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Isolation of Bovine Viral Diarrhea Virus-like

Pestiviruses from Roe Deer (Capreouus capreouus)

K. Fr#{246}IIch’and M. Hofmann,2 ‘Institute for Zoo Biology and Wildlife Research Berlin (IZW), Alfred-Kowalke-Strasse
17, P.O. Box 1103, 10252 Berlin; 2 Institut f#{252}rViruskrankheiten und Immunprophylaxe, CH-3147 Mittelh#{228}usem,Swit-
zerland

ABSTRACT: Cytopathogenic pestiviruses were
isolated from two seronegative free-ranging roe
deer (Capreolus capreolus) from northern Ger-
many (Schleswig-Holstein): an adult female and
a young buck collected on 6 December 1990
and 26 July 1991, respectively. The two isolates
were identified by polymerase chain reaction as
pestiviruses. However, they were negative when
primers specific for bovine virus diarrhea virus
or classical swine fever virus were used, indi-
cating that the two isolates might belong to a
separate group of pestiviruses of wild ruminants
different from BVDV.
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Bovine virus diarrhea virus (BVDV) be-

longs to the genus Pestivirus within the

Family Flaviviridae (Horzinek, 1990), and

causes a systemic infection affecting a

broad range of hosts, including cervids

(Holweg, 1987). The primary clinical signs

are hemorrhagic mucosal inflammation

and general physical impairment (Wies-

ner, 1987). Signs in cattle include transient

acute infections which may be inapparent

or mild, or mucosal disease which is in-

evitably fatal. Transplacental infection will

lead to abortion, fetal malformations and

development of persistently viremic calves

depending on the state of development of

the fetus and the biotype (cytopathogenic

or noncytopathogenic) of the virus

(Brownlie, 1990). Romvary (1965) first iso-

lated a noncytopathogenic BVDV from the

spleen of a roe deer (Ca preol us capreouus)

living in an area where BVDV-infected

cattle were kept. In transmission experi-

ments, this virus strain caused diarrhea in

a calf (Romvary, 1965). Schellner (1977)

isolated BVDV from spleen, intestinal

lymph nodes, and abomasal mucosa of roe

deer suffering from abomasitis and severe

enteritis. Neumann et al. (1980), Weber et

al. (1982), and Diaz et a!. (1988) isolated

the virus from farmed fallow deer (Dama

darna). Isolation of a noncytopathogenic

BVDV from the spleen of a red deer (Cer-

vus euaphus) was reported by Nettelton et

al. (1980). A pestivirus differing from

BVDV was isolated from red deer by Bar-

adel et al. (1988). Our objective was to

characterize two cytopathogenic pestivi-

ruses isolated from seronegative roe deer.

Spleen samples from 203 cervids (113

roe deer, 30 red deer, 61 fallow deer) shot

by hunters, collected between November

1990 and October 1992 were examined for

BVDV in the course of a serological sur-

vey. Animals originated from various

hunting areas and nine wildlife parks in

Schleswig-Holstein (54#{176}30’to 54#{176}50’N,9#{176}20’

to 9#{176}40’E), Berlin (52#{176}30’N, 13.20’E) and

Bavaria (48#{176}00’ to 48#{176}50’N, 9#{176}30’ to

13#{176}10’E), Germany. Spleen samples were

stored at -70 C, homogenized, and passed

through 0.45 �sm filters. Filtrates were in-

oculated on BVDV-free bovine embryonic

lung cells (BEL). The cells were passed in

Dulbecco’s Modified Eagle Medium with

10% fetal calf serum (Life Technologie

GmbH, Berlin, Germany) three times ev-

ery 4 days at 37 C, 5% C02, 80% humidity

and examined regularly for cytopathic ef-

fects.

A direct immunofluorescence assay was

used following the procedure of Mayr et

al. (1977). Briefly, the BEL cells from the

third passage after sample inoculation were

grown on coverslips, fixed in acetone, and

subsequently incubated with a polyclonal

anti-BVDV antibody labeled with fluores-

cemnisothiocyanate (FITC) (Serva Feinbi-

ochemica GmbH, Heidelberg, Germany).

The antibody was produced in a rabbit
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FIGURE 1. Electron microscopic images of the

two pestivirus isolates from roe deer. Virus particles

(arrow) in BVDV-free bovine embryonic lung cells
are characteristic of pestiviruses. Bar = 200 nm.
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exposed to BVD strains isolated from a cow

in Schleswig-Holstein (54#{176}04’N, 9#{176}58’E).

Slides with cells containing BVDV (strain

NADL), and uninfected cells were used as

positive and negative controls, respectively

(Mayr et al., 1977).

The reverse transcriptase polymerase

chain reaction (RT-PCR) as described by

Wirz et al. (1993) was used for the detec-

tion of pestivirus-specific RNA in organs,

except that primer BVD3 (Microsynth,

Windisch, Switzerland) was used instead

of Pest2 (Microsynth) as the second prim-

er, allowing the amplification of a DNA

fragment of approximately 155 base pairs

instead of 75 base pairs as with primer

Pest2. Briefly 10% (w/v) suspensions of

spleen samples in phosphate buffered sa-

line were homogenized and clarified. First

strand complementary DNA (cDNA) syn-

thesis was done with reverse transcriptase

and an antisense primer (Pest2) following

heat denaturation of the sample. Poly-

merase chain reaction amplification of the

eDNA was carried out with Taq DNA

polymerase (P. H. Stehelin and Cie A. G.,

Based, Switzerland) for 35 cycles after the

addition of a second (sense-oriented) prim-

er (BVD3). The amplified DNA was an-

alyzed by electrophoresis in a 2% agarose

gel. Positive samples were characterized

further using BVDV-specific (Lopez 1/2,

Microsynth) (Lopez et a!., 1991) and c!as-

sical swine fever virus (CSFV)-specific

primers (HCV 1/2, Microsynth) (Wirz et

al., 1993).

Electron microscopy was performed in

collaboration with Dr. Gelderblom at the

Robert Koch Institute, Berlin. Infected cells

were fixed in 2.5% glutaraldehyde (Sigma-

Chemie, Deisenhoven, Germany) and ul-

tra-thin sections were prepared as de-

scribed by Gelderbiom et al. (1987).

Cytopathogenic pestiviruses were iso-

lated from two of the 203 samples of free-

ranging roe deer from northern Germany

(Schleswig-Holstein): an adult female

(54#{176}35’N, 9#{176}22’E) and a young buck

(54#{176}45’N, 9#{176}30’E)collected on 6 December

1990 and 26 July 1991, respectively. Both

sera had no specific antibodies against

BVDV (Fr#{246}lich, 1994). All other spleen

samples were negative. Both viral isolates

were positive in the direct immunofluo-

rescence test. Virus particles characteristic

for pestiviruses were found in tissue cul-

tures examined by electron microscopy

(Fig. 1). Anti-BVDV antiserum from cattle

neutralized the infectivity of the isolates

and the cytopathic effect of the isolates

resembled that of pestiviruses (Hoiweg,

1987). The two isolates were identified as

pestiviruses in the RT-PCR using the two

pan-pestivirus-specific primers Pest2 and

BVD3 (Fig. 2). However, they were neg-

ative when primers specific for BVDV

(Lopez 1/2) or CSFV (HCV 1/2) were

used.

These are the first known cytopatho-

genic pestiviruses from roe deer. Romvary

(1965) isolated a noncytopathogenic BVDV

from the spleen of a roe deer in Hungary.
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FIGURE 2. Agarose gel electrophoresis. Reverse

transcriptase polymerase chain reaction with pesti-

virus-specific primers (PEST 2/BVD 3). 1: DNA-

marker (p Bluescript-Sau 3A); 2: positive control

(CSFV Alfort); 3: negative control; 4: sample SH9
(pestivirus-positive); 5: sample SH1 1 (pestivirus-pos-

itive); 6 to 11: pestivirus-negative samples.

A cytopathogenic BVDV in wild rumi-

nants was isolated from a giraffe (Giraffa

carneuopardalis) in Kenya by Plowright in

1969 (Hamblin and Hedger, 1979).

If the pathogenesis in deer is similar to

cattle, the two isolates from roe deer prob-

ably were taken from individuals who were

in the early stage of mucosal disease or had

an acute transient form of BVD. Cattle are

seronegative at this stage; acute BVD is

followed later by a seroconversion leading

to immunity (Brownlie, 1990). In the case

of mucosal disease, animals are persistent-

ly infected with a noncytopathogenic

BVDV against which they are immuno-

tolerant, and concurrently are infected

with a cytopathogenic strain most likely

originating from a mutation of the original

infecting noncytopathogenic virus

(Brownlie, 1990).

In addition to classical virologic meth-

ods, the two isolates were identified by

means of PCR as pestiviruses. However,

they were negative when BVDV- or CSCF-

specific primers were used. This is evi-

dence that the genome of the two isolates

differs from BVDV and CSVF at least in

the regions amplified by PCR. The two

isolates therefore cannot be classified with-

in the BVDV or CSVF subgroup of pes-

tiviruses and they probably are members

of a separate group of pestiviruses of wild

ruminants. Three prototype viruses rep-

resent the genus pestivirus, namely BVDV,

CSVF, and border disease virus (BDV) of

sheep, each with different strains. The as-

signment of the two isolates to a particular

pestivirus strain is not possible at present.

Further analysis of the genome of the two

isolates is needed to determine whether

they are members of a separate group of

pestiviruses of wild ruminants or whether

they are similar to known strains.

We thank Prof. G. Wizigmann (Tier-

gesundheitsdienst Bayern, Grub) for sup-

plying the BEL cells, and Dr. P. Steinhag-

en (Veterin#{227}runtersuchungsamt Schles-

wig-Holstein, Neum#{252}nster) for supplying

the FITC-labeled polyclonal anti-BVDV

antibody.
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