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Summary. The polymerase chain reaction (peR) was applied to detect 
bovine viral diarrhea virus (BVDV) by amplification of its nucleic acid 
sequences in cell cultures, in serum samples of persistently infected cattle, 
and in organ specimens of acutely diseased calves. The primers and the 
probes were selected from the gp48 region of the cytopathic NADL strain. 
The products of single peR or double peR were identified by electro
phoresis as well as by hybridization with biotinylated probes. The results 
thus obtained correlated with those of conventional diagnostic procedures, 
i.e., virus isolation and serology. The detection assay of the BVDV genome 
by the peR amplification proved to be both specific and sensitive. 
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Introduction 

Bovine viral diarrhea virus (BVDV) is one of the most important pathogens 
of cattle, causing economic losses of considerable importance throughout 
the world. 

The genome of BVDV is infectious, positive-strand RNA [10J, estimated 
at 2.9 to 4.4 x 106 Da in size [7, 8, 16, 17]. BVDV is currently classified as 
a member of the family Togaviridae, genus Pestivirus [20]. Propagation of 
BVDV in cell cultures allows the differentiation of cytopathic and non
cytopathic biotypes (cp-BVDV and noncp-BVDV). Both biotypes are 
pathogenic for cattle [4]. 

There are two disease entities caused by BVDV and occurring predom
inantly in adult calves: the acute bovine virus diarrhea with high morbidity 
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and low mortality, and the acute or chronic form of mucosal disease with 
low morbidity and high mortality. 

Both entities show suggestive clinical symptoms and lesions. The virus is 
spread from animals that carry a persistent, latent infection but are usually 
seronegative [13]. These animals are the offspring of cows in which, after 
a primary infection, a transplacental spread occurred during pregnancy. 
Depending upon the stage of pregnancy, the transplacental infection may 
result in abortion or stillbirth, in malformation or immunotolerance. 
Immunotolerant calves are the virus carriers and excretors but may, after 
a recurrent infection, develop mucosal disease [6]. 

BVDV also is a frequent contaminant in fetal calf serum, a commonly 
used component in cell culture systems. This infection may lead to the 
BVDV contamination of biological products, e.g., vaccines [1]. 

Due to the obvious economic impact of BVDV infection, attempts are 
made world-wide to introduce effective control measures. The aim of these is 
to break the cycle of transmission by identifying and eliminating the sources 
of infection. 

The conventional diagnosis of BVDV infection has been based on 
the direct demonstration of the virus in clinical specimens or on indirect 
detection by assessment of specific antibody response. Virus isolation as well 
as the techniques of immunohistochemistry are the most common methods 
of direct detection, whereas the indirect detection is assessed by various 
Immunoassays. 

The present methods are either insensitive or unsuitable for large-scale 
screening. Sensitive and novel approaches are needed to trace the spread and 
circulation of BVDV as well as to study the pathogenesis of the disease [8]. 

In recent years efforts have been made to develop direct methods based 
on the demonstration of the BVDV RNA by nucleic acid hybridization 
[5, 15, 17]. 

In this study, we adapted the method of polymerase chain reaction 
(PCR) for the detection of the BVDV genome in specimens. This already 
well-known method makes it possible to amplify selected gene sequences to 
amounts that allow their detection and identification. 

The experiences we gained on some viral diseases show that the PCR is 
several orders of magnitude more sensitive than the direct hybridization 
assays [2, 3]. 

Materials and methods 

Cells and Viruses 

In order to estimate the specificity of the peR method, we tested various strains of both 
biotypes of BVDV (kindly provided by Professors B. Liess and V. Moennig, Hannover, 
FRG), as well as six local isolates. The viruses were grown on bovine turbinate (BT) cell 
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Fig. 1. Single peR amplification of BVDV cDNA from cell cultures. Primers OBVD-5 and 
OBVD-6 were applied for amplification from BVDV-infected cell cultures as well as from 
cell cultures infected with heterologous viruses as listed below. A Electrophoresis of the 
peR products of cells infected with BVDV strains NADL (I), Ug59 (2), Singer (3), Oregon 
(4), New York (5), Osloss (6), A-I 138/69 (7), 0715 (8), and Swedish isolate S2 (9). peR 
products from cells infected with parainfluenza-3 virus (10), bovine parvovirus (11), and 
bovine corona virus (12). DNA-size marker <DX-174-RF /HaeIIJ digest is seen in position 13. 
B Dot-blot hybridization of three-fold dilutions of the peR products with the OBVD-4a 

probe 

cultures. Bovine kidney- and BT-cells inoculated with bovine parvovirus, bovine co
rona virus, and parainfluenza-3-virus strains were used as controls of specificity (Fig. I). The 
cells were harvested when the cytopathic effect (ePE) appeared. The noncp-BVDV strains 
were harvested after 6 days of incubation. The cells were dispersed by trypsinization and 
washed two times in PBS. The cell number was standardized to 5 x 104 cells/ml in PBS. 

Clinical samples 

In order to estimate the diagnostic applicability of the peR, samples of acutely diseased 
cattle as well as of persistently infected cattle were examined. The test materials consisted of 
samples of lungs, spleen, and placenta from the acute cases. The organs were homogenized 
and 10% v/w suspensions were prepared in PBS. From the persistently infected cattle serum 
samples were tested. For comparison, each organ- or serum-sample was examined in 
parallel by virus isolation and by peR. 

C Ullvell! ional diagnostic procedures 

Virus isolation from the specimens was attempted on BT cells by two consecutive passages, 
6 days each. The results were assessed by indirect immunofluorescence, using monoclonal 
antibodies prepared by Juntti et al. [12], and by immunoperoxidase method using poly
clonal antibodies. 
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Preparation of specimens for the peR 

In order to destroy cell membranes the cell- and the organ-samples (concentrations see 
above) were three times frozen at - 20°C. After the last thawing, 1 ml amounts of the 
samples were centrifuged in an Eppendorf centrifuge at 500 g for 5 minutes. The super
natants were recentrifuged at 5,000 g for 15 minutes and then, in the same way as the serum 
samples, they were pelleted at 50,000 rpm in a Kontron TST-55.5 rotor for 30 min at 15°C. 
The pellets were collected in TE buffer (10 mM Tris, pH 7.5, and 1 mM EDTA) containing 
1.5% SDS. Proteinase K (Merck, Darmstadt, FRG) was added to a final concentration of 
100 to 200 Ilg/ml and the specimens were incubated at 55°C for 30 minutes. Subsequently, 
they were heated to 95°C for 10 minutes and 10 to 20 Ilg fresh yeast RNA (USB Comp., 
Cleavland, OH, USA) was added as carrier RNA. The samples were extracted twice with 
phenol/chloroform and precipitated with ethanol. The precipitates were pelleted at 14,000 
rpm in an Eppendorf centrifuge for 20 min at 4°C. The pellets were dissolved in 10111 
0.5 x TE buffer. In order to perform the reverse transcriptase reaction, the following 
materials were added to the 10 III RNA: 2111 10 x PCR buffer (0.1 M Tris-HCI, pH 8.3; 
0.5 M KCI, 25 mM MgClz, 1 mg/ml BSA), 1 III of each of the four dNTPs (10 mM stocks, 
Boehringer, Mannheim, FRG), 2 III of reverse transcriptase primer (10 11M stock), 1 III 
RNA sin (Pharmacia, Uppsala, Sweden), and 1 III reverse transcriptase (200 U/Ill, Moloney 
MuLV, Bethesda Research Laboratories, Gaithersburg, MD, USA). The specimens were 
allowed to stand at room temperature for 10 min; they were incubated at 37°C for 90 min, 
subsequently heated to 98 °c for 10 minutes, and the cDNA products were then chilled on 
Ice. 

Primers and probes 

Four primers were selected, complementary to the published sequences of the gp48 region 
of the cytopathic NADL strain [7]. 

For the identification of the PCR products, two probes were designed. The probes 
corresponded to two regions between the two internal primers. 

The primer sequences, locations and functions as well as the oligonucleotide probe 
sequences and positions on the BVDV genome are shown in Table 1. 

The oligonucleotides were synthesized and then purified by reverse phase chromato
graphy at the Research Genetics, Huntsville, AL, USA. The oligonucleotide probes were 
biotinylated according to Guitteny et al. [11]. In order to add a tail of biotin-16-dUTP 
(Boehringer, Mannheim, FRG) at the 3' end, the TdT enzyme (Pharmacia, Uppsala, 
Sweden) was used. In the hybridization assays the oligonucleotide probes were used in 
a final concentration of 200 ng/ml. 

The conditions of amplification 

The PCR was performed by using 20 III cDNA, 8 III 10 x PCR buffer, 3 III of each 
10 pm ole/Ill upstream and downstream BVDV primers, 0.5 III (2.5 U) Taq polymerase 
(AmpliTaq, Perkin-Elmer Cetus, Norwalk, CT, USA), and distilled water to 100 Ill. PCR 
was allowed to run in 32 cycles in a DNA Thermal Cycler (Perkin-Elmer Cetus). Each 
cycle included three segments: denaturation at 94°C for 45 seconds, primer annealing 
at 55 °C and primer extension at 72 °C for 1 min each. 

If it was necessary, e.g., in the case of organ homogenates, we increased the sensitivity of 
the test by an additional amplification. Two microliters of the peR-product from the above 
described reaction were added to the 50 III of the standard PCR-mix, as recommended by 
Perkin-Elmer Cetus. The primers used in this reaction were OBVD-7 and OBVD-8, 
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Table 1. Sequences of the synthetic oligonucleotides and their location along the BVDV 
genome 

Primersa 

OBVD-5 
OBVD-6 
OBVD-7 
OBVD-8 

Probes 

Sequence 

GGTATGATGG ATGCAAGTGA G 
AAGCAGCGT A TGCTCCAAAC C 
ACTTCAACGC CATGAGTGGA ACAAGCA TGG 
CTTTTTTCCT AGTATCCCGA GCTGCTTGCC 

Sequence 

OBVD-4 
OBVD-4a 

ACCCTT AACA GCTTGCAAGA A 
GTTCTTTCCT TTCTTGCAAC C 

a Functions of primers: 
OBVD-5 and OBVD-6: external primers 
OBVD-7 and OBVD-8: internal primers 
OBVD-6: also used as reverse transcriptase primer 

Location and 
direction 

1362-1382 > 
< 1860-1880 

1405-1434 > 
< 1808-1837 

Location and 
direction 

1594-1614> 
< 1604-1624 

30 base-long each. Each of the 32 cycles included two segments: 94°C for 45 seconds for 
denaturation and 74 °C for 1 min for primer annealing as well as primer extension in the 
same segment. 

Identification of the PC R products 

To visualize the yield, 10 III amounts of the PCR products were run on 2.5% agarose gels 
at 100 V for 45 minutes. The gels were stained with ethidium bromide as described 
elsewhere [14]. 

To control the specificity of the amplification, the PCR products were simultaneously 
tested by DNA dot-blot hybridization and by Southern-blot hybridization. In order to 
avoid reading errors, the dot-blot hybridization were made with three-fold dilutions of the 
PCR products [2]. PCR products of equine herpesvirus type 1, pseudorabies virus and 
bovine leukemia virus were also hybridized in order to estimate the specificity of the BVDV 
probes. These PCR products were amplified with their respective primers as described 
elsewhere [2, 3, Ballagi-Pordimy and Belak, manuscript in preparation]. 

Filters were hybridized with the biotinylated BVDV oligonucleotide probes in the same 
way as previously described [2, 3, 9]. 

Results 

Electrophoresis of the single peR products 

By applying the single peR, a product of 520 bp was detected on the gels 
(Fig. 1). Such a fragment was yielded by each specimen of the cell cultures 
which had been inoculated with various BVDV strains, but not by speci
mens of cell cultures infected with heterologous viruses (Fig. 1). 
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Fig. 2. peR amplification of BVDV cDNA 
from specimens of acutely diseased and of per
sistently infected cattle, respectively. A Elec
trophoresis of the peR products of serum speci
mens from persistently infected cattle positive at 
virus isolation (1 and 2) and negative at virus 
isolation (3). Spleen homogenates of acutely in
fected cattle positive at virus isolation (4 and 5) 
and negative (6 and 7) at virus isolation. The sera 
(positions 1 to 3) were examined in single peR, 
whereas, the organ suspensions (positions 4 to 7) 
were tested by double peR. DNA-size marker in 
position 8 is the same as in Fig. 1. B Dot-blot 
hybridization of three-fold dilutions of the peR 

products with the OBVD-4a probe 

When applying the single peR, we were unable to detect the viral RNA 
in each of the virus-infected organ homogenates tested (not shown). How
ever, in the serum samples of the persistently infected animals the virus was 
detected even by the single method of amplification (Fig. 2). 

Electrophoresis of the double PCR products 

By applying the double PCR, a band of 432 bp was seen on the gels. By the 
double amplification the virus signal was detected even in the organ 
homogenates (Fig. 2). 

Nucleic acid hybridization of the PCR products 

The Southern blot hybridization (not shown) as well as the dot-blot hybrid
ization revealed that the bands had nucleic acid sequences specific for 
BVDV (Figs 1 to 3). The hybridization studies showed a considerable 
variability of the various BVDV strains in the regions from where the 
OBVD-4 probe was synthesized. At 44°C hybridization temperature, cal
culated according to the theoretical formula of Davis et al. [9J, the OBVD-4 
probe recognized two local isolates and the NADL strain only (Table 2). By 
decreasing the temperature to 21°C, three local isolates, as well as the strains 
NADL, Singer and Ug59 were recognized by the probe (not shown). This 
probe did not react with the rest of the strains and with three non-cp local 
isolates. The OBVD-4a probe detected each BVDV strain and isolate at 
44°C, but did not hybridize to the PCR products of heterologous viruses 
(Figs 1, 3 and Table 2). 
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Fig. 3. Specificity test of the OBVD-4a probe on PCR 
products of heterologous viruses. The nucleic acid se
quences of equine herpesvirus I, pseudorabies virus and 
bovine leukemia virus were amplified with their respect
ive primers. BVDV strains NADL and 0715, amplified 
with BVDV primers OBVD-5 and OBVD-6, were used 
as positive controls. A Electrophoresis of the PCR pro
ducts of BVDV strain NADL (I), equine herpesvirus type 
I (2), pseudorabies virus (3), bovine leukemia virus (4) and 
BVDV strain 0715 (5). DNA-size marker at position 6 is 
the same as above. B Dot-blot hybridization of three-fold 
dilutions of the PCR products with the OBVD-4a probe 

Table 2. Electrophoresis and hybridization of the PCR products of cell 
cultures infected with various BVDV strains. Single PCR was performed. The 
PCR products were identified by electrophoresis as well as hybridization at 

44°C 

Virus strains Cytopathic Electrophoresis Hybridization of 
and isolates effect of PCR product PCR product with 

probe ... 
A B 

A-I 138/69 + + NT + 
NADL + + + + 
New York-I + + 
Oregon C24V + + NT + 
Os loss 2482 + + NT + 
Singer + + + 
Ug59 + + + 
0715/80 + NT + 
SI* + + + 
S2 + + 
S3 + + 
S4 + + + 
S5 + + 
S6 + + 

A, probe OBVD-4; B, probe OBVD-4a 
S*, Swedish isolate; NT, not tested 

Discussion 

In this paper we present a specific and sensitive peR assay for detection of 
BVDV nucleic acid sequences. By this approach BVDV infection can speci
fically and rapidly be diagnosed in cell cultures, in specimens of calf serum 
and in organ preparates of acutely diseased calves. The viral RNA is first 
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converted into single stranded cDNA, which is then used for the enzymatic 
amplification. The diagnostic PCR products are detected by electrophoresis. 
The final identification is made by nucleic acid hybridization. 

The aim of this project was to apply a "PCR plus hybridization system" 
which detects all the variants of BVDV. Such a "all-round" BVDV detection 
system would have a reliable diagnostic applicability. The composition of 
such a PCR panel, i.e., the selection of primers and probes from highly 
conserved regions of the viral genome was hampered by the poor informa
tion available concerning the nucleotide sequences of BVDV [8]. The 
sequence of the complete genome is not yet at hand and incomplete nucleo
tide sequences are available only for several BVDV strains [7, 18]. Two of 
these strains, NADL and Osloss, showed an approximate aligned sequence 
homology of 74% along the genome [8]. 

By using the sequencing data of Collett et al. [7J first we selected primers 
and probes from the highly conserved p80 region of the genome of the 
NADL strain. Unexpectedly, these primers and probes detected only the 
NADL strain (not shown). Subsequently, we selected primers and probes 
from the gp48 region of the same strain. By using these primers, a specific 
PCR product was amplified from all the BVDV -infected cell cultures as well 
as from the clinical specimens (Figs 1 and 2). This indicates an adequate 
selection of primer sequences from the gp48 region of the BVDV genome. 

In contrast to the primers, the OBVD-4 probe, selected also from the 
gp48 region, proved to be too specific. This probe recognized the NADL 
strain and two local isolates only. This indicates that in the map regions 
from 1594 to 1616, the local isolates Sl and S3 are more closely related to the 
NADL strain than are the other local isolates. The high specificity of 
OBVD-4 was decreased by applying the lower stringency of 21 DC, which 
allowed five mismatches out of the 21 nucleotides. However, the probe still 
did not possess the spectrum required for diagnostic use. Thus, the OBVD-4 
probe can not be used as a "all-round" probe to detect BVDV infection. 

The hybridization results of OBVD-4a show that the nucleic acid se
quences of this probe, i.e., map regions from 1604 to 1624, are common (or 
contain only several mismatches) in the various BVDV strains tested in these 
experiments. We predict that the genomic regions of the primers and of 
OBVD-4a are conservative in the BVDV genome and will thus be useful 
components of a "all-round" diagnostic system to detect BVDV nucleic acid 
sequences. 

Utilizing this "PCR plus hybridization system", we successfully detected 
the BVDV genome in the serum samples as well as in the organ specimens. 
In the serum the virus had been detected both by single and double PCR. 
However, in the organ suspensions only the double PCR gave reproducibly 
positive results. According to the results in Table 3, the double PCR had 
higher sensitivity of detection than the single amplification. It is likely, that 
the amount of the viral RNA was higher in the serum samples of persistently 
infected animals than in the organs of acutely diseased calves. 
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Table 3. Detection of BVDV genomic sequences in clinical 
specimens. Number of positive cases versus total number of 
specimens examined by virus isolation and by the PCR. The 
PCR products were identified by electrophoresis as well as 

hybridization with the OBVD-4a probe 

Specimens Virus 
isolation 

From acute cases, 

Lungs 1/4 
Spleen 2/5 
Placenta 0/2 

From chronic cases, 

Serum 5/8 

Total 8119 

PCR 
single 

0/4 
0/5 
0/2 

4/8 

4/19 

PCR 
double 

2/4 
2/5 
0/2 

5/8 

9/19 

189 

These results suggest that the double PCR assay should be chosen as 
a reliable diagnostic procedure. Recent data show that the use of double
nested primers enhances not only the sensitivity, but also the specificity of 
the PCR [19]. 

The PCR, together with the simple non-radioactive hybridization assay, 
provides a novel direct method for the detection of the BVDV infection. By 
this method a confirmed direct diagnosis of BVDV infection is made within 
two to three days. Correlation of the results with those obtained by the 
conventional diagnostic procedures (Table 2) showed that the detection 
assay of the BVDV genome by PCR amplification is both specific and 
sensitive. The "PCR plus hybridization system" will have a broad applica
tion for the rapid detection of BVDV in clinical specimens and in batches of 
fetal calf serum, as well as for the studies of BVDV pathogenesis. 
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