: non-cytopathic Osloss BVDY isolate; NY: New-York
BVDY isolate treated with endoglycosidase F { + ) or left untreated ( = ).
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Fig. 2. Detection of BYDV antibodies by indirect ELISA, using recombinant antigen. S: neu-
tralizing sera; NS: non-neutralizing sera. Continuous lines correspond with the fusion protein
and dotted lines with the control antigen (f-galactosidase).

tified as positive (S) or negative (NS) in a SN assay carried out against the
Singer BVDV isolate. The results of this ELISA show that the recombinant
antigen induces a non-specific answer with non-neutralizing bovine sera,
probably due to the presence of the -galactosidase in the fusion protein.
Nevertheless, this problem can be circumvented by performing a competi-
tive ELISA with the class 1 MAbs (Fig. 1). Fig. 3 illustrates such an ELISA
on several bovine sera. In this competitive ELISA using recombinant antigen
and class 1| MAbs, we observe that the results obtained for a number of cattle
sera are quite similar to those obtained from a competitive ELISA using the
same MAbs and an antigen extracted from BVDV-infected cells (Fig. 4). |
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Fig. 3. Competitive ELISA using class 1 MAbs and recombinant antigen. S: neutralizing sera;

NS: non-neutralizing sera. Centinuocus lines correspond with the fusion protein and dotted lines
with the control antigen (f-galactosidase).
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Fig. 4. Competitive ELISA using class 1 MAbs and antigen extracted from BVDV-infected cells.
$: neutralizing sera; NS: non-neutralizing sera. Continuous lines correspond with the fusion
protein and dotted lines with the control antigen extracted from non-infected cells.

CONCLUSIONS

We have prepared a panel of monoclonal antibodies that were character-
ized and classified by IF, SN and RIP assays. Most of these recognize the 80
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kDa protein that is exclusively present in the BVD cytopathic virus strains
(Donis and Dubovi, 1987). These MAbs were used in a competitive ELISA
for the detection of BVDYV antibodies in cattle sera: the ELISA antigen being
a recombinant protein expressed in E. coli as a fusion protein with the f-ga-
lactosidase. This assay is highly specific and compares well with a similar
ELISA that uses an antigen extracted from BVDV-infected cells.
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