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Summary. Probes were prepared from genomic RNA of Hog Cholera Virus 
(HCV) after synthesis of cDNA and cloning. Six probes were selected 
according to their place on the viral genome determined by sequencing and 
comparison with BVDV sequence. These probes were hybridized with two 
strains of HCV (Alfort and Nord), two strains of Bovine Viral Diarrhea 
(BVDV) (NADL, New York) and four strains of Border Disease (BD) 
(Lyon 1, Lyon 2, Aveyron, IEMVT). This panel of six probes seem to be able 
to differentiate pestiviruses but some differences rely only on slight intensity 
of the hybridization. 
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Introduction 

Bovine viral diarrhea virus (BVDV) and border disease virus (BDV) are the 
cause of important diseases of large and small ruminants. These two viruses 
belong to the Pestivirus genus [8J and are genetically and antigenically 
related to hog cholera virus (HCV) of pigs. 

The laboratory diagnosis of these diseases is traditionally based on virus 
isolation and/or serology [5,6, 7]. Identification and differenciation between 
these three viruses is an important problem in pigs which can be infected by 
BVDV and BDV as well as by HCV. 

The development of molecular biology gave a new approach to the 
comprehension of the biology of viruses, and new tools for the diagnosis 
such as cDNA probes. In this report we describe the preparation of hog 
cholera virus probes and their application for the detection and differenti
ation of pestiviruses. 
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Materials and methods 

C ells and viruses 

The HCV strain Alfort [1] twice cloned in 96 wells plates by end point dIlution and HCV 
strain Nord (graciously given by Or Leforban, SPP, Ploufragen) were amplified on porcine 
kidney (PK) cell line 15 cultured in modified Eagle's medium (MEM) supplemented with 
8% foetal calf serum (FCS). The New York BVOV strain and BOV strains Lyon 1 and 
Lyon 2 were graciously given by Or Chappuis (Rhone Merieux Lyon). The BOV strain 
IEMVT was graciously given by Or Lefevre (IEMVT France). The~e strains were grown on 
sheep kidney (SK) cell line cultured in OPTIMEM supplemented with 10% FCS. The 
NAOL BVOV (ATCC) strain was amplified on bovine nasal turbinate cell line (BT) 
cultured in MEM supplemented with 10% of basal medium supplement (BMS) 
(SEROMEO, France). All stock cells and FCS were regularly tested for the absence of 
contamination by pestiviruses. 

Production and purification of the virus 

PK 15 cells were infected with a m.o.i. of 5 (as determined by immunofluorescence assay) of 
HCV (Alfort). After one hour of incubation, MEM supplemented with 5% horse serum was 
added. Twenty nine hours later the infected cells were freeze-thawed three times. The viral 
suspension was added with 0.5 mg/ml of trypsin and incubated 10 min at 37°C before 
centrifugation at 3,000 g during 30 min and at 10,000 g during 1 h. Then, the suspension was 
ultracentrifuged in a 45 Ti rotor at 44,000 RPM during 3 h. The pellet was purified with 
sucrose gradient 22%-44% ultracentrifuged at 39,000 RPM during 36 h in SW40. 

Preparation of genomic RNA 

The HCV virus pellet resuspended in TNE (200 mM Tris, pH 8, 200 mM NaCl, 2 mM 
EOTA) with 400llg/ml of proteinase K was incubated 30 min at 37cC. After addition of 
a same volume ofTNE 2 X with 2% SOS it was again incubated 5 min at 50G C and 30 min 
at 2YC, then genomic RNA was precipitated with 2.5 volumes of ethanol after phenol
chloroform extraction. 

Synthesis of cDNA and cloning 

Approximately IOllg of RNA from purified virions and 1 Ilg of random hexanucleotide 
primer in 10 III of H 20 were heated to 65°C for 5 min, chilled on ice and mixed with dA TP, 
dCTP, dGTP, dTTP 1 mM each, 15 units of RNasin or RNAase inhibitor and 100 units of 
AMV reverse transcriptase in buffer (50 mM Tris-HCI pH 8.3 at 42°C, 8 mM MgCl2, 
50 mM KCI, 1 mM OTT) in a final volume of 100 Ill. The mixture was incubated 30 min at 
25°C, 30 min at 37°C and 2 h at 42°C. 

After phenol-chloroform extraction, the heteroduplex was treated with 17 units of 
RNAase T2 in 250mM NaCl, lOmM NaCOOCH3 pH 4.5 during 15min at 37°C, re
extracted with phenol-chloroform and filtered on sephadex G50 medium. Then the hetero
duplex and the vector PBR 322 cleaved with Pst I were added with complementary 
homopolymer tracts. Tails of about 20 deoxycitidines were added to 2 picomoles of 3' 
termini in a final volume of 20 III of buffer (25 mM Tris HCI pH 7, 100 mM potassium 
cacodylate, 0.2 mM OTT, 1 mM CoC1 2 , 50llg bovine serum albumim, 0.2 mM dCTP or 
dGTP) and 14 units of terminal transferase. The mixture was incubated 3 min at 37c C, 
extracted with phenol-chloroform and purified on a column of sephadex G 50 medium. 
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Tailed heteroduplex and vector were ligated by contact of 1 mole of heteroduplex with 
2 moles of vector at a final concentration of vector of 5 ng/Ill in buffer (100 mM Tris HCl 
pH 7.5, 100 mM NaCl, 1 mM EDT A). The mixture was heated at 65 cC 10 min and the 
annealing was performed overnight by incubation in the water bath. 

The DNA recombinant was introduced in bacterial cells strain RR 1 after their treatment 
by calcium chloride [9]. 

Analysis of the inserts 

After selection of transformed bacteria by tetracycline resistance and ampicillin suscept
ibility the plasmid DNA was obtained from mini preparations realized by alkaline lysis 
method [9]. 

After Pst! digestion of the plasmid DNA, the inserts were analysed by 1 % agarose 
electrophoresis. The inserts of a length above 500 pb were selected. 

The inserts in PBR 322 were labelled with 32P dCTP by "multiprime DNA labelling 
systems" (Amersham, France). Their viral origin was confirmed by hybridization with dot 
blot of RNA extracted from infected and non infected cells according to the method 
described by Maniatis (1982) for the isolation of m RNA from mammalian cells. 

The respective position of these inserts was determined by reciprocal hybridization and 
restriction enzyme cleavage. 

Nucleotide sequencing 

DNA sequencing was carried out by random subcloning of sonicated DNA [4J in DNA 
replicative form of M 13 phage. 

The M 13 dideoxy sequencing was carried out according to Sanger technique and 
previously used for the sequence analysis of bovine enteritic coronavirus F 15 genome [3]. 

Preparation of RNA from infected and non infected celis, dot-blot and hybridization 

After three freeze-thawings the cell suspension was clarified and ultracentrifugated as 
previously described. The pellet resuspended in 1: 500 of the initial volume was treated with 
2% of SDS 10 min at 20°C then RNA was extracted with phenol-chloroform and precip
itated with sodium acetate 0.25 M and 2.5 volumes of ethanol. 

The RNA from infected or non infected cells was denatured by mixing with the same 
volume of formaldehyde and heating at 50°C during 15 min. After ice chilling, a same 
volume of 10 X SSC (20 X SSC is 3M NaCI, 0.3 M Na citrate) was added and the RNA 
deposited on nitrocellulose filters (Schleicher and Schuell, Ceralabo, France) wetted by 
5 X SSPE (20 X SSPE IS 3M NaCI, 177 mM NaH zP04 , 20 mM EDT A pH 7.4). 

Pre-hybridization was performed overnight at 42c C in 200 III of 5 X SSPE by cm z of 
filter containing 50% formamide, 0.1 % polyvinyl pyrrolidone (PVP), 0.1 % ficoll, 
0.1 % bovine serum albumine (BSA), 0.1 % SDS and lOOllg/ml of calf thymus DNA. 

Hybridization was performed overnight at 55 c C with 50 III of buffer by cmz of filter with 
the same buffer 5 X SSPE containing 10 ng/ml of DNA probe labelled with 32P, dCTP 
(110 TBq/m mol, Amersham) by random priming (multiprime DNA labelling system kit, 
Amersham) and denaturated 15 min at 100C C. Washing was initially performed 3 times at 
room temperature during 15 min in 2 X SSC, 0.1 % SDS and then 2 times during 15 min at 
52'C with 0.1 % X SSC and 0.1 % SDS. 

F or the discrimination of the pestiviruses those probes were prepared either from insert 
in PBR 322, either from insert in M 13 DNA single strand or from insert purified from LM P 
agarose after electrophoresis. 
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Results 

Among twelve different inserts six were selected according to their location 
on the HCY genome determined by total or partial sequencing and compar
ison with the genome of the NADL strain of BYDY and Alfort strain of 
HCY as published [2, 10]. 

The place of these inserts is presented in Fig. 1. 
Comparative hybridization assays were performed with the different 

types of probes obtained from inserts in PBR 322, M13 DNA single strand 
or from purified inserts. The best results (data not shown) were obtained 
with the purified inserts which were used in the presented results. 

After dot blot hybridization with the RNA extracted from non infected 
cells and cells infected with various strains of pestiviruses, different inten
sities in the hybridizations were observed (Fig. 2) and in comparison with the 
controls it is possible to classify the reactions in positive, weakly positive and 
negative (Table 1). 

The results are summarized in Table 1. One of the inserts (784) recog
nized all the strains, while the five other inserts reacted only with some of the 
eight strains of pestiviruses tested. 

All the inserts used as probes recognized the two strains of HCV (Alfort 
and Nord). 

The sequences of the HCV genome corresponding to the inserts were 
compared with the homologous regions of the BVDV genome. The highest 
degree of homology (73%) was observed with the 784 insert which reacted 
with all the strains. A slightest homology (66.5%) was observed with the 779 
fragment which recognized strongly the two strains of HCV, the NADL 
strain of BYDV and more weakly two BDV strains (Aveyron and Lyon 2). 
The lowest homology (about 63%) was obtained with two of the four other 
inserts (1610 and 1745) which did not recognize any of the two BVDY strain 
but only HCV and 3 strains of BDV (Aveyron, Lyon 1, Lyon 2). The degree 
of homology of the two last inserts is not yet determined. 

Discussion 

The purpose of this work was to detect and differentiate pestiviruses of 
different animal origin by cDNA probes. The six probes were tested against 
RNA extracts from undiluted and 1: 10 cell extracts. When the probes 
reacted with undiluted dilution, a decrease of intensity of the reaction or 
a total extinction at the 10- 1 dilution was observed. 

This decrease is clear with HCY strain Nord (Fig. 2 lane H) and when 
the BVD strain Aveyron and Lyon 2 are tested against probe 784 (Lanes D 
and F). The total extinction at 10- 1 dilution is explained for most of the 
other cases when the reaction is not very important with the undiluted 
extracts (lanes B C E G) but not for HCV Alfort (Lane A). In this case, 
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Fig. 1. Sites of the inserts 1610, 1745, 784, 779 on the genome of HeV. The sites of 
the inserts 2038 and 1331 have not been determined with precision, they are between 1745 

and 784 
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Fig. 2. Dot blot hybridization of 8 strains of pestiviruses with 6 different inserts. A: HCV 
strain Alfort; B: BVOV strain NAOL; C: BVOV strain New York; D: BOV strain Aveyron; 
E: BOV strain Lyon 1; F: BOV strain Lyon 2; G: BOV strain IEMVT; H: HCV strain Nord. 
PFU column indicates the amount of virus deposited. Each insert was hybridized with 
0.004 ml of initial dilution of each strain (Left column) and 0.004 ml of a 10- 1 dilution of 
each strain (Right column). For strain F, the blots corresponding to the initial and 10- 1 

dilutions were unvoluntarily inverted. Lanes I and J: control hybridization with uninfected 
cells (1: PK; 2: BT; 3: SK) 

despite the initial strong reaction no trace is observed at the 10 - 1 dilution. 
No explanation was given except an error in dilution manipulation. 

By this panel of 6 cDNA probes it was possible to recognize and 
differentiate the various strains of pestiviruses. All the probes recognized the 
two Hey strains, but only one probe (784) recognized the whole range of 
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Table 1. Results of the dot blot hybridization expressed in posi
tive weakly positive or negative between the HCV cDNA probes 

and various strains of pestiviruses 

Inserts 
Virus Strains 

784 779 2038 1610 1745 1331 

HCV 
(Alfort) 

BVDV 
(NAOL) 

BVDV 
(New York) 

BDV ./ V (Aveyron) 

BDV ./ ./ V (Lyon 1) 

BOV V (Lyon 2) 

BDV V V (IEMVT) 

HCV 
(Nord) 

Homology 
(HCVIBVDV) 

73.3% 66.5% ND 63% 63 .7% NO 

D positive I?" weakly positive o negative 

Lower line: degree of homology between the part of the HCV 
genome (Alfort) corresponding to the inserts and the correspond
ing part of the BVDV genome (NADL). 
ND = Not determined 

pestivirus strains tested and none of the probes was only specific of a single 
type of pestivirus. Besides, one of the BDV strain (Lyon 2) could be 
differentiated from the two HeV strains only by probe 779 which hybridized 
less with Lyon 2. In the same way the BVDV (New York) strain of pestivirus 
of ruminants could be differentiated from BDV (IEMVT) and BDV 
(Aveyron) only by a slight hybridization of probes 2038 and 1745, and 
probes 779 and 1610 with these two strains of BDV respectively. More 
probes should be necessary to avoid the difficulties due to weak hybridiza
tion and more strains of pestiviruses of different origin should also be tested 
to confirm these possibilities of differentiation. The highest specificity of the 
probes with HeV is not surprising as the probes were prepared from the 
Alfort strain of Hev. It can be presumed that more specific BDV and 
BVDV probes could be prepared from homologous pestiviruses. 

The sensitivity of the probes was determined only by the titer of the 
supernatants and the determination of the number of viral particles corre
sponding to the volume deposited on the filters for hybridization. The 
quantity of viral RNA detected was not determined as the extracts were not 
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purified and contained viral and cellular RNA. In spite of this, the high titers 
of virus in the undiluted samples and the rapid decrease of the reaction 
indicates that the sensitivity is not excellent and should be improved. 

The yield of such high titers is possible after adaptation of the virus and 
the value of the probes is still interesting for the confirmation and distinction 
of the pestiviruses in reference laboratories. 

An important step will be the adaptation of such techniques to material 
directly extracted from organs or samples of infected animals, combined 
with the preparation of non radioactive labelled probes for a wider use in 
conventional laboratories. 
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