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Primers and probes derived from conserved sequences located in the 5’ noncoding region of pestiviruses were
evaluated for detection of bovine viral diarrhea virus. With these reagents, hybridization and polymerase chain
reaction tests detected 62 of 90 and 90 of 90 bovine viral diarrhea virus isolates, respectively. A quick lysis
method for preparing RNA for use in polymerase chain reaction amplification also was evaluated.

Bovine viral diarrhea virus (BVDV), an economically
important pathogen of cattle, is a frequent contaminant of
fetal bovine serum (FBS) and cell cultures (2, 14, 19, 21, 25,
31). This virus has a single strand of positive-sense RNA and
is classified in the pestivirus genus within the family Flavi-
viridae (10). It is serologically related to the two other
members of this genus, hog cholera virus (HCV) of swine
and border disease virus (BDV) of sheep (8, 9, 22). Accurate
detection of BVDV is important for control of disease in
cattle and for detection of viral contamination in FBS and
cell cultures. Currently, most diagnostic tests for BVDV rely
on monoclonal or polyclonal antibodies to detect viral anti-
gens. Because of serological cross-reaction among pestivi-
ruses, these tests may fail to differentiate among pestiviruses
(8, 9, 22). Also, antigenic variation within groups of pestivi-
ruses may affect the performance of these tests (la, 3, 7).
Nucleic acid-based diagnostic tests for BVDV are an alter-
native to immunological tests and have shown promise in
preliminary studies (4, 5, 12, 13, 15-17, 24, 28-30, 33, 34).
Before a nucleic acid-based test is adopted for diagnostic
use, it must be shown that the test can detect a broad range
of BVDVs. Previous studies have demonstrated that
genomic variability among BVDVs affects the performance
of nucleic acid-based tests (4, 5, 12, 15, 16, 24, 28, 32, 34).
Additionally, the time, complexity, and cost of sample
preparation must be minimized. Finally, because programs
to eradicate some pestiviruses from national herds already
have been implemented or will be implemented in the near
future, differentiation of BVDVs from other pestiviruses is
desirable.

Because genomic variability can affect BVDV detection,
our purpose was to design a nucleic acid-based reagent for
use in nucleic acid hybridization or polymerase chain reac-
tion (PCR) amplification that would detect a wide range of
BVDVs. Nucleic acid probes and primers were selected
from the 5’ noncoding region of pestiviral genomes. Selec-
tion was based on conservation among published base
sequences from 4 pestiviruses (Fig. 1) (6, 18, 20, 27) and
partial sequences from 20 other pestiviruses (1). Probes and
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primers were evaluated as potential diagnostic reagents with
a large number of BVDV isolates (n = 90).

The BVDV isolates (Table 1) were propagated as de-
scribed elsewhere (28). The FBS used for tissue culture was
found free of adventitious BVDV and antibodies against
BVDYV as described previously (2). All BVDVs originated in
the United States except for two viruses isolated from fetal
calf serum from New Zealand.

Detection by hybridization of oligomer probes was tested
first. RNA was prepared by centrifugation through a CsCl
gradient as described by Qi et al. (26). Slot blots of isolated
RNA were generated as described previously (16). An ali-
quot representmg 5% of the total RNA prepared from a
75-cm? flask of infected cells was used for each blot. Positive
and negative controls consisted of total RNA from cells
infected with BVDV-NADL and from uninfected cells,
respectively. Two oligomer probes, one complementary to
sequences conserved among BVDVs (Fig. 1, sequence H-2)
and one complementary to a sequence conserved among all
pestiviruses (Fig. 1, sequence H-1), were used for hybrid-
ization. The hybridization procedure used has been de-
scribed (16) and required 100% homology between oligomers
and target sequences for a positive signal. Of the 90 BVDV
isolates tested, 48 were detected with both oligomer probes,
14 were detected with only the pestivirus complementary
probes, and 28 were not detected with either probe (Table 1).
This detection rate was similar to that reported by other
laboratories using different oligomer probes (15, 16). Lower-
stringency conditions might have resulted in detection of
more viruses. However, high-stringency conditions were
incorporated into the original design of the test to allow
differentiation of BVDV from other pestiviruses. Because
some BVDVs were not detected with this test, differentia-
tion of BVDV from other pestiviruses was not attempted.

Detection by PCR amplification was evaluated next. The
same sequences were not used for hybridization probes and
PCR primers (Fig. 1) because the hybridization probe se-
quences did not meet the criteria used for selecting PCR
primers. The downstream primer used a sequence conserved
among pestiviruses while the upstream primer was con-
served only among BVDYV sequences (Fig. 1). Total RNA
was prepared by the same CsCl gradient protocol (26) used
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FIG. 1. Nucleotide sequence of BVDV-NADL (A) (6), BVDV-Osloss (B) (27), HCV-Alfort (D) (18), and HCV-Brescia (E) (20) in the 5’
noncoding region from which hybridization probes (H-1 and H-2) and PCR primers (PCR-1 and PCR-2) were selected. The sequence of the
cDNA clone, derived from BVDV-Singer, used to confirm PCRs is shown (C). Dots indicate homologous sequences, dashes indicate
insertions, and the dashes at the beginning of line C indicate sequences not included in the clone.

in the evaluation of the hybridization test. Aliquots repre-
senting 5% of the total RNA extracted from a 75-cm>-flask
culture were used for reverse transcription and subsequent
PCR amplification. Reverse transcription and PCRs were
done with a commercially available kit (GeneAmp RNA
PCR kit; Perkin-Elmer Cetus, Norwalk, Conn.) according to
the manufacturer’s directions, except for the inclusion of
both upstream and downstream PCR primers in the reverse
transcription reaction. Our cDNA yields were greater when
both primers were present, possibly because of the presence
of negative-strand viral RNA generated during replication.
The PCR amplification consisted of 25 cycles of 93°C for 1
min, 55°C for 1 min, and 72°C for 1 min, followed by a 10-min
extension at 72°C. Total RNAs from BVDV-NADL -infected
and uninfected cells were included in each amplification as
positive and negative controls, respectively. PCR products

as described earlier (28). All 90 BVDYV isolates were de-
tected by PCR amplification (Table 1). The apparent amount
of PCR amplification product was not uniform for all the
BVDV isolates tested (Fig. 2). This might reflect various
amounts of viral RNA present in samples, inefficient reverse
transcription, or genomic heterogeneity.

The success of the PCR test in detection of BVDV
encouraged us to further evaluate the test on its ability to
differentiate BVDV from other pestiviruses. To this end,
HCV isolates (n = 36) were propagated in a porcine kidney
cell line (PK-15) that was grown in minimal essential medium
(F15 Eagle’s medium; GIBCO, Grand Island, N.Y.) supple-
mented with 5% FBS, 1% sodium pyruvate, and 1% L-glu-

were analyzed by gel electrophoresis and confirmed as B
BVDV by slot blotting onto nylon membranes (26) which T2 15 59 k3 7= A% BT B9 |
was followed by hybridization with a BVDV cDNA probe ;
(Fig. 1, line C). Hybridization and washes were done at 55°C 1 -
3 -
53 -
TABLE 1. Results of nucleic acid hybridization and PCR 75! i
amplification for detection of BVDV
No. of viruses detected with: .
Source or type (no.) of BT
viral isolates BVDYV probe Pestivirus probe PCR
(H-1) (H-2) 59 o
ggx)'iﬁzgs}slue (56) 36 42 56 FIG. 2. (A) Example of PCR amplification products separated by
FBS (30) 11 17 30 electrophoresis in a 1.5% agarose horizontal gel. (B) Example of
Deer tissue (1) 1 1 1 blotting of amplification products onto nylon membranes and hy-
Porcine cell line (2) 0 2 2 bridization with a probe derived from BVDV-Singer. The PCR
Bovine cell line, HCV (1) 0 0 1 products blotted are the same as those shown in panel A. Numbers
Porcine tissue, BDV (36) ND* ND 4 refer to individual BVDV isolates from panel A. No. 1 represents
Bovine tissue (10) ND ND 1 the BVDV-NADL positive control, while BT refers to the negative

4 ND, not done.

control (PCR results with uninfected bovine turbinate cells). RNA
used for the amplifications was prepared by the quick lysis method.
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tamine. The HCV originated from North America, Central
America, South America, Europe, and Asia. The BDV
isolates (n = 10) were propagated in ovine fetal turbinate
cells grown in McCoy’s medium (GIBCO) supplemented
with 10% FBS. The BDV originated in the United States
(supplied by M. Sawyer and B. I. Osburn, University of
California, Davis). Cell lines used for viral propagation were
free of adventitious BVDV as determined by indirect immu-
noperoxidase or immunofluorescence staining. Total RNA
from pestivirus-infected cells was prepared as described
previously (26). Differentiation of BVDV from other pesti-
viruses by use of these primers was unsuccessful, as 4 of 36
HCV isolates and 1 of 10 BDV isolates were amplified (Table
1). However, because BVDV can infect both swine and
sheep, it is possible that these isolates may be BVDV and
not HCV or BDV.

We also evaluated a quicker, less expensive method for
preparing sample RNA (23) that was modified as follows.
Confluent monolayers of cells, grown in 25-cm? flasks, were
inoculated with virus at a multiplicity of infection of 10.
After 24 h, cultures were lysed by addition of 0.75 ml of a
solution of 2% sodium dodecyl sulfate-200 mM Tris (pH
7.5)-1 mM EDTA. After addition of 225 pl of 437 M
potassium acetate, the mixture was incubated on ice for 2
min and centrifuged for 5 min at 1.6 X 10* X g. Supernatant
was extracted with chloroform, and RNA was precipitated
by addition of isopropanol. Aliquots representing 25% of the
precipitated RNA were used for the PCR test. By this
method of preparation, all 90 BVDYV isolates were detected
by PCR amplification. The simplicity and speed of this
method of RNA preparation are favorable for use in a
diagnostic setting.

In summary, the hybridization probes tested failed to
detect all BVDV. The PCR primers tested did detect all
BVDV but failed to differentiate BVDV from all other
pestiviruses. We also showed that RNA samples for PCR
testing can be produced cheaply and with a minimum of
equipment. Further testing will be conducted to optimize
test conditions and to adapt the PCR test for use on field
samples.
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our appreciation to B. Zaworski, S. Steadham, and S. Stark for
excellent technical assistance and to S. Johnson, G. Hedberg, T.
Glasson, and W. Romp for help in manuscript preparation.

REFERENCES

1. Berry, E. (North Dakota State University). Personal communi-
cation.

1a.Bolin, S. R., E. T. Littledike, and J. F. Ridpath. 1991. Serologic
detection and practical consequences of antigenic diversity
among bovine viral diarrhea viruses in a vaccinated herd. Am. J.
Vet. Res. 52:1033-1037.

2. Bolin, S. R., P. J. Matthews, and J. F. Ridpath. 1991. Methods
for detection and frequency of contamination of fetal calf serum
with bovine viral diarrhea virus and antibodies against bovine
viral diarrhea virus. J. Vet. Diagn. Invest. 3:199-203.

3. Bolin, S. R., V. Moennig, N. E. Kelso Gourley, and J. F.
Ridpath. 1988. Monoclonal antibodies with neutralizing activity
segregate isolates of bovine viral diarrhea virus into groups.
Arch. Virol. 99:117-124.

4. Boye, M., S. Kamstrup, and K. Dalsgaard. 1991. Specific
sequence amplification of bovine virus diarrhea virus (BVDV)
and hog cholera virus and sequencing of BVDV nucleic acid.
Vet. Microbiol. 29:1-13.

5. Brock, K. V., and L. N. Potgieter. 1990. Detection of bovine
viral diarrhea virus in serum from cattle by dot blot hybridiza-

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

21.

22.

24.

26.

27.

J. CLIN. MICROBIOL.

tion assay. Vet. Microbiol. 24:297-306.

. Collett, M. S., R. Larson, C. Gold, C. D. Strick, D. K. Anderson,

and A. F. Purchio. 1988. Molecular cloning and nucleotide
sequence of the pestivirus bovine viral diarrhea virus. Virology
165:191-199.

. Corapi, W. V,, R. O. Donis, and E. J. Dubovi. 1988. Monoclonal

antibody analyses of cytopathic and noncytopathic viruses from
fatal bovine viral diarrhea virus infections. J. Virol. 62:2823-
2827.

. Darbyshire, J. H. 1960. A serological relationship between

swine fever and mucosal disease of cattle. Vet. Rec. 72:331.

. Dinter, Z. 1963. Relationship between bovine viral diarrhoea

virus and hog cholera virus. Zentralbl. Bakteriol. Mikrobiol.
Hyg. A 188:475-486.

Francki, R. 1. B., C. M. Fauquet, D. L. Knudson, and F. Brown
(ed.). 1991. Classification and nomenclature of viruses. Fifth
report of the International Committee on Taxonomy of Viruses.
Arch. Virol. 1991(Suppl. 2):228.

Hafez, S. M., and B. Liess. 1972. Studies on bovine viral
diarrhea-mucosal disease virus. I. Cultural behavior and anti-
genic relationships of some strains. Acta Virol. 16:388-398.
Hertig, C., U. Pauli, R. Zanoni, and E. Peterhans. 1991. Detec-
tion of bovine viral diarrhea (BVD) virus using the polymerase
chain reaction. Vet. Microbiol. 26:65-76.

Kelling, C. L., J. E. Kennedy, K. K. Rump, L. C. Stine, P. S.
Paul, and J. E. Partridge. 1991. Monitoring bovine viral diarrhea
virus vaccines for adventitious virus, using T1 ribonuclease
viral RNA oligonucleotide fingerprinting. Am. J. Vet. Res.
52:1237-1244.

King, A. A., and J. W. Harkness. 1975. Viral contamination of
fetal bovine serum. Vet. Rec. 97:16.

Kwang, J., E. T. Littledike, S. R. Bolin, and M. S. Collett. 1991.
Efficiency of various cloned DNA probes for detection of
bovine viral diarrhea viruses. Vet. Microbiol. 28:279-288.
Lewis, T. L., J. F. Ridpath, S. R. Bolin, and E. S. Berry. 1991.
Detection of BVD viruses using synthetic oligonucleotides.
Arch. Virol. 117:269-278.

Lopez, O. J., F. A. Osorio, and R. O. Donis. 1991. Rapid
detection of bovine viral diarrhea virus by polymerase chain
reaction. J. Clin. Microbiol. 29:578-582.

Meyers, G., T. Rumennapf, and H. J. Thiel. 1989. Molecular
cloning and nucleotide sequence of the genome of hog cholera
virus. Virology 171:555-567.

Molander, C. W., A. J. Kniazeff, C. W. Boone, A. Paley, and
D. T. Imagawa. 1972. Isolation and characterization of viruses
from fetal calf serum. In Vitro (Rockville) 7:168-173.

. Moormann, R. J. M., P. A. M. Warmerdam, B. Meet, W. M. M.

van de Schaaper, G. Wenswoort, and M. M. Hulst. 1990.
Molecular cloning and nucleotide sequence of hog cholera virus
strain Brescia and mapping of the genomic region encoding
envelope protein E1. Virology 177:184-198.

Nuttall, P. A., P. S. Luther, and E. J. Stott. 1977. Viral
contamination of bovine foetal serum and cell cultures. Nature
(London) 266:835-837.

Osburn, B. 1., G. L. Clarke, W. C. Stewart, and M. Sawyer.
1973. Border disease-like syndrome in lambs: antibodies to hog
cholera and bovine viral diarrhea virus. J. Am. Vet. Med.
163:1165-1167.

. Peppel, K., and C. Baglioni. 1990. A simple and fast method to

extract RNA from tissue culture cells. BioTechniques 9:711-
713.

Potgieter, L. N. D., and K. V. Brock. 1989. Detection of bovine
viral diarrhea virus by spot hybridization with probes prepared
from cloned cDNA sequences. J. Vet. Diagn. Invest. 1:29-33.

. Potts, B. J., M. Sawyer, I. C. Shekarchi, R. Wismer, and D.

Huddleston. 1989. Peroxidase-labeled primary antibody method
for detection of pestivirus contamination in cell cultures. J.
Virol. Methods 26:119-124.

Qi, F., J. F. Ridpath, T. Lewis, S. R. Bolin, and E. S. Berry.
1992. Analysis of the bovine viral diarrhea virus genome for
possible cellular insertions. Virology 189:285-292.

Renard, A., C. Guiot, D. Schmetz, L. Dagenais, P. P. Pastoret,
and J. A. Martial. 1985. Molecular cloning of bovine viral



VoL. 31, 1993

29.

30.

diarrhea viral sequences. DNA 4:429-438.

. Ridpath, J. F., and S. R. Bolin. 1991. Hybridization analysis of

genomic variability among isolates of bovine viral diarrhoea
virus using cDNA probes. Mol. Cell. Probes 5:291-298.
Ridpath, J. F., T. L. Lewis, S. R. Bolin, and E. S. Berry. 1991.
Antigenic and genomic comparison between non-cytopathic and
cytopathic bovine viral diarrhoea viruses isolated from cattle
that had spontaneous mucosal disease. J. Gen. Virol. 72:725-
729.

Roberts, K. L., J. K. Collins, J. Carman, and C. D. Blair. 1991.
Detection of cattle infected with bovine viral diarrhea virus
using nucleic acid hybridization. J. Vet. Diagn. Invest. 3:10-15.

31.

32.

33.

NOTES 989

Rossi, C. R., B. S. Bridgman, and G. K. Kiesel. 1980. Viral
contamination of bovine fetal lung cultures and bovine fetal
serum. Am. J. Vet. Res. 41:1680-1681.

Schmitt, B. J. 1992. M. S. thesis. University of Nebraska,
Lincoln.

Schroeder, B. A., and T. C. Balassu-Chan. 1990. Specific se-
quence amplification of bovine viral diarrhoea virus nucleic
acid. Arch. Virol. 111:239-246.

. Ward, P., and V. Misar. 1991. Detection of bovine viral diarrhea

virus, using degenerate oligonucleotide primers and the poly-
merase chain reaction. Am. J. Vet. Res. §2:1231-1236.



