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Foreword 

During the past four decades pestivirology has expanded with progress. In 
addition to hog cholera the discovery of various clinical manifestations in 
ruminants has demonstrated the economic importance of this group of 
infections. The impact of bovine viral diarrhea (BVD) and border disease 
infections was aggravated in association with changes in farm management 
and introduction of modern techniques in animal reproduction. For many 
years mucosal disease, one clinical sequel of BVD virus infection remained 
enigmatic, since Koch's postulates could not be fulfilled and researchers 
failed to reproduce the disease when inoculating susceptible cattle. In 
addition, not all consequences of intrauterine infection were understood. 

Virological studies yielded information on the morphological, physico­
chemical, and antigenic properties of pestiviruses. Early data justified the 
classification of pestiviruses as a genus of non-arthropod-borne toga viruses. 
Since pestiviruses are difficult to work with, progress in the understanding of 
virus and disease gradually came to a standstill because conventional 
techniques failed to yield further insights. 

About ten years ago interest in pestivirology was revived by strong 
impulses of modern biotechnology and a breakthrough in pathogenesis 
research, i.e. in vitro translation of BVD viral proteins and the experimental 
reproduction of mucosal disease in cattle. In this context the importance of 
cytopathic and noncytopathic biotypes of BVD virus was reassessed. During 
the following years our knowledge about the pathogenesis, replication, 
antigenic structure and genomic organization expanded rapidly. In order to 
summarize and discuss these exciting developments, an international com­
munity of pestivirus researchers came together in June 1990 in Hannover 
(Germany) for the symposium "Ruminant Pestivirus Infections: Virology, 
Pathogenesis and Perspectives of Prophylaxis". 

The meeting was intended to assemble clinicians epidemiologists, patho­
logists, virologists, and molecular biologists. The current knowledge in these 
fields was presented and extensively discussed. Apart from reviews on 
different aspects of pestivirology novel results were contributed. This volume 
of "Archives of Virology" contains most papers presented at the meeting, 
thereby covering the full heterogeneous scope of activities in pestivirology. 
The goal of the symposium was a better understanding of the pathogenesis 
and epidemiology of pestivirus infections in cattle, sheep and goats and the 
discussion of perspectives for effective control strategies. 

The organizers are thankful to Jutta Jedzini, Jutta Hombach, Ingeborg 
Engert and Helmut Schulz for their efficient help. In addition we are indebted 
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Summary. The history of pestivirus taxonomy is surprisingly consistent: 
almost 30 years ago it was recognized that pestiviruses are structurally akin 
to fiaviviruses, and recent nucleotide sequence data have confirmed this 
resemblance at the level of genome organization. For other enveloped 
positive stranded RNA viruses with ikosahedral nucleocapsids e.g. equine 
arteritis and lactate dehydrogenase virus of mice a taxonomic dilemma is 
encountered; while virions resemble ("non-arthropod-borne") togaviruses, 
the replication via a nested set of subgenomic RNAs is corona and 
torovirus-like. Pestiviruses, fiaviviruses and the hepatitis C virus group have 
been assigned generic status in the Flaviviridae family. 

Key words: Pestivirus, taxonomy. 

For a long time, viral taxonomy was based exclusively on structural features 
of the infectious particle. Three alternative criteria were used: the type of 
nucleic acid (DNA or RNA), the lipoprotein envelope (present or absent) 
and the nucleocapsid symmetry type (icosahedral or helical). While the first 
two features of a virus are easily established-using nucleic acid inhibitors 
and organic solvents or detergents, respectively-identification of the sym­
metry type in enveloped virions is less straightforward. It involves electron 
microscopic analysis after selective removal of the virion membrane, an 
approach that has led to the identification of icosahedral capsids in the 
arthropod-borne alpha viruses [10J and in other, then unclassified small 
enveloped viruses without notorious arthropod transmission [11]. These 
included rubella virus (which has remained in the Togaviridae family), 
the pestiviruses discussed in this volume, and the equine arteritis/lactic 
dehydrogenase viruses. 
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In recent years, there is a tendency to abandon strictly structural criteria 
of classification and to make use of other properties, e.g. the replication 
strategy of viruses. This is a rational approach if taxonomy is to reflect 
evolutionary relationships. After all, more constraints, more selective pres­
sure may be expected to operate at the level of the extracellular virus 
particle, its proteins and antigenic determinants than e.g. at the level of 
mRNA transcription; the mode of replication is probably more conserved 
during evolution. 

In 1973, I have coined the term "pestiviruses" to congregate two anti­
genically related enveloped RNA viruses: hog cholera virus (HCV) and 
BVDV [8]. A third animal pathogen, the border disease virus of sheep, was 
found later to be a close relative of BVDV. In its Fourth Report published in 
1982 for the Virology Division of the International Union of Microbiologi­
cal Societies (IUMS), the International Committee on Taxonomy of Viruses 
(ICTV) has adopted this nomenclature and has assigned generic status to the 
pestiviruses, with BVDV as the prototype [12]. Pestiviruses (from lat. pestis 
suum = hog cholera or 'classical' swine fever, an economically important 
disease) are amongst the smallest enveloped animal RNA viruses (measuring 
about 40 nm in diameter) and possess a nucleocapsid of non-helical, prob­
ably icosahedral symmetry [9]. They share these traits with the numerous 
flaviviruses, of which the mosquito-transmitted yellow fever virus is the 
prototype (the pestiviruses are non-arthropod-borne). Previously, also the 
flaviviruses held generic status in this family, but when details of their 
molecular structure, replication strategy and gene sequence became known 
in the early 1980s, the Togavirus Study Group acknowledged the differences 
as fundamental and established the new family Flaviviridae-with flavivirus 
then its only genus [20]. 

In view of the recent progress in the description of the molecular features 
of pestiviruses, the discussion of virus classification has been re-opened. The 
first molecular data which suggested that pestiviruses are distinct from 
members of the Togaviridae family relate to characteristics of the virus­
specific RNA. In infected cells, only a single high molecular weight species 
was found which lacked a 3' poly(A) tract [14, 15; R. Moormann, personal 
communication]. No subgenomic RNA was detected at any time after 
infection. These properties distinguish pestiviruses from togaviruses-of 
which both the alpha- and rubiviruses possess one subgenomic RNA-and 
suggest a similarity to flaviviruses. Much of the nucleotide sequence and 
genetic organization of BVDV is known, and further comparisons with 
flaviviruses have been made [2]. With the exception of several short but 
significant stretches of identical amino acids within two of the putative 
nonstructural proteins, no extended regions of homology exist between 
BVDV and representatives of the three antigenic subgroups of mosquito­
borne flaviviruses. Nevertheless, the molecular layout of the BVDV and 
flavivirus genomes is strikingly similar. Comparison of the arrangement of 
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the protein coding domains along both genomes and the hydropathic 
features of their amino acid sequences revealed pronounced similarities. 
Based on these comparisons, it was suggested that the Pestiviruses no longer 
be grouped in the Togaviridae family, but rather be considered a genus 
within the Flaviviridae [2]. A joint proposal by the Togavirus and 
Flavivirus Study Groups read: 'To remove the genus Pestivirus form the 
Family TOGA VIRIDAE and place it in the family FLA VIVIRIDAE." This 
proposal has been accepted at the last assembly of the ICTV during the 
VIIIth International Congress of Virology in Berlin. In the forthcoming 
Report of the ICTV (Francki et al., 1991, in press) a third virus will be 
found allotted to the FLA VIVIRIDAE: the recently cloned and sequenced 
hepatitis C virus. Although neither visualized by electron microscopy nor 
analyzed by conventional means, the 7310 base genome shows an organiza­
tion akin to flaviviruses [1]. It can be expected that additional members of 
animal 'hepatitis C virus group' members will be discovered. 

The implications of this proposition are immediately provocative. 
Considering the parallel organization of their genomes, analogous poly­
peptides may be predicted to possess similar biologic functions. Examples 
corroborating this hypothesis have been given in our recent review on 
molecular advances in pestivirus research [3]. Drawing analogies to the flavi­
viruses may help in experimental designs to resolve the issue of structural vs. 
nonstructural proteins for pestiviruses. Certainly insights beyond those in 
molecular biology may be gained from further comparisons between the 
three groups of viruses (flavi-, pesti- and hepatitis C-viruses). Thus the aspect 
of human infections with pestiviruses has recently obtained special attention. 
In 41 % to 87% of human sera from Europe, Africa, Central and South 
America antibodies against BVDV have been found in persons with frequent 
contacts to bovines [19J; the evidence has been confirmed by antigen 
detection and by polymerase chain reaction amplification of pestiviral 
sequences in faeces from children with gastrointestinal disease [21]. 

Non-arthropod-borne togaviruses were last reviewed in 1981 (with 
flaviviruses at that time still belonging to the Togaviridae family), when 
virtually no molecular data were available [9]. Meanwhile, the expanding 
knowledge has made yet another morphological classification untenable: 
equine arteritis virus (EA V) which has been listed as a possible member of 
the Togaviridae family [12J replicates via multiple subgenomic mRNAs 
[18J; we have recently found that they form a 3'-coterminal nested set [4J, 
like in coronaviruses and toroviruses [16]. However, by having the ::s; 70 nm 
size and possessing an enveloped icosahedral nucleocapsid, EA V does fulfill 
conventional structural criteria of a toga virus. Equine arteritis virus is 
morphologically and structurally similar to lactic dehydrogenase virus 
(LDV [9J) and also its genome organization was recently found to be quite 
similar [6]. In all three groups, the coronaviruses, toroviruses and arteri­
viruses the polymerase gene contains two overlapping open reading frames 
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which are expressed as a fusion protein by a process of ribosomal frame­
shifting; the predicted tertiary RNA structure (a pseudoknot) in the 
frame shift-directing region is similar. The data obtained in Utrecht on the 
organization and translation of the polymerase gene of Berne virus (the 
torovirus prototype) provide additional evidence that toro-, corona- and 
arteriviruses are evolutionarily more related to each other than to any other 
family of positive-stranded RNA viruses. They can be considered to form 
a third 'superfamily' [7, 17J, perhaps an order, as has recently been decided 
by the ICTV for three families of negative-stranded RNA viruses: the 
paramyxo-, rhabdo- and filoviridae (Order Mononegavirales [13J). 

The presence of "incompatible" taxonomic elements in one virus (e.g. 
EA V showing the togavirus characteristics of an icosahedral capsid together 
with the nested set of subgenomic RNAs of the third 'superfamily') indicates 
that our traditional concept of a structural classification of viruses is cer­
tainly too narrow. In retrospect, it must be considered fortuitous that 
modern analytic methods have confirmed what morphology and scarce 
physico-chemical data have suggested already in the 1960s [5]: that pesti­
viruses are flavivirus-like. 
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Summary. An efficient tissue culture system was established which allowed 
to obtain substantial quantities of hog cholera virus (HCV) from the cell free 
tissue culture supernatant. After preparation of viral RNA and cDNA 
synthesis, the complete HCV genome was cloned and sequenced. Compari­
son with published BVDV sequences revealed a surprisingly high homology 
between HCV and BVDV at both the nucleotide and the amino acid level. In 
addition host cellular sequences were identified in BVDV genomes. 

The genomic localization of HCV glycoproteins was determined by the 
use of sequence specific antisera directed against bacterial fusion proteins. 
The order on the HCV genome was determined as follows: N-gp44/48-
gp33-gp55-C. HCV gp33 and HCV gp55 were shown to be intracellularly 
linked by disulfide bridges. 

A cDNA fragment covering the genomic region that encodes the struc­
tural proteins of HCV was inserted into a vaccinia recombination vector. 
Expression studies with vaccinia/HCV recombinants led to identification of 
HCV specific glycoproteins which migrated on sodium dodecyl sulfate-gels 
identically to glycoproteins precipitated from HCV -infected cells. The vac­
cinia virus/HCV recombinant that expressed all four structural proteins 
induced virus-neutralizing antibodies in mice and swine. After immunization 
of pigs with this recombinant virus, full protection against a lethal challenge 
with HCV was achieved. A construct that lacked most of the HCV gp55 gene 
failed to induce neutralizing antibodies but induced protective immunity. 

Key words: Hog cholera virus, pestivirus, comparison of pestiviruses, glyco­
proteins of hog cholera virus, hog cholera virus recombinant vaccme, 
neutralization of hog cholera virus. 

Introduction 

Hog cholera (HC) or classical swine fever (CSF) is assumed to be the 
economically most important viral epidemic of swine worldwide [3]. The 
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causative agent of He, the hog cholera virus (HeV) is an enveloped virus 
with a diameter of 40-50 nm, which contains a single stranded infectious 
RNA [25]. HeV was found to be serologically related to bovine viral 
diarrhea virus (BVDV) [11, 13]. Together with the border disease virus 
(BDV) of sheep these three viruses were classified as genus Pestivirus within 
the Togaviridae [41]. 

Typically, the highly contagious disease in its acute form is characterized 
by high body temperature and high mortality. Primary virus replication is 
assumed to take place in the tonsills after oral or nasal infection. From here 
virus spread into the lymphoid system occurs followed by a viremia around 
day 5 after infection. Thereafter virus can be isolated from almost all tissues. 
Diffuse and petechial haemorrhages on the serosa as well as haemorrhagic 
and necrotic lymphnodes are typical lesions observed post mortem. While 
"classical" He which is easy to diagnose vanishes other forms of the disease 
appear which are apparently due to low virulent virus strains. These are 
often responsible for breeding problems which may have several alternative 
etiologies and such infections with low virulent HeV strains are therefore 
difficult to diagnose. Recognition of "atypical" and subclinical HeV infec­
tions is crucial for maintenance of eradication and control programs which 
are administered in most countries where He appears. Some countries got 
rid of He by vaccination programs and/or stamping out regimens of 
infected animals and herds (e.g. USA, Great Britain). Eradication appears to 
be very difficult and cost extensive in some european countries (e.g. Belgium, 
Germany, The Netherlands). High economic losses require new approaches 
for disease control which should benefit from efforts directed towards 
characterization of HeV at the molecular level. However, until recently such 
information was not available. This paper summarizes the current know­
ledge about molecular biology of hog cholera virus. 

Viral RNA 

The first steps towards molecular analysis of HeV were directed at identi­
fication and characterization of the viral nucleic acid. Early investigations 
described the HeV genome as an infectious single stranded RNA genome 
with a sedimentation coefficient of S = 40-45 [15J and a calculated size of 
4 x 106 D [15, 16]. Recent experiments employing agarose gel electropho­
resis after metabolic labeling led to identification of the genomic HeV RNA 
which represents a molecule of about 12.5 kb (Fig. 1) [26, 34]. This actually 
was the same size as reported for BVDV [9, 30]. Unlike other togaviruses 
subgenomic mRNAs could not be detected in cells infected with either 
BVDVor Hev [26,27,33, 34J and the pestiviral RNA genomes lack polyA 
tracts at their 3' ends [9, 22, 29]. 
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Fig. 1. RNA from pelleted virions and cells infected with 
HCY strain Alfort. Cells were treated with actinomycin 
o and metabolically labeled with [3HJ uridine. RNA was 
prepared [6J, denatured by glyoxal and separated on an 
0.8% agarose gel containing 5.5% formaldehyde [5]. Bands 
were visualized after fluorography. Lane 1: RNA from pel­
leted HCY; lane 2: RNA from pelle ted material after mock 
infection; lane 3: RNA from non-infected 38A1D cells; lane 

4: RNA from HCY-infected 38A1D cells 

Tissue culture system 

A serious problem in pestivirus research is the difficulty to obtain reasonable 
amounts of virus. HCV replicates in tissue culture cells of various species, 
preferentially porcine cells, without a cytopathogenic effect [25]. In addition 
to low titres of infectious virus in cell extracts and especially tissue culture 
supernatants virions are hard to purify by physical means like equilibrium­
centrifugation due to their low buoyant density (Fig. 2.) [18, 25]. The 
establishment of a more efficient tissue culture system for HCV propagation 
considerably facilitated further examination. A cell line termed 38A 1 D 
which is of porcine lymphoma origin [37J turned out to provide HCV titres 
(strain Alfort [lJ) in the supernatant of 5 x 107 TCIDso/ml which is almost 
lOx the amount obtained with the standard cell line PK15 (Fig. 3) [33, 34]. 
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Fig. 2. Buoyant density of HCV in CsCI (I) and sucrose gradients (II) determined by dot 
blot. Pelle ted virus obtained from 100 ml supernatant of infected 38AID cells was layered 
onto linear 5-30% CsCI or 10-40% sucrose gradients (two gradients of each) and centri­
fuged for 18 hat 150.000 g in a SW41 rotor. 18 fractions were collected from the bottom of 
each tube and spotted on nitrocellulose (bottom fraction indicated by *) after denaturation 
in 7 x SSC, 7% formaldehyde and 0.25% NP40 at 60°C for 15 min. Hybridization was 
performed using a nick translated 4.5 kb cDNA fragment of HCV. Buoyant density was 
calculated by determination of the refractive index of the solutions. Values indicated below 
dots (CsCl) or above dots (sucrose) refer to mean buoyant density of the respective HCV 
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Fig. 3. Comparison of virus yields from 38AID and PK15 cells by dot blot analysis. Equal 
amounts of cells were infected with HCV (strain Alfort) using different multiplicities of 
infection (indicated on the left) and incubated for 48 h. Crude RNA from cells (CP) and 
virions collected from the supernatant (S) was dotted on nitrocellulose after denaturation in 
7 x SSC, 7% formaldehyde, 0.25% NP40 for 15 min, 60°C. Material on the dots corre­
sponds to number of cells (CP); lane 1: 4 x 105; lane 2: 2 x 105; lane 3: 4 x 104 ; volume of 
supernatant (S); lane 1: 0.2 ml; lane 2: 0.1 ml; lane 3: 0.02 mI). A 4.5 kb HCV cDNA fragment 

was employed as probe after radioactive labeling by nick translation 
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Other successful approaches to improve HCV propagation were described 
recently using porcine cells growing on microcarrier beads [4]. 

Cloning and sequencing of the genome 

Characterization of a viral genome at the nucleotide level is a prerequisite 
for profound investigation of the virus encoded proteins. First, viral RNA 
was prepared from virions collected from the tissue culture supernatant of 
infected 38A1D cells (up to 20 ng RNA/ml supernatant). This material 
served as template for reverse transcription using random primers and gave 
rise to different HCV cDNA libraries [22, 33, 34]. The crucial step in 
molecular cloning, however, is the identification of specific cDNA clones. 
For BVDV this problem was overcome using single stranded radio labeled 
probes synthesized by reverse transcription of gradient- or gel-purified 
BVDV RNA [9, 29]. 

Screening of the HCV cDNA libraries was performed using two different 
approaches. One approach used a degenerated oligonucleotide as a probe 
which was synthesized according to sequences encompassing the highly 
conserved Gly-Asp-Asp motif present in all RNA dependant RNA poly­
merases of positive stranded RNA viruses including BVDV and flaviviruses 
[17, 22]. For the second approach an autologous polyspecific anti-Hey 
serum was raised in a goat [33, 34]. These antibodies were employed to 
screen a cDNA library established in the expression vector lambda gt11 for 
detection of HCV specific fusion proteins. While the oligonucleotide 
approach resulted in isolation of cDNA clones from the 3' region of the 
genome a clone from the 5' end was detected by antibodies. Subsequently the 
entire genome was cloned and sequenced with the exception of the utmost 3' 
and 5' ends. The HCV genome was found to consist of 12.284 nucleotides 
and to contain a single large open reading frame encompassing 3898 co dons 
[22]. Compared to both published BVDV sequences the HCV genome was 
shorter by about 200 nucleotides. This was obviously due to host cellular 
sequences inserted in the BVDV genomes [23]. Sequence comparison of 
HCV and both published BVDV sequences revealed a surprisingly high 
homology at both the nucleotide and the amino acid level. Overall the 
homology was 66% with regard to nucleotides and 85% with regard to 
amino acids (Fig. 4) [22]. This high degree of similarity provided evidence 
for the close relationship between both viruses. 

Taxonomy 

There is general agreement that pestiviruses do not belong to the family 
Togaviridae. It has been proposed repeatedly to group pestiviruses into the 
Flaviviridae [7, 10]. With regard to strategy of translation and genome 
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Fig. 4. Dot matrix comparison of the 
deduced amino acid sequences of 
Hev (abscissa) and the NAOL strain 
of BVOV (ordinate). Parameters: 

window = 12; stringency = 14 

organization there is similarity between pestiviruses and flaviviruses [7, 9, 
32]. However, there are major differences concerning in particular different 
aspects of the putative virus structural proteins (40 and manuscript sub­
mitted for publication). In this context it is interesting to mention that 
pestiviruses share amino acid sequence similarity not only with flaviviruses 
but also with hepatitis C virus as well as certain plant viruses [24]. The final 
classification of the genus pestivirus should be postponed until more data 
not only about pestiviruses but also about hepatitis C virus are available. 

Characterization of HeV glycoproteins 

One major aim of our HCV research was the development of a suitable 
vaccine. In this regard analysis of the HeV induced glycoproteins was of 
major interest. Using hyperimmune sera against HCV, three virus specific 
glycosylated proteins (gp33, gp44/48 and gp55) were precipitated from HCV 
infected cells (Fig. 5) [33, 34, 36]. It is generally assumed that these glyco­
proteins are structural components of the virion. However, the actual 
molecular composition of virions from the genus pestivirus remains to be 
determined (manuscript submitted for publication). 

The genome of pestiviruses apparently serves as mRNA [28J and is 
translated into a polyprotein which is processed by the action of unknown 
viral and host cellular proteases. Thus there are no apparent structures at 
the RNA level which would indicate the borders of the proteins encoded by 
the respective genes. Analysis of the topographical correlation between gene 
product and gene required serological reagents of defined specificity. For 
mapping of the glycoprotein genes HCV cDNA fragments were expressed in 
E. coli; sera obtained from rabbits immunized with these fusion proteins 
were employed in immunoprecipitation and Western blot analyses [36]. 
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Fig. 5. Glycoproteins precipitated from HCV­
infected cells. Lanes 1 and 2: noninfected 38A j D 
cells; lanes 3 and 4: HCV-infected 38A j D cells. 
Cells were metabolically labeled with [3H] 
glucosamine and extracts incubated with either 
goat anti-HCV serum (lanes 1 and 3) or preimmune 
goat serum (lanes 2 and 4). Immunoprecipitates 
were analyzed by 10% SDS-PAGE and visualized 

by ftuorography 

From these experiments it was evident that all three glycoproteins were 
encoded within nucleotides 1100 to 3600 in the order NH2- gp44/48/ gp33/ 
gp55 -COOH (Fig. 6). The genomic region encompassing nucleotides 364 to 
1100 probably encodes the HCV nucleocapsid (core) protein which has not 
been demonstrated yet. For BVDV a basic 20 kD molecule was detected 
which corresponded to this genomic region [8]. The genome organization 
within the region encoding the putative structural proteins of HCV is similar 
to the one reported for BVDV [36]. For processing between the glyco­
proteins recognition sites of host cell proteases such as signalases or golgi­
apparatus associated proteases were suggested [36]. Cleavage may occur 
between gp44/48 and gp33 at RR/S (amino acids 488-490), between gp33 
and gp55 at A/E (708/709) and also at A/E (1067/1068) between gp55 and the 
following non identified protein. However, without determination of the 
amino-terminal sequences of the mature proteins the cleavage sites remain 
speculative. 

One particular topic in pestivirus research deals with analysis of HCV 
gp55 and the analogous BVDV gp53 since this glycoprotein was shown to 
represent an antigen which induces virus neutralizing antibodies. This evi­
dence was obtained from experiments with monoclonal antibodies (MABs); 
all MABs with neutralizing activity against the respective pestivirus recog­
nized HCV gp55 or the analogous BVDV glycoprotein [2, 14, 38, 40]. 
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Fig. 6. Hydrophilicity plot, distribution of possible N- glycosylation sites and organization 
of the HCV polyprotein encompassing amino acids 1-1100 [22]. The tentative positions of 
the structural proteins are indicated (bottom line) together with the location of clones 
expressed as fusion proteins in bacteria [36]. Hydrophilicity is displayed by positive values 
(max = 5). Computer analysis was performed using GCG software on a VAX computer [12] 

Interestingly, immunoprecipitation analyses with extracts of HeV in­
fected cells revealed that gp55 and gp33 always coprecipitated [36, 39, 40]. 
In Western blot experiments neutralizing MABs recognized only gp55 [40]. 
Further insight was obtained using SDS-PAGE under nonreducing con­
ditions which led to identification of molecules with apparent molecular 
weights of 55 kD, 68 kD and 90-100 kD [39, 40]. Reduction of disulfide 
bonds revealed that the 68 kD molecule represents a heterodimer between 
gp55 and gp33 [40]. In BVDV infected cells disulfide linked heterodimers 
between the analogous BVDV glycoproteins, gp53 and gp25, were demon­
strated [40]. Preliminary evidence indicates that such heterodimers are also 
present in HCV virions (manuscript submitted for publication). 

Eukaryotic expression of HeV glycoproteins 

Understanding the biosynthesis, function and immunogenicity of the 
putative structural glycoproteins of HCV is essential for development of 
a recombinant vaccine. Such investigations can be greatly facilitated by 
heterologous expression of cloned cDNA fragments. For expression of 
glycoproteins a suitable eukaryotic expression vector system is required. In 
addition, for examination of the immunogenicity of each of the expressed 
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proteins immunization trials should be easy to perform, preferentially in the 
natural host. According to these requirements the vaccinia vector system 
was employed for expression of HCV structural proteins. Due to the unique 
features of vaccinia virus i.e. replication in the cytoplasm, large cloning 
capacity and extremely broad host range it has evolved to an important tool 
in virus research [19, 20, 21]. 

For investigation of properly performed biosynthesis a HCV cDNA 
fragment spanning the entire region encoding the putative structural 
proteins of HCV (nucleotides 364-4000) was cloned into a vaccinia recom­
bination vector [21, 31]. The respective recombinant vaccinia virus was 
generated within the cell by homologous recombination between the plas­
mid bearing the HCV insert and vaccinia genomic DNA [19,20]. 

Proteins expressed from this HCV vaccinia recombinant (termed 
VAC3.8) were found to react specifically with anti-HCV antibodies in 
immunofluorescence and radioimmunoprecipitation [33]. After fluoro­
graphy the respective molecules appeared to be authentic to HCV with 
regard to size and glycosylation (Fig. 7). 

V AC3.8 was further employed for immunization trials in mice and pigs. 
In mice induction of HCV and vaccinia neutralizing antibodies was demon­
strated after infection with V AC3.8 while after inoculation of vaccinia 
wild type (WR) only vaccinia neutralizing antibodies could be detected. 
Immunization of pigs revealed similar results with respect to the induction of 
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Fig. 7. HCV specific proteins expressed by recombinant vac­
cinia V AC3.8. CVI cells were metabolically labeled with a mix­
ture of eSS] cysteine/methionine after infection with VAC3.8. 
Extract was immunoprecipitated using MAB A18 anti-gp55 
(lane 2), polyspecific goat anti-HCV serum (lane 3), pre­
immune-goat serum (lane 4) and control MAB anti-FMDV 
(lane I). Arrows indicate the positions of gp55, gp44/48 and 
gp33. Precipitates were visualized by fluorography after sepa-

ration by 10% SDS-PAGE 
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Immunization of pigs with Vaccinia - HCV recombinants 
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Fig. 8. Seroconversion of pigs immunized with V AC3.8 (n = 2) and vaccinia WR strain 
(n = 1). Vaccinia virus was administered intradermally, intraperitoneally and intravenously 
(5 x 107 pfu, each inoculation). Titres of neutralizing antibodies (refer to full neutralization) 

against vaccinia (left) and HCV (right) were determined 21 and 28 days after infection 

neutralizing antibodies. After challenge infection of the pigs with a lethal 
dose of HCV Alfort animals immunized with V AC3.8 remained absolutely 
unaffected while the WR immunized pigs died around day 12 after challenge 
infection (Fig. 8). 

These experiments showed that single immunization with a vaccinia 
HCV recombinant expressing the structural glycoproteins of HCV induced 
a protective immunity in swine. Preliminary experiments revealed that 
deletion of the gp55 encoding sequence abolished induction of neutralizing 
antibodies while at least partial protection against HC was still maintained 
[35]. 

The results of the animal experiments point towards the possibility of 
vaccination against HC with a recombinant vaccine. However, vaccinia is 
probably not suitable for practical purposes, but represents an excellent 
model system. Other vectors like swine pox virus or in particular 
pseudorabies virus may be more appropriate for disease control. 

Molecular characterization of HCV and also of other pestiviruses is still 
at an early stage. We are far away from understanding the mechanisms 
involved in pathogenesis, virulence and protective immune response. In 
particular, investigation of the molecular composition of the virion is an 
urgent task with respect to all pestiviruses and also related RNA viruses. 
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Summary. In previous work, we developed a preliminary description of the 
genetic organization of the prototypic pestivirus bovine viral diarrhea virus 
(BVDV). In order to refine this genetic map and to further elucidate the gene 
products and expression strategy of this virus, we have generated a broad 
panel of sequence-specific antibody reagents. Use of these reagents not only 
allowed the identification of several previously undescribed viral poly­
peptides, but when used in in vivo pulse-chase experiments, they identified 
precursor polyproteins and processing intermediates. Data generated from 
these studies provide a more accurate and complete view of viral gene 
organization, as well as insight into several aspects of protein processing and 
the gene expression strategy employed by this pestivirus. These experiments 
also revealed varying stability and turnover rates for the mature BVDV 
proteins. These latter results have implications for the functional roles of 
certain gene products. 

Key words: Pestivirus, viral proteins, polyprotein precursors, protein . . 
processmg, gene expreSSIOn. 

Introduction 

Bovine viral diarrhea virus (BVDV) represents the prototypic member of the 
genus Pestivirus. Hog cholera virus (HeV) and border disease virus (BDV) 
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of sheep are the other known members of this group. The pestivirus genome 
consists of a single molecule of single-stranded, positive polarity RNA of 
about 12-13 kilobases (see review, [4J). The genomes of two isolates of 
BVDV (NADL and Osloss) and two isolates of HCV (Alfort and Brescia) 
have been molecularly cloned and sequenced (3, 7-9). Computer-assisted 
sequence comparisons among these genomes have revealed a high degree of 
relatedness, as well as certain interesting regions of divergence. 

Numerous reports have appeared describing pestivirus-specific poly­
peptides found either in virus-infected cells or in enriched virus preparations 
(4). However, these studies were unable to distinguish between 'virus­
encoded', 'virus-induced', and 'virus-associated' polypeptides. Using the 
molecularly cloned genome of BVDV (NADL), we set out to define the 
complete complement of polypeptides encoded by the pestiviral RNA. 

The BVDV genome possesses a single large open reading frame (ORF) 
extending the length of the RNA capable of encoding about 449 kilodaltons 
(kDa) of protein. Using sequence-specific antiserum reagents generated 
against recombinant bacterial fusion proteins possessing select regions of the 
BVDV ORF, in combination with radioimmunoprecipitation analyses, we 
were able to identify specific viral proteins and position their coding regions 
along the ORF (2). The results from these studies allowed us to produce 
a preliminary map of the genetic organization of BVDV (2). However, this 
first map provided only general boundaries for the various BVDV poly­
peptides. Furthermore, there were regions of the ORF for which gene 
products had not yet been assigned or identified. 

Here, we summarize data from the further use of these antisera, as well as 
new antibody reagents generated against synthetic peptides representing 
specific sequences within the BVDV ORF. The results serve to refine our 
previous genetic map, and moreover, have identified previously undescribed 
viral polypeptides. Additionally, pulse-chase analyses of viral protein syn­
thesis in infected cells have provided further clarification of the protein 
coding organization of BVDV, as well as insight into the possible mechan­
isms of gene expression and protein biogenesis by this pestivirus. 

Materials and methods 

The cytopathic NADL isolate of BVDV was propagated in MDBK cells as previously 
described (2, 3). Procedures for radiolabeling of virus-infected cell cultures with 35S_ 
methionine and for radioimmunoprecipitation have been detailed previously (2). Briefly, 
MDBK cells were infected with BVDV (NADL) at a multiplicity of 0.5, and at approxim­
ately 18 hours post-infection, cell cultures were incubated in methionine-free medium for 
one hour. The medium was then replaced with fresh methionine-free medium supplemented 
with 35S-methionine at 100-200IlCi per m!. For standard radioimmunoprecipitation 
experiments, the cultures were incubated for 2 hours. For pulse-chase experiments, parallel 
cultures were incubated with 35S-methionine for 15 minutes (pulse time), at which point 
cultures were either harvested and quickly frozen (pulse-labeled cells) or they were washed 
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several times with warm, nonradioactive medium containing 100 times the normal level of 
methionine and then incubated in this medium further supplemented with 30 Ilg/ml cyclo­
heximide. After 1, 2, and 6 hours (chase times), cultures were harvested and frozen. Cell 
lysates were prepared in SDS lysis buffer (6), cleared, and aliquoted for immunoprecipita­
tion. Between 5 to 12 III of various rabbit antisera were used in each precipitation. After 
collection of immune complexes onto Pansorbin (Calbiochem-Behring, La Jolla, Calif. 
USA) and washing, the precipitated proteins were released from the bacteria in SDS sample 
buffer. Samples were fractionated on SDS-containing 10-18 % gradient polyacrylamide 
gels, and the gels were f1uorographed and exposed to X-ray film. Antisera to E. coli 
~-galactosidase fusion proteins have been previously described (2). Antisera to synthetic 
peptides representing various sequences within the BVDV ORF were prepared by proce­
dures previously reported (10). 

Results 

To assist in the identification of BVDV-encoded proteins and in the descrip­
tion of the gene expression strategy of pestiviruses, we have concentrated on 
the generation of sequence-specific antiserum reagents. Previously, we 
described the use of E. coli-produced fusion proteins for production of such 
reagents (2). Here, we have added to our arsenal of antibody reagents 
antisera to synthetic peptides representing specific sequences within the 
BVDV ORF. Antipeptide antisera represent reagents of higher specificity 
than the antisera to the bacterial fusion proteins in that antibodies are 
directed to only a 15 to 20 amino acid segment of the ORF. Furthermore, 
the chemically synthesized peptides offer an alternative to the biological 
production of immunogens; an important advantage for particular regions 
of the ORF that may be poorly expressed by recombinant means. All of 
these reagents are schematically summarized in Fig. 1 B. 

Each of these antisera was used to immunoprecipitate radiolabeled 
BVDV-infected MDBK celllysates. In initial experiments, virus-infected cell 
cultures were radio labeled with 35S-methionine for 2 hours. Cells were then 
harvested and lysates were prepared for immunoprecipitation. The results 
from gel analyses showed all sera, with the exceptions of antisera to peptides 
241 and 2621 and E. coli protein C26, immunoprecipitated proteins specifi­
cally from BVDV-infected cells, not present in mock-infected cells (data not 
shown). Reasons for the failure of the three antisera to recognize BVDV­
specific proteins are not clear at this time. 

In general, the data from the use of the antipeptide antisera consistent 
with previous protein alignments. For example, anti-697 antiserum recog­
nized gp53, confirming the general position of the N-terminal boundary of 
this glycoprotein (Fig. 1). However, in the case of anti-1130 antiserum, its 
ability to immunoprecipitate p 125 and p54 served to significantly re­
position (move to the left relative to the position in our previous map) the 
amino terminal boundary of the coding region for these polypeptides. This 
shift was confirmed by the lack of reactivity of anti-2396 antiserum to p 125 
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Fig. 1. Organization of the BVDV genome. A. Schematic representation of the BVDV 
genome, showing the 5' noncoding region, the large ORF (shaded box), and the 3' 
noncoding region. The vertical lines within the large ORF indicate approximate positions 
of proteolytic cleavage sites. B. Regions of the ORF represented in various E. coli fusion 
proteins (shaded boxes) or as synthetic pep tides (dots), to which rabbit antisera were 
generated. C. Approximate positioning within the ORF of various polypeptides identified 

by the sequence-specific antibody reagents in immunoprecipitation analyses 

or p80, establishing the carboxy terminal limit of the coding position for 
these proteins. This change eliminates a region for which we previously 
speculated encoded an unidentified product (2). Antiserum 2396 further 
served to identify two new BVDV-encoded proteins: p42 and pIO, and in 
doing so, filled in the last protein coding gap of our earlier map (see below). 

Throughout these analyses, as well as in our previous studies, we often 
observed faint, minor high molecular weight radiolabeled polypeptide bands 
immunoprecipitated by various antisera. Indeed, as previously discussed (2), 
the genomic structure of BVDV suggests viral protein biogenesis involves 
the proteolytic processing of a large polyprotein precursor(s). Such process­
ing is likely to involve both cotranslational and post-translational cleavage 
events. Thus, from the cotranslational cleavage of the primary translation 
product of the viral genome, there may be various short-lived intermediate 
polyproteins which are then further processed to give rise to mature viral 
proteins. 

To investigate this proposed scheme of events and to establish the 
precursor-product relationships suggested among the various BVDV pro­
teins, we conducted a pulse-chase experiment on virus-infected cells and 
analyzed the polypeptides immunoprecipitated with select antisera. Parallel 
virus-infected cultures were radiolabeled with 35S-methionine for 15 minutes 
(pulse time), at which point cultures were either harvested and quickly frozen 
(pulse-labeled cells) or they were washed several times in nonradioactive 
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medium containing 100 times the normal level of methionine and then 
incubated in this medium further supplemented with cycloheximide. After 1, 
2, and 6 hours (chase times), cultures were harvested and frozen. Celllysates 
were prepared and immunoprecipitated with the various BVDV sequence­
specific antisera. A gel analysis of the immunoprecipitated polypeptides 
from this pulse-chase experiment is presented in Fig. 2. Table 1 summarizes 
the BVDV -specific polypeptides recognized by each of the antisera shown in 
Fig. 1 B. 

Antibodies to the first 15 amino acids of the ORF (anti-5' pep antiserum) 
recognized only the p20 protein; with this antiserum, there was no evidence 
of a higher molecular weight precursor protein in the pulse-labeled sample. 
In contrast, 26/102 antiserum, previously shown to immunoprecipitate p20 
(2), was found with the pulse-labeled sample to immunoprecipitate several 
additional larger polypeptides. These same higher molecular weight poly­
peptides were also recognized by antisera 98, C54B, and 697. Endo­
glycosidase treatment established these polypeptides to be glycoproteins 
(data not shown). These latter antisera revealed the apparent rapid 
transition of a glycoprotein precursor Prgp140 to Prgp116. Prgp116 gave 
rise to Prgp78 and the mature, stable viral glycoprotein gp53. Prgp78 
appeared then to be processed to yield gp62, likely involving the proteolytic 
removal of an amino-terminal portion of Prgp78 since reactivity with 
antiserum 26/102 was lost. Finally, as previously suggested (2), gp62 gave 
rise to the stable viral glycoproteins gp48 and gp25. 

Proteins encoded from the central portion of the BVDV ORF (p125, p54, 
and p80) showed a very different pattern of expression. All three poly­
peptides appeared during the 15 minute pulse and remained stable there­
after. The protein half-lives (T 1/2) for all three proteins were greater than 
6 hours. There was no significant decay of the presumed precursor p 125 to 
its putative processed products p54 and p80. 

The carboxy-terminal 39% of the ORF appears served by the precursor 
polyprotein Prp175, immunoprecipitated by antisera 2396, 62D, and B3B. 
Prp175 rapidly yielded plO and Prp165, and p42 and p133. p42 was 
short-lived, and is likely a processing precursor to plO and a yet-to-be 
identified gene product (32 kDa). Similarly, Prp165 represents an alternative 
intermediate to this unidentified product and to p133. p133, with a half-life 
of less than 60 minutes, was processed to yield two mature products with 
distinct characteristics: the stable p58 protein (T 1/2 greater than 6 hours) and 
the rapidly turned-over p75 protein (T 1/2 less than 60 minutes). 

Discussion 

Put together, the above data allow construction of a more complete protein 
organizational map for the BVDV genome, in which several precursor 
polypeptides may be included (Fig. 1C). We are now able to account for the 
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Fig. 2. Pulse-chase radioimmunoprecipitation of BVDV-infected cell lysates. The 
cytopathic NADL isolate of BVDV was used to infect MDBK cells. Parallel cultures were 
pulse radiolabeled (P) and chased for 1,2, and 6 hours, as described in the text. Cleared cell 
lysates were prepared and immunoprecipitated with the indicated antisera; the precipitated 
polypeptides were analyzed on SDS-containing 10-18 % gradient polyacrylamide gels, all 
as previously described (2, 6). The numbers at the left indicate approximate molecular 
masses (in kDa). NRS, normal rabbit serum. The protein band migrating at approximately 

17 kDa in all tracks is a nonspecific polypeptide unrelated to BVDV proteins 
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Table 1. BVDV sequence-specific antiserum reagents and the proteins 
they recognize 

Immunogen/ Antiserum 

5' pep (2-16)1 
26/102 
241 (241-255) 

98 
C54B 
697 (697 - 711) 
D31 

1130 (1130-1150) 
1335 (1335-1351) 
1541 (1541-1559) 
1770 (1770-1787) 
G40 
2093 (2093-2112) 

BI0 
2396 (2396-2414) 

C26 
2621 (2621-2635) 

62D 
B3B 

Polypeptides Immunoprecipitated 

p20 
p20, Prgp 140, Prgp 116, Prgp 78 
none detected 

Prgpl40, Prgpl16, Prgp78, gp62, gp48 
Prgpl40, Prgpl16, Prgp78, gp62, gp25 
Prgp 140, Prgp 116, gp53 
Prgp 140, Prgp 116, gp53 

p125, p54 
p125, p54 
p125, p54 
p125, p80 
p125, p80 
p125, p80 

p125, p8~ Prp175, p4~ pl0 
Prp175, p42, pl0 

none detected 
none detected 

Prp175, Prp165, p133, p58 
Prp175, Prp165, p133, p75 

1 Numbers in parentheses indicate the amino acid coordinates of the 
BVDV ORF represented in the peptide. 
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entire coding capacity of the BVDV ORF with the exception of identifica­
tion of a putative 32 kDa polypeptide processing product of p42. From the 
pulse-chase experiment results, the following protein expression scheme can 
be envisioned. A primary translation product initiated from the first AUG 
codon of the ORF immediately yields the p20 protein via a cotranslational 
proteolytic cleavage event. Primary translation continues on to similarly 
produce three immediate precursor polyproteins that encompass the re­
mainder of the genome: Prgp140, p125, and Prp175. Prgp140 and Prp175 
appear then to be proteolytically processed in a stepwise fashion to yield 
mature viral proteins. In contrast, the p125 region seems to follow a different 
pathway, in that all products of this region of the genome appear rapidly 
(within the pulse-labeling period) and are stable thereafter. The nature of the 
mechanisms and/or kinetics involved here are unclear at present. This 
apparently distinct means for the biogenesis of p 125, p54, and p80 deserves 
further investigation. 

From the data presented here, there are at least 10 proteolytic processing 
sites involved in the biogenesis of the complete complement of BVDV 
proteins (Fig. lA). There are likely to be additional sites not depicted in 
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Fig. 1A. In fact, our data suggest the production of gp53 (which is actually 
two polypeptides collectively referred to as gp53; see Fig. 2, Cl697) involves 
two alternative cleavage sites at its carboxy terminus. As protein analyses 
become more detailed (e.g., amino- and carboxy-terminal protein sequence 
determinations), additional proteolytic trimming of BVDV polypeptides 
may be revealed. 

The proteinases affecting these cleavages are likely to be of both viral and 
cellular origin. The immediate appearance of p20 suggests its release from 
a primary translation product may be autocatalytic. Indeed, as will be 
presented elsewhere, we have established p20 as a viral proteinase respon­
sible for its own release from the primary translation product [11]. Else­
where in the pestivirus genome, using computer-assisted sequence compari­
sons, homologies have been found between the BVDV p80 protein and 
a class of serine proteinases, leading to the prediction that p80 might also be 
a viral protease (1, 5). This prediction has been experimentally confirmed. 
We have demonstrated the BVDV p80 protein indeed possesses proteolytic 
activity [12]. There are certainly cellular proteinases, and may be additional 
yet-to-be identified virus-encoded proteases, involved in the production of 
BVDV proteins. Their identification will further clarify the processes in­
volved in pestivirus protein expression. 

In addition to elucidating various aspects of the process of BVDV 
protein expression, the pulse-chase experiment described here also revealed 
information on the polypeptide half-lifes of the mature viral proteins within 
virus-infected cells. The glycoproteins (gp48, gp25, gp53), p125, p54, p80, and 
p58 were all very stable (T 1/2 greater than 6 hours); plO was relatively stable 
(T 1/2 about 6 hours); p20, less stable (T 1/2 about 110 minutes); and p75, 
unstable (T 1/2 less than 60 minutes). These protein stability characteristics 
are likely to have functional consequences for the process and regulation of 
virus replication. One obvious implication is that the mature viral protein 
with the shortest half-life, or highest turnover rate, could represent the 
rate-limiting or regulating component for virus replication. It is interesting 
that p75 has this characteristic, and that it represents the putative RNA­
dependent RNA polymerase of the virus (2). 

Future studies of the functional roles of pestivirus proteins in the gene 
expression and replication may well assist in our understanding aspects of 
pathogenesis by members of this virus group. 
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Summary. Bovine Viral Diarrhea Virus (BVDV) polypeptides present in 
infected cells are the result of the processing of the polyprotein translated 
from the large single open reading frame of the BVDV genomic RNA. The 
presence of these proteins in infected cells was studied by radio labeling 
under hypertonic conditions and with the aid of radioimmunoprecipitation. 
The genomic mapping of these polypeptides suggests a complex pattern of 
processing which involves cellular and viral proteases. The consistent ab­
sence of SOk in noncytopathic isolates of BVDV suggests that the processing 
of the viral polyprotein is different in cytopathic and noncytopathic biotypes 
of BVDV. The antigenic structure of BVDV was studied with a panel of 
monoclonal antibodies (MABs) prepared against the Singer isolate of 
BVDV. Neutralizing MABs were found to bind the 56-5Sk polypeptide, 
providing evidence that this glycoprotein is present on the surface of the 
virion and carries neutralization epitopes. Antigenic analyses with the panel 
of MABs reveals extensive antigenic heterogeneity among BVDV field 
isolates. MABs were used to determine the frequency of neutralization 
escape mutants in stocks of BVDV. Plaque-purified BVDV stocks contain 
neutralization escape mutants with a frequency of 10- 2 .47. 

Key words: Pestivirus proteins, monoclonal antibodies, neutralization, 
mutation rate. 

Introduction 

The bovine pestivirus, Bovine Viral Diarrhea Virus, or BVDV, is the single 
most important viral pathogen of cattle in developed countries. In develop­
ing nations, other viral pathogens such as foot and mouth disease virus, 

a Present address: Department of Microbiology, Parasitology and Immunology, 
NYS College of Veterinary Medicine, Ithaca, NY 14853, U.S.A. 
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unfortunately continue to inflict even more devastating economic damage. 
Every year, losses due to BVDV infection, in its many forms, amount to 
the monetary equivalent of 0.5% to 1 % of all cattle [14, 27]. The cattle 
population of the world is well in excess of 700 million head. Thus, losses to 
BVDV could mean the loss of as many as 5 million head of cattle annually 
[10,35]. The bulk of damage inflicted by BVDV to the industry stems from 
fetal infection. Fetal infection is preventable by vaccination, therefore, the 
economic damage caused by BVDV is unacceptably high. Both veterin­
arians and producers have been considerably reluctant to use BVDV vac­
cines. The reasons for this phenomenon include: 1) Poor understanding of 
the epidemiology and pathogenesis of BVDV infections and the ensuing 
diseases; 2) Difficulties associated with laboratory and clinical diagnosis of 
BVDV infection which lead to an underestimation of the problems it causes; 
3) Adverse effects due to improper use of the vaccines; 4) Vaccines of 
questionable quality [2, 27, 28, 33, 37, 44]. 

Hopefully, the continuing pestivirus research carried out in many labor­
atories around the world will help reverse the current situation and lead to 
the implementation of rational control practices to reduce the economic 
impact of BVDV infection. 

Biochemistry of viral proteins: biotype differences 

The first isolation of BVDV in 1957 was carried out in bovine primary cell 
cultures [32]. The virus replicated in these cells without causing any 
cytopathic changes. During that same year, Underdahl et al. reported the 
isolation of an agent from cattle which induced cell vacuolation and lysis 
upon replication [43]. Except for the differences in the mode of interaction 
with the host cells, the two types of BVDV isolates appeared to be identical 
[24]. Furthermore, infection of cells with noncytopathic BVDV induced 
cellular resistance to the lytic activity of cytopathic BVDV [25]. Con­
sequently, the two types of isolates were considered to be two different 
biotypes of the same virus [24, 30, 31]. More recently it was found that these 
biotype differences playa pivotal role in the pathogenesis of mucosal disease 
[4, 6]. 

A brief discussion of the replication strategy of BVDV will aid the 
interpretation of viral protein profiles in infected cells. Attachment of 
a BVDV virion to the susceptible target cell is followed by virus entry and 
uncoating of the viral genome. The single RNA molecule that makes up the 
genome is subsequently translated by the ribosomes into a hypothetical 
protein of almost 4,000 amino acid residues. However, such a giant protein 
has not been observed in infected cells. Instead, at least 9 viral proteins are 
generated from a single open reading frame present in the genomic RNA 
molecule [8, 9]. Proteolytic processing is necessarily one of the mechanisms 
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whereby the translation of a single open reading frame results in several 
proteins. Two major classes of proteases are involved in the cleavage of the 
viral polyprotein resulting from translation of the entire genomic RNA: viral 
and cellular peptidases [42, 46]. These two types of proteases reside in 
different compartments and are likely to meet their substrate(s) at different 
times after their synthesis. In addition, they probably have different rates of 
catalysis and cleavage site specificity. These cleavages of the polyprotein will 
result in a complex pattern of intermediate precursor polypeptides before 
the final processed proteins are obtained [42, 46]. This information will 
become important in the interpretation of the patterns of BVDV poly­
peptides present in infected cells. 

We have used two different approaches to identify viral polypeptides in 
BVDV -infected cells: one direct and the other immunological. In both cases 
we relied in the use of radioactive amino acid precursors to label polypeptide 
backbones or in radioactive sugars to label carbohydrate moieties present in 
glycoproteins; the radio labeled polypeptides are then separated by electro­
phoresis in denaturing polyacrylamide gels. 

The direct approach to identify viral polypeptides has been very success­
ful with viruses (i.e. polio) that effectively inhibit the translation of cellular 
mRNA: the radioactive precursor is incorporated almost exclusively into 
viral polypeptides. BVDV infection does not result in a significant cellular 
mRNA translational shutoff [19]. To inhibit the background of cellular 
polypeptide synthesis we took advantage of a still incompletely understood 
phenomenon: the differential susceptibility of viral and cellular mRNA 
translation to a hypertonic environment [34]. In the presence of 150 mM 
excess NaCI in the culture medium, initiation of translation of cellular 
messages is almost completely suppressed yet BVDV genomic RNA transla­
tion proceeds [19]. Thus this hypertonic initiation block (HIB) of cellular 
mRNA allowed us to identify in a direct fashion the viral polypeptides 
present in infected cells. The polypeptides we were able to identify in cells 
infected with the Singer (cytopathic) isolate of BVDV using HIB conditions 
to label cells with radioactive amino acids were: 165k, 135k, 118k, 80k, 65k, 
56-58k, 48k, 37k, 25k and 19k (k = molecular mass of polypeptide in kilo­
daltons, as determined by migration in SDS/PAGE). Similar experiments 
using radioactive sugars led to the identification of 56-58k and 48k as 
glycosylated polypeptides [17, 19]. 

The second approach to identify viral polypeptides in infected cells 
makes use of antibodies present in hyperimmune serum to select 
radio labeled polypeptides from a complex mixture. The technique, known 
as radioimmunoprecipitation (RIP), does not require the use of selective 
inhibitors: cells are labeled with a radioactive precursor and lysed with 
detergent. Viral polypeptides are then separated from cell polypeptides 
present in the lysate by binding to the specific antibodies attached to a solid 
phase [26, 29]. Polypeptides that fail to elicit antibody production in the 
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animal used to produce the hyperimmune serum will not be identified: this 
constitutes the major limitation of the RIP technique. 

RIP of celllysates prepared from cells infected with the cytopathic Singer 
isolate of BVDV and labeled with radioactive amino acids led to the 
identification of the following viral polypeptides: 165k, l1Sk, SOk, 75k, 
56-5Sk, 4Sk, 37k and 25k. Of these, 11Sk, 75k, 56-5Sk, 4Sk and 25k were 
also shown to contain attached oligosaccharides by labeling with radio­
active mannose [17, 19]. 

When identical procedures are carried out with cells infected with a non­
cytopathic isolate of BVDV such as NY-1, the pattern of polypeptides suffers 
a single drastic change: the SOk polypeptide is absent. This difference proved 
to be a general phenomenon: all noncytopathic BVDV isolates tested to date 
lack the SOk polypeptide [lS]. 

Mapping viral proteins in the BVDV genome 

Since the publication of the entire nucleotide sequence of the open reading 
frame of the BVDV genome by Collett et al. [9J and the accompanying 
studies by the same group on the mapping of the BVDV polypeptides with 
anti-fusion protein antisera we have been able to better understand the 
genomic organization of this virus [7, S]. One of the first obstacles that will 
confuse the newcomers to the field of pestivirology is the differences in the 
polypeptide nomenclature used by different authors. To aid the readers in 
the endeavor of comparing the literature on BVDV proteins, a tabulation of 
the polypeptides identified by us and by Collett et al. indicating the detection 
method can be found in Table 1 [S, 17-19]. Hopefully, in the near future 
a more rational and functional nomenclature, reflecting the close relation­
ship of pestiviruses with flaviviruses, will be developed and agreed upon by 
researchers in the field. 

To aid in reconciling the results we obtained in our studies [17-19J 
with those of Collett et al. [SJ the following comments are in order (refer to 
Table 1 for nomenclature): 

1. The polypeptide we identified as 11Sk is in fact a doublet: it represents 
the co-migration of p125 (nonglycosylated precursor of pSO and p54) and 
p11S (glycosylated precursor of the glycoproteins). 

2. p lIS (glycosylated) is the precursor of gp62 and gp53. gp62 is then 
cleaved to yield gp4S and gp25. All these polypeptides have been identified 
in our studies. 

3. The cleavage of p11S to yield gp62 and gp53 is carried out by cellular 
signal peptidase in the lumen of the endoplasmic reticulum. Cleavage of 
gp62 is likely to be catalyzed by the same enzyme. 

4. p20, which we called p19, is not found by RIP, presumably due to the 
absence of antibody against this polypeptide in hyperimmune bovine serum. 
It can be readily identified by HIB labeling. 
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Table 1. Nomenclature of BVDV Proteins in infected cells 

Detection 
-- ~---

Collett et al. [8J Donis et al. [17-19J HIB RIP 

Processed proteins 
p20 19k + 
gp48 48k + + 
gp25 25k + +/-
gp53 56-58k + + 
pI25(NC) 118k + + 
p80(CP) 80k + + 
(38k) 37k + + 

Precursor proteins Detection 

gpl18 118k + 
gp62 65j75k + 
pI25(CP) 118k + + 
pl33 135k + + 
(p 165?) 165k + + 

5. p125 is present in both cytopathic and noncytopathic biotypes of 
BVDV isolates. It is highly immunogenic and can be readily detected. 

6. Of the two cleavage products of p125 in cytopathic BVDV isolates, 
p80 was easily identified while p54 was not detected perhaps because of its 
co migration with gp53. In retrospect, the species that is resistant to endo­
glycosidase digestion and tunicamycin inhibition shifts may represent p54. 

7. 37k is detected in both biotypes by either method. Not all bovine sera 
used in RIP assays contain antibodies to this polypeptide. 

8. 165k is readily detectable and may represent a precursor of p133 
and 37k. 

9. p133 is detected with difficulty in HIB and is absent in RIP. It is not 
glycosylated and is the precursor of p58 and p75. 

10. p58 is likely to be masked by gp53, we did not detect it. 
11. p75 could be masked by p80, since we did not detect it. 

Antigenic analysis of BVDV glycoproteins with monoclonal antibodies 

To carry out antigenic analyses and to obtain functional information about 
the viral polypeptides we set out to produce a panel of hybridomas secreting 
monoclonal antibodies (MABs). For this, mice were immunized with puri­
fied virions and their splenocytes fused to a murine myeloma cell line. 
Screening of the hybrid cell lines was carried out by indirect immuno­
fluorescence (IF A) and virus neutralization. Fifteen hybridomas were fully 
characterized and used for the analyses discussed below [11, 16]. 
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Virus neutralization 

Approximately half of the MABs possessed virus neutralization titers> 256. 
Approximately 25% of the MABs had low neutralization titers (32-64). The 
other 25% lacked virus neutralizing activity. All the neutralizing MABs 
were either of the IgG 1 or IgG 2 subclass. 

Molecular specificity of the M ABs 

To identify the viral polypeptide recognized by each MAB we carried out 
RIP analyses. The results indicated that all MABs except one bound to the 
56-58k glycoprotein. Only one MAB bound to the 48k glycoprotein. All 
neutralizing MABs bound to the 56-58k polypeptide, providing the first 
direct functional evidence that this glycoprotein is present in virions and 
contains neutralization epitope(s). It is still unknown if the 48k is present in 
virions since the MAB that recognizes it does so in infected cells, but fails to 
bind to virions [16]. The exact location of the epitopes within 56-58k awaits 
the sequencing of neutralization escape mutants. However, the majority of 
the MABs of the panel bind to a vaccinia virus recombinant expressing the 
N-terminal 177 amino acids of the 56-58k glycoprotein (data not shown) 
[20]. Thus, we predict that this glycoprotein is a typical class I trans­
membrane glycoprotein, with an N-terminal immunodominant domain and 
a C-terminal anchor. Antiserum against the vaccinia virus recombinant 
expressing the N-terminal half of the 56-58k glycoprotein neutralizes BVDV 
infectivity, in agreement with the predictions resulting from the MAB data 
[20J. 

Antigenic analyses of B VD V isolates 

The panel of MABs against the viral glycoproteins was used to carry out 
a preliminary antigenic analysis of BVDV field isolates. The reactivity of 
MABs with a given isolate was determined by the IF A assay on infected 
bovine testicle cell monolayers. A typical result of these analyses is shown in 
Fig. la and b. Some generalizations that can be derived from these reactivity 
patterns include: 

1) There are multiple patterns of reactivity of the viral isolates with the 
panel of MABs, suggesting extensive antigenic diversity among field isolates 
of BVDV. 

Fig. 1. Indirect immunofluorescence reactIvIty patterns of cytopathic (1.a) and non­
cytopathic BVDV (1.b) isolates (rows) with a selected panel of MABs numbered at the top of 
the figure with roman numerals. Control reactivity with a polyclonal antiserum is shown in 
"dir" column. The protein specificity of the MABs is indicated at the top: 48k and 56-58k. 
Letters (A, B, etc.) inside bars indicate major antigenic grouping of the isolates. Blank 
squares indicate no reaction, boxes with wavy lines a weak reaction. A complete reaction is 

shown as a black box 
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2) There are multiple patterns of reactivity among the MABs with the 
virus isolates, suggesting that most MABs recognize distinct epitopes 
(an exception is represented by MABs 7, 11 and 17 which appear to have 
identical patterns) (Fig. 1). 

3) MAB 15, specific for the 48k polypeptide, appears to react with 
a highly conserved epitope: all isolates tested to date react with this MAB. 

M AB-Neutralization escape mutants 

The diversity of antigenic patterns (as defined with this panel of MABs) 
among different isolates of BVDV is likely to be the consequence of the 
typically high error rate of viral RNA replicases. As a result, multiple 
lineages of BVDV may have evolved and continue to circulate in the cattle 
population. To quantitate the error rate of the viral replicase we used MABs: 
the frequency of MAB neutralization resistant mutants present in cloned 
viral stocks reveals, albeit indirectly, this rate. The frequency of neutraliza­
tion escape mutants in low multiplicity-passage of cloned Singer BVDV 
stocks is 10 - 2.47 (R. Donis, unpublished). This rate is similar to that of other 
RNA viruses known for their antigenic variability such as influenza and foot 
and mouth disease viruses [5,38]. Natural populations of BVDV consist of 
multitudes of nonidentical genomes. The concept that genetic elements that 
replicate with limited fidelity will give rise to a set of related nonidentical 
genomes was introduced by Eigen et al. [21, 22]. They used the term 
"quasi species" to refer to the extremely heterogeneous nature of viral RNA 
populations. RNA viruses have as a result rapidly evolving genomes with 
a high degree of adaptability and phenotypic flexibility [1, 3, 12, 13, 23, 39, 
40, 41, 47]. 

Control strategies and antigenic variation 

The availability of large number of susceptible cattle born every year 
throughout the world ensures continual BVDV replication. Thus, high 
BVDV genomic RNA mutation rates coupled with short generation inter­
vals will necessarily result in high rates of genetic evolution. Two implica­
tions for the field of vaccinology can be derived from the previous discussion: 
1) The extent of antigenic variability may result in incomplete protection 
afforded by monovalent vaccines, raising the issue of the possible need to 
include a few antigenically divergent isolates in new oligovalent vaccines; 
2) The high mutation rates of BVDV could enable the virus to survive even 
after the widespread use of vaccines. Vaccination could drive the evolution 
of BVDV through immune selective pressure. Immunity to the circulating 
strains of human influenza virus has been demonstrated to playa critical 
role in driving the evolution of the hemagglutinin gene of the virus [15, 36, 
45]. Therefore, continued surveillance of the antigenic structure of field 
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Fig. 2. Plaque assay of a cloned stock of Singer BVOV isolate on bovine testicle cell 
monolayer overlayed with 1/30 dilution of MAB 19 in agarose. Stained and photographed 
three days after inoculation. Wild-type virus plaques (approximately 1,500 in each well) 
appear as pinpoint unstained areas. In contrast, neutralization escape mutants form plaques 

3 mm in diameter 

isolates would be warranted to monitor the appearance of "escape" strains 
which elude immunity induced by the vaccines. The MAB panel we have 
developed should be of use in surveillance to immunophenotype field iso­
lates of BVDV and assess the need for changes in the antigenic composition 
of vaccines [11, 16]. 
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Summary. We sequenced cDNAs, amplified by the Polymerase Chain 
Reaction (PCR) which correspond to the carboxy-terminal portion of the 
54 KDa protein of various cytopathic (cp) or non-cytopathic (ncp) pestiviral 
strains. Except for the previously described insertions in two cp strains of the 
Bovine Viral Diarrhea virus (BVDV), we did not find comparable insertions 
in this gene. The predicted amino acid sequences of this 54 KDa protein 
portion contain a conserved cysteine-rich stretch remarkably similar to 
a "zinc finger"-type binding domain found in many gene-regulatory pro­
teins. Thus, this protein may be involved in the binding to nucleic acids. As 
the 54 KDa protein is released from its 125 KDa precursor only in the cp 
strains, we propose the cytopathology may be a consequence of this event. 

A major difference between cp and ncp biotypes is in the cleavage of the 
125 KDa protein to 80 KDa and 54 KDa subunits in only cp biotypes. The 
80 KDa protein which is abundantly produced by cp biotypes is not ob­
served in ncp viruses [17]. Moreover the 54 KDa protein was positioned in 
the predicted amino acid sequence of NADL by radioimmunoprecipitation 
with anti-fusion protein sera [5J and by comparison with Flaviviruses [4]. 
The nomenclature used was proposed by Collett et al. [5]. 

When the complete nucleotide sequences of NADL and Osloss strains 
are compared, an insertion is noticed (Fig. 1). This insertion is located in the 
genomic region coding for the 54 KDa protein of the cp-BVDV Osloss 
strain and it corresponds to an ubiquitin-like coding sequence [18]. How­
ever, a different insertion has been found in this same region in the cp-BVDV 
NADL genome [3]. This insertion is of 270 nucleotides, it has 99% homol­
ogy with a host cellular mRNA [14J and it also begins with an ATG codon. 
No comparable insertion can be found in the complete nucleotide sequence 
of the ncp-HCV Alfort strain [15]. As both insertions were in cp isolates, it 
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4630 
A: 5'- GGAATTCAGCACTCATAGAGCTAAACTGGT -3' 

Eco RI * 
5590 

B: 5'- GGGATCCAGTCCCCTCCTCACTTTTAG -3' 
Bam HI * 

43 

Fig. 2. Sequences of the two amplimers used in the PCRs. Restriction enzyme sites used for 
subcloning the PCR fragments are underlined and the numbers above the amplimers 
position them in the NADL genomic sequence [3]. Stars indicate mismatches in the NADL 
sequence in comparison to Osloss [18J from which the amplimers were chosen: the A is 

replaced by a G and the T by A in NADL 

has been suggested as a predictive means of differentiating the two biotypes 
[13]. In order to evaluate this possibility, we sequenced the region including 
the insertion sites in a number of cp and ncp pestiviral strains. 

Using the polymerase chain reaction (PCR) we amplified this region 
corresponding to the insertions (Fig. 1) in three ncp-BVDV strains called 
Osloss ncp [1OJ, New-York (from ATCC) and Pe515 ncp [lJ, five cp-BVDV 
strains called NADL [9J, Singer [16J, Lamspringe [12J, Pe515 cp [lJ and 
Osloss cp [1OJ and one cp-BDV strain called BD. All the viruses were 
received from G. Chappuis (Rhone-Merieux, Lyon, France) except for Pe515 
received from J. Brownlie (AFRC Institute for animal health, Compton, 
UK). We chose amplimer sequences from regions of good homology 
between the NADL and Osloss strains. The sequences and positions of these 
oligonucleotides are shown in Fig. 2. 

To investigate the presence of insertions in the cp strains, we analysed the 
PCR products by agarose gel electrophoresis. The results showed that there 
is a detectable insertion in the NADL and Osloss strains only. The nucleo­
tide sequences of the PCR products were obtained by the dideoxy method 
either by direct sequencing or after subcloning into plasmid pGEM 3zf ( -) 
(Promega) as described elsewhere [7]. 

The deduced amino acid sequences of the different strains are presented 
on Fig. 3. We found only one new insertion in this region consisting of 
a sequence of four amino acids (YPSE) in the ncp BVDV New-York strain. 
Unlike the NADL and Osloss insertions this small insertion does not begin 
with a Met residue and is therefore not an indication of the biotype. No 
consistent difference between cp and ncp strains was found in these ten 
sequences. It is nevertheless possible that consensus mutations or insertions 
in another part of the 125 KDa protein may led to a conformational change 
affecting its potential cleavage into the 54 KDa and 80 KDa proteins. The 
region we sequenced encodes a conserved cysteine-rich stretch bearing 
a remarkable similarity to the "Zinc-finger" sequences found in several 
nucleic acid-binding proteins [11]. Such "Zinc finger-like" sequences were 
also described for proteins interacting with RNA: in the gag region of reverse 
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Fig. 3. Alignment of the deduced amino acid sequences of similar portion of various 
pestiviral strains. Sequences corresponding to the peR amplimers are underlined, the one 
which conforms to a "zinc finger" binding domain is doubly underlined. The numbers above 
the sequences indicate the amino acids positions in the NADL genomic sequence. Abbrevi­
ations used for BVDV strains: Sg, Singer; Lam, Lamspringe; BD, Border Disease; Os, 
Osloss; NY, New-York; Pe, Pe5t5. Other abbreviations: INS, 90 amino acids insertion in 
the NADL sequence; UBQ, 75 amino acids insertion corresponding to an ubiquitin-like 

protein in the Osloss sequence 
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transcribing elements [6J, in the P gene of paramyxoviruses [2, 20J and in 
non-structural proteins of plus-stranded RNA plant viruses. A report on the 
role of the coat protein of Tobacco streak virus and Alfalfa mosaic virus in 
RNA replication proposes a model of protein-RNA interactions where the 
protein is able to activate the infectivity of the RNA [19]. The 54 KDa 
protein where the Cysteine-rich stretch was found is only present in the cp 
strains (shown in NADL [5J). Helical prediction [8J shows a conserved helix 
following the "Zinc finger-like" sequence consistent with the model of 
protein-nucleic acid interaction. It might thus be that this protein is related 
to the activation of viral RNA for infection and to the regulation of its 
replication. It is also possible that the presence of this "Zinc-finger" domain, 
in the 54 KDa protein is similarly associated with cytopathology. The 
uncleaved 125 KDa protein would not mediate the same biological effect 
because of a distinct conformation of its potential finger region. 

The remarkable homology shown in these sequences of both biotypes of 
pestiviruses (Fig. 3), must indicate that other regions of the genome require 
examination before the molecular basis of biotypic differences can be 
explained. 

Key words: Cysteine-rich stretch, cytopathic and non-cytopathic strains, 
insertions, PCR (Polymerase Chain Reaction), nucleic acid-binding protein. 
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Summary. Seventeen monoclonal antibodies raised against bovine viral 
diarrhoea virus were divided into three groups on the basis of radio­
immunoprecipitation results. Seven monoclonal antibodies precipitated 
a polypeptide of 80kD and defined four domains, all of which showed 
considerable conservation amongst the 180 pestivirus strains and isolates 
examined. Nine monoclonal antibodies, including six with virus neutralizing 
activity, precipitated a 53kD polypeptide and all appeared to be directed 
towards a single domain of clustered epitopes. Several of these epitopes were 
present in many ruminant virus strains and isolates, but not in hog cholera 
viruses. A single monoclonal antibody precipitated a 48kD polypeptide, 
defining an epitope that was also present on many ruminant viruses, but not 
hog cholera viruses. Most pestiviruses from cattle and some from sheep 
shared a number of epitopes located on three different proteins. 

Key words: Pestivirus, BVD monoclonal antibodies, epitope conservation. 

Introduction 

The pestivirus genus comprises a heterogeneous but overlapping family of 
economically significant viruses including bovine viral diarrhoea virus 
(BVDV), hog cholera virus (HeV) and border disease virus of sheep (BDV). 
Antigenic similarities and differences both between and amongst these three 
viral-species types, as well as cross host-species infections, make differenti­
ation and classification of these viruses difficult. Monoclonal antibodies 
(Mabs) are well suited to analysing differences between related viruses. This 
paper attempts to define some sites of antigenic conservation and divergence 
amongst pestiviruses by comparing viral strain specificity with viral protein 
specificity for a group of Mabs. 
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Materials and methods 

Monoclonal antibodies and viruses 

Preparation of 17 Mabs to the cytopathogenic BVDV strains Oregon C24V and NADL has 
been described [6]. The viral strain specificity of the Mabs was determined by a peroxidase 
linked assay (PLA) [9] testing each Mab at a single predetermined dilution against diverse 
laboratory strains and field isolates of pestivirus grown in PK15 cells (HCV) or bovine 
turbinate cells (BVDV and BDV). The method employed, along with results, and details of 
origins for many of the viruses has already been reported [6, 7]. All the viruses in this study 
are named according to the host of origin. Pestiviruses from pigs that were not recognised 
by HCV specific Mabs have been excluded. 

Radioimmunoprecipitation 

Radiolabelled celllysates were prepared by a method similar to one previously described 
[13]. BVDV strains Oregon C24V or NADL were used to infect calf testis cells at 
a multiplicity of infection of ten. Radiolabelling was for 4 hours, beginning 18 hours post 
infection and using L-[ 35SJ-methionine or D-[3HJ-glucosamine at 100 IlCi/m!. Cells were 
disrupted with a lysis buffer containing 0.15 M NaCl, 1 % sodium deoxycholate, 1 % Triton 
x-100, 0.1 % SDS, 0.02 M Tris HCl pH 7.6 and 1 mM phenyl methyl sulphonyl fluoride. 

Oregon C24V infected cell lysate was used for most of the radioimmunoprecipitations 
(RIPs). Mabs which did not react with this virus in PLA or RIP were tested against NADL. 
RIPs were performed using Protein G Sepharose (Pharmacia) as immunosorbent and lysis 
buffer as diluent and wash fluid. Immunosorbent was incubated with ascites or serum, 
washed and then used to capture antigens from the cell lysates. After four washes, the 
immunosorbent complex was treated with sample buffer (0.06 M Tris HCI pH 6.8, 10% 
glycerol, 2% SDS, 5% mercaptoethanol, 0.005% w/v bromophenol blue) and immersed in 
boiling water for four minutes. The fluid phase was immediately loaded for polyacrylamide 
gel electrophoresis (PAGE), which employed a 4% stacking gel and a 10% separating gel 
with a discontinuous buffer system [10]. 14C labelled molecular weight markers (Amersham 
UK) were in the range 14.3kD to 200kD. After electrophoresis, gels were fixed and dried 
before autoradiography using Hyperfilm Bmax (Amersham UK) and 3-5 day exposures. 

Competition assay 

Competition was assessed between biotinylated and unbiotinylated Mabs for binding to 
BVDV infected bovine turbinate cells grown in microtitre plates. The majority of the Mabs 
were tested against Oregon C24V infected cells whilst those that were unreactive to Oregon 
C24V were tested against NADL. Mabs were biotinylated as previously described [5]. 
Equal volumes of unbiotinylated and biotinylated Mabs were added to the plates concom­
itantly and binding was detected by a streptavidin-biotinylated horse radish peroxidase 
complex (Amersham UK). Each biotinylated Mab was titrated and then used in competi­
tion studies at twice its optimal endpoint concentration. Unbiotinylated mabs were in the 
form of ascites at doubling dilutions starting from 1/10 or 1/50, depending on availability. 

Results 

Radioimmunoprecipitation 

All of the Mabs produced multiple bands on PAGE following RIP although 
in most cases one product clearly predominated. Similar bands were present 
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Table 1. Classification of monoclonal antibodies by parent 
virus and protein specificity 

GI 80kD 
G2 53kD 
G3 48kD 

C24V Mabs 

1m, lOS, 106, 109, 112 
115, 162, 165, 215, 163 
210 

M abs = neutralizing 

NADL Mabs 

160, 212 
158,166,214, 170 

with Oregon C24V and NADL infected celllysates. Three basic patterns of 
reactivity were observed with L-[ 35SJ-methionine labelling (Fig. 1) and the 
Mabs were grouped on this basis (Table 1). Group 1 (G 1) Mabs precipitated 
an 80kD polypeptide, group 2 (G2) Mabs a 53kD polypeptide and a single 
group 3 (G3) Mab precipitated a 48kD polypeptide. The 53kD polypeptide 
could sometimes be resolved into a doublet. Additional virus associated 
bands were present to variable extents at 115kD, 76kD, 62kD and 25kD 
depending in part on the ratio of cell lysate to Mab. All of these bands were 
evident in RIPs performed with an antiserum from a BVDV immunised calf. 
With D-[3HJ-glucosamine labelling, only the 115kD, 62kD, 53kD and 
48kD bands were evident. 
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Competition data 

Mabs WB166 and WB170 were not successfully biotinylated and so were 
only tested as unbiotinylated blockers. No intergroup competition was 
observed. Amongst G 1 Mabs all competition was two way, allowing four 
competition subgroups to be defined (Fig. 2). There was a more complex 
relationship between G2 Mabs, with both one and two way blocking. All 
Mabs showed at least some degree of one way blocking activity against one 
or more other Mabs within the group. 

Viral strain specificity 

The viral strain specificity of the Mabs arranged by RIP and competition 
groups is shown in Fig. 3. The G 1 Mabs tended to be broadly reactive, 
whilst most of the G2 and G3 Mabs bound to many BVDVs and a lesser 
proportion of BDVs but not HCVs. There was a striking difference between 
the binding of Mabs WB160 and WB109 in terms of viral strain specificity, 
even though they showed reciprocal blocking in competition testing with 
Oregon C24V. Whereas Mab WB109 was pan reactive, Mab WB160 bound 
to just one HCV and only a proportion of BVDVs and BDVs. When HCV 
strain Baker A was used as antigen instead of Oregon C24V in competition 
testing, then Mab WB160 no longer blocked the binding of Mab WBI09. 

Results of an attempt to subdivide the ruminant pestiviruses on the basis 
of their recognition by some of the more discriminating Mabs is shown in 
Fig. 4. 

Discussion 

Current theory on the genomic organisation of BVDV [2] suggests that the 
virus encoded proteins are all derived from a single polyprotein by succes­
sive cleavages, producing "families" of polypeptides, each with a common 
intermediate precursor. One such family comprises a group of structural 
glycoproteins which include gp53 and gp48, both believed to be envelope 
proteins. Another family of polypeptides is the non-structural group: 
pI25/p80/p54. Non-cytopathogenic BVDVs produce uncleaved p125, but in 
cytopathogenic biotypes, this polypeptide is cleaved so that p80 predomin­
ates [13]. These viral polypeptides have for the most part been demon­
strated by RIPs using polyclonal antisera [3]. Mabs against gp53, gp48 and 
p125/80 have been described [4, 12] and all neutralizing Mabs so far 
described have been directed against gp53. 

Precipitation of more than one BVDV polypeptide by individual Mabs 
has been attributed to coprecipitation [4] and this probably accounts for the 
multiple bands obtained in many RIPs in this study, although product­
precursor relationships might be involved in some cases. For the Gl Mabs, 
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30 SHEEP VIRUSES 

IA IB Ie 
11 0 19 

1° IE I F 1° IE I F 1° IE I F 

11 0 0 0 0 0 13 0 6 

92 CATTLE VIRUSES 

IA IB Ie 
7 3 82 

1° IE IF 1° 
'E 
I IF 1° IE I F 

7 0 0 3 0 0 0 11 71 

IsDV-UK~ 
Fig. 4. Subdivision of ruminant pestiviruses A- F indicate PLA reaction with Mabs 160 and 
166 (A, B, C) or Mabs 215 and 210 (0, E, F). A, 0 = negative to both Mabs, B, E = negative 

to one Mab, C, F = positive to both Mabs 

an SOkD polypeptide was always the predominant product and this prob­
ably represents the non-structural viral protein associated with biotype 
specificity. Characterization of the eight G2 Mabs as anti gp53 would be 
consistent with six of them having virus neutralizing activity. The 4SkD 
product precipitated by the G3 Mab is probably the envelope glycoprotein 
gp4S. 

The four antigenic domains defined by the G 1 Mabs appear to be highly 
conserved amongst pestiviruses. It appears that one epitope in domain D is 
highly conserved, whilst another is absent from virtually all HCVs and some 
BVDVs and BDVs indicating a small but widespread structural modifica­
tion. These results are in keeping with previous reports that the SOkD 
protein is, on the whole, highly conserved, consistent with a non-structural 
function [12]. 

The complex interaction between G2 Mabs in competition studies 
suggests a clustering of epitopes, although some blocking was both weak 
and unidirectional. Quantitative assessement of competition, along with 
evaluation of antibody affinities is needed to properly characterise the 
epitopic relationships. For BVDV, clustering of most gp53 epitopes has been 
described [3J and at least three antigenic domains have been defined by 
neutralizing Mabs [1]. Four domains have been demonstrated for HCV 
[15J, three of which were involved in neutralization. 

All but one of the G2 Mabs did not bind to HCVs. Similar results have 
been obtained with other BVDV Mabs directed against gp53 [12]. Since the 
G3 Mab also failed to recognise HCVs it appears that the antigenic epitopes 
on the envelope proteins of HCV and BVDV may be relatively distinct. This 
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however conflicts with the known ability of some polyclonal antibodies to 
cross-neutralize HCVs and BVDVs [11]. This is particularly enigmatic, 
since neutralizing Mabs seem to have an even narrower spectrum of viral 
recognition by neutralization than by binding [3]. Differentiation of HCVs 
from other pestiviruses is feasible, using panels of Mabs raised against either 
BVDV or HCV [7, 8, 14]. Separation of BVDVs from BDVs is more 
problematical [6]. The majority (71/92) of BVDVs were homologous with 
respect to binding by Mabs WBl60, WB166, WB215 and WB2l0 indicating 
a high degree of structural conservation at the level of three different 
proteins. Six of the 30 BDV strains and isolates showed the same reactivity 
suggesting that all 77 of these ruminant pestiviruses are very closely related. 
By contrast, 7 BVDVs and 11 BDVs did not bind any of these Mabs 
suggesting a fairly distant relationship with the previous 77. In between were 
11 BVDVs that reacted with Mabs WB160 and WB166 but only one or 
other ofWB215 and WB210; 13 BDVs that reacted with Mabs WBl60 and 
WBl66 but neither Mab 215 nor Mab 210 and 3 BVDVs that reacted with 
only one of Mabs WB160 and WB166 but neither Mab WB2l5 nor Mab 
WB210. The division of ruminant pestiviruses into BVDV-like and BVDV­
unlike (?BDV) groups independent of the host of origin has been reported 
previously [6]. However, the knowledge that some of these homologies and 
differences exist at the level of three different proteins makes this classifica­
tion much more compelling. The evidence that the majority of cattle isolates 
appear antigenically similar and share at least one major neutralizing 
domain has significance for vaccine development, as does the fact that some 
isolates are different. How much diversity exists amongst these "different" 
strains remains an important question to be answered. 
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Summary. The purpose of this study was the identification of antigenic 
differences between cytopathic (cp) and noncytopathic (ncp) bovine viral 
diarrhoea viruses (BVDV). Cells infected with 19 strains of each viral biotype 
were analyzed for reactivity with the monoclonal antibody (mab) BVD/C38. 
Reactivity was examined using an enzyme immunoassay on fixed infected 
monolayers of fetal calf kidney cells. In the majority of cases, the mab 
discriminated between cells infected with each of the two viral biotypes. 
Three reactivity patterns could be distinguished. Most cpBVDV strains 
yielded monolayers where 80-100% of infected cells reacted with the mab. 
Most of the ncpBVDV infected cells showed either no reaction, or only 
single cells or foci were stained. However, about one third of either cp- or 
ncpBVDV strains tested yielded infected monolayers where 30-50% of the 
cells reacted with the antibody. Cell damage other than the typical 
cytopathic effect might be responsible for the BVD/C38 reactivity of cells 
infected with BVDV. 

In addition, it was analyzed whether the antigenic marker associated 
with cpBVDV was expressed in cells infected with viral isolates from 21 
animals with clinical mucosal disease. In 14 cases cpBVDV was isolated and 
the antigenic marker was found throughout. In seven cases ncpBVDV was 
cultivated and the antigenic marker was detected in four isolates. 

Key words: Bovine viral diarrhoea virus, monoclonal antibodies, cyto­
pathogenicity, marker. 

Introduction 

In cultured bovine cells two biotypes of bovine viral diarrhoea virus (BVDV) 
can be distinguished, namely the noncytopathic (ncp) and the cytopathic (cp) 
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[5, 11]. The cytopathic effect (cpe) producing biotype is held responsible for 
the induction of fatal mucosal disease (MD). It can be isolated from cases of 
MD and-under certain conditions-the disease can be precipitated by 
superinfection of persistently infected animals with cpBVDV [1, 2]. An 
important molecular marker of cpBVDV is the presence of an additional 
nonstructural protein (p80) presumably derived by proteolytic cleavage 
from the viral p125 [4, 19]. In addition, it has been shown that the gene 
coding for this protein in cells infected with the cpBVDV strains Osloss or 
NADL carry an insert of non-viral RNA [16]. However, no broadly reactive 
probes specific for cpBVDV are known. As antigenic markers, monoclunal 
antibodies have been described that discriminate between cells infected with 
either of the biotypes [18]. In this study we show that one of the monoclonal 
antibodies (mab) which is directed against the minor envelope glycoprotein 
gp48 reacts predominantly-but not exclusively-with cultured cells in­
fected with cpBVDV. In addition, we analyzed field isolates for expression of 
the antigenic marker. For this purpose 100 patients of the local cattle clinic 
were screened for BVDV. The animals displayed enteric, respiratory, central 
nervous or growth retardation signs. In 25 cases isolation attempts were 
successful. The relation between apparent MD, cytopathic effects of isolated 
virus in tissue culture and reactivity of the isolates with the above mab was 
analyzed. 

Materials and methods 

Virus strains 

The BVDV strains originated from the National Animal Disease Center, Ames, or from the 
Institute of Virology, Hannover (Table 1). 

Stock viruses were propagated in fetal calf kidney cells (FCKC) and stored at - 80°C. 
Virus titres were determined in microassays [8, 10]. 

Primary fetal calf kidney cells 

FCKC monolayer cultures were prepared as described [17]. Secondary cultures were tested 
for the absence of BVDV antigen by immunofluorescence [10]. FCKC were subcultured by 
seeding 8 x 104 cells suspended in 1 ml culture medium (Eagle's MEM supplemented with 
5 % fetal calf serum, 100 units of penicillin-G-Na and 0.1 Jlg of dihydrostreptomycin per ml) 
into macrotitration plates (COSTAR, USA), or 1.2 x 105 cells in 1 ml into plastic culture 
tubes (Greiner, FRG). Fetal calf sera were determined to be free of BVDV contamination. 

Hybridomas 

Isolation and initial characterization ofmabs BVD/CI6 and BVD/C38 have been described 
[18]. The homologous antigen for the mabs was the cpBVDV strain NADL. Hybridomas 
were propagated in Dulbecco's modification of Eagle's Medium supplemented with 10% 
donor horse serum (Biochrom, FRG). 
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Table 1. Source and cytopathogenicity of 
strains and isolates of bovine viral diarrhoea 

virus (BVDV) 

Source: NADca 
strains/iso la tes 

Cytopathic: 
NADL 
Oregon C24V 
Singer 
Burtenshire 
New Zealand-cp 
TGAC 
Illinois 
Sturgis 
Indiana 
5960 

N oncytopathic: 
7443 
New Zealand-ncp 
McCann 
Auburn 
New York-I 
Nebraska 
TGAN 
Sanders 
639 
9762 

Source: Hannover b 

strains/isolates 

NADL 
Oregon C24V 
Singer 
MD-l 
TMV-2 
Osloss 2482 
A 1138/69 
Lamspringe/738 
DII/265 

New York-I 
0321/80 
0710/80 
0712/80 
0715/80 
2204/82 
22146/81 
R56j74 
DII/II02 

a Strains maintained in the National Animal 
Disease Centre, Ames, Iowa. 

b Strains maintained in the Institute for 
Virology, Hannover Veterinary School. 

Infected monolayer enzyme immunoassay 
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The reactIvIty of the mabs against different BVDV strains was tested in an infected 
monolayer enzyme immunoassay (IM-EIA) [8J, as described previously [6]. Briefly, macro­
titre plates were seeded with 8 x 104 FCKC per well and simultaneously infected with 103 

tissue culture infectious doses/50 (TCID/50) of BVDV. After 48 hours the cells were fixed 
(2 hours at 80 QC). Incubation with mabs, followed by biotinylated anti-mouse IgG and 
Streptavidin-biotinylated peroxidase (PO) complex (Amersham Buchler, FRG) were for 
1 hour at room temperature. Washes between incubations were performed with PBS/0.03% 
Tween-20. As a substrate for PO, the precipitating substrate 3-amino-9 ethylcarbazol (AEC) 
(Sigma, FRG) was used. The substrate was freshly prepared as follows: 2 mg AEC were 
dissolved in 0.3 ml dimethylformamide per 5 ml of 50 mM citrate buffer, pH 5, and 0.03% 
HzOz. Microtitre plates were read using a light microscope. 
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Selection of cattle 

Blood and faeces were collected from animals hospitalized in the cattle clinic of the 
Hannover Veterinary School. The cattle displayed clinical signs associated with the enteric, 
respiratory and/or central nervous system. Some animals had retarded growth. Samples 
were collected over a period of 8 months from a total of 100 animals. 

Sampling and processing of specimens 

For isolation of BVDV from leucocyte fractions (buffy coats), samples of peripheral blood 
were collected in polystyrene tubes coated with EDT A (Greiner, FRG). The blood samples 
were processed as described [13]. The leucocyte fractions were used directly for inoculation 
of FCKC cultures in culture tubes, or were stored at - 80°C after addition of 10% dimethyl 
sulfoxide. 

For isolation of virus from serum, blood was collected in kaolin-coated polystyrene 
tubes. After low speed centrifugation (1200 x g, 10 minutes, 20 oq, the serum was used for 
inoculation of FCKC cultures in culture tubes or macro titre plates. 

Faecal samples were obtained and diluted with 9 volumes of Earle's balanced salt 
solution supplemented with 0.5% lactalbumin hydrolysate and antibiotics (100 units 
penicillin-G-Na and O.1llg dihydro-streptomycin per ml). After low speed centrifugation, 
the supernatant from the diluted faecal samples were incubated for 1 hour at room 
temperature. Samples (2 ml) were either directly used for inoculation of FCKC cultures in 
culture tubes or frozen at - 80°C. 

Virus screening and isolation 

Screening for BVDV antigen was performed either by direct immunofluorescence or in 
a direct IM-EIA [10]. Virus isolation was performed as described [14, 17]. 

Cloning of virus 

The cp strain Oregon was cloned in a plaque assay [7]. The ncp isolate DII/ll 02 was cloned 
by limiting dilution in microtitre plates. For this, microtitre wells containing 1 x 104 FCKC 
were inoculated with loglo dilutions of the virus. After 48 hours of growth, the supernatants 
were transferred to new sterile microtitre plates and frozen at - 80°C until use. The cells 
were fixed and the presence of virus was determined in an IM-EIA as described above. Virus 
from the last positive culture was propagated once on FCKC. It was then again diluted and 
used for inoculation of FCKC in microtitre wells. The cloning was performed four times. 

Results 

Reactivity of BVD/C38 with cytopathic and noncytopathic BVD V strains 
and isolates 

For the analysis of the reactivity of the monoclonal antibody with the two 
biotypes of BVDV, FCKC monolayers were infected for 48 hours with 19 
cytopathic (cp) and 19 noncytopathic (ncp) viruses (Table 1). After heat 
fixation, the indirect IM-EIA using hybridoma supernatant was performed. 
As a control for the infection of cells, the panpestivirus specific mab 
BVD/CI6 was used. With this antibody, all infected cells (100%) in the 
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Table 2. Reactivity of BVDjC38 with cytopathic (cp) and 
noncytopathic (ncp) BVDV strains and isolates in an 
indirect enzyme immunoassay (1M-ETA) on infected 

Staining pattern 

No reaction 
Foci or single cells 
30-50% stained cells 
80-100% stained cells 

monolayersa 

cp BVDV ncp BVDV 
n=19 n=19 

o 3 
o 9 
6 7 

13 0 

a In all tests, 100% of the cells were stained when the 
panpestivirus specific mab BVDjC16 was used for EIA on 
parallel cultures. 
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monolayer showed intense cytoplasmic staining (Fig. 1 and 2, top rows), 
showing that all the cells in the monolayer were virus-infected. With mab 
BVD/C38, cp- and ncpBVDV strains/isolates reacted differently, as shown 
in Table 2. 

All cpBVDV infected mono layers reacted positively and two different 
patterns were observed. In most cases (13 strains/isolates) between 80 and 
100% of the cells had intensely stained cytoplasms (Fig. 1, bottom left). Six 
strains/isolates had a lower fraction of positive cells (30-50%; Fig. 1, bottom 
right). 

Reactivity of ncpBVDV with the mab BVD/C38 was clearly different. In 
most cases (9 strains/isolates), only foci or single cells were intensely stained 
(Fig. 2, bottom right). With seven of the strains/isolates, about 30 to 50% of 
the infected cells showed either a strong perinuclear staining reaching into 
the cytoplasm or a weak cytoplasmic staining (Fig. 2, bottom left). Three 
ncpBVDV strains (New York-l passaged in Hannover; TGAN; isolate 
R56/74) showed no reaction with the mab. While New York-l (Hannover) 
was negative, the same strain from the NADC showed the foci-single cell 
reactivity pattern. Staining of 80-100% of the infected cells was never 
observed with ncpBVDV. 

Interestingly, two of the strains passaged in different laboratories 
(NADC and Hannover) showed different reactivity patterns. While the mab 
reacted with 80-100% of cells infected with NADL (NADC) or Oregon 
(Hannover), only about 50% of cells infected with the corresponding 
strains-NADL (Hannover) or Oregon (NADC)-gave positive reactions. 
In contrast, Singer from both laboratories displayed identical reaction 
patterns (80-100% positive cells). 

To assess whether the reactivity patterns observed with BVD/C38 were 
dependent on the time after infection (pj.) the monolayers were tested, cells 
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Fig. 1. Reactivity of the monoclonal antibodies BVD/C16 (top row) and BVD/C38 (bottom 
row) in IM-ETA on fetal calf kidney cells infected with two cytopathic BVDV strains. 

Left side: FCKC infected with NADL (NADC) 
Right side: FCKC infected with Illinois 

The monolayers were fixed 48 hours pj. and 1M-ETA was performed as described in 
Materials and Methods. Magnification: 400 x 

were infected with the ncp strains Auburn (30-50% BVD/C38 reactive cells 
48 hours p.i.), 7443 (single cells or foci stained 48 hours p.i.), and with the 
cpBVDV strains NADL(NADC) (80-100% reactive cells at 48 hours pj.) 
and NADL (Hannover) (30-50% reactive cells at 48 hours pj.). Vacuoliz­
ation and advance of cpe was evaluated microscopically every 6 hours pj .. 
The mono layers were fixed and tested for reactivity with mabs BVD/C16 
and BVDjC38 after 24, 48 and 72 hours pj .. 

Reactivity in the IM-EIA with the mab BVD/C16 showed that after 
24 hours about 50- 80% of the cells in each culture were virus-infected. After 
48 hours pj., infection was complete, i.e., 100% of the cells were intensely 
stained with BVD/C16. At 72 hours pj., staining of the monolayers infected 
with the two ncpBVDV strains was weaker but still complete. Staining 
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Fig. 2. Reactivity of the monoclonal antibodies BVDjC 16 (top row) and BVD/C38 (bottom 
row) in IM-EIA on fetal calf kidney cells infected with two noncytopathic BVDV strains. 

Left side: FCKC infected with Auburn 
Right side: FCKC infected with 7443 

The monolayers were fixed 48 hours p.i . and TM-ETA was performed as described in 
Materials and Methods. Magnification: 400 x 

of these cultures with BVDjC38 after 48 and 72 hours showed that the 
characteristic staining pattern of each of the strains was maintained. 

In the cultures infected with cpBVDV NADL (NADC), the first vacuoles 
appeared in the cell cytoplasm about 36 hours pj .. After 48 hours, the cells 
were highly vacuolized and the cpe was already advanced (Fig. 1, left). After 
72 hours, the cpe had completely destroyed the monolayer. In contrast, cells 
infected with NADL (Hannover) were only slightly vacuolized and almost 
intact 48 hours pj .. An advanced cpe was observed with a delay of 12- 16 
hours, and at 72 hours p.i. the cpe had only destroyed about 30% of the 
monolayer. The remaining highly vacuolized cells gave a weaker but com­
plete staining with BVDjC16, while with BVDjC38 only a fraction of about 
50% of the cells was reactive. Complete detachment of the monolayers was 
achieved after 96 hours, i.e. with a 24 hours delay. 
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Reactivity of a ncp and a cpBVDV with BVD/C38 before and after 
cloning of the viruses 

The assess whether the reactivity of the mab with certain fractions of an 
infected monolayer only is due to contamination with cp and ncp viruses, 
respectively, two BVDV strains were cloned and analyzed in the indirect 
IM-EIA. The ncp isolate DII/1102 was cloned four times by limiting dilu­
tion, and the cp strain Oregon was cloned two times in plaque assays. Both 
the clones and the original viruses were tested on FCKC monolayers for 
reactivity with the mab. While the ncp isolate and the four clones showed 
identical staining patterns (foci, single cells), the fraction of BVD/C38 reac­
tive cells was clearly increased after infection with plaque purified clones of 
strain Oregon. This indicated that the fraction of BVD/C38 reactive cells in 
mono layers infected with ncpBVDV cannot be altered by cloning the virus. 
In contrast, the reactive fraction of cells infected with cpBVDV can be 
enriched by cloning the virus. 

Reactivity of mab B VD/C38 with isolates from cattle with and without 
classical mucosal disease clinical signs 

BVDV was isolated from serum, buffy coat fraction and/or faeces of 25 cattle 
with enteric, respiratory and/or central nervous clinical signs. For monitor­
ing cytopathic effects (cpe), the isolates were passaged 10 times in FCKC in 
cell culture tubes. The isolates were tested before being passaged and after 
appearance of cpe for reactivity with BVD/C38; the isolates that stayed ncp 
were tested after the fourth and after the last passage (Table 3). Only 
7 isolates displayed a cpe in the first passage, and six of them reacted with the 
mab. After 10 passages in cell culture, 8 more isolates displayed cytopathic 
effects, and all of them reacted with BVD/C38. The mab gave positive 
reactions with 5% (1 isolate), with 30-50% (7 isolates) and with 80-100% 
(7 isolates) of the infected cells, respectively. From the 10 isolates that did 
not develop cpe, five did not react with the mab. The remaining 5 isolates 
showed the characteristic perinuclear staining in addition to the weak 
cytoplasmic staining observed with the above ncpBVDV strains. About 
5-40% of the cells in the infected monolayer were stained. 

Only 21 of the 25 animals from which BVDV was isolated developed 
clinical signs of Mucosal Disease (MD). From these, 14 were cpBVDV; one 
animal from which cpBVDV was isolated did not develop MD signs in vivo. 
In addition, seven of the 10 animals from which ncpBVDV was isolated also 
succumbed with MD clinical signs. 

The relation between development of MD, cpe and BVD/C38 reactivity 
in vitro, is summarized in Table 4. From the 21 isolates that originated from 
animals that developed MD, 18 (14 cp and 4 ncp) reacted with the mab. 
Three ncp isolates lacked BVD/C38 reactivity. One animal from which 
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Table 3. Passage of BVDV isolates on fetal calf kidney cells. Correla­
tion between appearance of cytopathic effect and reactivity with mab 

BVD/C38 in the indirect IM-EIA 

Development 
of cpe 
(n = 15) 

no cpe 

Passage 
number 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

10 

Number of 
isolates 

7 
4 
2 

10 

Reactivity with 
BVD/C38 

6j7a 

13/13 

15/15 

5 

a Isolates reacting with BVD/C38/Total cp isolates. 

Table 4. Reactivity with mab BVD/C38 of BVDV isolates from cattle with and 
without symptoms typical for MD 

Symptoms Biotype Total Reactivity with BVD/C38 a 

of BVDV positive negative 

MD; n=21 cytopathic 14 14 0 
noncytopathic 7 4 3 

others; cytopathic 1 0 
n=4 noncytopathic 3 2 

a Reactivity was assayed in an EIA on infected monolayers. 
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cpBVDV was isolated did not develop MD but showed BVD/C38 reactivity. 
From the three ncp isolates from this group, only one reacted with the mab. 

Discussion 

When initially characterized, the mab BVD/C38 was described as reacting 
specifically with cpBVDV strains/isolates only [18]. The results described 
here show that this statement has to be modified and extended. The analysis 
of FCKC monolayers where 100% of the cells were infected with 19 cp- and 
19 ncpBVDV allowed us to distinguish several reactivity patterns. 
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The majority of cpBVDV strains, i.e., those which produced a visible cpe, 
yielded infected cells where 80-100% reacted with the mab. In one third of 
the cases the proportion of reactive cells was lower. In contrast, with 
ncpBVDV, i.e., strains not producing a visible cpe, a reverse gradient of 
reactive infected cells was found. With most ncp viruses either no cells, single 
cells or foci showed cytoplasmic staining. About one third of the viruses with 
no visible cpe (ncpBVDV) had proportions of reactive cells between 
30-50%. The staining pattern for the individual BVDV strains were in­
dependent from the TCIDj50 used for infecting the monolayers (data not 
shown), and independent from the time p.i. chosen to perform the IM-EIA. 

The differential staining patterns obtained with mab BVDjC38 indicate 
that the BVDV stocks represent a consensus of closely related viruses, but 
are not pure clones. This can be attributed to the high mutation rates 
predicted for all positive strand RNA viruses [21]. The failure to eliminate 
the BVDjC38-reactive component from ncpBVDV indicates that this frac­
tion might emerge "de novo" at a constant rate in infected cells. A genetic 
"flip-flop" mechanism might be discussed, although the cause for this effect 
is unknown. We succeeded in enriching the BVDjC38-reactive component 
of cpBVDV by repeated cloning using the plaque assay (Oregon-NADC). 
However, it was observed that the reactive fraction decreased again after 
several passages (data not shown). These results suggest that the expression 
of the epitope for BVDjC38 is a relatively unstable genetic trait yet charac­
teristic for each virus strain. It may be altered during different passage 
histories, as illustrated by the observed differences in BVDjC38 reactivity 
between batches of identical strains maintained in different laboratories, e.g., 
strains New York-1, Oregon and NADL. 

A consistent feature of cpBVDV is the presence of the nonstructural 
protein p80 in infected cells. This polypeptide is derived from p125 [4, 19]. 
This shows that in cpBVDV infected cells the processing of viral proteins 
may be altered. Likewise the structure of gp48 might be affected by altered 
processing. Reactivity with BVDjC38 may be a marker for this event; 
appearance of the cpe might depend on the accumulation of BVDjC38 
reactive protein. This would explain the 24 hours delay of the cpe in infected 
cultures where only 30-50% of the infected cells react with the mab. 
Nevertheless, it cannot be excluded that this delay is due to a mixed infection 
with newly emerged mutants in the stocks. 

After the above "in vitro" studies we analyzed BVDV isolates from 21 
clinical cases of MD [5, 12; for review see 20J, to find whether reactivity with 
the mab BVDjC38 correlated with cytopathogenicity of the corresponding 
viral isolates. The viruses were passaged 10 times in cell culture before 
testing. In this limited study there was a high (100%) correlation between 
cytopathogenicity, strong BVDjC38 reactivity (> 50% of cells) and clinical 
appearance of MD (14 out of 14 animals). In seven cases, the cattle suc­
cumbed to clinical MD although only ncpBVDV was isolated. Three of 



Cytopathogenicity of bovine viral diarrhoea virus 65 

these isolates showed no reaction with the mab BVDjC38. Here, the correla­
tion between MD "in vivo" and expression of the BVDjC38 epitope dropped 
to about 57%. 

It has been suggested that the two biotypes of BVDV display a tissue 
tropism, whereby cp virus is mainly isolated from intestinal samples and ncp 
virus from the respiratory tract, blood and blood associated organs [3]. In 
the cases described here, there was no opportunity to isolate the virus from 
the gut. This would possibly have displayed the cp biotype, since there is 
evidence that both biotypes can be isolated from animals suffering from MD 
[2, 9, 15]. 

The mab BVDjC38 defined an epitope on the minor glycoprotein gp48 
of BVDV which is closely associated with the cp biotype of BVDY. The 
reaction with this mab clearly discriminated between cells infected with 
either of the BVDV biotypes. However, about 30% of isolates of either 
biotype yielded an overlapping reactivity pattern with BVDjC38 in infected 
cells. This might indicate that the conventional cytopathic effect with de­
tachment of the cells from the mono layers and lysis [5, 12J might not be the 
only marker for cytopathogenicity. A more subtle analysis of virus induced 
cell damage could lead to a better understanding of this biologically impor­
tant phenomenon related to or responsible for the pathogenesis of fatal 
BVDV infections. 
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Summary. Cytopathic pestivirus was isolated from different tissues of only 
eight of 23 cattle with mucosal disease. Three persistently infected cows were 
healthy until slaughter after death of all their seven offspring, out of which 
one of four examined demonstrated cytopathic pestivirus. 
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genicity. 

* 
Infection with pestIvlrus in early foetal life in cattle induces persistent 
infection. In such infected cattle, mucosal disease (MD) may develop, mostly 
between 4 and 24 months of age [6]. Both characteristic MD and chronic, 
atypical forms of MD have been described [1,4]. According to a hypothesis 
favoured by several authors, MD is induced in cattle persistently infected 
with non-cytopathic pestivirus by superinfection with antigenically homo­
logous cytopathic MD virus [2]. Also superinfection with heterologous 
cytopathic strains has been shown to induce MD [7]. It seems reasonable to 
suppose that other inducing mechanisms or factors may also be involved in 
the pathogenesis of MD. 

From 1987 and onwards, pestivirus has been isolated from different 
organs of 23 cattle necropsied at the National Veterinary Institute in Oslo. 
All these animals were Norwegian Red Cattle, aged between 6 months and 
2 years. Six of the animals showed both signs and lesions characteristic of 
MD, and five others such lesions. The other cases had varying unspecific 
signs and lesions of unthriftiness and enteritis, and several had bacterial lung 
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Table 1. Isolation of cytopathic pestivirus (cpMDY) from tissue of 23 cattle aged between 6 and 24 
months, by inoculation onto calf kidney cell cultures. Non-cytopathic pestivirus was isolated from all 

tissues 

Tissue Number examined l 

A CS CL 
Number positive for cpMDyl 
pnmary passage second passage 
A CS CL A CS CL 

Peyer's patches 9 2 3 3 1 
Tonsil 5 2 2 0 0 
Spleen 15 5 8 2 2 
Myocard/lung/liver/ 

lymph nodes 19(29) 6(8) 11 (18) 2(2) 1 (1) 1 (1) 4(9) 3(5) 
----- ---------- ---- -- ----------- _._----- ---------

Totals 23(58) 6(17) 11 (31) 3(7) 1 (1) 

1 Animals; tissues in brackets. A = All animals. 
CS = Animals with characteristic signs of mucosal disease 
CL = Animals with characteristic lesions of mucosal disease 

1 (1) 5(12) 

infections. The present material included four animals which were offspring 
of three cows in different herds, shown to be persistently infected with 
pestivirus. 

Totally 58 tissue samples of the 23 cattle (see Table 1), including Peyer's 
patches and/or tonsil from 10 animals and spleen from 15, were inoculated 
onto primary calf kidney (CK) cell cultures and incubated at 37°C for 8 to 
10 days. All samples were passaged twice. In 13 of the animals, the same 
material including 32 tissues was also inoculated and similarly passaged in 
a bovine turbinate (BT) cell line. Non-cytopathic pestivirus was demon­
strated immunoenzymatically [5]. Cells and foetal calf serum used in the 
tests were similarly examined for absence of non-cytopathic pestivirus. 

Pestivirus was demonstrated immunoenzymatically in the primary pas­
sage from all 58 examined tissues. Cytopathic strains were isolated from 
19 samples from eight of the cattle, which were from 1 to 2 years of age 
(Table 1). Seven tissues from three of the animals induced cytopathic effect 
in the primary passage, and from further nine tissues of three animals in the 
second passage, this being the case for all the two to four organs examined 
from each of the animals. Three of five tissues of two other animals showed 
cytopathic effect in the second passage. In four of the animals, cytopathic 
strains were isolated from eight tissues in CK cells but from none of them in 
the BT cells. Only one animal which had shown characteristic signs and 
lesions of MD demonstrated cytopathic virus, which was isolated from both 
examined organs (peyer's patches and liver). Three other animals which 
harboured cytopathic strains had lesions indicative of MD, while four such 
animals had exhibited signs and lesions only weakly indicative of this 
disease. 

3(7) 
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All seven offspring from different pregnancies in the three persistently 
infected cows developed chronic disease and died before reaching 2 years of 
age. However, the three dams were still healthy when slaughtered 1 to 
2 months after the death of their offspring. Though cytopathic pestivirus was 
isolated from spleen, lymph node and Peyer's patches from one of these 
offspring, only non-cytopathic strains were isolated from different organs 
from three offspring of the other two cows. 

In the present material, cytopathic strains were isolated from only 1/3 of 
the tissues and animals. In tissues from which cytopathic strains were not 
isolated, there may well have been such virus which could have been 
demonstrated in other systems of cell culture. Longer incubation periods 
and additional passages in cell cultures might have demonstrated cytopathic 
strains from more tissues. Cytopathic pestiviruses have been readily isolated 
from tissues of MD cases by two passages in bovine cell cultures [3]. It 
should be borne in mind that cytopathogenicity is not necessarily a constant 
characteristic of a virus, but a property which may vary dependant both on 
genetic changes of the virus and different cultural conditions. Furthermore, 
the pathogenicity of pestivirus in persistently infected cattle, i.e. the ability of 
the virus to induce MD, has not been shown to be directly linked genetically 
to cytopathogenicity in cell cultures. MD may therefore also be induced by 
superinfection with certain strains of non-cytopathic pestivirus. It is also 
possible that development of MD, either in the characteristic or chronic 
form, may be influenced by factors which are as yet unknown, and that 
superinfection with pestivirus is not always involved in the pathogenesis. 
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Summary. Pestiviruses are capable of causing diaplacental infections. 
Maternal viremias are important for localizing virus in the ruminant pla­
centome. Placental lesions occur with cytopathic BVDV and noncytopathic 
BDV. The ruminant fetus is very susceptible to pestivirus infections once the 
virus crosses the placenta because the fetus is 1) agammaglobulinemic, 
2) immunologically immature, and 3) it has many immature organ systems 
with undifferentiated cells. Cytopathic BVDV (NADL) in calves and non­
cytopathic BDV (BD-31) in lambs cause a variety of clinical syndromes 
including early embryonic death, abortion, stillbirth, malformed fetuses, 
and/or low birth weight with viral persistence and immunological tolerance. 
The cytopathic BVDV (NADL) reviewed herein caused pulmonary, 
placental and dermal lesions when infection occurred at 80-90 days gesta­
tion. In contrast, infection at 140-150 days resulted in retinal dysplasia 
and cerebellar hypoplasia. The lesions were attributed to direct viral cyto­
pathology. Noncytopathic BDV (BD-31) in lambs caused weak lambs, with 
hairy fleece and tonic-clonic tremors. The lambs were of low birth weight, 
persistently viremic and immunologically tolerant. The lambs are hypo­
thyroid and had severe hypomyelination. It is hypothesized that the central 
lesion leading to many of the neural, skeletal and dermal lesions was the 
endocrine dysfunction leading to hypothyroidism. 

Key words: Pestivirus, congenital disease, cerebellar hypoplasia, immune 
tolerance, fetal infections, border disease, bovine virus diarrhea. 

Introduction 

Pestiviruses are well known causes of diaplacental infections in domestic 
ruminants. These infections are best described in cattle and sheep where the 
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infections are associated with early embryonic deaths, abortions, malforma­
tions and unthrifty newborns. In this paper, the pathogenesis of diaplacental 
pestivirus infections will be reviewed. 

Status of fetus 

The ungulate fetus has three factors which favor diaplacental infections. 
These factors include 1) agammaglobulinemia 2) immature immune system, 
and 3) undifferentiated organ systems [21]. The fetal ungulate is isolated 
from the insults of microbial agents by the maternal immune and innate 
immune systems. The syndesmochorial ungulate placenta is incapable of 
transferring immunoglobulins from the maternal circulation to the fetus. As 
a result, the fetus lacks maternal resistance during the entire gestation. It is 
not until after birth that the newborn ungulate receives maternal immunity 
in the colostrum. 

Like all of the other organ systems of the fetus, the lymphoid and 
accessory immune systems continue to develop and mature throughout 
gestation and into the neonatal period. The lymphoid system in the fetal 
lamb and fetal calf develop in a sequential manner [21]. Stem cells are 
present in the yolk sac and later appear in the liver. Lymphocytes appear in 
blood by 30-32 days in the fetal lamb. In the developing fetus, the thymus is 
the first lymphoid organ populated by lymphocytes at 40 days followed by 
lymph nodes at 45 days, the spleen at 56 days and the Peyers patches and 
related lymphoid tissues in the intestinal tract at 75 days. Although lympho­
cytes are present in the organs by midgestation, the lymph nodes and spleen 
are sparsely populated until 120 days. Immune responses measured by 
specific antibody activity occurs in the fetal lamb by 40 days gestation. 
Specific antibody activity to x 174 bacteriophage has been observed by 
40 days; however, the activity to more complex antigens occurs later and in 
a somewhat scheduled pattern. For instance, graft rejection does not occur 
until 75 days or midgestation in the fetal lamb. Other antigens such as BeG 
will not evoke a specific antibody response until 4 to 6 weeks after birth. 

The accessory immune system develops gradually during fetal life and in 
many instances the components are not functionally active until late in 
gestation [21]. Neutrophils are not present in peripheral blood until 56-60 
days gestation. Even at that age, the numbers are few and the cells not fully 
mature or differentiated. The numbers of neutrophils in peripheral blood 
remain low until 130 days of gestation. It is not until shortly before birth that 
the numbers approach or exceed the number found in postnatal and adult 
animals. Both monocytes and neutrophils of fetal lambs lack lipases and 
esterases until the time of birth. Apparently neutrophils will rapidly differen­
tiate if the appropriate inflammatory stimulant is administered by midgesta­
tion. Another accessory system that is not functional is the complement 
system. Various components appear at different times during ontogeny with 
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C 1 appearing by 39 days gestation. However, full hemolytic activity is not 
present before 120 days gestation. The level of hemolytic activity at 120 days 
is low and it is not until the postnatal period before adult levels are reached. 
Some factors, such as the interferons, are present early; however, these 
interferons are ineffective in limiting viral infections of the fetus. Other 
factors develop gradually as well. As a result, the fetus responds poorly and 
inadequately to injurious agents such as teratogenic viruses. Studies on 
inflammatory responses in fetal rhesus monkeys clearly demonstrated the 
inadequacy of responses to various irritants. The patterns of inflammation 
changes as the fetus matures [26]. It is not until late in gestation or the early 
neonatal period that inflammatory responses occur in a timely and fully 
complementary manner to that observed in the adult. It is clear that the fetal 
host defense system is inadequate to cope with major insults such as viral 
infections. This inadequacy permits viral agents to replicate with minimal 
in terference. 

Another important factor favoring fetal infection is the undifferentiated 
cells in organ systems. A list of these are included in Table 1. Each of the 
systems undergo cellular differentiation and maturation during ontogeny. 
All organs are morphologically identifiable at the time the embryo becomes 
a fetus. The lamb embryo becomes a fetus at 36 days gestation and the 
bovine at 45 days gestation. The organs will vary in maturation. The organs 
listed in Table 1 have cells which undergo differentiation at predetermined 
times during fetal ontogeny. Interference with cellular differentiation at the 
specified time often leads to maturation arrest with subsequent morphologi­
cal and/or functional deficits. The character of the lesions depend upon the 
precise time during ontogeny when the insult occurs. 

The pathogenesis of viral teratogenic lesions in the fetus during ontogeny 
are due to 1) destruction of undifferentiated dividing cells, 2) cytolytic effects 
on cells by the virus, 3) vascular compromise, and 4) indirectly through 
interference with endocrine function. Destruction of undifferentiated divid­
ing cells is the mechanism in parvovirus infections [16]. These viruses cause 
cerebellar hypoplasia by destroying the external granular layer. Viruses 

Table 1. Organ systems with undifferentiated cells 

Nervous 
Pulmonary 
Integumentary 
Skeletal 
Urinary 
Immune (lymphoid) 
Endocrine 
Muscular 
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causing cytolytic effects include bluetongue [20J, epizootic hemorrhagic 
disease virus [18J, Akabane [23J, and Cache Valley [14]. The consequences 
of these viruses may be extensive destruction leading to hydranencephaly, 
porencephaly, cerebellar hypoplasia, retinal dysplasia, hydrocephalus 
and/or arthrogryposis. Vascular compromise has been suggested as a cause 
of lesions with some virus infections. Presently there is no known virus that 
causes this; however, the presence of cerebral cysts or porencephaly in some 
fetuses with congenital viral infections suggests that this is a possible mech­
anism. The fourth mechanism involves indirect effects on other organ 
systems resulting from a primary functional deficit in an endocrine organ. 
This mechanism has been proposed for lymphocytic choriomeningitis virus 
infection in mice [19J. 

Pestiviruses 

Pestiviruses are nonarboviruses in the Togaviridae. Pestiviruses which cause 
major disease and economic losses in domestic animals include bovine virus 
diarrhea virus (BVDV), border disease virus (BDV) and the hog cholera or 
swine fever virus. Two biotypes (cytopathic and noncytopathic) of bovine 
virus diarrhea and border disease virus types have been described. Bovine 
virus diarrhea has been associated with diaplacental disease as well as 
disease in adult cattle. Border disease is associated only with diaplacental 
infection and congenital diseases. The pattern of lesions associated with the 
2 BVD biotypes in the bovine fetuses are different. Earlier findings suggest 
that cytopathic strains of BVD are pathogenic resulting in diaplacental 
infections with subsequent embryonic mortalities, abortion, malformation 
or subclinical disease [3, 11, 13]. In contrast, the noncytopathic strains are 
associated with birth of calves which are persistently infected and immuno­
logically tolerant to BVD virus [6, 8, 24]. With one exception, border disease 
virus isolates are noncytopathic. 

Ruminant pestiviruses have been reported to cause a wide array of 
diaplacental syndromes including early embryonic death, abortion, mum­
mification, a variety of congenital defects, runting, persistent viral infection 
with immune tolerance, or birth of normal calves and lambs immune to 
BVDV or BDV. Results of a number of studies indicated that cytopathic 
biotypes of BVDV are associated with teratogenic lesions in fetal calves 
whereas the noncytopathic biotypes are associated with persistent infections 
and immune tolerance which continues throughout life [6, 8]. BDV causes 
a number of teratogenic lesions, viral persistence and immune tolerance. The 
pattern of teratogenic lesions are dependent upon 1) the timing of fetal 
infection and 2) the biotype of virus causing infection [22]. For instance, 
infection of the bovine fetus between 75 and 120 days gestation with 
noncytopathic strains of BVDV leads to persistent infection with immune 
tolerance [8]. Infection with the NADL cytopathic strain of BVDV at 75 to 
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90 days gestation results in hypotrichosis and pulmonary lesions whereas 
infection at 140 to 150 days gestation results in cerebellar hypoplasia [11, 
13]. These calves clear virus by 190-200 days gestation and have anti BVDV 
antibodies [7]. For BDV to cause teratogenic lesions, viral persistence and 
immune tolerance, viral infection occurs between 40 and 80 days gestation. 

Pathogenesis of ruminant pestivirus infection 

An example of a diaplacental infection with a cytopathic strain of BVDV in 
cattle and a noncytopathic BDV in sheep are described. 

Maternal viremia occurs leading to placental infection in the ruminant 
placentome. Focal villous necrosis has been reported in both noncytopathic 
BDV infection in sheep and cytopathic BVDV infection in cattle [5, 11]. 
Vasculitis with endarteritis and placentitis has been reported with BVDV. 
The lesions are localized in nature. It has been suggested that the lesions 
contributed to the fetal changes by interfering with fetal nutrition [5]. It was 
suggested that the placental insufficiency contributed to the low birth weight 
of infected fetuses. 

Cytopathic BVDV (NADL strain) in bovine fetus 

Infection at 80-90 days gestation 

Infection of the bovine fetus with the NADL-cytopathic strain of BVDV at 
80-90 days of gestation leads to widespread lesions [11]. The virus has an 
affinity for vascular endothelium and for epithelial tissues. Necrotizing and 
proliferative changes occur in the endothelium of some arteries. The changes 
in the lungs consist of a necrotizing bronchiolitis associated with mono­
nuclear infiltrates in the mesenchymal lung stroma. These types of lesions 
may lead to pulmonary hypoplasia since the precursor bronchiolar epi­
thelium which is necessary for alveolar development are destroyed. Local 
necrotizing lesions with underlying inflammatory responses can be observed 
in the epidermis. Destruction of the adnexa in these areas leads to perma­
nent damage of the epidermis. At birth, the manifestation is hypotrichosis 
resulting from a loss of hair follicles and associated adnexa [11]. 

I nfection at 140-150 days gestation 

Cytopathic BVDV infection at 140-150 days gestation is associated with the 
virus targeting different organ systems than those affected at 80-90 days 
gestation [3, 11]. The principal organ system affected at this stage of fetal 
development is the cerebellum and retina. A necrotizing retinitis occurs in 
the undifferentiated retina. The result is a blind newborn calf because of 
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retinal dysplasia. These calves are also uncoordinated and often they are 
unable to stand. These clinical signs are caused by severe cerebellar hypo­
plasia. This hypoplasia is the result of destruction of the external granular 
layer in the undifferentiated cerebellum at 150 days gestation. The external 
granular layer at that stage of gestation contains most of the precursor 
neurones which migrate from this area into the internal granular cell layer of 
the cerebellar folia. The result is a failure of the cerebellar folia to develop 
morphologically and functionally. 

Regardless of when fetal infection occurs with the cytopathic strain of 
BVDV, immune responses occur at 180 days gestation [5]. In most in­
stances, this immune response participates in immune clearance of the virus. 
As a result, it is not possible to recover virus in most of the affected newborn 
calves. Instead, immunoglobulins with specific neutralizing antibody are 
present and these represent the principal means of diagnosing the cause of 
the congenital lesions. 

Noncytopathic BDV (BD-31) infection in sheep 

Infection at 45-80 days gestation 

Infection of pregnant ewes during this period leads to a variety of mor­
phological and functional lesions in the fetal lamb [1, 2, 15]. Apparent 
morphologic changes during the fetal period are inapparent. The clinical 
and pathologic changes are most apparent at birth. The clinical appearance 
of newborn lambs includes low birth weight which averages 1.5 kg less than 
control or normal lambs; a 1 cm average shorter crown-rump length and 
a 1.3 cm shorter tibia/radius length [1,2]. Most of the lambs have a hairy 
rather than wool birthcoat. This is due to the almost exclusive predomin­
ance of primary medullated hairs rather than secondary hairs. Abnormal 
pigmentation often occurs. There are facial abnormalities often character­
ized by a slightly domed appearance to the skull. Radiographs reveal 
arrested growth plates in the long bones. Most affected lambs are depressed 
and many have varying degrees of tonic-clonic tremors. In some cases, the 
tonic-clonic tremors are severe and the lambs are unable to stand. Most 
infected lambs die in the early neonatal period. 

Other morphologic and histologic changes are subtle. Rarely, hydran­
encephaly and cerebellar changes are observed [12]. More commonly, the 
neurological lesions are detected by resorting to special myelin stains [4, 12]. 
There is a severe hypo- or dysmyelination. Immunologically, the lambs are 
compromised or tolerant [25]. There are no neutralizing antibodies and the 
lambs are persistently viremic. Reports of perturbations in lymphocyte 
subpopulations with a preponderance ofB-cells have been reported [10,17]. 
Also there is evidence of impaired functional responses and increased sus­
ceptibility to secondary infections. Lambs that live remain viremic for life. 
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Virus is associated with lymphocytes. Viral shedding has been reported in 
the saliva, urine, feces and placental tissues and fluids. 

Fluorescent antibody and immunocytochemical staining of tissue in­
dicates a wide distribution of virus in tissues. It occurs in blood, lymphoid, 
nervous, thymus, and endocrine tissues. The virus is found in most cells in 
the nervous system and in the thyroid gland [2, 27]. In the latter, virus is 
found in follicular epithelium and occasionally cells in the interstitium. The 
rather extensive infiltration in the thyroid is associated with a significant 
reduction in T 3 and T 4 levels. These represent levels of 60% and 73%, 
respectively, of normal [2]. The hypothyroidism may playa central role in 
the pathogenesis of the lesions. Apparently the principal reason for the 
hypothyroidism can be attributed to follicular dysfunction since the pitu­
itary secretes high levels of TSH. 

It has been hypothesized that hypothyroidism plays the critical role in 
the pathogenesis of the series of lesions. There is evidence that T 3 and T 4 are 
critical for normal myelin formation [2]. These hormones are also impor­
tant for maintaining basal metabolism, normal dermal function and bone 
growth. Although neurons, astrocytes and oligodendroglial cells may be 
infected with virus, there is no direct evidence that these cells are dysfunc­
tional. 
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Summary. BVDV infections of cattle ranges from the transient acute infec­
tions, which may be inapparent or mild, to mucosal disease which is 
inevitably fatal. On occasions the acute infections can lead to clinical 
episodes of diarrhoea and agalactia but as these syndromes cannot be 
reproduced experimentally, the pathogenesis remains unclear. The immuno­
suppressive effect of acute BVDV infections can enhance the clinical disease 
of other pathogens and this may be an important part of the calf respiratory 
disease complex. Although BVDV antigen has been demonstrated within 
the lymphoid tissues, for prolonged periods, the evidence for viral latency 
remains to be proven. Venereal infection is shown to be important in the 
transfer of virus to the foetus and congenital infections can cause abortions, 
malformations and the development of persistently viraemic calves. 

The two biotypes of BVDV, non-cytopathogenic and cytopathogenic, 
are described. Their sequential role in the pathogenesis of mucosal disease 
arises from the initial foetal infection with the non-cytopathogenic virus and 
the subsequent production of persistently viraemic calves. These calves 
may later develop mucosal disease as a result of superinfection with a 
"homologous" cytopathogenic virus and the possible origin of this biotype 
by mutation is discussed. Chronic disease is defined as a progressive wasting 
and usually diarrhoeic condition; it is suggested that this may develop 
following superinfection of persistently viraemic cattle with a "heterologous" 
cytopathogenic biotype. 

Key words: Pestivirus, BVDV, pathogenesis, mucosal disease, biotypes, acute 
disease. chronic disease. 
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Introduction 

Bovine virus diarrhoea virus (BVDV) is a major pathogen of cattle and 
contributes to the genesis of a wide variety of pathology. The clinical aspects 
of disease following BVDV infection reflect this pathology and range from 
inapparent or mild to the inevitably fatal syndrome of mucosal disease. 

In the last few years, the proposal that the two biotypes of BVDV play 
different and, at times, interacting roles in the pathogenesis of disease has 
gained credence [9, 13]. These two biotypes of the virus, one of which is 
non-cytopathogenic [2J and the other cytopathogenic [32, 73J, can be 
distinguished by their cytopathology in bovine cell culture. A detailed 
description of the pathways taken by these two viruses has recently been 
reviewed [14J and is now given with proposals for certain immunological 
mechanisms involved in the pathogenesis. 

Non-cytopathogenic BVDV infections 

It has on occasions been stated that the non-cytopathogenic BVD virus is 
less pathogenic than the cytopathogenic biotype. An examination of the 
epidemiology and the pathogenesis will soon reveal that the natural history 
and most of the pathology caused by BVDV is associated with the non­
cytopathogenic virus. It is this biotype that is responsible for both the 
majority of in utero damage and also the maintenance of BVDV within the 
cattle population. 

Acute disease 

The majority of cattle, about 70%, have seroconverted to BVDV by 4 years 
of age, with evidence of only mild if not inapparent infection [36]. Detailed 
clinical examination may reveal a limited period of pyrexia, leucopenia and 
occasionally a nasal discharge following initial infection [22, 36]. The virus 
isolated from these acute infections is non-cytopathogenic and is usually 
only recoverable from blood and nasal secretions during the first 3-10 days. 
The antibody response arises slowly but there is, however, a slow and 
prolonged increase for 10-12 weeks post-infection [14]. 

The pathway taken by the virus during acute infection is not understood. 
It is likely that the initial site of replication is within the oronasal mucosa, 
particularly the palatine tonsil (Brownlie & Clarke, unpublished results) and 
from there the spread is systemic. The rapid growth of virus within epithelial 
cells of the oronasal mucosa may be responsible for mucosal ulceration [3J 
and for any subsequent salivation or nasal discharge. The systemic spread 
could be either from free virus in serum or from virus associated with 
circulating leucocytes. 
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Systemic spread of infection may occur as virus free in serum or as virus 
associated with the cells within the buffy coat fraction of blood; the lympho­
cytes and monocytes are generally regarded as being particularly sensitive to 
BVDV infection [72]. A decreased in the B-Iymphocytes following acute 
BVDV infection has been reported [52J and a decreased T-cell responsive­
ness to mitogens [58]. However, these findings were not confirmed in 
subsequent work on a group of 4 to 6-month old calves [20]. Changes in the 
lymphocyte populations have also been examined by the use of fluorescent 
antibody assays [8]. This study has shown that during the leucopaenia 
following BVDV infection, there is a transient decrease in both the Band 
T-cell lymphocytes but there was effective recovery by 11-17 days post­
infection. It would appear that such reductions in lymphocytes do not 
prejudice the ability of the normal young calf to recover from infection. 
BVDV will also multiply in non-lymphoid cells, e.g. calf kidney and calf 
testes cell cultures, under laboratory conditions, but there is limited informa­
tion about the relevance of this for the pathogenesis of acute disease. 

Although most acute infections with BVDV are mild, and this is parti­
cularly true of experimental infections, there is sufficient evidence from field 
reports that more severe outbreaks of disease can occur. Therefore, it would 
be simplistic to discount the pathogenic effect of BVDV during the course of 
all acute infections. It is clearly evident from clinical observations that 
BVDV can, under certain circumstances, cause disease. Episodes of agalactia 
and diarrhoea have been recorded in adult cattle from which BVDV has 
been identified as the causal organism [56]. The original description of 
disease was of a transmissible diarrhoea in adult cattle [53J and in many of 
the early studies severe lesions were produced [22, 72]. The reason for the 
severe experimental disease of yesteryear and the failure of present day 
researchers to reproduce it, is not clear. It may, in part, be the result of 
a confusion with the acute disease that leads to a clinical manifestation and 
mucosal disease; recently, the pathogenesis of mucosal disease was clarified 
[9, 15J and will be explained in detail below. The virus may also have altered 
in virulence over the years but this is not easy to quantify. Many of the early 
BVDV isolates have become laboratory-adapted (i.e. NADL) and there is 
recent evidence that these have become altered in antigenicity [23J, perhaps 
by host nucleic acid insertion into the viral genome [48]. There is also the 
possibility of differences in tissue tropisms between field isolates, some of 
which may be better adapted to multiply in either the respiratory mucosa or 
the general systemic tissues. It is interesting to note that in a study of 21 
animals, aged between 53 and 440 days, the titre of virus recovered from 
nasal secretions was age-related and highest in the younger animals whereas 
the differences in viraemia were not (Clarke, Howard and Brownlie; unpub­
lished observations). This may help explain the variation in experimental 
disease when animals of different age are used. However, the pathogenesis of 
the severe clinical disease following acute infection will remain unresolved 
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until it can be reproduced experimentally. The pathology of acute infections 
does not appear to have received attention and this may reflect both the lack 
of interest in examining mild infections and the failure to reproduce the 
severe acute disease. 

An exception to this premise is a fatal condition that can follow experi­
mental infection with the Cornell BVDV isolate CD87 [27]. This isolate was 
originally recovered from an outbreak of disease in a milking herd of 100 
Holsteins in New York State [63]. The clinical signs included fever, agalac­
tia and diarrhoea. Experimental infections with the CD87 BVDV isolate 
produced severe disease with profound thrombocytopaenia, internal haem­
orrhages and death in young calves. This isolate is non-cytopathogenic and 
could be recovered from blood for 16-40 days post-infection. The most 
noticeable change, that of platelet depletion, would account for the gross 
pathology; petechial and ecchymotic haemorrhages are visible on many of 
the body's mucosal surfaces [63]. It would also explain the bloody diarrhoea 
and the deaths in veal calves reported during outbreaks of disease with this 
virus in New York State. It is both a fascinating and worrying observation 
that this BVD virus, which normally gives mild clinical signs, can change to 
be so severe a pathogen. The molecular basis for this change have yet to be 
reported. 

Congenital infections 

The premature exposure of the bovine foetus to non-cytopathogenic BVDV 
illustrates two of the tenets required for viral persistence [51J; firstly that 
infection of a foetus before it is immunocompetent can lead to an immuno­
tolerance which allows the virus to avoid all subsequent immune-detection 
and secondly that the most likely biotype to persist is non-cytopathogenic in 
nature. Both these factors are central to BVDV pathogenesis. 

BVDV rarely infects the foetuses of sero-positive cattle. Maternal anti­
bodies appear well able to prevent the access of virus through the pla­
cent orne. Whether maternal antibody prevents the virus becoming viraemic 
has not been determined. It appears that the problem of in utero and 
congenital infections is restricted to the BVDV sero-negative dam. In these 
animals, foetal infection can follow from either acute or persistent viraemias. 

During acute infection the virus invades the placentome, replicates and 
may cross to the foetus without producing lesions [24]. In sheep, BVDV has 
been shown to damage the maternal vascular endothelium within 10 days of 
infection and the resulting cellular debris is ingested by the foetal tropho­
blast [4]. This could be a mechanism of virus transfer from dam to offspring 
but may also account for the placentitis that leads to the high level of 
abortion following BVDV infection. It is well recorded that early embryonic 
death, infertility and "repeat breeder" cows are often the sequel to pestivirus 
infection during pregnancy [76]. In a herd infected with BVDV, the concep-
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tion rates were reduced from 78.6% in the immune cows to 22.2% in infected 
cattle [77]. 
In cattle that are persistently viraemic, there is less certainty about the 
pathway and timing of foetal invasion because all tissues, including the 
uterus, are continually infected. However most, if not all, foetuses born of 
viraemic dams become likewise persistently viraemic. Whether infection 
of these foetuses occurs at the level of the germ cell or subsequent to the 
rupture of the zona pellucida upon implantation is still to be clarified. It has 
been reported that Border disease virus antigen can be found in the germinal 
cells of the sheep ovary [31J but reports in the cow demonstrate the failure of 
cytopathogenic BVDV to infect the early embryo before rupture of the zona 
pellucida [68]. However, this biotype fails to infect the early foetus in utero 
[18J and further studies with the non-cytopathic biotype are required. 

Whether, following acute or persistent infection, the virus infects the 
foetus by either direct cell to cell transmission or systemic spread is not clear. 
The time taken for the passage of virus from dam to foetus is variable but it 
has been recorded that abortions due to BVDV can occur within 10-18 days 
after intramuscular infection [77]. Our own experience has shown that 
abortions can take place several months after foetal infection. 

The outcome of foetal infection is dependent on two main variables; the 
age of the foetus at the time of infection and the biotype of the infecting virus. 
There is uncertainty about the pathogenesis of infection during the first 
30 days of pregnancy. There is good evidence that BVDV will reduce the 
conception rate during this period [77J and that the virus will replicate 
freely in the maternal placenta [54]. However, there is also the view that 
limited transplacental infection occurs during this early stage [78J because 
the contact between maternal epithelium and foetal trophoblast is not 
sufficiently intimate for vertical transmission until the "bridge" formation at 
around 30 days [4,43]. This has implications for the use of infected semen or 
even during embryo transfer [50]. 

There is little doubt that foetal infection will occur after this 30-day 
period and the outcome depends on whether the virus establishes during the 
first (up to about 110-120 days), the second (to about 180:-200 days), or third 
trimester (to full term, about 280 days). Infection during the first two 
trimesters can result in abortions [33J whereas infection during the first 
trimester can also produce calves that remain persistently viraemic for life 
(see below). Calves infected during the last trimester are able to mount an 
active immune response [12]. 

The outcome of infection with the non-cytopathogenic biotype during 
the first and second trimesters is frequently death, abortion or mummifica­
tion of the foetus [24, 39, 42]. Foetal death can follow directly from viral 
invasion but damage of the maternal placenta may contribute by disrupting 
its vascular supply of nutrients. Experimental infections during this period 
have shown that more than 30% offoetuses are aborted [19J but recovery of 
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virus from aborted tissues is poor. However, experimental infection of cattle 
during the first trimester of pregnancy with the cytopathogenic biotype does 
not give abortions and there is some doubt whether this biotype can even 
establish in the early foetus [18]. 

Teratogenesis 

Viruses that establish in the early foetus during organogenesis can have the 
distinction of causing bizarre malformations that permanently affect the 
animal. BVDV has a well documented teratogenic effect, in common with 
other nonarbo togaviruses [74]. When the lesions induced by BVDV infec­
tion are particularly severe, the foetus will die and be aborted. However, it is 
evident that the non-cytopathogenic biotype can replicate in the early 
foetus, often causing damage to selected tissues but not sufficient to cause 
death. Such calves are born with a variety of clinical signs that range from 
apparently normal to the weakly, unthrifty calf or occasionally brain­
damaged calf. 

The pathogenesis of this wide range of lesions is unlikely to be due to 
a single defect. The virus appears catholic in its choice of cell in which to 
replicate. It has a preference for mitotically active cells, particularly those of 
the central nervous system (CNS) and lymphoid tissues [6, 11, 28, 30]. 
Whether the pathogenic event is an inhibition of normal cell division and 
differentiation or due to a direct lytic action of the virus is difficult to 
determine. Certainly, BVDV causes significant intrauterine growth retarda­
tion in many tissues of the foetus, particularly in the CNS and the thymus 
[28J and a direct cytolytic effect has been suggested for the hypoplasia in the 
germinal layer of the cerebellum [11, 67J and other tissues [22]. Hypo­
myelination of the CNS, which is often associated with thymic hypo­
plasia, has also been observed [1, 7]. A further consistent finding within the 
pestiviruses is the localisation of the virus in the vascular endothelium and 
from the resulting vasculitis, there can be inflammation, oedema, hypoxia 
and cellular degeneration [74]. 

Persistent viraemia 

Another outcome offoetal infection during the first trimester is the establish­
ment of a viraemia that persists for life [24,41]. The basis for this persistence 
is that the bovine immune system which, before 110-120 days, has not 
developed sufficient immunocompetence to recognise the BVDV within the 
foetus as foreign. When "self" antigens are recognised, soon after this 
110-120 day period, the virus is accepted as a "self" tissue and there is 
immunotolerance. It is this immunotolerance, reflected by the lack of specific 
antibody to the persisting virus, that allows the virus to persist in the blood 
and tissues for the lifetime of the animal. It is worthy of mention that in all 
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the recorded field and experimental data there is no evidence for persistence 
with the cytopathogenic biotypes; only with the non-cytopathogenic [18]. 

There is considerable variation in the signs and pathology described for 
these persistently viraemic cattle. Their identity is based on the recovery of 
non-cytopathogenic virus in high titre on successive occasions and the lack 
of antibody to the persisting virus. Their clinical appearance can range from 
normal to the grossly abnormal. Why some are more damaged than others 
can, at present, only be a speculation about the age, size, and timing of viral 
challenge for the early foetus. The pathogenesis of the grossly abnormal calf 
reflects the viral tropism for the CNS, lymphoid and epithelial cells. Within 
the CNS, the predilection sites for viral persistence are the cerebral cortex 
and the hippocampus [30]. Lesions in such tissues are often more severe 
when the foetus is infected during the second trimester [7, 67J and account 
for the depression and incoordination seen in some new-born calves. Fre­
quently these calves fail to survive and grossly abnormal brain lesions, such 
as cerebellar hypoplasia [11, 28J, can be seen at post-mortem. 

Lesions within the lymphoid tissues, apart from the reduced size of 
organ, such as the thymus [28J, are not so evident. The gross changes, seen 
in the Peyer's patches of the small intestine during mucosal disease, are not 
observed [15]. However, there are cellular changes that are said to account 
for the immunosuppression seen in persistently viraemic animals. There is 
a reduction in the recirculating B-cells [52J and also in T-cells [71]. There 
are preliminary data to show that the recirculating gamma/delta T-cells are 
also depressed (Howard, Clarke and Brownlie, unpublished data). It has 
been estimated that 4.4% of blood leukocytes, 5.4% of T-cells and 2.1 % of 
B-cells are infected with virus [to]. Interestingly, in sheep persistently 
infected with Border disease virus, it was demonstrated that B-cells were 
significantly increased whereas the T -cells and lymphocytes expressing 
class I MHC antigen were decreased [21]. 

Several epithelial tissues sustain BVDV replication. BVDV antigen can 
be demonstrated within the keratinocytes of the tongue, skin and labia [5J 
and this may account for the erosive oral lesions which characterise clinical 
disease. 

Venereal injections 

The major interest in any BVDV invasion of the uro-genital tract is the 
possibility of subsequent congenital infection; this risk is greater with the 
persistently viraemic animal. Acute infections of the uro-genital tract of 
sero-negative cattle with BVDV can produce clinical disease and may be 
a greater cause of loss to the national herd than results from the persistently 
viraemic animal. 

The virus can infect both ovarian and testicular tissues and can be 
recovered from semen of acutely infected bulls [55, 78]. The semen is often of 
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poor quality [78J and has the potential to spread infection to sero-negative 
heifers [49]. However, the pathogenesis of uro-genital infection during acute 
disease is poorly described. 

Mixed B VD V infections 

A further complication of acute infections occurs when there is invasion of 
BVDV along with another pathogen. It has been well documented that 
a mixed infection of BVDV with infectious bovine rhinotracheitis virus 
[35, 59J, bovine respiratory syncytial virus (Dr. EJ Stott, pers. comm.) or 
Pasteurella haemolytica [60J produces a more severe disease than with either 
pathogen alone. It is particularly interesting to note that all those dual 
infections mentioned above are respiratory and, therefore, it is not surprising 
that field surveys have implicated BVDV as a causal agent in the calf 
respiratory disease complex [70]. Furthermore, mixing BVDV with an 
enteric pathogen, such as rotavirus and coronavirus [75J or Salmonella sp. 
[79J, has been demonstrated to exacerbate enteric disease. 

The basis for the pathogenesis of mixed infections would appear to be the 
immunosuppression consequent on the transient leukopenia (see above) and 
possibly on a neutrophil dysfunction [66J following acute BVDV infections. 
There is also the suggestion that BVDV may stimulate the release of 
prostaglandins from blood mononuclear cells and that the prostaglandins in 
turn would depress lymphocyte blastogenesis [47]. Unfortunately, there has 
been, as yet, no documented research into the effect of BVDV infections on 
the local immune response. This would have particular relevance for respir­
atory and enteric infections which are essentially mucosal invasions. 
Epithelial cells appear to be affected during the acute phase and this may 
permit the establishment of these surface pathogens, thereby promoting 
bacteraemias following acute BVDV infections [64]. 

The outcome of infecting cattle, that are persistently viraemic with 
BVDV, with other pathogens has been reported. Infecting such animals with 
bovine leucosis virus reduced the ability of 4 out of 6 to make strong 
antibody responses as measured by immunodiffusion [65]. The pathology of 
these mixed infections is highly dependent on the nature of the second 
pathogen. In the case of Pasteurella haemolytica, there is a fibrinopurulent 
pneumonia and pleuritis [60J but from the other reports, there is a lack of 
descriptive pathology. 

BVDV latency 

An aspect of BVDV pathogenesis that has received little attention is the 
possibility of viral latency. Under normal conditions, the progress towards 
recovery following acute infections is the development of a specific neutralis­
ing antibody response and possibly a cell-mediated response. However, 



The pathways for BVDV biotypes in the pathogenesis of disease 87 

what is striking about this response is the slow rise in antibody over the first 
10-12 weeks after infection and yet the failure to recover virus after the first 
3-10 days (Fig. 1) [38]. 

The failure to isolate virus from either nasal swabs or blood after about 
day 10 is perplexing for two reasons. Firstly, there is often undetectable 
antibody by this stage and secondly the antibody response continues in the 
apparent absence of virus for a further 10-11 weeks. Explanations for this 
observation may be either that non-infectious virus (i.e. viral antigen) is 
being continually presented to the immune cells during these 10-11 weeks or 
that infectious virus is sequestered in lymphoid tissues. It has been shown 
that viral antigen is present in the macrophages within the lymphoid tissues 
of foetuses following experimental infection [5J and this may be a mechan­
ism for continual stimulation of the antibody response. The persistence of 
viral antigen has been suggested to occur also in the ovaries of cattle for at 
least 60 days after intramuscular inoculation [69]. However, it is uncommon 
to recover infectious virus from tissues later than 14-21 days post-infection. 
In earlier years BVDV was reported to be present in various tissues after 
prolonged periods following infection; virus was isolated from mesenteric 
and bronchial lymph nodes on days 39 and 56 post-inoculation [50J and 
from blood and the nares on days 72 and 102 after infection [44]. In recent 
times, this has not been observed and may reflect the closer attention now 
paid to adventitious virus infecting experimental calves or cell cultures. 
Experiments to attempt the recrudescence of virus from convalescent 
animals have not been reported but a summary of our present knowledge 
suggests there is little evidence for BVDV latency. 

Cytopathogenic BVDV infections 

The distinction of these two biotypes of the same virus is made more relevant 
and more curious by their separate pathways in the pathogenesis of disease. 
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Fig. 1. Typical virus detection and specific antibody response following acute BVDV 
infection of calves 
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In fact, the syndrome first associated with the cytopathogenic virus was 
considered to be an entirely new and different disease from bovine virus 
diarrhoea and accorded a new name-Mucosal disease [61]. 

Mucosal disease 

Mucosal disease was first reported in 1953 and described as a fatal condition 
of cattle, characterised by severe erosive lesions in the intestinal mucosa 
[61]. The virus isolated from this condition was understandably called 
mucosal disease virus (MDV) but reinoculation into cattle did not reproduce 
the fatal mucosal disease. Later, it was demonstrated that BVDV and MDV 
were serologically similar and gave the same mild illness in response to acute 
infection [34]. Over the next thirty years a series of observations were made 
about these viruses, reviewed by Brownlie [13J and most of which have been 
identified above. Finally, two significant findings led to the proposal for the 
aetiology of mucosal disease. The first was that only persistently viraemic 
animals succumbed to mucosal disease [45]. Secondly, that persistently 
viraemic animals had only the non-cytopathogenic virus whereas those 
that died of mucosal disease were infected with both biotypes, non­
cytopathogenic and cytopathogenic [15]. 

These observations were refined into a hypothesis [15J, Fig. 2, and 
requires that cattle, sero-negative to the virus, become infected during early 
pregnancy with the non-cytopathogenic biotype. The virus, infecting the 
dam, transfers across the placenta to the foetus and can result in the birth of 
a persistently viraemic calf, due to the immunotolerance described above. 
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Fig. 2. Pathogenesis of mucosal disease 
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Some time after birth, usually when the animal is 6-18 months of age, 
superinfection of these viraemic animals with the cytopathogenic biotype 
may occur. This results in the rapid development of fatal mucosal disease. 

The truth of this hypothesis was demonstrated by the experimental 
production of mucosal disease in exactly the manner predicted [9, 15]. 
Subsequently, the need for antigenic "homology" between the persisting and 
superinfecting biotypes has been recognised as crucial to the development of 
mucosal disease and has illustrated the precision of the immunotolerance 
[16]. The origin of the cytopathogenic virus continues to fascinate us; it has 
been suggested that this may arise by a molecular event, such as mutation, 
from the persisting non-cytopathogenic virus [16, 37]. 

Mucosal disease has been described as a sequel to vaccination with 
modified-live virus [46]. These vaccines are mostly derived from cyto­
pathogenic virus strains and our hypothesis would suggest that such vac­
cines may be acting as the superinfecting challenge. 

The pathology of mucosal disease has been described, particularly the 
characteristic erosive lesions seen in the gut lymphoid tissues [40]. It has 
now been demonstrated that the cytopathogenic biotype has a particular 
tropism for the gut-associated lymphoid tissue [25J and that, in the sequen­
tial development of lesions, this biotype rapidly homes to the Peyer's patch 
tissue [17]. Although, the reason for the gross lesions visible over the Peyer's 
patches is likely to be a result of the direct lytic action of the virus, there is 
now preliminary evidence that a synergism between the two biotypes is 
required for the full expression of mucosal disease [26]. 

Prominent in mucosal disease is the lesion that develops after the 
destruction of the lymphoid tissue in the Peyer's patches and the collapse of 
its overlying intestinal mucosa. This gives the characteristic erosions along 
the small intestine. The ultimate question for pathologists, the cause of 
death, has a less certain answer. In studies on the sequential development of 
mucosal disease it was evident that these Peyer's patch lesions occurred both 
late and rapidly in the course of superinfection with cytopathogenic virus 
and coincided with clinical disease [17]. However, there were animals that 
died without clinical diarrhoea and this would suggest that the diarrhoea 
and any resulting dehydration was not an essential part of the syndrome. 
Whether in the destruction of the lymphoid tissue, there is a release of toxic 
factors or an excess of inflammatory products has not been assessed. The 
cause of death still remains an enigma. 

Chronic B VD V disease 

The aspect of BVDV pathogenesis, above all others, that gives rise to 
confusion is the "chronic" disease. It is used to describe not only animals 
that are continually or "chronically" infected with BVDV but also animals 
that are clinically ill for prolonged periods. A clearer definition is required 
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nowadays in order to make progress in its understanding. There is no doubt 
that a clinical entity exists where cattle become progressively cachectic 
following long lasting bouts of diarrhoea. The course of disease may be 
several weeks or months and ultimately the animal dies or it may apparently 
recover. There is little disagreement that this could be described as chronic 
disease. From some field cases of this syndrome, non-cytopathogenic BVDV 
has been isolated. Should this biotype be isolated on repeated occasions, in 
absence of specific antibody to the virus, then the animal would accurately 
be described as persistently viraemic. The problem of definition arises 
from the knowledge that all persistently viraemic animals do not have a 
chronic clinical disease and that the syndrome has not been experimentally 
reproduced. 
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In 1985, we suggested that chronic disease may occur as a result of 
superinfection of persistently viraemic animals with cytopathogenic isolates 
that have partial antigenic "homology" with the persisting virus [16]. Our 
understanding of partial "homology" was not defined but was intended to 
indicate an antigenic position between "homology" and "heterology", as 
shown in Fig. 3. "Homology" was conferred by the immunotolerance which 
allows the non-cytopathogenic virus to persist and also enables the super­
infecting cytopathogenic virus to survive. The failure of the immune system 
to recognise the superinfecting cytopathogenic virus was taken to mean 
antigenic homology. It is now understood that the two biotypes isolated 
from cases of fatal mucosal disease are antigenically similar [37, 57]. 
Furthermore, it has been shown that those cytopathogenic viruses that are 
antigenically different, i.e. against which antibody is made, do not cause 
mucosal disease. These can be said to be "heterologous". 

Our proposal for chronic disease suggested that immunotolerant 
animals were superinfected with cytopathogenic isolates that were "hetero­
logous" but only partially recognised by the immune system and therefore 
not eliminated. Recently, we have superinfected a series of persistently 
viraemic cattle with 'heterologous' cytopathogenic virus [19]. In two an­
imals there was, several months after superinfection, a slow onset of disease 
with bouts of diarrhoea and progressive wasting. During this period, both 
animals preferred roughage and refused 'concentrate' food. They had per­
iods of several days when their condition appeared to ameliorate, only to 
relapse into further clinical disease. The animals were finally killed, and at 
post-mortem, gut erosive lesions typical of mucosal disease were revealed. 
These preliminary experiments may be the first to reproduce chronic disease. 
The pathology of field and experimental chronic disease has not been 
described. 

Conclusions 

Few viruses appear to have so diverse and complex a pathogenesis as the 
ruminant pestiviruses. Our recent understanding only serves to highlight the 
ingenious ways in which the virus subverts the hosts defences. Like certain 
other viruses that are able to persist for long periods, it invades the lymphoid 
tissue and disables the recognition and effector functions of immunity. In his 
book, Mims examines the mechanisms of viral persistence [51J and, from 
this, it is evident that BVDV is the pathogen par excellence for persistence 
[17]. The clear definition we are now able to give to the biological roles 
of the two biotypes has opened up new areas in our immunological and 
molecular biology research. It is possible that the apparent unique 
pathogenesis of mucosal disease will later be shown to be in the vanguard of 
new understanding of other infections. 
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The emergence of the separate biological roles for the biotypes has now 
given greater impetus to understanding anew the molecular basis of this 
virus [27, 29J and its pathogenesis. 
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Summary. Border Disease (BD) is a condition of newborn sheep that results 
from congenital infection by a non-cytopathic pestivirus, occurring during 
the first half of gestation. The variations in expression of the virus directly 
relate to the age of the fetus at the time of infection. There are four distinct 
disease syndromes: (1) early embryonic death, (2) abortion and stillbirth, 
(3) birth of lambs with malformations, and (4) birth of small, weak lambs, 
lacking characteristic clinical signs, but bearing features of immunosuppres­
sion. In the newborn, the BD virus may be recovered from all tissues and 
teratogenic lesions are found in the endocrine, nervous, skeletal, integumen­
tary and immune systems. These effects of virus infection are manifest in the 
clinical signs characteristic of the disease, such as tremors, ataxia, hairy 
birthcoat, low birth weight, facial bone malformations, short-boxy stature, 
and eye abnormalities. The consequences of the BD compromised immune 
system is an increased susceptibility to infection, a failure to produce specific 
antibody to BD virus, and an inability to clear the virus; features character­
istic of the immuno-tolerant state. 

The lifelong shedding and persistence of virus is of epidemiologic impor­
tance. The persistently infected BD ewe remains a source of infection for the 
flock both through horizontal transmission (virus shedding) and congenital 
transmission (a persistently infected ewe will always bear a BD lamb). 
Detection of persistently infected individuals within a flock is difficult: 
clinical signs abate with time and most frequently no antibody to BD is 
produced. 

Key words: Border disease, bovine virus diarrhea virus, congenital hypo­
thyroidism, congenital virus infection, hairy shaker disease, hypo­
myelination, immunotolerance, pestivirus, sheep, virus persistence. 
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Border Disease (BD) is a condition of newborn lambs caused by a congenital 
infection with a non-cytopathic (CPE) pestivirus of the toga virus family. BD 
virus cross reacts serologically with the viruses of hog cholera and bovine 
virus diarrhea (BVD) [7]. Serum neutralization and ELISA [4J tests using 
the cytopathic strains of BVD virus detect antibodies to BD virus. Anti­
bodies produced against BVD virus can detect the presence of BD virus in 
tissues and cell culture. Conversely, antibodies to BD will detect the presence 
of BVD virus [8]. Monoclonal antibody reactivity indicates that the BD 
virus is closely related to non-cytopathic strains of BVD virus [5]. An 
80 kDa polypeptide associated with the cytopathic strains of BVD is lacking 
in BD and provides additional evidence for a close relationship of non-CPE 
BVD and BD [1]. Several strains of BD may exist which differ only in 
pathogenesis and tissue tropism. 

BD virus in adolescent and adult sheep is mild and frequently goes 
undetected, but infection of the fetus results in newborn lambs with a wide 
spectrum of clinical signs. Most dramatic are the tonic-clonic tremors. The 
tremors are frequently so severe as to impede nursing. The hairy birth coat, 
the other hallmark of "hairy shaker disease", is also striking and is present in 
the majority of cases. The most consistent finding however, is ataxia: weak 
lambs that are unable to stand. With care they may survive the immediate 
postnatal period, however, they will never acquire their normal potential in 
health, weight and stature. A frequently observed characteristic of newborn 
BD lambs is low birth weight. They are obviously smaller than normal 
lambs. This is especially apparent if the BD lamb has a normallittermate. 
The adolescent lamb exhibits a boxy stature which develops because, while 
longitudinal growth is normal, height is restricted due to the inhibited 
growth of the long bones. Facial malformations also exist. A "doming" of the 
cranium and short longitudinal axis of the head are observed. Eye abnor­
malities, such as microphthalmia and cataracts have been documented. 
These clinical signs can be present singly or in combination and in varying 
degrees of severity. The incidence of clinical BD can reach 50% in newborn 
lambs. Clinical signs vary. None are individually pathognomic for border 
disease, but when combined with a flock history of stillbirths and ill thrift, the 
possibility of BD should be considered. Serology is of epidemiologic value 
to establish a flock or area prevalence but is of limited diagnostic value. 
Horizontally transmitted infection precedes overt signs by several months. 
Hence, paired samples would not differ. In the case of the persistently 
infected ewe giving birth to a BD lamb, neither will have detectable anti­
body. Isolation and identification of the virus and flock history are the only 
definitive means of diagnosis of border disease. 

The variations observed in the expression of the BD virus relate directly 
to the age of the fetus at the time of infection. Prior to 16 days, the zygote is 
refractory to infection. After 90 days, the fetus is able to overcome the 
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infection with no detectable evidence of infection. Infection occurring within 
this "window of susceptibility" (between 16 and 90 days) produces four 
distinct disease syndromes: (1) early embryonic death, (2) abortion and 
stillbirth (3) birth of lambs with malformations, and (4) birth of small, weak 
lambs lacking characteristic clinical signs but which are immunosuppressed. 
In California, breeding is generally restricted to two to three weeks. There­
fore all ewes in the flock will be in the same stage of gestation at the time the 
infection is introduced and the pattern of disease will be consistent within 
the flock. If infection is introduced early in the susceptible period, the 
prevalent clinical sign will consist of open ewes. Infection occurring between 
45 and 80 days of pregnancy results in a large proportion of affected lambs 
with hairy fleece and clonic-tonic tremors. A variation, often encountered, is 
a difference in clinical signs and degrees of disease severity among litter­
mates. One sibling can exhibit severe clinical signs and another be normal in 
every respect. Differences in pathogenicity between strains of BD virus and 
differences in dose and route of infection also produce variations in disease 
expreSSIOn. 

In the newborn lamb, the BD virus can be recovered from all tissues. 
Teratologic lesions are found in the endocrine, nervous, skeletal, integumen­
tary and immune systems. These effects are manifest in the clinical signs 
characteristic of the disease. Infection of the thyroid has diverse rami­
fications. T3 and T4 thyroid hormone levels have been reported to be 
significantly lower at birth [2J and at 10 weeks of age [9]. T3 and T4 
deficiency adversely effects amount of 2',3'-cyclic nucleotide-3'-phosphodi­
esterase (CNP), an enzyme essential for normal myelination. CNP deficiency 
results in hypomyelination, causing tremors. Deficient thyroid function 
disrupts normal development of the skeletal and integumentary systems. 
The results of which are retarded intrauterine growth and hyperplasia of the 
primary hair follicles which produces the hairy birth coat. 

The most subtle and pervasive effects of infection occur in the immune 
system. Leukocyte numbers remain within the normal range but there is 
a shift in lymphocyte sub-populations [3J, and a depressed lymphocyte 
response to phytolectins [10J indicating a functional defect. The compro­
mised immune system results in an increased susceptibility to infection, 
a failure to produce specific antibody to BD virus, and an inability to clear 
the virus, all typical of an immunotolerant state. 

The lifelong shedding and persistence of virus is of epidemiologic impor­
tance. The persistently infected BD ewe remains a source of infection for the 
flock both through horizontal transmission (virus shedding) and congenital 
transmission (a persistently infected ewe will always bear a BD lamb). Over 
a period of time, outbreaks of BD due to congenital transmission are 
distinguished by a low disease incidence in the flock and the repeated 
occurrence in the progeny of the same (persistently infected) ewes. On the 
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other hand, outbreaks due to introduction of persistently infected replace­
ment ewes into a susceptible flock (at the critical time of pregnancy) are 
distinguished by a high incidence of BD in the lamb crop, all showing 
a similar disease syndrome pattern. Control consists of identification and 
elimination of the persistently infected animals within the flock. Detection of 
these individuals can be difficult: clinical signs abate with age and there is no 
antibody to BD virus. Isolation of BD virus from lymphocytes provides the 
only definitive identification of persistently infected animals. Antigen cap­
ture ELISA [6J and polymerase chain reaction (PCR) technology offer 
potential as tools of epidemiologic importance. 
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Summary. The cytopathic (CP) strain TVM-2 of bovine virus diarrhea virus 
(BVDV) induced in calves a severe disease, whereas the calves inoculated 
with the non-cytopathic (NCP) New York-l strain, remained clinically 
normal. When calves were immunosuppressed with dexamethasone (DMS) 
they underwent an overt, generally fatal disease. This result was obtained 
with either the CP and the NCP strain of BVDV. It was speculated that 
the immunosuppressive activity of BVDV could be a property peculiar to 
certain isolates of the virus. 

Key words: Bovine viral diarrhea VIruS, pathogenesis, experimental 
infection, calves. 

Introduction 

It is generally known that there are 2 distinct biotypes of Bovine Viral 
Diarrhea Virus (BVDV): one is readily cytopathic (CP) the other is not. 
Several studies have suggested an explanation for the mechanism by which 
the two biotypes can induce fatal disease [6]. It begins with an early 
transplacental infection of the fetus with NCP BVDV prior to the complete 
maturation of the fetal immune system and the animals that eventually 
survive fetal infection might become persistently viremic with no neutraliz­
ing antibody response [9]. Should these animals be subsequently super­
infected with a CP BVDV, they will undergo fatal disease. It has also been 
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proven [3J that acute form of the disease is observed in persistently infected 
cattle with NCP BVDV when they are superinfected with homologous 
BVDV. In contrast, the persistently infected cattle develop a chronic form of 
the disease if superinfected with a heterologous BVDV. The hypothesis that 
immunosuppression plays a paramount role [llJ in the pathogenesis of 
the disease, seems to be appropriate in view of the evidence that at least 
a proportion of persistently infected animals may have a permanently 
impaired immune response [8, 10, 12]. 

The present work was planned with the purpose of making an attempt to 
answer to the following questions: 1. Is the response of calves to the infection 
significantly different depending on the biotype of BVDV? 2. Is the response 
of cattle to BVDV infection influenced by an immunosuppressive state? 3. If 
BVDV is an immunosuppressive agent itself, could a simultaneous infection 
with the 2 biotypes of the virus result in the classically fatal expression of the 
disease? 

Materials and Methods 

Virus 

The CP strain TVM-2 [5J and NCP strain New York-I, grown in bovine embryo kidney 
(BEK) cells, were used. The CP strain was at its 6th passage level and had a titer of 106 . 50 

median tissue culture infectious doses (TCID 50) per 1 m!. The NCP strain had an undeter­
mined number of passages in tissue culture and its titer, as determined by immunofluores­
cence in BEK cells, was 105.50 TCID50/ml. 

Experimental design: inoculation of calves 

Twenty-two 30-40 days old Friesian calves, devoid of neutralizing antibody to BVDV, were 
subdivided into 5 groups of 6, 6, 4, 4 and 2 respectively. The calves of Group 1 and 2 were 
inoculated with CP or NCP strains of BVDV, respectively. In Groups 3 and 4, 2 calves in 
each group were inoculated as above, i.e. with CP or NCP BVDV, whereas the remaining 
2 calves in each group were given dexamethasone (DMS) in addition to BVDV. Finally, 
calves of Group 5, received simultaneously both, the CP and the NCP BVDV. The CP and 
NCP BVDV were inoculated intravenously (i. v.), each calf receiving 5 ml of virus. The DMS 
was given i.v. and each calf was injected daily for 4 consecutive days with 0.1 mg/kg of body 
weight per day, with the first injection being made a few hours before virus inoculation. 

Viral isolation 

Attempts to isolate virus in BEK cells were carried out on pharyngeal swabbings and 
leukocytes obtained from each calf at pre-determined intervals after infection. Samples were 
considered negative for virus if cytopathic effects (CPE) failed to appear or immunofluores­
cence (fluorescein-isothiocyanate conjugated with USDA anti-pestivirus 445 BVD serum of 
porcine origin) was negative after 2 serial subpassages of the inoculum had been made. The 
virus recovered from the samples was identified as BVDV by serum neutralization tests. 
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Results 

Response of calves to experimental infection with B VD V 

-Group 1: CP BVDV 

As shown in Table 1 all 6 animals inoculated with CP strain of BVDV had 
a clinical response very similar to that observed previously [1] with this viral 
strain. The calves developed a febrile reaction, leukopenia, respiratory 
symptoms and diarrhea and, in one case, mouth lesions. All animals re­
covered in about 2 weeks. Virus was consistently recovered from the pharyn­
geal swabbings of all calves from post infection day (PID) 2 through PID 11, 
whereas virus recovery from the buffy coat was less regular. At PID 30 
neutralizing antibody were found at titers ranging 1: 32-1: 128. 

- Group 2: NCP BVDV 

The 6 calves inoculated with NCP strain New York-l of BVDV did not 
show any clinical sign of the disease. The body temperatures, as well as the 
leukocyte counts, remained normal. However, the virus was isolated from 
pharyngeal swabbings and from buffy coat of all calves. The immunologic 
response of these calves was similar to that described for calves exposed to 
CP BVDV. 

Response to BVDV infection of calves treated or not treated with DMS 

-Group 3: CP BVDV 

As depicted in Table 2, the clinical response of calves to CP strain of BVDV 
was generally more severe in the case of those animals which were treated 
with DMS. The two calves (Nos. 193, 194) which were given the virus only, 
had a clinical response similar to that described above for the CP BVDV 
infection of Group 1 calves in that they reacted with fever, nasal discharge, 
diarrhea and leukopenia and recovered in about two weeks. The 2 calves 
(Nos. 191, 192) which, beside the virus, were also given DMS for 4 consecut­
ive days, developed symptoms later than the former animals, but they were 
much more severe and lasted longer; moreover, one calf (No. 192) died 
3 days following the last injection of DMS, i.e. on PID 7. At necropsy the 
mucosa of the small intestine was slight congested and the mesenteric lymph 
nodes appeared enlarged. Virus was isolated from both groups of calves 
from both pharyngeal swabbings and from buffy coat. Virus was also 
isolated from the spleen and from the lung of the dead calf. Neutralizing 
antibody titers were found in the serums of all calves which survived, and at 
PID 30 they were in the same range (1: 32-1: 128) as those observed for the 
other groups of calves. 
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- Group 4: NCP BVDV 

In the case of those calves exposed to NCP BVDV, the simultaneous 
treatment with DMS induced a severe clinical disease (Table 3). The 2 DMS 
treated calves had high fever, nasal discharge, leukopenia and diarrhea. One 
calf died on PID 11 and the other on PID 17. At necropsy congestion was 
observed in the upper digestive tract and superficial erosions were found in 
the mucosa of small intestine. Mesenteric lymph nodes were hemorrhagic 
and enlarged. In contrast, the 2 calves which were only injected with the 
NCP BVDV showed no clinical signs of disease, with the exception of 
a slight nasal discharge. Virus was consistently recovered from pharyngeal 
swabbings and buffy coat samples without any difference being observed 
between the two groups of calves. Virus was also isolated from spleen and 
lung of the calf that died on PID 11. 

- Group 5: Response of calves to simultaneous infection with CP and 
NCP BVDV 

The clinical response of the 2 calves was analogous to that observed in 
the calves of Group 1 which were used to test the pathogenicity of the 
CP BVDY. It seems, therefore, that the mixed infection did not result in 
any particular unexpected pathological situation. 

Discussion 

In this study it was demonstrated that CP TVM-2 strain of BVDV induced 
in calves a severe disease, whereas the calves inoculated with the NCP 
New York-1 strain remained clinically normal. The data are still insufficient 
to decide whether the key factor for a different pathogenic role of the virus 
can be related to its ability to induce cytopathology or not. However, it 
becomes increasingly obvious that among BVDV isolates there can be 
a potential diversity in their pathogenic pathway toward the host. This study 
confirms that the clinical response of cattle to BVDV infection is signific­
antly affected by an immunosuppressive state of the host. Evidently, as 
already suggested [l1J, the immunosuppression represents a further "key 
factor" in the pathogenesis of bovine viral diarrhea. To conclude: The 
BVDV infection should be regarded as a multifactorial syndrome [7J where 
several factors might be involved in altering the pathogenesis, such as: 1. An 
immunotolerant state induced in persistently infected cattle with NCP 
(and/or CP also?) BVDV. These cattle when superinfected with an homolo­
gous BVDV [3J undergo an acute and, eventually, fatal expression of the 
disease. 2. The biotype of BVDV, seems to influence significantly the devel­
opment of the disease. 3. The immunosuppressive state of the animals is 
responsible for a severe form of bovine viral diarrhea. In this case the biotype 
does not seem to play any particular role in the development of the disease 
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which, whatever biotype is involved, is almost always fatal. 4. The immuno­
suppressive activity of BVDV could be a property peculiar to certain strains 
of the virus. On the other hand, there is evidence that under natural 
conditions BVDV might be responsible of immunologic dysfunctions In 

cattle [11]. 
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bovine virus diarrhea virus biotypes in the intestinal tract of calves 

following experimental production of mucosal disease 
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Summary. Mucosal disease can be experimentally induced by inoculating 
calves persistently viremic with noncytopathogenic (ncp) Bovine Virus Diar­
rhea Virus (BVDV) with an antigenetically closely related cytopathogenic 
(cp) BVDV strain. Calves suffering from mucosal disease develop severe 
intestinal lesions causing breakdown of the gastrointestinal barrier and 
death. Knowledge about tissue distribution of ncp/cp biotypes of BVDV 
may contribute to the understanding of the pathogenesis of these lesions. 
Distribution of cpBVDV versus ncpBVDV was demonstrated in the intesti­
nal tract of nine calves with experimentally induced mucosal disease and in 
five persistently viremic calves. Biotypes were distinguished immunohisto­
chemically in organ tissues using monoclonal antibodies against marker 
epitopes on the viral surface glycoprotein gp53. In persistently viremic calves 
ncpBVDV was present in a few epithelial cells, mononuclear cells and 
intramural ganglia. A multifocal reaction was observed in vascular walls. In 
calves with mucosal disease a striking increase of antigen containing cells 
occurred. Viral antigen in these cells reacted with marker antibodies for 
cpBVDV. A distinct tissue distribution of biotypes was observed in intra­
mural ganglia and duodenal glands. Severe tissue damage was correlated to 
the presence of cpBVDV antigen. This indicates the importance of cpBVDV 
for the development of lesions. Interactions of cpBVDV and immune­
mediated mechanisms will need further investigation. 

Key words: BVDV infection, cattle, immunohistochemistry, intestine, 
monoclonal antibodies, mucosal disease. 
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Introduction 

Bovine virus diarrhea (BVD) was first described by Olafson et al. (1946). In 
1953 first cases of mucosal disease were reported [36]. Gillespie and Baker 
(1959) recognized that both clinically different diseases are caused by the 
same virus. Later the bovine virus diarrhea virus (BVDV) was classified 
together with hog cholera virus and border disease virus in the genus 
pestivirus of the togaviridae. Despite its known etiology, the pathogenesis of 
mucosal disease remained unclear until it was recognized that mucosal 
disease could only be produced in immunotolerant calves, which had been 
persistently infected with a noncytopathogenic (ncp) BVDV [22,24,27, 38]. 
In these calves superinfection with cytopathogenic (cp) BVDV resulted in 
mucosal disease in case the cpBVDV was antigenetically closely related to 
the persistent ncpBVDV [7, 12, 31]. Under field conditions the matching 
cpBVDV may originate from mutation of the persistent ncpBVDV [14, 19]. 

In mucosal disease severe lesions causing death of animals are found in 
mucus membranes of the gastrointestinal tract, especially at sites with 
gut-associated lymphoid tissue [35, 37]. The pathogenesis of these lesions is 
still inconclusive [5]. They develop within a short time after experimental 
superinfection [7, 12, 31]. It has been suggested that interactions between 
ncp and cp biotypes of BVDV and the immune system are essential for the 
development of lesions [5]. BVDV antigen has been demonstrated with 
polyclonal antisera and monoclonal antibodies in cattle with persistent 
viremia [4, 15, 39J or with spontaneous mucosal disease [2, 28, 39]. Distinc­
tion between the different biotypes in organ tissues using monoclonal 
antibodies has, however, only been attempted in the central nervous system 
[18]. Using monoclonal antibodies (MABs) against marker epitopes on 
cpBVDV we were able to demonstrate the antigen distribution of cpBVDV 
versus ncpBVDV in experimentally produced mucosal disease in compari­
son to the localization of ncpBVDV antigen in persistently viremic calves. 

Material and methods 

Animals 

Tissues were collected from animals originating from a herd of Holstein Frisian cattle in 
Lower Saxony. This herd was under virological surveillance for approximately one year 
[31]. Fourteen clinically healthy calves of this herd were transfered at an age of two to five 
months to an isolation unit at the Hannover Veterinary School. All animals were persis­
tently viremic with BVDV and showed no neutralizing antibodies against BVDV. 

Experimental production of mucosal disease 

The experimental procedure has been published in detail [31]. Briefly, BVDV isolated from 
the peripheral blood of all calves with permanent viremia was of ncp biotype and had 
identical reaction patterns when tested in infected monolayer enzyme immune assays with 
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15 MABs directed against the viral surface glycoprotein gp53 [9, 29, 30]. Therefore these 
ncpBVDV isolates were considered to represent a uniform virus of common source. In the 
following it will be refered to this virus as herd-specific virus. For superinfection by 
intranasal and intravenous inoculation BVDV strains which had been tested with the same 
MABs were selected with regard to biotype and to homology/heterology compared with the 
herd-specific ncpBVDV. 

One calf served as control and was not inoculated. Two calves were inoculated with 
cpBVDV strain Al 138/69 which displayed the highest degree of heterology compared to the 
herd-specific ncpBVDV and two calves were inoculated with a mixture of three ncpBVDV 
strains (Auburn, New York, 9762). These ncpBVDV strains exhibited a close homology to 
the herd-specific ncpBVDV. These five animals remained clinically healthy and were 
euthanized on days 23 to 27 post inoculation (group A, Table 1). 

Six calves were inoculated with a mixture of three cpBVDV strains (Indiana, 
Lamspringe/135 and MDl) which displayed the closest homology to the herd-specific 
ncpBVDV; three calves were inoculated with cpBVDV strain Indiana only. All nine animals 
developed signs of mucosal disease and were euthanized in extremis on day 8 to day 14 post 
infection (group B, Table 1). Route of inoculation and virus dose used for superinfection are 
summarized in Table 1. 

Tissue collection 

Calves were immobilized with Xylazin (RompunR) and euthanized with Pentobarbital-Na 
(NarcorenR). Intestinal tissues were collected from duodenum, mid jejunum containing 
a Peyer's patch, ileum next to the ileocecal entrance, lymphoid patches at the ileocecal 
entrance and in the proximal colon, mid colon and rectum. All tissues were placed in 0.15 M 
phosphate buffered saline at 2°C immediately. 2 x 3 cm 2 large pieces of tissue were excised, 
placed with the mucosa on thin slices of liver for surface protection and then attached to 
corrugated card board [21]. Tissues were snap-frozen in chilled isopentane and stored at 
. -70°C. Frozen sections of 4 11m thickness were cut with a cryostat (Frigocut, Reichert 
& lung), collected on chromalaun gelatine coated slides and dried for 30 minutes with a fan. 
Sections were used for immunohistochemical reactions immediately or briefly fixed for 
30 sec in 100% acetone at room temperature and stored at - 20°C. 

Immunohistochemistry 

Out of the fifteen MABs against viral surface protein gp53 which had been used to 
characterize the BVDV strains in vitro, nine were selected as primary antibodies for 
immunohistochemistry [9, 29, 30, Table 2]. The pestivirus-specific MAB C16 was included 
as control [34]. Several of the MABs have been used for immunohistochemical reactions on 
alcohol- or formalin-fixed paraffin-embedded tissue [1, 18]. However, the majority of 
epitopes recognized by MABs are destroyed by these preparation methods. Since the whole 
panel of MABs had to be available for our purpose, antigen was demonstrated by indirect 
immunoperoxidase method in cryostat sections. With this method the pattern of MAB 
reactivity established in vitro could be used in tissue. 

Sections were fixed in acetone for 10 minutes at room temperature, air dried and 
rehydrated in phosphate buffered saline pH 7.6 (PBS). Endogenous peroxidase was inhib­
ited by incubation with 0.05% phenylhydrazine in PBS at 37°C for 40 minutes. Non specific 
binding sites were blocked with inactivated rabbit serum diluted 1: 10 in PBS with addition 
of 0.5% Tween 20 (Tween PBS). After 20 minutes serum was decanted and sections were 
incubated with primary antibodies in a humid chamber at room temperature for 
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Table 2. Monoclonal antibodies (MABs) used to differentiate immunohistochemically 
between the herd-specific ncpBVDV and cp/ncp BVDV strains used for superinfections 

MABs 
BVDV 

herd-specific 
virus (ncp) 

Auburn (ncp) 
New York (ncp) 
9762 (ncp) 
A1138/69 (cp) 
Indiana (cp) 
MDt (cp) 
Lamspringe/735 

(cp) 

CA 1 CA3 CA25 CA36 CA80 CT2 CT3 CT6 CT9 

+ + + 

+ + + + 
+ + + + 
+ + + + 

+ + + + + + 
+ + + + + 
+ + + + 
+ + + + 

90 minutes. Primary MABs were diluted in Tween PBS. Peroxidase-conjugated rabbit anti­
mouse immunoglobulin (Dakopatts Pt61) diluted t: 80 in normal calf serum and Tween 
PBS (1: 1) was applied as second antibody for 60 minutes in a humid chamber at room 
temperature. Peroxidase activity was detected by incubation in a solution of 0.05% 
3,3'-diaminobenzidine tetrahydrochloride and 0.03% hydrogen peroxide in TRIS-HCl 
buffer pH 7.6. Reaction was stopped after 5 minutes by rinsing slides in distilled water. 
Slides were counterstained in Mayer's haemalaun for 30 seconds or in an aquous 2% 
solution of methylene green for 10 minutes, rinsed in tap water and coverslipped. 

Results 

Animals of group A remained clinically healthy until necropsied on days 23 
to 27 post inoculation. Macroscopic examination of the intestinal tract 
revealed mild hyperemia of lymphoid patches both in small and large 
intestine. In one calf the ileal wall was edematous, in another necrotic plugs 
were present in the colonic lymphoid patch and in a third petechial hemor­
rhages were found in rectal mucosa. Histologically moderate crypt hyper­
plasia, mild focal necrosis of crypt cells and follicle-associated epithelial cells 
and mild depletion of mucosa-associated lymphoid follicles were observed. 

In all calves of group A, MABs CAl, CA3 and CA80 which recognized 
epitopes on herd-specific ncpBVDV stained viral antigen as diffuse, granular 
precipitate in the cytoplasm of epithelial cells, mononuclear cells and gan­
glionic neurons. An identical staining pattern was observed with the broadly 
reacting pestivirus-specific MAB C16. The presence of BVDV strains used 
for inoculation was determined by marker MABs, which recognized epi­
topes on the BVDV strains used for superinfection, but not on the herd­
specific ncpBVDV. MABs CA25, CA36, CT3, CT6 and CT9 served as 
marker antibodies for cpBVDV strain Al 138/69, MAB CA25 for ncpBVDV 
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strains Auburn and New York, and MAB CT3 for ncpBVDV strain 9762 
(Table 1). In intestinal tissues, viral antigen corresponding to these BVDV 
strains used for inoculation was not detectable. 

The tissue distribution of herd-specific ncpBVDV antigen was identical 
in all calves of group A. In small intestinal epithelium viral antigen was 
present in small groups of crypt cells (Fig. 1), while in large intestinal 
epithelium only a few, single crypt cells were positive. In the lamina propria 
a small number of mononuclear cells containing viral antigen was found. 
Intense reactions were observed in epithelial cells of glandulae duodenales 
and neurons of plexus submucosus and myentericus. Lacteals and walls of 
blood vessels especially small arterioles in the submucosa stained in a multi­
focal pattern. In lymphoid tissue of Peyer's patches (Fig. 1) and colonic and 
rectal lymphoid patches a few positive mononuclear cells were present. 
Comparing the different compartments increased staining was found in 
interfollicular areas. 

Animals of group B developed typical clinical signs of mucosal disease. 
There were erosions and ulcerations in the oral cavity and profuse diarrhea. 
Detailed macroscopic findings have been reported [31]. Macroscopically 

Fig 1. Distribution of herd-specific 
ncpBVDV antigen in the ileal Peyer's patch 
of a persistently viremic calf. Small groups 
of epithelial cells (arrows), a few mononuc­
lear cells in the lamina propria and scattered 
cells in the lymphoid follicles and domes 
contain viral antigen. Increased numbers of 
positive cells are present in interfollicular 
areas. Note reaction of intramural ganglia 
(open arrow) and vascular walls (arrow­
heads). Calf 4 gr, ileal Peyer's patch, MAB 

CA 1, bar = 300 11m 
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lesions in small intestine were generally restricted to Peyer's patches which 
were indented, hyperemic and frequently covered with fibrinous exsudate. In 
two calves erosive to diphtheroid colitis was found. Lymphoid patches at the 
ileocecal entrance, in colon and rectum were characterized by hyperemia, 
hemorrhages, necrosis and fibrinous exsudate. Lesions in rectum were 
milder than in colon, but focally extensive hemorrhages were more frequent. 

MABs CT3 and CT6 served as marker antibodies for cpBVDV strain 
Indiana and MAB CT2 for cpBVDV strains Lamspringe/735 and MDl. 
They reacted with the cpBVDV strains used for superinfection exclusively. 
MABs CAl, CA3 and CA80 recognized epitopes on the herd-specific 
ncpBVDV as well as epitopes on the cp viruses used for superinfection 
(Table 1). Therefore distribution of ncpBVDV was evaluated by comparing 
consecutive sections stained with marker antibodies for cpBVDV or anti­
bodies reacting with herd-specific ncp and superinfecting cpBVDV. In 
tissues of calves which had been inoculated with a mixture of cpBVDV 
strains Indiana, Lamspringe/735 and MD1, only marker antibodies directed 
to strain Indiana reacted in addition to antibodies recognizing the herd­
specific ncpBVDV. Therefore three calves were inoculated with cpBVDV 
strain Indiana only. Lesions, distribution of viral antigen and intensity of 
immunohistochemical reactions were similar in all calves of group B and will 
be discussed together. 

Compared to animals of group A, numbers of epithelial cells and mono­
nuclear cells containing viral antigen were drastically increased. Distribu­
tion and number of positive cells in intestinal tissue were similar with MABs 
CAl, CA3 and CA80 reacting with herd-specific ncpBVDV and cpBVDV 
strain Indiana, and with marker antibodies MABs CT3 and CT6 directed to 
cpBVDV strain Indiana. This indicates that viral antigen observed in calves 
with mucosal disease was predominantly of cp biotype. 

While lesions in duodenum were mild, in mid and lower jejunum stunted, 
fused villi lined with cuboidal epithelium which contained numerous intra­
epithelial cells were found. Necrosis of cells in the depth of hyperplastic 
crypts and crypt abscesses were frequent. Most crypts stained intensely for 
viral antigen (Fig. 2). In the lamina propria, BVDV antigen was found in 
mononuclear cells and in cells lining the dilated villous lacteals. Scattered 
mononuclear cells and mild periganglionic and perivascular lympho­
histiocytic infiltrates in the submucosa reacted positive. 

A distinct distribution of biotypes was observed in duodenal glands and 
intramural ganglia. In parallel sections of duodenal glands ncpBVDV was 
present in moderate numbers of epithelial cells and cpBVDV in a few 
epithelial cells only (Fig. 2). While ncpBVDV was found in ganglionic 
neurons, marker antibodies for cpBVDV strain Indiana stained satellite cells 
and inflammatory infiltrates (Fig. 3). 

Lesions increased in severity towards Peyer's patches, where they were 
most pronounced (Fig. 4). Above Peyer's patches only remnants of villi and 
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Fig. 2. Distribution of ncpBVDV versus cpBVDV in duodenal glands of a calf suffering 
from mucosal disease. There are increased numbers of positive cells. Most crypt cells, but 

only few villous epithelial cells contain viral antigen. Note reactions in lacteal walls 

A Moderate numbers of duodenal gland epithelial cells are stained with MAB CAl 
recognizing herd-specific ncpBVDV and cpBVDV strain Indiana 

B Few duodenal gland epithelial cells are stained with MAB CT3 recognizing cpBVDV 
strain Indiana only 

Calf 384, duodenum, consecutive sections A: MAB CA 1, B: MAB CT3, bar = 300 ~m 

crypts were found. The epithelium was flattened and frequently blast-like 
cells with large, sometimes multiple nuclei were observed. BVDV antigen 
was present in remaining epithelial cells. Especially intense reactions occur­
red in the small, depleted lymphoid follicles (Fig. 5). Necrotic centers of 
lymphoid follicles, which were occasionally replaced by mucinous material, 
were surrounded by a thin layer of positively stained lymphoid cells. BVDV 
antigen was also present in remaining domes and follicle-associated epi­
thelium. Sometimes only groups of follicle-associated epithelial cells or 
intraepithelial cells were stained. The numerous macrophages, lymphocytes 
and dendritic cells in the peri- and parafollicular area mostly contained viral 
antigen. 
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Fig. 3. Distribution of ncpBVDV and cpBVDV antigen in intramural ganglia of a calf 
suffering from mucosal disease 

A Ganglionic neurons and scattered mononuclear cells are stained with MAB CA I 
recognizing herd-specific ncpBVDV and cpBVDV strain Indiana 

B Satellite cells and scattered mononuclear cells are stained with MAB CT3 recognizing 
cpBVDV strain Indiana only 

Calf 15gr, ileal Peyer's patch, consecutive sections A: MAB CAl , B: MAB CT3, 
bar= 100 11m 

Large intestinal lesions were more severe in calves inoculated with the 
mixture of three cpBVDV strains than in calves inoculated with cpBVDV 
strain Indiana only. Epithelial alterations were characterized by crypt 
hyperplasia, decrease of goblet cells and multifocal crypt cell necrosis. In 
areas where necrotic crypts were present almost all epithelial cells contained 
viral antigen, while in other crypts only small groups or single cells were 
positive (Fig. 6). Adjacent to necrotic crypts increased numbers of mast cells 
and positively staining mononuclear cells were found. Findings in the 
lamina propria and submucosa were comparable to small intestine. Mild to 
moderate lymphohistiocytic perivascular infiltrates were more frequent than 
in small intestine. 

As in small intestine, most severe alterations were found in association 
with lymphoid tissue of large intestine. In the area of colonic and rectal 
lymphoid patches, architecture of mucosa and lymphoid tissue was com­
pletely altered and cpBVDV was demonstrated in numerous epithelial cells, 
lymphocytes and macrophages. Lymphoglandular complexes were dilated 
with necrotic and mucinous debris. They were surrounded by a rim of 
lymphocytes, macrophages and dendritic cells containing viral antigen 
(Fig. 7). Epithelial invaginations and remnants of the predominantly 
necrotic follicle-associated epithelium reacted positively. 
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Fig. 4. Increasing severity of lesions and numbers of cells containing cpBVDV towards 
a Peyer's patch in a calf suffering from mucosal disease. A, B, C are from the same section 

A Within Peyer's patch: complete loss of mucosal architecture (open arrow), remnants of 
lymphoid follicles (arrows) 

B Next to Peyer's patch: stunted villi, increased numbers of positive cells 
C About 2 cm distance from Peyer's patch: crypt necrosis, short villi 

Calf 385, jejunal Peyer's patch, MAB CA 1, bar = 300 !-lm 

Fig. 5. Numerous cells containing 
cpBVDV antigen in remnants of depleted 
lymphoid follicles in a calf suffering from 
mucosal disease. Note reactions in remain­
ing epithelial cells (arrows). Calf 15 gr, ileal 

Peyer's patch, MAB CT3, bar = 300 !-lm 
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Fig. 6. Numerous epithelial cells containing 
cpBVDV antigen in necrotic crypts in large 
intestine of a calf suffering from mucosal 
disease. In adjacent crypts a few positive 
cells are present only. Calf 384, mid colon, 

MAB CT3, bar= 100 ~m 

Fig. 7. Dilated and severely depleted Iymphoglandular complexes in proximal colon of 
a calf suffering from mucosal disease. BVDV antigen is present in remaining rims of 
mononuclear cells surrounding lymphoglandular complexes. Note atrophic mucosa (open 
arrows) and staining of remaining crypt cells. Calf 384, proximal colon, MAB CA 1, 

bar= 500 ~m 

Discussion 

The objective of this investigation was to distinguish ncp and cp biotypes of 
BVDV in intestinal tissues of calves with experimentally produced mucosal 
disease. Knowledge about the distribution of cpBVDV in tissue may con-
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tribute to the understanding of the development of lesions. Biotypes of 
BVDV are defined according to their behaviour in cell cultures. The mo­
lecular basis for the distinction of biotypes is the non-structural protein p80, 
which is found in cp strains of BVDV only [13]. p80 is considered to be the 
product of a proteolytic cleavage of p125, a non-structural protein present in 
both ncpBVDV and cpBVDV. Antibodies which recognize p125 usually 
also recognize p80. Therefore this non-structural protein can currently not 
be used for distinction of biotypes in tissue. Distinction of biotypes in this 
investigation was based on marker epitopes on the viral surface glycoprotein 
gp53 which were present on superinfecting cpBVDV and absent on the 
herd-specific ncpBVDV. 

In persistently viremic calves MABs which recognized the herd-specific 
ncpBVDV reacted only. Viral antigen was present in a few epithelial and 
mononuclear cells and in intramural ganglia as has been reported in pre­
vious studies [4, 39]. The multifocal staining of vascular walls which was 
also described by Meyling (1970) and Liess (1985) might be due to attaching 
or traversing mononuclear cells. Higher frequency of virus containing cells 
in interfollicular T cell areas than in lymphoid follicles is consistent with 
viral distribution in peripheral blood leucocytes. A high percentage of 
T lymphocytes and monocytes, but comparatively few B lymphocytes con­
tain viral antigen in persistently viremic cattle [3, 11]. 

In superinfected calves, which remained healthy, marker antigens of 
BVDV strains used for inoculation were not detected in organ tissues. The 
calves inoculated with heterologous cpBVDV developed neutralizing anti­
bodies which might have eliminated or masked the virus. This is a further 
confirmation for the specificity of the immunotolerance [8, 10, 25]. In 
persistently infected calves homologous strains of ncpBVDV might not be 
able to infect cells. Alternatively viral antigen may not have been detectable 
because of slow replication of superinfecting ncpBVDV [26, 32J or low 
affinity of marker antibodies [20]. In all calves superinfected with either 
heterologous cpBVDV or homologous ncpBVDV, distribution and number 
of cells containing herd-specific ncpBVDV were such as in the persistently 
viremic, not superinfected calf. The persistent ncpBVDV appears not to be 
affected by superinfection or host immune response [25]. 

In animals suffering from mucosal disease, high numbers of cells contain­
ing viral antigen have been reported [1, 2]. In calves inoculated with 
matching cpBVDV which developed mucosal disease, a striking increase of 
cells containing viral antigen was observed. These cells reacted with marker 
antibodies for cpBVDV. In consecutive sections stained with antibodies 
which recognized cpBVDV as well as ncpBVDV an identical staining 
pattern was observed in most locations. Therefore it was concluded that the 
large numbers of viral antigen containing cells in calves with mucosal 
disease are predominantly infected by cpBVDV, whereas the number of 
ncpBVDV -infected cells seemed to be unchanged compared to clinically 
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healthy, persistently viremic controls. cpBVDV may be able to infect cells 
and replicate rapidly without protective immune reaction of the host animal. 

Simultaneous infection of cells with both biotypes cannot be excluded in 
intestinal epithelium, lymphoid tissue and infiltrating mononuclear cells. It 
appears, however, unlikely, because in several locations a distinct distribu­
tion of biotypes was observed in consecutive sections. In intramural gangli­
onic neurons ncpBVDV was present, while cpBVDV was found only in 
satellite cells and infiltrating inflammatory cells. In duodenal glands moder­
ate numbers of epithelial cells stained for ncpBVDV, but only few for 
cpBVDV. Comparing distribution of biotypes in Peyer's patches of calves 
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Fig. 8. Distinct distribution of ncpBVDV and cpBVDV in intestinal tissues of calves with 
persistent viremia and mucosal disease using MABs against marker epitopes 
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with persistent viremia and mucosal disease it was striking that in persis­
tently viremic cattle most of ncp viral antigen was present in interfollicular 
areas, while in calves with mucosal disease cpBVDV was predominantly 
found in lymphoid follicles. This distinct preference of target cells might be 
caused by interference phenomena of cells already infected with ncpBVDV. 
A similar effect has been observed in cell cultures. Cell cultures infected with 
ncpBVDV did not exhibit cp effects after superinfection with cpBVDV [17]. 

In calves with mucosal disease, a correlation of severe tissue damage and 
presence of cpBVDV was observed (Fig. 8). This indicates the importance of 
cpBVDV for the development of lesions and suggests a direct destruction of 
cells by cpBVDV. Immune-mediated mechanisms can, however, not be 
excluded, yet. In animals suffering from mucosal disease increased numbers 
of macrophages, T 8 lymphocytes and null cells are present in the lamina 
propria [5]. They might induce changes of the epithelium directly or by 
cytokines [6]. Special consideration should also be given to lymphoid 
patches in small and large intestine where high amounts of cpBVDV were 
accumulated. They may serve as entrance for viral antigen or represent an 
especially favorable microenvironment for cpBVDV replication. Time se­
quential studies on experimentally superinfected cattle and double labelling 
for biotypes and mononuclear cells will be necessary to further elucidate the 
development of lesions. 
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Summary. A group of 14 four to nine month old calves, clinically healthy but 
persistently infected with bovine virus diarrhoea virus (BVDV), was ob­
tained from a single farm, and reared as a group. Ten of them were male and 
were castrated soon after arrival. Signs of mucosal disease (MD) developed 
within a month and eight of the males had died or been killed on humane 
grounds by 2 months after purchase. The other two males and one of the 
females developed more chronic but progressive signs of MD and were killed 
during the next four months. The remaining three females showed only 
transient signs of MD followed by clinical recovery. They subsequently 
remained healthy up to slaughter at 2, 2.5 and 5 years respectively. These 
three survivors were persistently infected with BVDV, and shed virus in their 
mucous secretions, although two of them were also seropositive to the virus 
with fluctuating neutralizing antibody titres (at times as high as 1/960) to 
a range of BVDV strains including their own persisting virus. 

Key words: Bovine virus diarrhoea, mucosal disease, BVD, pestivirus, cattle. 

Introduction 

Mucosal disease (MD) is a progressive, usually fatal, disease of cattle which 
occurs only in animals which are persistently infected (PI) with, and immuno­
tolerant to, bovine virus diarrhoea virus (BVDV) as a consequence of 
in utero infection. MD appears to be associated with an interaction between 
cytopathogenic and non-cytopathogenic biotypes of the virus which are 
antigenically closely related [5]. This paper describes a spontaneous out­
break of MD among a cohort of PI cattle which had been homebred on 
a single farm, and were likely therefore to have been infected in utero with 
the same strain of virus. The range of clinical and virological responses seen 
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in the individual cattle highlights the complexity of this disease, and warns 
against an oversimplistic approach to its diagnosis or control. 

Materials and methods 

A group of 20 clinically healthy four to nine month old calves was obtained from a single 
farm and reared in group housing. Fourteen of the calves were BVDV-PI, 10 males and 
4 females. The males were castrated one week after arrival. They were clinically monitored 
regularly over the next six months, and sporadically thereafter. The only experimental 
interventions were periodic blood sampling from the coccygeal vein using evacuated blood 
tubes, swabbing of nasopharyngeal, oral and rectal mucosae, and the intravenous adminis­
tration of frusemide to facilitate collection of urine samples. Apart from the first case, which 
died, the cattle were killed on humane grounds when they became severely sick with MD. 
Tissue samples taken at post mortem examination were stored at -70°C pending viro­
logical testing. 

Virus isolation from blood serum samples was done in micro titre plate cultures of 
bovine turbinate cells, followed by immunoperoxidase labelling to detect growth of non­
cytopathogenic BVDV [12]. In the case of swabs and tissues, sample suspensions were 
inoculated into secondary bovine kidney cells in Leighton tubes, with fluorescent antibody 
staining for BVDV antigen after 5 days incubation. For serology the sera were heated at 
56°C for 30 min to inactivate the intrinsic virus. Antibodies were detected by a micro titre 
virus neutralization test using 100 TCID so BVDV per well, 2 hours neutralization at 37°C, 
and bovine turbinate cells. The BVDV strains used were NADL, Oregon C24V, an isolate 
(A619) from an unrelated PI animal, and several isolates from within the present outbreak. 
Monoclonal antibody reaction patterns were determined using the Weybridge pestivirus 
panel in the peroxidase-linked assay as described previously [10]. 

Results 

Slight to moderate clinical signs leading to suspicion of mucosal disease 
appeared among the male PI calves 2-3 weeks after arrival at the institute. 
These included inappetance, intermittent diarrhoea, and small ulcers around 
the gums. By the fourth week it was evident that a MD episode was in 
progress; the calves could not be used for their original purpose which was 
related to other experimental studies, so intensive monitoring of the clinical 
progression of the MD was commenced. The signs were typical of those 
previously described for MD [1], including nasal and ocular discharges, 
salivation, diarrhoea, inappetance, apathy, loss of body condition with a dry, 
scurfy skin, and ulceration of the gums, cheeks, tongue and hard palate. The 
heart and respiratory rates remained normal except for a terminal tachy­
pnoea in one animal, and pyrexia was not a feature of the outbreak. No 
clinical signs were recorded in the six virus-negative calves. The temporal 
progression of the outbreak is indicated in Fig. 1. Eight of the males died or 
were killed in extremis between weeks 6 and 10 of the study. The remaining 
two males and one of the females developed signs of chronic MD leading to 
slaughter in weeks 18, 19 and 28. The other three females showed mild and 
intermittent signs (oral ulceration, nasal and ocular discharges) but eventu-
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Fig. 1. Clinical progression of a mucosal disease outbreak in a group of 14 BVDV­
persistently infected calves from a single farm 

Each horizontal bar indicates the presence of clinical signs in one animal, with the thickness 
of the bar giving an indication of severity 

ally recovered and remained healthy up to slaughter at 2, 2.5 and 5 years 
respectively. 

At necropsy, the animals with MD showed extensive ulceration of the 
alimentary tract, in particular linear erosions in the oesophagus, and ero­
sions on the ruminal pillars, the tips of the omasalleaves, and at the pylorus 
and the ileo-caeco-colic junction. Abomasitis, with or without ulceration, 
was a constant finding, as was mucosal damage in the small and/or large 
intestines although there was considerable variation in the distribution of 
the lesions between individual calves. 

As expected, virus was isolated from a wide range of tissues of the PI 
cattle at necropsy, including cytopathogenic viruses from the mucosal dis­
ease cases. Cytopathogenic virus was also isolated from the mesenteric 
lymph nodes of one of the survivors at slaughter 2 years after the start of the 
study. In the live animals BVDV was readily isolated from buffy coat, blood 
clot, serum and nasopharyngeal swabs, including samples from those 
animals shown later to have antibodies to the virus. A lower, but still 
significant, isolation rate was recorded from samples of urine, oral swabs 
and rectal swabs (Table 1). 

For the monoclonal antibody reaction patterns, comparisons were made 
between the earliest and the last isolate from each animal in the study, and 
between the isolates from different tissues taken at necropsy from each 
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Table 1. BVDV isolation rates from samples taken during the course of 
a mucosal disease outbreak in persistently infected cattle 

Sample Total No. (and percentage) 
tested positive for BVDV isolation 

Buffy coat 209 196 (94%) 
Blood clot 226 223 (99%) 
Serum 220 216 (98%) 
Naso-pharyngeal swab 185 174 (94%) 
Urine 173 116 (67%) 
Oral swab 183 57 (31%) 
Rectal swab 163 45 (28%) 

animal. All the isolates reacted identically, corresponding to "pattern 1" as 
defined previously [1OJ, except for the reaction with monoclonal WH216 
which labelled only plaques within completely infected cell sheets, from 
a proportion of tissues from MD affected cases only. This monoclonal is 
believed to react selectively with cytopathogenic isolates of BVDV [10]. The 
labelling with WH216 did not precisely correlate with observed cyto­
pathogenicity, although exhaustive attempts were not made to separate 
mixtures of the two biotypes of virus. The monoclonal reaction patterns 
also remained constant after four passages in different bovine cell types 
(turbinate, kidney, and MDBK). 

Eleven of the PI calves remained seronegative throughout the study, to 
all strains of BVDV tested. This included all those which developed MD up 
to the 19th week of the study and one of the survivors which was killed at 
2.5 years. One male was seronegative to NADL and A619, but showed 
a low neutralizing antibody titre to Oregon C24V and to four isolates from 
animals in the study group including the homologous isolate from the 
animal itself (Fig. 2). These titres varied between 1/20 and 1/240 with 
a median of 1/80. From day 160 this animal became seronegative to these 
viruses, coinciding with the worsening of clinical signs which led to its 
eventual slaughter suffering from, chronic MD. 

The remaining two females were those which showed mild fluctuating 
signs followed by clinical recovery. They were seropositive throughout the 
study and remained so up to slaughter at 2 and 5 years respectively. Their 
sera neutralized NADL, Oregon C24V and A619 viruses with tit res in the 
range 1/20 to 1/160, but the highest titres were found to the four isolates 
from animals in the study group, which included their individual homol­
ogous viruses. In one case the homologous neutralizing titre fluctuated 
between 1/20 and 1/120, and in the other between 1/10 and 1/960 (Fig. 2). 
The pattern of neutralizing response to the serum titrations in the test plates 
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Fig. 2. BVDV neutralizing antibody titres in three seropositive BVDV-persistently infected 
calves 

Each line represents one animal. The titres shown are those directed against the homo­
logous persisting virus for each individual calf. Similar patterns were found to other strains 

of BVDV as described in the text 

was more erratic than generally observed with non-PI seropositive cattle, 
suggesting that the neutralization was incomplete. Although they were 
definitely persistently infected, the isolation of virus from blood samples was 
less consistent than with the seronegative calves. 

Discussion 

Because it occurred on institute premises, this spontaneous outbreak of MD 
among a group of PI calves gave the opportunity for more detailed monitor­
ing than is usually possible with disease episodes on farms. The PI animals 
fell into 3 groups according to their clinical responses, namely acute MD 
cases, chronic MD and mild disease with clinical recovery. Eight calves 
showed the classical signs and lesions of acute MD [lJ, with a time course of 
1-2 weeks from the appearance of severe clinical signs, although early signs 
were detectable on clinical examination up to 3 weeks before this (Fig. 1). It 
is interesting to note the absence of pyrexia in these calves. The role of 
"homologous" cytopathogenic BVDV in the pathogenesis of MD is now 
well established [4, 5, 6, 7J although the reasons for the emergence of such 
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a virus among a group of cattle remain obscure. These calves were homebred 
on a single farm and, although it cannot be proved conclusively, it is likely 
that they were born to dams who were exposed to the same strain of BVDV 
during early pregnancy. This is supported by the monoclonal typing of 
isolates from the calves, and by the neutralization test results, which in­
dicated a high degree of antigenic homology among the persisting viruses in 
the 14 calves, as also reported by Corapi et al. [8]. These tests also indicated 
that, apart from the biotypic change involved in cytopathogenicity, the 
viruses were antigenically stable within the group for the whole of the study 
period. The calves were maintained in isolation so an external source of 
cytopathogenic virus is unlikely. The most plausible suggestion for the 
origin of cytopathogenic BVDV in MD cases is by mutation from the 
persistent non-cytopathogenic virus [8, 11]. It may be speculated in the 
present case that the stress of movement from the farm of origin, followed 
a week later by castration of the male calves, could have been a precipitating 
factor leading to the development of cytopathogenicity in the virus, 
although why this should be so is not clear. It is also noteworthy that the 
severest disease was seen in the castrated males and that all three PI 
survivors were females. Roeder & Drew [13J suggested a possible role for 
hormonal changes at puberty in the pathogenesis of MD. It has been 
suggested that both physiological events and the immune system may be 
implicated in MD pathogenesis [2]. The possible influence of such factors 
on molecular changes in the virus in PI cattle further investigation. 

Three of the calves survived for 17 to 27 weeks before succumbing to 
chronic MD [1]. The onset of signs in this group was later and more 
insidious than in the acute cases, and the course of disease more prolonged. 
All the calves in the study would have had equal exposure to any circulating 
cytopathogenic virus so the different response may be attributed to host 
factors, possibly related to subtleties in the degree of BVDV -immunotoler­
ance exhibited. The longest survivor of the three was seropositive, even to 
its own persisting virus, and only developed frank MD at the time when 
neutralizing antibodies were no longer detectable in its serum (Figs. 1 and 2). 
An alternative hypothesis for the pathogenesis of chronic MD, the super­
infection of PI cattle with "partially homologous" cytopathogenic virus [5J, 
would not seem tenable in the present case. 

The final group of 3 heifers included 2 seropositives and may be pre­
sumed to have been only partially immunotolerant to the virus, with 
persistent virus and a defective immune response co-existing in some sort of 
equilibrium, which appeared to become more stable after about 6 months. In 
one case it appears that this mechanism extended to the cytopathogenic 
variant of the virus, which was isolated from a healthy survivor at slaughter 
2 years from the start of the study. Although it is known that PI cattle can 
mount an immune response to "heterologous" extraneous BVDV [3, 7J it 
seems an unlikely explanation for the seropositivity in this case, in view of 
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the neutralizing activity against the homologous persisting virus and the 
absence of neutralizing antibody in the majority of PI calves in the group. 
The degree of immune responsiveness may be related to the stage of 
gestation at which the fetuses were originally exposed to become persistently 
infected. Unfortunately no detailed information was available on this aspect 
of the animals' history. Studies of the cell-mediated immune effector systems 
in similar animals would clearly be of value. 

This case has important implications for the diagnosis and control of 
BVDV. Great caution should be expressed about schemes for the identifica­
tion of PI cattle which rely on preliminary serological screening, with virus 
screening only of seronegatives. A small proportion of PI cattle are not fully 
immunotolerant to the virus, and may have high titres of neutralizing 
antibody [9]. Such animals may be doubly difficult to detect since they are 
the very ones for which virus isolation tests, particularly those relying on 
serum samples, may be the least reliable. 
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Summary. The genomic sequences of four pestiviruses, two BVDV strains 
(Osloss and NADL, both of which are cytopathogenic) and two HCV 
strains, were analyzed. Comparative studies revealed the presence of small 
insertions of cellular sequences in the genomes of both BVDV strains; the 
insertions are located in a region coding for a nonstructural protein. Such 
insertions are not present in the HCV sequences. The insertion identified in 
BVDV Osloss encodes a complete ubiquitin-like element. The sequence 
inserted in the BVDV NADL genome shows no homology to a ubiquitin 
gene but is almost identical with another bovine mRNA sequence. 

Molecular characterization of a BVDV "pair", isolated from an animal 
with mucosal disease, led to the detection of a ubiquitin-like sequence in the 
genome of the cytopathogenic strain but not of the noncytopathogenic 
strain. It is proposed that recombination between viral and cellular RNA 
leads to formation of cpBVDV genomes. This hypothesis has direct implica­
tions for the pathogenesis of mucosal disease. 

Key words: Bovine viral diarrhea virus, RNA recombination, mucosal 
disease, pestivirus, ubiquitin. 

Introduction 

Fatal mucosal disease (MD) of cattle is unique with respect to its dependence 
on the coexistence of antigenically closely related noncytopathogenic bovine 

a To whom requests for reprints should be addressed. 
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viral diarrhea virus (ncpBVDV) and cytopathogenic BVDV (cpBVDV) 
in one animal [16, 3]. It is generally assumed that cpBVDV arises from 
the non cytopathogenic virus in the infected animal by some kind of 
mutation [3]. 

Comparison of the genomic sequences of the two cpBVDV isolates 
Osloss [20J and NADL [lJ with the ones of HCV [10, 15J led to the 
identification of insertions in the BVDV genomes [2, 10]. Such insertions are 
not present in the HCV sequence. The amino acid sequences encoded by the 
insertions are highly homologous to cellular sequences [11, 12, 13]. This led 
us to suggest a novel model for pathogenesis of MD [11]. Accordingly, 
a noncpBVDV mutates in persistently infected animals to a cpBVDV by 
taking up cellular sequences during a recombination event. 

Detection of ubiquitin-coding sequence 

The genome of the cpBVDV Osloss strain was the first BVDV strain to be 
completely sequenced [20]. The insertion identified in the Osloss genome 
comprises 228 nucleotides. A data bank search revealed homology of 97% 
between the amino acid sequence deduced from the Osloss insertion and 
animal ubiquitin (Fig. 1). In fact, the 228 nucleotides identified in the RNA 
genome of the BVDV Osloss strain code for a complete ubiquitin protein of 
76 amino acids [11, 13]. In comparison with the ubiquitin sequence con­
served in all animals examined so far [18J, two amino acid exchanges were 
detected in the Osloss ubi qui tin (Fig. 1). 

BVDV, OSLOSS: 
BVDV, NADL: 
Ubiquit in: 

BVDV, OSLOSS: 

Ubiquitin: 

BVDV, OSLOSS: 
BVDV, NADL: 
Ubi quit in: 

N L E H L G W ILK M Q I F V K T LTG K TIT LEV E P S D T 
N L E H L G W I L R 

M Q I F V K T LTG K TIT LEV E P S D T 

lEN V K A K I Q D KEG I P PDQ Q R L I FAG K Q LED G R 

lEN V K A K I Q D KEG I P PDQ Q R L I FAG K Q LED G R 

m LSD Y N I Q K EST L H L V L R LnG rnG P A V C K KIT E 
G P A V C K KIT E 

IT] LSD Y N I Q K EST L H L V L R L R G@] 

Fig. 1. Amino acid sequence comparison of parts of the polyproteins encoded by the 
genomes of BVDV strains Osloss [20J and NADL [IJ and the animal ubiquitin [18]. The 
amino acids differing between animal ubiquitin and the protein encoded by the Osloss 

insertion are boxed 
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To examine whether the ubiquitin-coding sequence is specific for the 
Osloss strain, a BglII fragment derived from a porcine polyubiquitin cDNA 
clone (pCL208 [5J) was hybridized to total RNA of Madin-Darby bovine 
kidney (MDBK) cells infected with five different strains of cpBVDV. The 
ubiquitin probe recognized only genomic RNA from the Osloss strain 
(Fig. 2A, lane 1), whereas viral RNA of all strains was clearly detectable with 
a pestivirus-specific probe [10, 13J (Fig. 2B). Hybridization of the ubiquitin 
probe to poly(A)+ RNA of noninfected MDBK cells indicated that the three 
bands visible in all lanes of Fig. 2A represent ubiquitin mRNAs (data not 
shown). Ubiquitin mRNA species varying in number and size have been 
described for other mammalian species [5, 18, 23]. 

Insertion in the BVDV strain NADL 

The NADL insertion of 270 nucleotides is located in the same genomic 
region as the Osloss insertion (see Conclusions). However, the two inserted 
sequences exhibit no nucleotide or deduced amino acid sequence homology 

1 2 3 4 5 6 2 3 4 5 6 
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Fig. 2. Northern blot analyses of total RNA from noninfected MDBK cells (lanes 6) and 
MDBK cells infected with BVDV strains Osloss (lanes 1), NADL (lanes 2), Oregon (lanes 3), 
Danmark (lanes 4), and Singer (lanes 5). The blots were hybridized with a 0.2 kb BglII 
fragment isolated from the porcine polyubiquitin cDNA clone pCL208 [5] (A), a 2.3 kb Sail 
fragment derived from the hog cholera virus cDNA clone 4.5 [10] (B), or two oligo­
nucleotides complementary to nucleotides 4994 to 5093 and 5094 to 5182 of the BVDV 
NADL genome [I] (C). A 5 )lg (A and B) or 10)lg (C) amount of glyoxylated RNA was 
separated in phosphate-buffered 1 % agarose gels containing 5.5 % formaldehyde and 
transferred to Duralon membranes (Stratagene) [19]. Hybridization with probes labeled 
with 32p by nick lanslation (nick translation kit; Amersham Corp.) (A and B) or polynucleo­
tide kinase (New England BioLabs, Inc.) (C) was performed in 0.5 M sodium phosphate 
(pH 6.8) -1 mM EDT A- 7% SDS at 68 °C (A) or 54 °C (B and C). Posthybridization washes 
were carried out with 40 mM sodium phosphate (pH 6.8) - 1 mM EDT A- 5% SDS and 
40 mM sodium phosphate (pH 6.8) -1 mM EDT A- I % SDS two times for 30 min each at 

hybridization temperature 

to each other. In addition similarity between the NADL insertion and 
known sequences could not be found. 

To find out whether the insertion in BVDV strain NADL is also 
homologous to cellular sequences, hybridization experiments with a mixture 
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of two oligonucleotides complementary to this insertion were carried out. 
A cellular RNA of about 2.9 kb could be detected on the resulting Northern 
(RNA) blots (arrow in Fig. 2C). After longer exposure times, two additional 
bands were observed (data not shown). All three RNA species bind to 
oligo(dT)-cellulose (see below) and thus probably represent mRNAs. The 
hybridization experiments also showed that the NADL insertion is strain 
specific, at least with regard to the five strains tested here (Fig. 2C). 

For further investigation, a cDNA library was constructed from 
poly(A)+ RNA of noninfected MDBK cells and screened with the NADL 
insertion-specific oligonucleotide mixture; one positive clone (peINS) con­
taining an insert of about 1 kb hybridized to genomic RNA of BVDV 
NADL and to three species of poly(A)+ RNA of noninfected MDBK cells 
(Fig. 3). Nucleotide sequencing revealed that the respective cDNA fragment 
contains a sequence highly homologous to the insertion identified in the 
genome of BVDV strain NADL (Fig. 4). The complete sequence spanning 
the insertion is conserved except for two nucleotide exchanges, whereas the 
flanking regions show almost no homology (Fig. 4). 

9.5 
7.5 

4.4 

2.4 

1.4 -

0.24-

1 2 3 

Fig. 3. Northern hybridization analysis of 0.5 I!g of total 
RNA of MDBK cells infected with BVDV NADL 
(lane 1) and 10 I!g of poly(A) + (lane 2) or 20 I!g of 
poly(A) - (lane 3) RNA of noninfected MDBK cells, 
using the insert of pcINS as a probe. RNA electrophoresis, 
transfer and hybridization were done as described for 

Fig.2A 
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BVDV: ACTTTGAGGGT ATGTGCAGCCGATGCCAGGGAAAGCATAGGAGGTTTGAAATGGACCGGGAAC 

cINS: TGAATACGATG ATGTGCAGCCGATGCCAGGGAAAGCATAGGAGGTTTGAAATGGACCGGGAAC 

CTAAGAGTGCCAGATACTGTGCTGAGTGTAATAGGCTGCATCCTGCTGAGGAAGGTGACTTTTG 

CTAAGAGTGCCAGATACTGTGCTGAGTGTAATAGGCTGCATCCTGCTGAGGAAGGTGACTTTTG 

* GGCAGAGTCGAGCATGTTGGGCCTCAAAATCACCTACTTTGCGCTGATGGATGGAAAGGTGTAT 

GGCAGAGTCAAGCATGTTGGGCCTCAAAATCACCTACTTTGCGCTGATGGATGGAAAGGTGTAT 
* 

GATATCACAGAGTGGGCTGGATGCCAGCGTGTGGGAATCTCCCCAGATACCCACAGAGTCCCTT 

GATATCACAGAGTGGGCTGGATGCCAGCGTGTGGGAATCTCCCCAGATACCCACAGAGTCCCTT 

* GTCACATCTCATTTGGTTCACGGATG CCTTTCAGGCAGGAA 

ATCACATCTCATTTGGTTCACGGATG CCAGGCACCAGTGGG 
* 

Fig. 4. Comparison of the nucleotide sequences of the region of the BVDV strain NADL 
genome [1] containing the insertion (upper line) and of part of a cDNA clone isolated from 
an MDBK poly(A) + cDNA library (cINS, lower line). The region identified as an insertion 
in the viral genome and the corresponding part of the cellular sequence are boxed. 
Nucleotide exchanges in this region are indicated by asterisks. cDNA synthesis [19], 
cloning in lambda ZAPn bacteriophages (Stratagene), screening of the library with 
oligonucleotides [10] (see legend to Fig. 2), and nucleotide sequencing [10] were performed 

as described before 

Investigation of a BVDV "pair" 

According to our working hypothesis the genome of a given cpBVDV has 
developed from that of a ncpBVDV by integration of additional RNA in 
a recombination process. As a consequence, host cell derived insertions 
should be specific for cpBVDV. Verification of this hypothesis was ham­
pered by the fact that sequence data from noncytopathogenic viruses were 
not available. At this point, molecular characterization of a "pair" of 
ncpBVDV and cpBVDV isolated from one animal suffering from MD 
represented the most obvious approach. 

As a first step towards molecular analysis of the genomes of the 
cytopathogenic BVDV strain CPl and its noncytopathogenic counterpart 
NCPl [3J hybridization experiments were performed (Fig. 5). While the 
genome of BVDV strain NCPl had the expected size of about 12.5 kb the 
genomic RNA of BVDV CPt was much larger with an estimated size of 14 
to 15 kb (Fig. 5). 
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noncp cp 
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Fig. 5. Northern blot analysis of total RNA from MDBK cells 
infected with noncpBVDV (left lime) and cpBVDV (right lane) 
isolated from one animal suffering from mucosal disease. The blot 
was hybridized with a 2.3 kb Sail fragment derived from the HeV 
cDNA clone 4.5 [10]. The lanes are mounted from autoradio­
graphs with different exposure times of the same blot. Sizes of an 

RNA ladder are indicated in kilobases at the left 

Northern hybridization experiments with the porcine ubiquitin clone 
had shown that among five common cpBVDV laboratory strains the 
ubiquitin-coding insertion was specific for the Osloss strain (see above). An 
analogous experiment was conducted with RNA of cells infected with CPl 
and NCPl. Surprisingly, a positive signal was obtained with genomic CPl 
RNA after stringent hybridization with the ubiquitin probe (data not 
shown). The genomic RNA of BVDV NCPl was not recognized by this 
DNA fragment; therefore at least part of the additional RNA in the CPl 
genome represents a ubiquitin-like sequence. 

Conclusions 

The data outlined above demonstrate that three different cpBVDV strains 
(Osloss, NADL, CPl) have integrated cellular sequences into their genomes. 
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In two of these strains ubiquitin-coding sequences are present (see "note 
added in proof" for CP1). In contrast, the genomes of a ncpBVDV strain 
NCP1 (see "note added in proof") as well as generally noncytopathogenic 
HCV strains [10, 15J do not contain such insertions. 

One remarkable difference between cpBVDV and ncpBVDV concerns 
the processing of a nonstructural 125 kDa protein (p125) of unknown 
function to a product of about 80 kDa. This cleavage can be detected only in 
tissue culture cells infected with cpBVDV, whereas the 125 kDa protein is 
not processed after infection with ncpBVDV [4, 17]. The 80 kDa products 
resulting from the cpBVDV specific processing of this protein exhibit similar 
migration rates upon SDS-PAGE for all BVDV strains examined so far, 
indicating similar positions at which cleavage occurs [4, 17]. The insertions 
of cpBVDV strains are located in close proximity in the genomic region 
coding for p125 [11, 12, 13]. Our calculations revealed that the insertions are 
in proximity of the putative processing site(s) of p125. It is therefore tempt­
ing to speculate that cleavage of p 125 is influenced by the insertions. Direct 
evidence for the molecular basis of cytopathogenicity of cpBVDV could be 
obtained by analyses involving mutagenesis of the viral genome. Such 
experiments require, however, infectious BVDV cDNA which is thus far not 
available. 

The most reasonable explanation for development of cytopathogenic 
viruses is a recombination process between viral and cellular RNA. As one 
mechanism for recombination of RNA viruses, switching of the template by 
the viral RNA polymerase has been proposed [7, 8, 9]. Most of these 
recombinations could be explained by a single template switch. However, 
the integration of host cellular sequences into the genomes ofBVDV NADL, 
Osloss and CP1 by a "copy choice" mechanism would represent hetero­
logous reactions requiring two template switches between viral and cellular 
RNA. As the cellular reaction partner is of positive polarity such a process 
should occur during viral negative strand synthesis to result in the observed 
integration of cellular sequences in coding orientation. As already indicated 
in the Introduction the hypothesis has direct implications for the patho­
genesis of mucosal disease [11]. 

To our knowledge BVDV is the first classical positive stranded RNA 
virus for which integration of host cellular protein coding sequences has 
been demonstrated. Acquisition of new properties from the host cell by 
recombination has been proposed as an important force in the evolution of 
RNA viruses [21, 22]. Identification of the BVDV recombination was 
facilitated by the biological selection system "mucosal disease" but analo­
gous processes may also occur in other RNA viruses [14]. Recombination 
between influenza virus RNA and ribosomal RNA led to a virus with altered 
biological properties [6]. Without any doubt future investigations of BVDV 
"pairs" will have a major impact on studies concerning RNA recombination 
and pathogenesis of virus induced diseases. 
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Note added in proof 

Molecular characterisation of the BVDV pair mentioned in this article was 
recently published. Meyers G, Tautz N, Dubovi EJ, Thiel H-J (1991) Viral 
cytopathogenicity correlated with integration of ubiquitin-coding sequences. 
Virology 180: 602-616 
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Summary. Ten calves were born small and with a curly haircoat in a dairy 
herd which comprised approximately 185 milking animals. These calves 
commonly developed diarrhoea and/or signs of respiratory disease at the 
age of 2 to 4 weeks. Two of the calves died and 5 were chronically ill and 
poor doers and were therefore euthanized. This susceptibility to disease of 
the curly haired calves was quite different from what was observed among 
other calves in the herd. 

Sera from seven of the curly haired calves were examined and were all 
found to be free from detectable antibodies to bovine virus diarrhoea virus 
(BVDV) and to harbour a non-cytopathic strain of BVDV. One of the calves 
was retested after 7 weeks and was still seronegative and viraemic. Of 49 
non-curly haired calves examined in the herd 44 were BVDV seropositive. 
The other 5 were seronegative to BVDV but attempts to isolate BVDV from 
their sera failed. 

Key words: Curly haircoat, bovine virus diarrhoea virus. 

Introduction 

Infection with bovine virus diarrhoea virus (BVDV) causes a wide spectrum 
of clinical syndromes in cattle throughout the world. A postnatal infection 
with this pestivirus is commonly mild or even subclinical but severe disease 
has been observed [1]. BVDV is also pathogenic for the bovine foetus. The 
outcome of a transplacental infection includes foetal death, teratogenic 
effects and immunotolerance to BVDV [10]. The tolerance is a sequel to 
a foetal exposure to a non-cytopathic strain of BVDV in early pregnancy 
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and such calves are born persistently infected with the virus [8]. Due to the 
tolerance, persistently infected animals have no, or only a low level of, 
antibodies to BVDY. However, if they have been exposed to a strain 
somewhat different to the persistent infecting strain, the animals may pro­
duce antibodies to the recent strain [3, 11]. 

Persistently infected cattle may perform normally and reach breeding 
age, and in case of pregnancy, give birth to calves also persistently infected. 
Thus, families of persistently infected cattle may develop in a herd. However, 
such cattle are often recognized as being small at birth, having a poor 
growth rate and an unthrifty appearance. Persistently infected cattle also 
appear to have an increased susceptibility to other infections [2J and are the 
population at risk of developing mucosal disease [4]. In this paper the serial 
birth of calves with a congenital curly haircoat, which occurred in a Swedish 
dairy herd is described and this clinical condition is related to a persistent 
infection with BVDV. 

Materials and methods 

Herd history 

The herd comprised approximately 185 milking cows and heifers mostly of Swedish Red 
and White breed (SRB). Ten calves of this breed were born with a curly haircoat in 1989, one 
of them in February and 9 in August and September. The calves were of both sexes and were 
born to 9 heifers and one biparous cow. Artificial insemination was used and sperm from 
different donors had been ~sed to serve the dams of the curly haired calves. The curly haired 
calves were born small and some of them had a narrow head and small ears with 
hypotrichosis. Typically, when the curly haired calves were 2 to 4 weeks old they developed 
diarrhoea and/or signs of respiratory disease and there was, in some calves, a regional loss 
of hair on the posterior legs in association with the diarrhoea. In the end of September 1989, 
two of the curly haired calves (nos. 151 and 156) were hospitalized at the clinic of 
Department of Cattle and Sheep Diseases, Swedish University of Agricultural Sciences, 
Uppsala. 

Herd investigation 

In early November 1989, blood samples were collected from the 5 curly haired calves still 
alive in the herd and from 9 of the 10 dams giving birth to the curly haired calves. The 10th 
dam had earlier been culled as a poor milk producer. Blood samples were also collected 
from 49 calves with a normal haircoat born between May and September. Milk samples 
were obtained from 93 cows. In late December 1989, a second blood sample were obtained 
from the only curly haired calf (no. 168) still available. 

Virological techniques 

An enzyme-linked immunosorbent assay (ELISA) (SV ANOVA Biotech AB, Uppsala, 
Sweden) was used to detect antibodies to BVDV both in serum [6J and milk [9]. Presence 
of BVDV in sera was tested by inoculating sera on cultures of embryonic bovine turbinate 
cells. After incubation for four days the cultures were examined for cytopathic effect and 
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the presence of BVDV was determined by an indirect immunofluorescence test, using a 
monoclonal antibody to BVDV. 

Results 

Examination of the hospitalized calves 

The hospitalized calves nos. 151 and 156 were both male, aged 7 and 5 weeks 
respectively, and in poor bodily condition. Both calves had a curly haircoat 
(Fig. 1) and they had regional areas of alopecia on their hind legs. Body 
temperature varied between 39.2 and 39.3°C and 38.8 and 39.6°C, respect­
ively, during a 4-day period. Both calves coughed spontaneously and on 
ascultation of the lungs, crackles were heard particularly over the cranio­
ventral part. The faeces were yellowish and pasty. A few small erosions were 
seen in the mucosa of the hard palate in calf no. 151. Routine haematological 
examination of blood from both calves showed a low level of protein in 

Fig. 1. Close-up of con­
genital curly haircoat (a) 
and normal haircoat (b) of 
Swedish Red and White 

breed 
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serum (55 and 48 gil), leukocytosis (14.4 and 22.3 x 109 leukocytes/I), abso­
lute neutrophilia (9.2 and 18.7 x 109 neutrophils/l) which included an 
increased number of band neutrophils (3.1 and 11.1 x 109 /1). 

Sera from both calves were free from detectable antibodies to BVDV 
(titre < 10). A non-cytopathic strain of BVDV was isolated from serum of 
both calves. 

Herd investigation 

Table 1 shows the identity and fate of the 10 curly haired calves. Two of the 
calves died following a period of diarrhoea and respiratory disease, two 
calves were hospitalized and subsequently euthanized because of their severe 
disease (see above), and three of the calves were chronically ill and poor 
doers and were euthanized. Three calves were considered to be in a fairly 
good condition and two of them were sold and the third was still alive within 
the herd in March 1990. 

Five of the curly haired calves were available for sampling in early 
November and all were found to be seronegative to BVDV (titre < 10) and 
to harbour a non-cytopathic strain of BVDV. One of these calves (no. 168) 
was bled again in late December and was still antibody negative and virus 
positive. All examined dams of the curly haired calves were seropositive to 
BVDV. Seventyfive out of 93 cows were found to be antibody positive in 
milk and 44 out of the 49 non-curly haired calves were found to be antibody 
positive to BVDV in serum. The five seronegative calves were virus negative. 

Discussion 

The outcome of infection with BVDV of pregnant cattle depends largely on 
the stage of gestation at which the infection occurs and the biotype of the 

Table 1. Status to BVDV and fate of calves born with a curly haircoat 

Calf Date of Sex Antibody BVDV Fate 
(No.) birth titre to BVDV m serum 

692 890219 F nd nd Died in spring 1989 
151 890805 M <10 yes Euthanized 890928 
154 890807 M nd nd Sold 891013 
156 890816 M <10 yes Euthanized 890928 
158 890829 M nd nd Sold 891013 
733 890907 F < 10 yes Euthanized 891124 
737 890916 F < 10 yes Euthanized 891124 
740 890918 F < 10 yes Euthanized 891124 
168 890920 M < 10 yes Alive in March 1990 
175 890930 M < 10 yes Died 891117 

F, female; M, male; nd, not determined 



Curly haircoat as a symptom of infection with BVDV 147 

infecting virus. A broad spectrum of abnormalities is reported ranging from 
death in utero to a lifelong subclinical infection. Between these two extremes 
lies a variety of teratogenic effects such as cerebellar hypoplasia, ocular 
defects, thymus hypoplasia, hydrancephaly, and hypotrichosis [10]. In this 
paper we add another clinical symptom as a sequel to an intra-uterine 
infection with BVDV, i.e., a congenital curly haircoat of calves of a breed 
which normally are born with straight hairs. Calves born with a curly 
haircoat were generally small at birth, were persistently infected with a non­
cytopathic strain of BVDV and were at risk of developing clinical disease. 
This susceptibility to disease of the curly haired calves was quite different 
from what was observed among the normal non-curly haired calves in the 
herd. The low rate of survival of the curly haired calves was probably 
attributed to a BVDV-induced suppression of the defense mechanisms of 
these calves to other infections. The haematological data and clinical find­
ings of the hospitalized calves supported the diagnosis of a suppurative 
pneumonia. This diagnosis was also confirmed at necropsy. There are only 
a few reports in the literature concerning malformations of hair and skin as 
a consequence of a prenatal infection with BVDV in cattle. Intra-uterine 
inoculation of foetuses younger than 150 days has been reported to cause 
partial destruction of the germative cells of epidermis [5]. Partial alopecia 
and irregular length of hair of a calf was observed after an experimental 
infection of its dam at 93 days of pregnancy [7]. This calf had precolostral 
neutralizing antibodies to BVDV and, thus, was not likely to be persistently 
BVDV infected. These sporadic reports of hair defects due to BVDV infec­
tion is in contrast to the strong relation between curly haircoat and persist­
ent infection observed in the herd of this study. All calves found to be 
infected with BVDV had a curly haircoat. However, in our experience, 
a curly haircoat is not a common sign of a persistent BVDV infection in SRB 
calves. Therefore, the pathogenicity of BVDV isolated from curly haired 
calves may differ from that of other field strains of the virus. Hair abnormal­
ities is often observed in lambs after an intra-uterine infection with border 
disease virus, a virus which is closely related to, if not the same as, BVDV. 
The main lesion in skin oflambs with border disease is an enlargement of the 
primary hair follicles and a concurrent reduction in the number of secondary 
follicles. The resulting hairiness, which is due to the presence of medullated 
primary fibres, only becomes manifest in normally smooth coated breeds 
[12]. No closer histological examination of the skin of the curly haired 
calves was performed to determine the degree of similarities, if there is any, 
to border disease. 

Since the relation between a congenital curly haircoat and a persistent 
infection became established, we have received blood samples from curly 
haired calves in 3 other herds. The calves, not only of SRB but also of 
Swedish Friesian breed, have been seronegative to BVDV and virus positive, 
indicating a persistent infection. 
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Summary. Using a panel of monoclonal antibodies (MAbs) previously 
characterized by seroneutralization, immunofluorescence and radio­
immunoprecipitation, we have identified Pestivirus proteins useful for diag­
nostic purposes from the cytopathic Osloss isolate of bovine viral diarrhea 
virus (BVDV). Proteins that should be useful for vaccination have also been 
analysed. Cell-free translation of RNA from glycoprotein-coding cDNA 
fragments produced, when synthesized in the presence of canine pancreatic 
microsomes, two glycosylated proteins that were independently recognized 
and immunoprecipitated by two distinct classes of neutralizing MAbs. 
A similar in vitro procedure was carried out on nonstructural protein­
coding sequences and allowed to identify a viral translation product that 
specifically reacted with MAbs directed against the 80 kDA protein of 
a number of Pestivirus strains. Its positioning within the polyprotein en­
coded by the viral genome was refined by epitope scanning using synthetic 
hexameric peptides. This viral antigen was further expressed in E. coli, 
produced as inclusion bodies and used successfully as an ELISA antigen in 
both competitive and indirect assays for the detection of BVD antibodies in 
cattle sera. 

Key words: Cattle, pestlvlrus, bovine viral diarrhea, ELISA, diagnosis, 
glycoprotein, antigenic determinants, epitope scanning. 

Introduction 

Bovine viral diarrhoea virus (BVDV), hog cholera virus (HCV) and border 
disease virus (BDV) are positive-stranded RNA viruses currently classified in 
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the Pestivirus genus of the Togaviridae family [8, 17]. The viral RNA 
genome of four Pestivirus strains has been recently cloned and sequenced, 
two BVDV strains, Osloss [15] and NADL [1], and two HCV strains, Alfort 
[12] and Brescia [13]. From the analysis of the sequence and genomic 
organization of the Pestivirus genus, it seems obvious that it should no 
longer be grouped within the Togaviridae family but rather be related to the 
Flaviviridae [14, 3]. 

The nucleotide sequence of BVD virus is a single large open reading 
frame (ORF) with a protein coding capacity of 450 kilodaltons. Two ORFs 
were first reported in the viral sequence of BVDV Osloss strain [15], but the 
presence of a single major ORF has been recently confirmed by direct 
sequencing after RNA amplification using the PCR technology (data not 
shown). Nucleotide sequence comparison between the Osloss and NADL 
strains of BVDV shows that they are closely related [4]. A preliminary map 
of the genomic organization of BVDV NADL strain has been presented [2], 
but to date, there are no sequence data to allow the precise positioning of the 
BVDV gene products within the polyprotein encoded by the large ORF. 

Here we report on the use of an in vitro procedure allowing to identify 
BVDV Osloss proteins which may be useful for diagnostic and vaccination 
purposes. Epitope scanning using synthetic peptides was further carried out 
to achieve a precise positioning of the diagnostic viral antigen. This viral 
protein was expressed in microorganisms, and the purified recombinant 
protein was used in competitive and indirect ELISA for the detection of 
BVD specific antibodies in a number of bovine sera. 

Material and methods 

Preparation and characterization of monoclonal antibodies 

The preparation of monoclonal antibodies (MAbs) has been previously described [llJ as 
well as their characterization by immunofluorescence, by virus neutralization and by 
radioimmunoprecipitation (RIP) of BVD-infected cell extracts. 

Construction of pSP 174 and pSPgp plasmids 

The pSP174 recombinant plasmid was prepared by subcloning the 3,500-bp 174 cDNA 
clone of the cytopathic BVDV Osloss strain [14J (Fig. 1) into the pSP65 transcription 
vector (Promega) between the EcoRI and BamHI sites. The pSPgp/l and pSPgp/2 plasmids 
were constructed by respectively inserting between the EcoRI and BamHI sites of pSP65 
a 1,400-bp or a 2,200-bp DNA fragments constructed from the 63 and 36 cDNA clones of 
the BVDV Osloss strain genome [14J (Fig. 1). 

In vitro transcription and translation 

Synthesis of RNA transcripts was carried out in a typical transcription reaction [7J using 
21lg of restricted pSP174, pSPgp/1 or pSPgp/2 as DNA templates and 15 U of SP6 RNA 
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Fig. 1. Mapping of the cDNA clones covering the entire genome of the cytopathic Osloss 
strain of BVDV [14] 

polymerase (Boehringer). Cell-free translation of SP6-derived transcripts was performed in 
a nuclease-treated rabbit reticulocyte lysate system (Promega) containing [ 35 S]-methionine 
at 1,200 !lCi/m!. Some reactions were supplemented with one equivalent of canine pan­
creatic micro somes (Promega). After 1 h incubation at 30 cC, translation products were 
analysed on 10% Laemmli gels [10]. 

Further radioimmunoprecipitation of the in vitro translated products was carried out as 
described [6J using the corresponding monoclonal antibodies. 

Epitope scanning 

Determination of antibody specificity was performed on hexameric peptides synthesized 
using the epitope scanning kit commercialized by CRB (Cambridge Research Bio­
chemicals ). 

Preparation of ELISA antigens and ELISA procedure 

The cytopathic Osloss BVDV strain was grown in foetal ovine kidney cells (OCK) and total 
RNA was used as a template for PCR (Polymerase Chain Reaction) amplification as 
described elsewhere [S], using two amplimers located in the nonstructural-coding region of 
the viral genome. The amplified fragment was further cloned in an inducible bacterial 
expression system under control of a T7 promoter [16]. Inclusion bodies were purified as 
described [9], then denatured in 7 M urea, 0.2S M TrisHCl pH 8 and renatured by dialysis 
against 0.25 M TrisHCl pH 8. 

The cellular antigen was prepared from OCK cells infected with the Singer strain of 
BVDV; infected cells were harvested before cytopathic effects became apparent [11]. 

Assays were performed as previously described [11J on 3S0 bovine sera from the 
"Centre de selection de Ciney" and from a number of farms in Belgium. 

Results 

Analysis of the Osloss glycoprotein region 

pSPgp/l and pSPgp/2 were used as DNA templates for in vitro transcrip­
tion assays. pSPgp/l contains the Osloss-coding sequence which corre­
sponds to the NADL gp62 region [2]. The pSPgp/2 plasmid contains, in 
addition to this Osloss-gp62 sequence, 800 nucleotides encoding a part of 
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the second glycoprotein (NADL gp53 [2]). SP6-derived RNA transcripts 
were synthesized from both linearized plasmids, and further in vitro trans­
lated in a rabbit reticulocyte system (Fig. 2). Cell-free translation of RNA 
transcripts 1 and 2 respectively produced proteins with an apparent molecu­
lar size of 42 and 68 kilodaltons (kDa). When the RNA transcripts were 
translated in the presence of canine pancreatic microsomes, the RNA 
1 translation product was a glycosylated protein with an estimated molecu­
lar weight of 62 kDa, whereas the RNA 2 gave rise to two glycosylated 
polypeptides (estimated sizes: 62 and 36 kDa; Fig. 2). 

Radioimmunoprecipitation of these respective translation products 
using neutralizing monoclonal antibodies showed that we could distinguish 
between two groups of MAbs directed against two separate epitopes, one 
being located in the first glycoprotein and the other in the second one. 
However, when used in RIP assays on BVDV infected cell extracts, both 
groups of neutralizing MAbs showed identical patterns of immuno­
precipitated material: two major glycosylated proteins that appeared at 
approximately 46 and 44 kDa after endoglycosidase F treatment [11]. 

Analysis of the Os loss nonstructural region 

A similar in vitro procedure was carried out to position within the Osloss 
genome the viral determinant specifically recognized and immuno­
precipitated by non-neutralizing MAbs directed against the respective 
80 kDa and 120 kDa non structural proteins of the cytopathic or non­
cytopathic BVDV biotypes (anti-80 kDa MAbs) [11]. The pSP174 recom­
binant plasmid was successively digested with a number of restriction endo­
nucleases from which site locations are shown in Fig. 3. SP6-derived RNA 
transcripts were synthesized from all these restricted plasmids and in vitro 
translated as described above. The translation products were then immuno­
precipitated using anti-80 kDa MAbs. These experiments allowed to deter-
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identified in the nonstructural part of the polyprotein encoded by the Osloss viral genome 

mine the presence of an immunoreactive region located in a 70 amino acids­
region corresponding to the second fragment illustrated in Fig. 3. This 
region was further scanned using 70 hexameric peptides that were syn­
thesized in micro titer plates and directly tested in indirect ELISA using 
anti-80 kDa MAbs and bovine positive and negative sera (Fig. 4). 

Production and test of the ELISA antigen 

A 2,200-bp Osloss genomic fragment including the sequence encoding the 
nonstructural immunoreactive region was expressed in Escherichia coli 
under control of an inducible T7 promoter [16] and purified as described for 
the recombinant ELISA antigen that we had previously produced [11]. 

The purified recombinant protein was assayed in both indirect and 
competitive ELISA for the detection of BVDV antibodies in cattle sera, and 
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the results were compared with those obtained using an antigen extracted 
from BVDV -infected cells (Fig. 5 and 6). A blind trial was performed on 
a sample of 350 bovine sera to compare the results obtained in the competi­
tive ELISA with those obtained in a virus neutralization assay carried out 
against the Singer BVDV isolate. This comparison is illustrated in Fig. 7. 
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Fig. 7. ELISA detection of BVDV antibodies in a sample of 350 bovine sera and compari~ 
son with their seroneutralization titers. Dark columns represent positive ELISA values 

Discussion 

Using previously cloned cDNA sequences of the cytopathic Osloss strain 
of BVDV [14, 15] as well as a panel of monoclonal antibodies previously 
developed and characterized [11], we have identified, using an in vitro 
transcription- translation system, viral determinants that should be useful 
for vaccination and diagnostic purposes. 

This in vitro procedure allowed us to identify structural determinants 
which are now being expressed in usual in vivo systems. Moreover, the 
nonstructural BVDV protein containing anti-80 kDa epitopes was posi­
tioned within the polyprotein encoded by the Osloss genome and further 
expressed in an inducible E. coli system. This protein was efficiently used as 
an ELISA antigen for the detection of BVDV specific antibodies in cattle 
sera (Fig. 7). The specificity of the resulting ELISA exactly compares with 
a similar assay that uses an antigen extracted from BVDV -infected cells. The 
non-specific response previously obtained with a recombinant antigen pro­
duced as a fusion protein with the ~-galactosidase [11] was not observed 
using this new recombinant protein. 
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Summary. The effect of bovine virus diarrhoea virus (BVDV)-infection on 
pregnancy rate, on stillbirths and mortality of neonatal calves and the size of 
newborn calves was evaluated in 8 herds in which persistently infected 
(PI)-animals had been identified. Data from 9 herds without PI-animals 
were used as controls. 

At the time of conception of the oldest PI-animal a significant drop in 
pregnancy rate to about half the herd average was found. About 6 months 
later a 3-fold rise in calf mortality was seen. This pattern was found in 4 of 
the herds. In the remaining 4 herds the pattern was less clear, probably 
reflecting different immune states of the herds. 

Rough estimation of the size of newborn calves showed that PI-animals 
were significantly smaller than normal animals. 

Monitoring of herds for the above-mentioned parameters may be 
a means of pointing out herds with PI-animals. Most of the data necessary 
for such surveillance schemes are already available and may readily be used. 

Key words: Bovine virus diarrhoea virus, BVDV, pregnancy rate, calf 
mortality, cattle. 

Introduction 

The clinical signs following introduction of bovine virus diarrhoea virus 
(BVDV)-infection into a herd vary considerably. The reasons for this vari­
ability among different outbreaks may be due to the different proportions 
of seronegative animals in the critical period of pregnancy [7]. Some of 
the variation may be ascribed to variability in virulence among strains of 
BVDV [4]. 
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The clinical signs during the course of a BVDV -infection in a susceptible 
herd can be divided into the following entities: (1) symptoms among cattle 
undergoing acute infection, (2) altered reproductive performance, i.e. repeat 
breeding and abortions, (3) birth of congenitally malformed, weak and 
undersized calves, (4) unthriftiness and (5) mucosal disease (MD) either acute 
or chronic. Herd outbreaks are highly variable mixtures of these different 
clinical manifestations, which can occur during a period of 2-3 years or 
longer. 

Often the first clinical signs that cause the farmer to call veterinary 
assistance is the development of mucosal disease or other clinical diseases in 
persistently infected (PI)-animals. By this time much damage due to BVDV­
infection has already occurred but has not necessarily been associated with 
BVDV [1]. 

Often PI-animals run a chronic course of disease rather than acute MD 
[5J and often these cases are not diagnosed. 

Registration of disease and reproduction data is performed in many 
Danish dairy herds. These data are available through the data base of the 
agricultural organizations and makes continuous surveillance of the herd 
health possible. It is a purpose of this study to see if these data might be used 
for presumptive diagnosis of BVDV in dairy herds. For this purpose data 
comprising pregnancy rate, stillbirths, neonatal mortality and size of new­
born calves in herds with known BVD-status were analysed. 

Material and methods 

Selection of herds for the study 

Approximately all animals in 17 herds were examined for BVD by virus isolation and 
neutralization test [6]. None of the herds had shown typical clinical evidence of BVDV­
infection. PI-animals were found in 8 herds. All the PI-animals in this study had been 
conceived in the herds to which they belonged. In the remaining 9 herds no PI-animals were 
found. 

Beyond the ordinary registration procedures for Danish cattle herds the herds were 
subjected to regular pregnancy control that was made by rectal examination 6 weeks after 
insemination. 

Data collection 

The data records on inseminations, pregnancy control, stillbirths, mortality of newborn 
calves and size of newborn calves were gathered by the National Institute of Animal 
Science. 

The dates of insemination, pregnancy control, birth and death were recorded. 
The size of newborn calves was roughly estimated by the farmer as one of four 

scores. Small calves were designated 1, calves below normal 2, calves above normal 3 and 
big calves 4. 

All the data were attainable in a SAS data set. 
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Calculations 

Pregnancy rate 

The pregnancy rate was calculated as the percentage of inseminations that was followed by 
pregnancy. Inseminations followed by positive pregnancy diagnosis 6 weeks later were 
counted as successful, whereas inseminations followed by return to heat or negative 
pregnancy diagnosis 6 weeks after insemination were counted as unsuccessful. Insemina­
tions occurring less than 10 days apart were counted as one. 

If the outcome of an insemination was not known because of slaughter of an animal 
before pregnancy control the observation was omitted from the calculations. 

In order to reduce unwanted fluctuations a so-called moving average was used when 
calculating the pregnancy rate, i.e. the average for each month was calculated for periods 
comprising the month before and the month after the month in question. 

Stillbirths and mortality among newborn calves 

The number of stillborn calves added to the number of calves that had died within the first 
month was calculated as a percentage of all calves born. This percentage was also calculated 
for each month as a moving average over 3 months. 

Size 

The sizes of the PI-animals in these herds were compared to the sizes of all calves delivered 
in all the herds during a 3-year-period (1986-1988), i.e. the period in which PI-animals were 
born. The sizes of PI-animals were tested against the sizes of all calves by means of the 
Mantel-Haenszel technique in order to correct for confounding due to parity. This is 
necessary because the parity of the cow might have an effect on the size of the calf and the 
majority of PI-calves are born by first and second parity cows. 

Study period 

For most herds data from a 3-year-period were used i.e. 1986-1988. In two herds it was 
necessary to include 1985 in the calculation of pregnancy rate as the oldest PI -animals in 
these herds had been conceived during that year. 

Results 

The latest time for the introduction of the infection into the herd must be 
shortly after the conception of the oldest PI-animal. This time is marked 
with an arrow in the graphs showing the pregnancy rate (Fig. 1). In the 
graphs showing stillbirths and neonatal calf mortality the birth date of the 
oldest PI-animal found in the herd is marked by an arrow (Fig. 2). 

In four herds a significant drop in pregnancy rate from about 60% to 
about 20% was seen (Fig. 1, only 2 herds shown). 

Six months later the calf mortality (stillbirths and deaths within the first 
month of life) in the same 4 herds were about three times the average for the 
herd (Fig. 2, only 2 herds shown). 

In herds without PI-animals a more constant pregnancy rate was seen 
(Fig. 3, only 1 herd shown), whereas the neonatal mortality might sometimes 
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Fig. 1. Pregnancy rate calculated as the percentage of successful inseminations. Herds with 
PI-animals 

also reach high levels in herds without PI-animals (Fig. 3, only 1 herd 
shown). 

Of 29 PI-animals found in the 8 herds the size scores were known of 28. 
The total number of calvings in all herds during a 3-year-period was 2952. 
Among the PI-animals 24 were estimated as size score 1 or 2 whereas only 
4 PI-animals were estimated as size score 3 or 4. The PI-animals were 
significantly smaller than normal calves (P < 0.001). But because the num­
bers of PI -animals in many herds were low, and the random variation is big, 
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Fig. 2. Stillbirths and neonatal mortality calculated as a percentage of all parturitions. 
Herds with PI-animals 

this finding will seldom seem significant in the individual herds. The per cent 
distribution of the size of PI-animals and normal animals is shown in Fig. 4. 

Discussion 

Only few investigations have demonstrated the effect of acute BVDV­
infection on pregnancy rate. 

Intrauterine infusion of BVD-virus suspension after insemination have 
been shown to reduce fertilization [3]. 
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Fig. 3. Pregnancy rate calculated as the percentage of successful inseminations and still­
births and neonatal mortality calculated as a percentage of all parturitions. Herds without 

PI-animals 

In another experimental study inoculation of the virus within two hours 
after breeding reduced pregnancy rate when virus were inoculated by the 
intrauterine route whereas inoculation by the nasal and oral route did not 
affect pregnancy rate [12]. 

Twelve heifers inseminated with semen from a persistently infected bull 
all became pregnant despite the fact that all the heifers seroconverted within 
two weeks after insemination [8]. 
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Fig. 4. Relative distribution of size of newborn calves. Size was estimated by the farmer as 
score 1-4. PI-animals were significantly smaller than normal animals (P<O.OOI) 

When breeding seronegative cows just before seroconversion these 
showed a first service conception rate of 22.2% compared to 78.6% among 
cows that were seropositive when bred [10]. 

So reports on the effect of BVDV-infection in early pregnancy seem 
somewhat contradictory. 

The results in the present study indicate that the introduction of BVDV 
into a herd at least sometimes may give rise to repeat breeding. 

The effect of BVDV-infection on stillbirths and neonatal mortality is well 
documented [2, 9, 11]. Often these calves are infected during mid gestation 
and are therefore not persistently infected [9]. They are born shortly before 
birth of PI-animals (Fig. 2). 

The data obtained in this work showed that monitoring of herds for 
pregnancy rate, neonatal mortality and size may be a means of pointing out 
herds with PI -animals. 
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Summary. Flow cytometry and virus isolation in cell culture was compared 
for ability to detect bovine viral diarrhoea virus in blood samples from 
persistently infected cattle. 

Bovine viral diarrhoea virus (BVDV) in blood samples is usually demon­
strated by isolation of the virus in cell culture and subsequent identification 
by immunostaining. As this technique has the time consuming disadvantage, 
that the virus has to be multiplied in living cells, it was investigated if flow 
cytometry could be used for the detection of BVDV directly in blood cells. 
Flow cytometry has previously been used for detection of viral infections in 
cell cultures (Jacobberger et al., 1986). The technique is based largely on the 
same principles as immunofluorescence, but flow cytometry has several 
unique qualities, e.g. quantitative capacity, lower detection limit and im­
proved speed. The analysis is based on measurements of fluorescence asso­
ciated with single cells passing through a flow chamber. The fluorochromes 
are excited by a laser beam and the emitted light is quantified in photo­
multipliers, the electric signal digitized and then stored in computer memory 
for analysis. Typically, several thousands cells are measured per second. 

The flow cytometric assay was performed in microdilution plates on 
lysates of stabilized blood samples (Qvist et al., 1991). The leukocytes were 
fixed in solution, membranes solubilized and BVDV antigens detected using 
biotinylated immunoglobulin from porcine antiserum to BVDV followed by 
incubation with fluorescein isothiocyanate-conjugated avidin (Qvist et al., 
1990). The ability of the flow cytometric analysis and virus isolation 
(Meyling, 1984) to detect BVDV in 143 bovine blood samples was com­
pared. If BVDV was demonstrated by either virus isolation or flow 
cytometry, blood samples were recollected three weeks later for isolation of 
BVDV. Persistently infected (PI) animals were diagnosed after two succes­
sive isolations of virus. Serum antibodies to BVDV were determined by the 
neutralizing peroxidase-linked antibody assay (Holm Jensen, 1980). 
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Table 1. Detection of BVDV in 143 blood samples by virus 
isolation in cell culture and flow cytometry 

Flow cytometry 

Positive results 
Negative results 

Virus isolation 

positive results 

33 (33)' 
(0) 

negative results 

8 (4) 
101 b (-) 

, The number of blood samples originating from cattle 
later shown to be persistently infected with BVDV is given 
in brackets. 

b Blood samples from these animals were not recol­
lected and analyzed. 

Virus was initially isolated from 34 samples (Table 1). Recollection of 
blood from these 34 bovines demonstrated that 33 were PI. One animal was 
found virus negative and antibody positive. Eight blood samples were 
negative by virus isolation but positive by flow cytometry (Table 1). Blood 
samples from four of these animals were virus negative, by the virus isolation 
method, and antibody positive in repeated tests after 3 weeks. Two were 
retested by flow cytometry and found negative (data not shown). Of the 
remaining four samples two were antibody positive and originated from 
cattle younger than one week. All four samples were found to originate from 
PI cattle as virus was isolated in blood samples obtained 3 and 6 weeks later. 

Initially, blood samples from four PI cattle were negative by virus 
isolation and positive by flow cytometry. Antibodies to BVDV were demon­
strated in two samples suggesting that neutralization of virus was respon­
sible for the negative findings. One additional sample originated from 
a 4 days old calf also likely to have colostral antibodies in the blood. This, 
however, could not be demonstrated by serum neutralization. The reason for 
the remaining blood sample to be negative in cell culture was unknown. 
Four other samples were negative by virus isolation but positive by flow 
cytometry. The presence of serum antibodies to BVDV in these four animals 
could indicate previous acute infection. However, the time of infection was 
unknown. It is therefore possible that virus were present in the blood 
samples, but remained undetected by virus isolation because of BVDV 
antibodies. Virus isolation in cell culture, as performed here, tends to miss 
a number of blood samples from PI cattle, probably because of the presence 
of colostral antibodies to BVDV. On the contrary, all samples from persis­
tently infected animals were positive by flow cytometry. Therefore, flow 
cytometric detection of BVDV in blood cells could be a useful alternative for 
identification of PI cattle. 
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Summary. A monoclonal antibody capture enzyme linked immunosorbent 
assay (ELISA) has been developed to detect pestivirus-specific antigen in the 
leucocytes of cattle infected with bovine virus diarrhoea virus (BVDV). 
A blind trial was conducted to compare the specificity of the ELISA with 
conventional tissue culture virus isolation on 215 blood samples submitted 
for BVDV diagnosis from cattle throughout Scotland. One hundred and 
sixty seven samples were negative by both ELISA and virus isolation and 47 
samples were positive by both tests. One blood was negative by ELISA and 
positive by virus isolation. 

Key words: BVD virus, ELISA, monoclonal antibodies. 

Introduction 

Bovine virus diarrhoea virus (BVDV) is an important pathogen of cattle 
which is serologically related to hog cholera virus (HeV) and border disease 
virus (BDV). All three viruses have been grouped in the genus Pestivirus 
[5, 17]. The widespread prevalence of BVDV in cattle throughout the world 
is due to its ability to cross the placenta, invade the fetus and establish 
a persistent infection which continues into post-natal life. These persistently 
infected (PI) animals excrete virus continuously and remain potent sources 
of infectious virus usually for the rest of their lives. Such PI cattle may 
themselves succumb to mucosal disease (MD) at any time [4, 11]. 

The prevalence of PI cattle is surprisingly high with estimates varying 
from 0.4% to 4.5% in surveys conducted in different countries [3, 9, 12, 13, 
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14, 16]. To control the spread of virus and to assist with the laboratory 
confirmation of clinical MD the detection of virus is essential. Virus is 
detected readily in serum or associated with leukocytes by isolation of virus 
in susceptible monolayers of cultured cells. Cells co-cultivated with test 
leukocytes or grown in test serum are stained by immuno-fluorescence (IF) 
or immunoperoxidase (IPX) methods to detect the presence of the replicat­
ing non-cytopathic pestivirus; four to six days are commonly required to 
give a result [12, 13, 15]. 

Recently we have described an ELISA for the rapid detection of pesti­
virus antigen in the blood of sheep persistently infected with BDV [10]. In 
this paper a similar ELISA is described and evaluated against standard virus 
isolation techniques for the detection of BVDV in the blood of cattle 
suspected of having a BVDV viraemia. 

Materials and methods 

Bovine blood samples 

Veterinary practitioners seeking laboratory confirmation of a clinical diagnosis of MD or 
wishing to screen healthy cattle for persistent BVDV infection were requested to submit 
duplicate 7 to 10 ml blood samples, one with no anticoagulant and one with heparin as 
anticoagulant. Between August 1989 and March 1990 215 duplicate samples complying 
with this request were received. 

All samples were coded and tested blind by independent operators. Blood without 
anticoagulant was centrifuged at 600 g for 10 minutes, serum removed for virus isolation 
and serology, and virus transport medium added to the remaining clot which was stored at 
+ 4 dc. The heparinised blood was processed as described previously to extract BVDV 
antigen from the leucocytes [10]. 

ELISA 

The method was a modification of that reported previously [10]. All wells of a micro titre 
plate (MI29B, Dynatech) were coated with 100 ~l of a dilution in carbonate buffer, pH 9.6 
of mouse monoclonal antibody (mab) VPM22 ascitic fluid, which had been raised against 
lysates of cells infected with Moredun cytopathic BDV [8]. The plates were incubated at 
37°C for 2 h. Between all the following stages the plates were washed three times with PBS 
containing 0.05% Tween-20 (Sigma) (PBST). Plates were blocked for 1 h at 37°C with 
100 ~l of PBST with 2% horse serum (PBSTH) before 100 ~l of test antigen was added to 
each of 4 wells and incubated at 4°C overnight. After washing duplicate pairs of wells 
received either 100 ~l of an optimum dilution of a polyclonal bovine antiserum containing 
high levels of neutralising antibody to BVDV or a similar dilution of a calf serum without 
neutralising antibody to BVDV. The anti-BVDV serum (designated 19651) was obtained 
from a calf hyperimmunised with purified BVDV (NADL strain). After incubation for 
2 hours at 37°C and washing, 1 00 ~l of rabbit anti-bovine IgG horse-radish peroxidase 
(ICN immunobiologicals) diluted in PBSTH was added to all wells and incubated at 37°C 
for 1 1/2 h. The substrate was freshly prepared orthophenyl diamine (0.8 mg/m!) in citrate 
phosphate buffer, pH 5.0, containing 0.8 ~l/ml of 30% H 20 2 , 100 ~l being added to each 
well. The reaction was allowed to proceed for 10 min in the dark before being stopped by 
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the addition of 50 III of 2.5 M H 2S04. The optical density (OD) was measured on a Flow 
Titertek Multiskan with a 492 nm filter. 

Results for the ELISA are expressed as corrected ODs, i.e. mean OD with positive serum 
minus mean OD with negative serum. A corrected OD of greater than 0.1 was taken as 
positive. 

Virus isolation 

Sera were screened for the presence of BVDV using an indirect IPX technique based on that 
described by Meyling [13]. Fifteen microlitres of test serum were added to each of four wells 
before the addition of 100 III of a suspension containing 1 x 105 jml of a semicontinuous cell 
line of embryonic bovine trachea cells. Four days later cells were fixed in 95% acetone at 
-20ne. Duplicate wells were incubated with either the hyperimmune anti-BVD serum 
(1965J) or the negative calf serum as used in the ELISA followed, after thorough washing, 
by the same anti-bovine IgG conjugate as used in the ELISA. The substrate was 
3-amino-9-ethyl-carbazole in 0.05 M acetate buffer, pH 5.0. Cells were examined using 
a low power inverted microscope. The presence of characteristic cytoplasmic staining only 
in the two wells exposed to the specific anti-BVDV denoted a positive result. Blood clots 
from animals whose sera gave inconclusive results in the IPX or which were negative in the 
IPX test but had reciprocal serum neutralising antibody levels less than 22 were ground 
using sterile sand and centrifuged at 2000 g for 10 minutes. Supernatant fluid was filtered 
through 0.45 nm filters and 0.2 ml was added to each of two duplicate tubes of washed 
monolayer cultures of secondary bovine embryonic kidney (BEK) cells. After 10 days the 
cultures were frozen and thawed and passed into tubes containing BEK cells grown on 
covers lips. Seventy-two hours later the coverslips were fixed in acetone and stained by an 
indirect immunofluorescence test using serum 1965J as the first stage antiserum. Samples 
producing specific fluorescence in this test were considered positive for BVDV. 

Serology 

Heat-inactivated serum samples were tested in a micro-neutralisation test using 100 
TCID so per well of the NADL strain of BVDV. Results were expressed as the reciprocal of 
the serum dilution corresponding to the 50% end-point of neutralisation. 

Results 

Duplicate blood samples were received from 113 cattle with symptoms 
suggestive of MD on 93 different farms. The remaining 102 duplicate blood 
samples were from apparently healthy animals on 11 different farms which 
had experienced BVDV related disease. 

The ELISA detected specific pestivirus antigen in 47 of the heparinised 
blood samples. Thirty came from MD animals on 25 farms and 17 from 
apparently healthy cattle on 4 farms. The mean (± SD) ELISA values of the 
apparently healthy cattle was higher and less variable than that from the 
MD animals, 1.53 (± 0.49) versus 1.26 (± 0.7) but the difference was not 
significant (t= 1.58; p=O.l2). 

Infectious BVDV was isolated from the blood of the same 47 cattle that 
were ELISA positive and 1 other (Table 1). The IPX test gave a positive 
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Table 1. Bovine virus diarrhoea virus isolation and pestivirus 
antigen detection in blood from 215 cattle 

ELISA values 

Number of Virus Antigen Median Range 
cattle isolation detection 

167 0 0 0.03 0-0.09 
47 47 47 1.41 0.28-2.71 

1 1 0 0.06 

result on 43 of these sera, whereas the other 5 cattle, all clinical cases of MD, 
were shown to be viraemic by culturing their blood clots. Of these 5 cases, 
serum from 3 were toxic in the IPX test giving no result and 2 gave negative 
results. The one animal which was ELISA negative, infectious virus positive 
was one of the 2 which was negative by IPX test but positive following 
culture of the clot. 

Serological findings on the virus positive blood showed that 45 had SN 
antibody titres < 4 while 3 sera, all from ELISA positive IPX test positive 
animals had titres of 6, 11 and 16 respectively. 

Discussion 

A mab-capture ELISA method for detecting a pestivirus-specific antigen in 
the blood of cattle with BVDV viraemia has been developed. The mab used 
in the ELISA has been shown by radio labelling and immunoblotting to 
react with the two related p80K and p120K-130K non-structural proteins 
found in pestivirus infected cells [8]. Available evidence suggests that p80 is 
highly conserved and represents the immunodominant 'soluble antigen' 
common to all pestiviruses [6, 7]. Our results with the mab forming the basis 
of the ELISA would support this view since it has been shown to react with 
all pestiviruses against which it has been tested; 18 HeV, 16 BVDV and 
12 BDV isolates (8, S. Edwards personal communication). 

The results reported in the present study provide further evidence of the 
pan-pestivirus nature of the mab since it detected antigen in the blood of 47 
cattle from 29 farms throughout Scotland. Failure to detect antigen in the 
blood of one viraemic animal may have been due either to non-reactivity of 
the soluble antigen of this isolate with the Mab or due to a poor antigen 
preparation from this animal. Non-reactivity with the mab was not the case 
since antigen prepared from the BEK cells in which the virus was cultured 
reacted strongly in the ELISA. A poor antigen preparation from this animal 
is a more likely explanation since the leukocyte pellets from some animals 
dying of MD were often smaller than expected and this was reflected in the 
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variability of the ELISA results in this group compared to the apparently 
healthy animals. Since severe leukopaenia is a common finding in cattle 
suffering from MD (1) it was encouraging that there was sufficient antigen in 
all but one of the virus positive bloods to be detected by the ELISA. The 
major source of the antigen detected by the ELISA has yet to be determined, 
although Band T lymphocytes, monocytes and null cells have all been 
shown to contain virus in cattle persistently infected with BVDV (2). 

Future work will be directed at identifying the major source of the 
pestivirus antigen detected by the ELISA and determining the limits of 
sensitivity of the assay. 
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Summary. The prefemoral efferent lymphatics of four sheep persistently 
infected with a non cytopathic (NCP) isolate of border disease virus (BDV) 
were cannulated. Recovered lymphocytes were examined for the presence of 
virus by an immunocytochemical technique employing a pool of mono­
clonal antibodies which recognise the 120K non-structural polypeptide of 
NCP BDV. The results revealed that 9.5% of the lymphocytes carried virus 
antigen. Lymphocytes from two of the sheep were studied by in situ hybrid­
isation using a viral antisense RNA probe complementary to the region of 
the BDV genome coding for the 120K polypeptide. This showed that 
70-80% of the cells were infected, confirming the greater sensitivity of the in 
situ hybridisation technique. 

Key words: Pestivirus, lymphatic cannulation, monoclonal antibodies, in situ 
hybridisation. 

Introduction 

Border disease virus (BDV) is an ovine pestivirus which is serologically 
related to bovine virus diarrhoea virus (BVDV) and hog cholera virus (HCV) 
[14]. Infection of a ewe with the noncytopathic (NCP) biotype of BDV 
during early pregnancy can result in the birth of lambs persistently infected 
(PI) with virus. These lambs continuously excrete virus and appear to be 
immunotolerant to BDV, thereby acting as a source of infection for other 
sheep [13]. 

PI animals may be immunosuppressed, since they are reported to suc­
cumb to intercurrent infections and their lymphocytes exhibit depressed 
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mitogenic responses in vitro [11]. The mechanisms underlying these appar­
ent abnormalities in immune responsiveness remain to be elucidated. How­
ever, recirculating efferent lymphocytes recovered from PI sh~ep have been 
shown to be infected with BDV by virus-specific monoclonal antibodies 
(Mabs) using an immunocytochemical technique (Entrican et aI., submitted 
for publication). In this report we compare the techniques of immuno­
cytochemistry and in situ hybridisation for identification of virus-infected 
lymphocytes and demonstrate that in situ hybridisation is the more sensitive 
of these two techniques. 

Materials and methods 

Animals 

Two-year old PI sheep were the progeny of Dorset dams experimentally infected in early 
pregnancy with the Oban strain of BDV isolated from a natural outbreak of BD in the West 
of Scotland [3]. These sheep were viraemic and free of neutralising antibody both at birth 
and before cannulation. The efferent duct draining the prefemoral lymph node was can­
nulated as previously described [10]. Lymph was collected quantitatively into sterile, 
siliconised plastic bottles containing 100 IU heparin. Sheep were housed in metabolism 
crates and given hay and water ad libitum. 

I mmunoc ytochemistr y 

Efferent lymph (EL) cells cytocentrifuged onto glass slides (60 x g, 5 minutes) were air dried, 
fixed in ice-cold acetone for 10 minutes and stored at - 20°C. Cells were stained as 
described previously (Entrican et aI., submitted for publication). Briefly, fixed cells were 
incubated for 2 hours with a pool of monoclonal antibodies (Mabs) which react with BDY. 
After washing, the cells were reacted with a sheep anti-mouse horse radish peroxidase 
conjugate for 1 hour. Following further washes, diaminobenzidine (Sigma) substrate was 
added for \0 minutes. Slides were then washed in running tap water and the cells were 
counterstained with haematoxylin (Gurr), dehydrated and mounted. 

The number of virus-infected cells was determined by examining 500 cells per slide and 
counting the number of cells with positive staining. 

In situ hybridisation 

The pGem-4 vector, containing a 2035 base pair insert of the nucleotide sequence of the 
BVDV Nadl isolate [5] was a gift from Dr. M. Collett (Molecular Vaccines Inc., Gaithers­
burg, MD, USA). This was transcribed to make a complementary RNA sequence (ribo­
probe) to the p80 region of BVDV Nadl RNA as previously described [9]. 

For in situ hybridisation studies the efferent lymph cells were cytocentrifuged onto glass 
slides, which were pre-treated as follows: alcohol-cleaned slides were immersed in 3-
aminopropyltriethoxysilane (Sigma, Poole, England) for 5 seconds, in methanol for 5 sec­
onds and then incubated in 0.1 % diethyl pyrocarbonate (BDH, Poole, England) at 3rc 
overnight. The slides were finally air dried before use. In situ hybridisation using the 
riboprobe was performed on the cells as previously described [9]. Briefly, 25~1 of hybridisa­
tion mixture, containing approximately 100 pg of 35S_UTP labelled RNA/~l, was applied to 
each slide (104 cpm/slide). Hybridisation was carried out at 25°C for 48 hrs. The slides were 
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washed for 18 hours at room temperature in 2 x standard saline citrate (SSC) pH 7.4, 1 mM 
EDTA pH 8.0, 1 mM dithiothreitol and 0.1 % Triton X-lOO. Slides were then washed in 
a small volume of 50% formamide, OJ M NaCl, 5 mM Tris pH 8.0 and 0.5 mM EDT A for 
30 minutes at room temperature followed by four washes in 0.1 x SSC at 40°C for 30 
minutes each. Autoradiography was carried out by coating the slides with K5 nuclear track 
emulsion (Ilford). The slides were then exposed for 5 days, developed for 5 minutes with 
Kodak 19 developer at 16 DC, rinsed in water, fixed for 5 minutes in 30% (w Iv) sodium 
thiosulphate, stained with haematoxylin, dehydrated and mounted. 

Results 

Immunoperoxidase stammg with BDV -specific Mabs revealed that the 
efferent lymphocytes carried virus antigen (Plate 1). The percentage of posi­
tive-staining cells varied between sheep and between samples recovered from 
individual sheep on different days (Table 1). The mean of the 16 observations 
in the 4 sheep examined was 9.5%. The staining was specific for virus, as 
demonstrated by its absence in lymphocytes from PI sheep reacted with 
a control Mab (Plate 2). Efferent lymphocytes from a control uninfected 
sheep which were reacted with the BDV Mabs were also negative (not 
shown). 

Efferent lymphocytes from 2 of the 4 sheep (numbers 3 and 4, day 2, as 
detailed in Table 1) were analysed for the presence of BDV RNA by in situ 
hybridisation. Both sheep had less than 10% virus-infected cells in efferent 
lymph as determined by immunocytochemistry (Table 1), but 70-80% virus­
infected cells as determined by in situ hybridisation. An example is shown in 
Plate 3. The specificity of the hybridisation was confirmed by reacting the 
probe with efferent lymphocytes from a control sheep. There was no label­
ling of those control cells (Plate 4). 

Discussion 

To understand how BDV may affect the immune system of PI sheep, it is 
important to determine the extent of infection of lymphocytes with virus in 
vivo. We have used the cannulated efferent lymph model as a source of 
lymphocytes, since this compartment has been shown to contain almost 
pure populations of lymphocytes in sheep [12]. Phenotypic data has pre­
viously confirmed that the efferent lymph cells from PI sheep which we have 
used in this study are lymphocytes (Entrican et aI, submitted for publica­
tion). 

BDV-infected lymphocytes were identified by two techniques: im­
munocytochemistry and in situ hybridisation. The Mabs used for the im­
munocytochemistry studies have previously been characterised and shown 
to react with a 120K polypeptide in NCP BDV-infected cells [8]. This 
polypeptide appears to be non-structural and highly conserved among 
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Plates. The presence of virus in efferent lymphocytes from persistently infected sheep, 
specifically demonstrated by immunocytochemistry and in situ hybridisation. Plate 1. 
Lymphocytes reacted with anti-BOY Mabs, showing characteristic peroxidase staining of 
virus-infected cells. Plate 2. Lymphocytes reacted with a control Mab showing absence of 
staining pattern. Plate 3. Lymphocytes reacted with the radiolabelled riboprobe. Virus­
infected cells are identified by the granular reaction. Plate 4. Lymphocytes from a control 
sheep reacted with the radiolabelled probe, where no specific hybridisation has occurred. 

Magnification x 250 

Table 1. Presence of BOV antigen in efferent lymph cells of persistently 
infected sheep measured by immunocytochemistry 

Sample 
(days post Percentage of virus-infected cells 
cannulation) Sheep 1 Sheep 2 Sheep 3 Sheep 4 

2 12.0 22.2 6.8 4.8 
3 6.4 14.6 7.8 5.0 
4 10.0 10.2 NO NO 
5 6.2 6.6 NO NO 
6 9.0 10.0 NO NO 
7 7.0 9.8 NO NO 

The first sample was taken 48 hr after cannulation. Subsequent samples were 
analysed on consecutive days. The mean value of virus-infected cells is 9.5%. 
NO = not determined. 
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pestiviruses [7]. Therefore, these Mabs do not recognise virus particles but 
identify cells which carry viral antigen as a result of virus replication. 

The molecular probe used for in situ hybridisation studies hybridises to 
a sequence of the pestivirus genome predicted to code for the 80K non­
structural polypeptide in BVD Nadl [6]. The 80K polypeptide was shown to 
be a cleavage product of a higher molecular weight 125K non-structural 
polypeptide in BVDV. The probe cross-hybridises with NCP BDV, presum­
ably at the equivalent 120K non-structural polypeptide coding region [9]. 
There is therefore a potential correlation between the molecular probe and 
the Mabs, since the Mabs may recognize the protein product of the region of 
the genomic RNA to which the probe hybridises. Although we have so far 
analysed cells from only two sheep by in situ hybridisation, our preliminary 
results indicate that in situ hybridisation is very much more sensitive than 
immunocytochemistry for identifying virus-infected cells (Plates 1 and 3). 

We have identified BDV-infected lymphocytes in PI sheep, but cannot as 
yet attribute infection to any particular lymphocyte subsets. However, 
progress has been made on the identification of cells from PI cattle which 
harbour BVDV. In experiments in cattle using a polyclonal antiserum to 
BVDV in conjunction with Mabs to bovine cell subsets, BVDV was detected 
in peripheral blood mononuclear cells from PI cattle. BVDV was found to 
be present in a proportion of all the mononuclear cell subsets examined, 
namely monocytes, T cells, B cells and null cells, with T cells being the most 
heavily infected population [1, 2]. It is not yet known if BDV infects subsets 
of peripheral blood mononuclear cells to the same extent, although PI sheep 
are known to have abnormal lymphocyte subpopulations in peripheral 
blood, resulting in a B cell hyperplasia [4]. 

The development of the highly sensitive in situ hybridisation technique 
for detecting pestivirus-infected cells is particularly relevant to studies on 
virus/cell subset associations, where cells previously thought to be uninfec­
ted may in fact be infected. We intend to use the techniques described in this 
report in conjunction with phenotype markers to address the question of 
cellular distribution of BDV in PI sheep. 
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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. 

Key words: Bovine viral diarrhea virus (BVDV), diagnosis, polymerase chain 
reaction (peR), nucleic acid hybridization, oligonucleotide probes. 

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 



188 S. Belak and A. Ballagi-Pordany 

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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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. 

Key words: cDNA probes, pestiviruses, diagnosis, distinction. 

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 

Inserts 

3' 

p.b 
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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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Summary. The detection of persistent bovine viral diarrhea virus (BVDV) 
infections in cattle by DNA dot blot hybridization was done with a cloned 
cDNA probe prepared from noncytopathic BVDV (strain NY-I). Due to the 
variability of specific hybridization results, detection of BVDV by primer­
directed polymerase chain amplification was done. Primers were chosen 
within a reported area of sequence conservation and amino acid homology 
of Pestiviruses. The amplification region extended from nucleotide 6322 to 
7475 and was based on published BVDV sequence data (NADL strain). 
BVDV RNA was extracted by two methods (proteinase K and guanidinium 
isothiocyanate) from serum and white blood cell preparations collected from 
3 persistently-infected heifers. cDNA was synthesized from extracted 
BVDV-genomic RNA using reverse transcriptase. Reaction conditions were 
optimized to amplify the 1153 base pair fragment from the cDNA prepara­
tion. Detection of BVDV in the samples by DNA dot blot hybridization 
using a nucleic acid probe corresponding to the amplified region (6322 to 
7475) was compared with polymerase chain reaction assay. The increased 
sensitivity of the polymerase chain reaction assay provided clearer identi­
fication of persistently-infected animals than DNA hybridization under 
similar conditions. 

Key words: Bovine viral diarrhea virus, hybridization, polymerase chain 
reaction, peR, diagnostic assay, togaviridae. 

Introduction 

The prevention and control of bovine viral diarrhea virus (BVDV) infections 
presently centers around the detection and removal of animals persistently-
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infected with BVDV and the judicious use of vaccination programs [1,4, 11]. 
The effectiveness of such control measures is dependent on maintaining 
closed herds and rigorous screening of animals for BVDV infection prior to 
entering the herds [1, 11]. At present, virus isolation, which is widely used, is 
the preferred method for detection of BVDV infections [10, 12]. Virus 
isolation is possible due to the persistent viremia present in persistently­
infected animals. However, several disadvantages of BVDV isolation exist; 
difficulty encountered in maintaining cell cultures free of BVDV, time, and 
expense [10, 12]. Therefore; rapid, sensitive, and specific methods of virus 
detection are needed to improve herd screening efforts to control BVDV 
infections. 

Due to the molecular cloning of several BVDV strains [2,6, 15J, the 
ability to detect BVDV by DNA hybridization and primer-directed amplifi­
cation using the polymerase chain reaction (peR) is available. Previous 
work has demonstrated that nucleic acid hybridization probes can be used 
to detect BVDV infections in cattle and may be applicable for herd screening 
[2, 3]. The recent development of peR amplification provides another rapid 
and extremely sensitive method of detecting specific nucleic acid sequences 
with diagnostic as well as research applications. Due to sequence specific 
primer-directed amplification, peR assays can detect as little as 1 to 2 copies 
of a specific nucleotide sequence in a sample. Therefore, the application of 
peR reaction assay to provide amplification of the target BVDV sequences 
was investigated and compared with nucleic acid hybridization. 

Materials and methods 
Animals and sampling 

Whole blood samples were collected from 3 animals persistently-infected with BVDV. Two 
( # 1 and # 2) of the persistently-infected animals were obtained from private herds infected 
with BVDV. The third (# 3) animal was produced by intravenous inoculation of 
a seronegative dam at 90 days of gestation [13J with 20 ml of whole blood collected from 
persistently-infected animal # 1. 

Cell cultures and quantitation oj virus 

The titers of BVDV were determined in serum obtained from the 3 persistently-infected 
animals by virus isolation. A 1.0 ml volume of each serial ten-fold dilution of serum was 
inoculated in replicates of 3 onto BVDV negative secondary bovine turbinate cells passaged 
5 to 10 times in Dulbecco's minimum essential medium containing 10% horse serum. The 
inoculum was removed after 1 hour and replaced with fresh medium. Cell cultures were 
incubated for 5 days at 37 CC in 5% CO2 . Noncytopathic BVDV was detected by indirect 
fluorescent antibody assay (IFA) using an anti-BVDV (NADL and New York-I) polyclonal 
serum prepared in a gnotobiotic calf [3]. 
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Extraction of B VD V RNA from serum samples 

Method 1: RNA extraction was done by guanidinium isothiocyanate and phenol chloro­
form extraction [5]. Serum (l m!) was diluted with 9 ml of guanidinium solution (4 M 
guanidinium isothiocyanate, 25 mM sodium citrate, pH 7.0, 0.5% sarcosyl, and 0.1 M 
2-mercaptoethanol) and the following were sequentially added: 0.1 ml 2 M sodium acetate, 
pH 4.0; 10 ml of Tris-buffered phenol; and 2 ml of chloroform/isoamyl alcohol (24: 1). The 
mixture was agitated, placed on ice for 10 minutes, and centrifuged at 10,000 g for 20 
minutes at 4°C. The aqueous phase was removed and precipitated with an equal volume of 
isopropanol and placed at - 20 cc overnight. The extracted RNA was pelleted by centrifu­
gation at 10,000 g for 30 minutes at 22 "c. The RNA pellet was dried and then resuspended 
in diethylpyrocarbonate (DEPC) treated H 20. In addition to serum, RNA was also 
extracted from white blood cells (WBC). The WBC from 5.0 ml of whole blood were pelle ted 
and RNA was extracted using 1/10 the volumes described above for serum. 

Method 2: A 1.0 ml volume of serum or a 1.0 ml suspension of WBC from 5.0 ml of 
whole blood were adjusted to a concentration of 1.0% SDS and 10 mg of proteinase K was 
added [2]. The mixture was incubated at 37°C for 3 hours and then phenol/chloro­
form/isoamyl alcohol (25: 24: I) extracted followed by a chloroform/isoamyl alcohol (24: 1) 
extraction. The aqueous phase was removed and precipitated with an equal volume of 
isopropanol and placed at - 20 "C overnight. The extracted RNA was pelle ted by centrifu­
gation at 10,000 g for 30 minutes at 22°C. The RNA pellet was dried and then resuspended 
in DEPC treated H 20. 

Primer-directed amplification 

The NADL BVDV sequence data [6J and HCV sequence data 14 were compared. Oligo­
nucleotide primers (24-mers) were designed within an identified area of high conservation of 
amino acid sequence within the two Pestiviruses which extends approximately from 
nucleotide 5324 to 9716, Fig. 1. Primer selection was made using a computer program 
(Oligo, National Biosciences, Hamel, MN) designed to construct optimal oligonucleotide 
primers for use in PCR assays [16]. Two primers, one upstream and one downstream 
primer were selected: primer 6322, 5' -CTGCCAAA TGCCTCAACCAAAGCT -3'; primer 
7451, 5'-GGACAACCCGGTCACTTGCTTCAG-3', Fig. 1. The theoretical melting tem­
perature of both primers was calculated to be 60.6°C. Optimized PCR reaction conditions 
were previously determined using purified genomic BVDV RNA (strain NY-I) (unpub­
lished results). 

The peR assay was done using reagents supplied in a kit, (GeneAmp; Perkin-Elmer 
Cetus Corp., Norwalk, Conn) and a DNA thermal cycler (Coy Laboratory Products Inc., 
Ann Arbor, MI). First strand eDNA synthesis was done using MLV-reverse transcriptase 
(Bethesda Research Laboratories, Bethesda, MD) and random primers. The first strand 
reaction contained IX PCR buffer (lOX PCR buffer contains 500 mM KCl, 100 mM 
Tris-HCl [pH 8.3J, 15 mM MgCI 2 , and 0.1 % [wt/voIJ gelatin), I mM of each deoxynucleo­
tide (dATP, dGTP, dTTP, dCTP), 12.5 units of RNasin (Promega, Madison, WI), 300 ng 
random hexanucleotides, 200 units M-ML V reverse transcriptase, and extracted BVDV 
RNA in a reaction volume of 20 ~l. The reaction mixture was incubated at 42°C for 45 
minutes, heat inactivated at 95 °C for 5 minutes, and 80 ~l of the following reaction mixture 
was added: I X PCR buffer, 1.25 ~M of primer 6322, 1.25 ~M of primer 7452, and 2.5 units of 
Amplitaq polymerase (Perkin-Elmer Cetus Corp., Norwalk, Conn). The reaction mixture 
was initially denatured at 94°C for 2 minutes followed by 30 cycles of the following reaction 
parameters: template denaturation at 94 °C for 1 minute, primer annealing at 55 J C for 1.5 
minutes, and extension at n °c for 3 minutes. An additional incubation was done at nc 
for 7 minutes to complete the extension of open (5' overhangs) templates. 
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Fig. 1. Specific region of primer-directed amplification (below) within the genome of 
BVDV in relation to the genomic organization of BVDV (above). Grey area represents the 
area of amino acid conservation of BVDV and HCV [Collett et aI., 1988] [Meyers et aI., 
1989]. Genomic organization based on figure published by Collect et aI. [Collett et aI., 

1989]. Note amplification region (below) extends from nucleotides 6322 to 7475 

Detection of amplified product 

Following amplification, 4 f.tl of the 100 f.tl PCR reaction mixture was examined by 1 % 
agarose gel electrophoresis using a 123 bp ladder as a molecular weight size standard. 
Southern blots of the agarose gels were done according to the methods of Southern [19]. 
Hybridization of Southern blots was done essentially as described for dot blot hybridiza­
tion. Additionally, Southern blots were hybridized with a probe prepared from a cDNA 
clone (pBV4-p80) from the corresponding p80 region ofNADL BVDV (kindly provided by 
Dr. Marc Collett, Bethesda MD). 

Dot blot hybridization assay 

Hybridization blots were prepared, hybridized, and washed following hybridization as 
described previously with the following modifications [2,3]. BVDV cDNA (strain NY-I), 
corresponding to the PCR amplification region, was prepared from purified genomic RNA 
amplified by PCR using primer 6322 and primer 7475 as described above, C-tailed using 
terminal deoxytransferase, and cloned into G-tailed, Pst-I cut pUC9 (unpublished results). 
Purified insert DNA was nick translated to incorporate dCT 32 p to a specific activity of 
approximately 107 cpm/f.tg. Dot blots were prepared with total RNA extracted from 1.0 ml, 
0.5 ml, and 0.1 ml of serum and WBC from 5.0 ml of whole blood using methods 1 and 2 as 
previously described [2]. 

Results 

The 50% endpoints of cell culture infective doses/ml (CCIDso/ml) were 
calculated from the results of IF A from ten-fold serum dilutions. The 
CCID5o/ml of serum from the 3 persistently-infected animals ranged from 
104 to 106 .5. Table 1. 
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Table 1. Titers of BVDV (CC1Dso/ml of serum) 
detected in cell culture by an indirect immuno­

fluorescence assay 

Animals 

#1 
#2 
#3 

CCIDso/mla 

a Values represent the mean titers of 3 repli­
cates 
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Results of the dot blot hybridization assay were positive for all serum 
and WBe samples collected from the 3 persistently-infected animals with the 
probe prepared with previously amplified and cloned cDNA from NY-l 
BVDV RNA. A hybridization signal was clearly detected when dot blots 
prepared from 1.0 ml and 0.5 ml of serum and the WBe preparation from 
animals # 1 and # 2 were hybridized with the probe prepared with pre­
viously amplified and cloned cDNA from NY-l BVDV RNA, Fig. 2. The 
minimum volume of serum required to obtain a positive hybridization signal 
from the persistently-infected animals in this study ranged from greater than 
0.1 ml to 0.5 ml. Specific hybridization was not detected in the 0.1 ml serum 
extracts. The quality of hybridization signals were reduced below 0.5 ml of 
serum and were difficult to interpret when dot blots were prepared from 
RNA extracted from less than 0.5 ml of serum. 

The product length of primer-directed amplification using primers 6322 
and 7451 based on published sequence data from NADL BVDV was 
calculated to be 1153 bp, Fig. 1. The linear electrophoretic migration of the 
amplified peR products in 1 % agarose was similar between all samples and 
co migrated between molecular weight standard segments 9 and 10, 1107 and 
1230 bp (1160 bp) respectively, Fig. 3. Amplified product was obtained from 
all 3 animals using extraction methods 1 and 2. Following peR amplifica­
tion, the total amount of DNA in the reaction mixture was approximately 15 
to 25 Ilg, quantitated by spectrophotometric absorbance. The quantity of 
amplified cDNA from RNA extracted using method 1 was greater than from 
RNA extracted using method 2. Southern blot analysis of the agarose gel 
(Fig. 3) demonstrated that the amplified product was BVDV specific by 
hybridization with probe prepared from amplified cDNA from NY-1 
BVDV, Fig. 4. The specificity of the amplified products were also confirmed 
by a similar pattern of hybridization (Fig. 4) with a cDNA clone (pBV4-p80) 
from the corresponding region of the p80 of NADL BVDV. 

The detection limit of BVDV in serum samples using the peR assay was 
determined. Serum obtained from one persistently infected animal ( # 2) was 
diluted ten-fold in TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 7.4) 
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Fig. 2. Dot blot hybridization of serum and white blood 
cell preparations (WBC) hybridized with cloned cDNA 
amplified from purified BVDV genomic RNA (strain 
New York 1). Column A: row 1, BVDV NY-I infected 
cell culture supernatant; row 2 and 3, border disease virus 
isolates; row 4, BVDV NADL infected cell culture super­
natant; Column B: row 1, GITC extracted serum from 
animal # I; row 2, GITC extracted serum from ani­
mal # 2; G ITC extracted WBC from animal # 1; row 4, 

GITC extracted WBC from animal # 2 

Fig. 3. Agarose gel electrophoresis of amplified 
cDNA of genomic RNA extracted from serum of 
3 persistently-infected animals stained with 
ethidium bromide. Column A, PI animal # 1; 
column B, PI animal # 2; column C, PI ani­
mal3; column D, 123 bp ladder. Bands in col­
umns A, Band C co migrate between notated 
bands 9 and 10 of the molecular weight standard 

(1107 to 1230 bp) 

from 10- 1 to 10- 6 . The PCR assay was done with RNA extracted (method 
1) from a 100 III fraction of the ten-fold serum dilutions as previously 
described. Following amplification the products were examined by 1 % 
agarose gel electrophoresis. A detection limit of 10 III of serum (104 

CCrD so/ml) from animal # 2 was determined to be sensitivity level for the 
PCR assay. 

Discussion 

The results of primer-directed amplification indicate that the PCR assay can 
be used to amplify a conserved region of the BVDV genome from RNA 
extracted directly from samples collected from persistently-infected animals. 
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Fig. 4. Southern blot prepared from the agarose 
electrophoresis gel in Fig. 2 and hybridized with 
cloned cDNA amplified from purified BVDV 
genomic RNA (strain New York I). Hybridiza­
tion conditions were as previously described. 
Note specific hybridization with comigrating 

fragments in columns A, B, and C 

Similar amplification products were consistently obtained from all 3 animals 
sampled in this study. Likewise, specific amplification of cDNA from various 
samples collected from acutely (serum, WBC, and milk) and persistently­
infected (serum, WBC, and embryo transfer flush fluids) animals has also 
been done (unpublished results). The difference in hybridization signal 
intensity of samples from animals # 1 and # 2 appears to reflect the 
differences in the levels of viremia, Table 1 and Fig. 2. 

Detection of BVDV by dot blot hybridization has been done in a variety 
of samples collected from acutely (serum, WBC, nasal swabs, vaginal swabs, 
and milk) and persistently-infected animals (serum, WBC, nasal swabs, 
vaginal mucus, and embryo transfer flush fluids) (unpublished results) [2]. 
The limits of BVDV RNA detection by the DNA dot blot hybridization 
assay using infected cell culture fluids are similar to virus isolation [2]. The 
detection of BVDV by dot blot hybridization in animal samples is more 
difficult than detection in infected cell culture fluids. Based on the results of 
this study and previous work, the detection of BVDV by dot blot hybridiza­
tion assay in serum and white blood cell preparations has practical applica­
tion [3]. However, difficulty may be encountered in evaluating the intensity 
of the hybridization signals and thus true positive and negative reactions in 
samples with low levels of BVDV RNA may be difficult to distinguish. The 
successful application of a diagnostic assay requires that the margin of 
identity between positive and negative samples be distinguishable. There­
fore, due to amplification of specific cDNA sequences the use of PCR may 
increase the margin of identity between negative and positive samples not 
available by standard hybridization assays. 
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The results of dot blot hybridization indicate that the sensItIvIty of 
detection was less than expected by standard methods. The threshold level of 
sensitivity in cell culture has previously been shown to be approximately 
10-20 pg of purified BVDV RNA [2]. In this study, the results of dot blot 
hybridization with serum did not reach this level of sensitivity. Dot blot 
hybridization signals with RNA extracted from serum volumes of 0.1 ml or 
less were weak or undetectable. Considering the virus titers in serum, BVDV 
RNA should have been detected in lower volumes. It was concluded that 
sample preparation was the limiting step for dot blot hybridization in this 
study. Dilution of serum prior to extraction may provide better de-proteini­
zation and help protect the genomic RNA from degradation during the 
extraction procedure. Although high levels of BVDV are present in persis­
tently-infected animals, the processing and extraction of intact BVDV 
genomic RNA remains difficult and currently may be the limiting step in the 
hybridization and PCR assays. The susceptibility of BVDV RNA to degra­
dation may effectively lower the sensitivity of detection by dot blot hybrid­
ization and PCR assay. The comparative sensitivity of BVDV detection by 
dot blot hybridization (0.1 ml to 0.5 ml of serum) and PCR amplification 
(0.01 ml of serum) in serum containing approximately 104 CCIDso/ml of 
BVDV was less than expected, based on other published reports [17, 18J, 
and may have been considered to be due to incomplete recovery of BVDV 
RNA in extracted samples. Therefore, one important consideration during 
sample preparation and RNA extraction must be to prevent contaminating 
RNAses which may result in false negative reactions. 

As expected, PCR amplification was more sensitive than detection by 
dot blot hybridization. Amplified cDNA product could easily be detected 
from RNA extracted from 10 jll of serum (104 CC1Dso/ml) which corre­
sponds to approximately 102 CC1Dso/ml. Theoretically, PCR requires only 
a few genomic copies to allow amplification. Due to the difficulties of 
extracting RNA from serum and the possibility of decreased first strand 
synthesis due to secondary RNA structure, this level of sensitivity may not 
be practically achieved. 

The results of PCR primer-directed amplification support the assump­
tion that a high degree of nucleic acid conservation does exist between 
strains of BVDV corresponding to the selected amplification region, Fig. 1 
[7, 8, 9]. Meyers et al. noted a region of amino acid similarity between 
BVDV and hog cholera virus extending between positions 1550 and 2300 
(nucleotides 5024 to 7274) which overlaps with the region of PCR amplifica­
tion used in the present study, Fig. 1 [14]. The conserved nature of this 
region is supported by the hybridization and PCR results of the amplified 
region (6322 to 7451 bp) between several cytopathic and noncytopathic 
BVDV strains (NADL, NY-1, and 2 uncharacterized strains from persis­
tently-infected animals). Using the nucleic acid hybridization probe prepared 
from cloned cDNA amplified from NY-l BVDV, specific hybridization has 
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been obtained with BVDV strains; Singer, NADL, NY-I, BVDV-72; and 
2 field isolates of border disease virus (unpublished results). It will be 
interesting to determine if this region of sequence conservation exists be­
tween most if not all BVDV strains. 

There are several advantages of using peR amplification to detect 
BVDV. The most important is the speed and sensitivity of the assay. Due to 
the sensitivity available using peR, amplification can be done directly from 
samples obtained from persistently-infected animals. This technique can be 
a valuable tool for diagnostic detection of BVDV in samples collected from 
animals as well as providing research applications. The time required to 
obtain specific results from the time of sample collection could be reduced to 
24 hours. Due to the automation of the DNA thermal cycler, the machine 
can be programmed to run the incubation profiles overnight and hold at 
4 De allowing results to be obtained the next day. Amplification of BVDV 
cDNA directly from samples collected from infected animals provides the 
ability to characterize virus without the requirement of virus isolation in cell 
culture. Therefore, the possibility that in vitro biotypic differences mayor 
may not be present in vivo may be investigated further using peR methodo­
logy. If a genetic component to biotypic variation is demonstrated in vitro it 
will be important to identify the same mechanism existing in vivo. peR 
amplification followed by sequencing of the amplified product may provide 
the methodology to identify genomic sequences which influence biotypic 
differences. Although the detection of BVDV using molecular techniques 
provides specific identification, the ability to distinguish noncytopathic and 
cytopathic strains will depend on the identification of BVDV genomic 
differences that determine biotypic strain differences. Additionally, the use of 
peR amplification coupled with detection by in situ hybridization may 
provide the sensitivity required to investigate the possibility oflatent BVDV 
infections [18]. 

In conclusion, the detection of BVDV can be done in serum samples and 
white blood cell preparations collected from persistently-infected animals by 
dot blot hybridization assay and peR amplification. The application of 
peR BVDV cDNA amplification provides a more sensitive method of virus 
detection than the hybridization assay. peR amplification may serve as 
a primary method of BVDV detection or to complement dot blot hybridiza­
tion or virus isolation. 
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Summary. A hog cholera virus (HCV)-specific genetic probe has been gener­
ated after cloning of the genomic viral RNA. This probe distinguished 
between HCV and the closely related bovine viral diarrhoea virus (BVDV). 
Furthermore, it detected a broad spectrum of HCV strains and isolates 
which differ in their phenotype such as virulence. 

Key words: Pestiviruses, BVDV, HCV, genetic probe. 

* 
Classical swine fever (CSF) or hog cholera (HC) is a contagious and eco­
nomically important disease of pigs and is caused by hog cholera virus 
(Hey). HCY belongs to the genus pestivirus of the family Togaviridae [1]. 
This genus is composed of three antigenically closely related viruses: hog 
cholera virus of pigs, bovine viral diarrhoea virus (BVDV) of cattle and 
border disease virus (BDV) of sheep. These viruses show strong structural 
and serological similarities. BVDV and BDV are indistinguishable by 
serological techniques, whereas HCV is considered to be a more separate 
antigenic entity [2, 3]. 

Beside the classical form of HC atypical symptoms can be observed, 
which render the diagnosis more difficult. A number of HCV variants have 
been isolated, which are genetically related but apparently different in their 

1 Corresponding author 
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virulence. Moreover, pestiviruses are able to cross species barriers. BVDV 
naturally infects pigs, sheep, goats and many wild ruminants [3,4]. Both 
virus infections induce homologous antibodies. To differentiate among 
pestiviruses investigations about the different degrees of neutralization of 
infectivity, virulence assays or monoclonal antibodies are necessary [2]. 
These techniques are based on differences of the viral gene products. More 
recently, genetic probes were considered to distinguish those closely related 
viruses at the genetic level by hybridization with a specific probe. 

For that purpose the HCV strain Alfort 187 [5J was cloned into the 
lambda gt 11 vector (Promega) according to standard procedures [6]. Briefly, 
HCV virions were harvested from the tissue culture supernatant and the 
genomic RNA was extracted. cDNA synthesis was primed with calf thymus 
DNA oligonucleotides, and after methylation and linker addition the double 
stranded cDNA was cloned into the Eco RI-site of lambda gt 11. HCV­
specific recombinants hybridized in Northern blots specifically with the viral 
genomic RNA of about 12 kb [7,8]. In Western blots fusion proteins could 
be detected with polyclonal serum from infected pigs (data not shown). 

The viral cDNA was further subcloned into the plasmid vector pTZ 18 
(Pharmacia) and sequenced [9]. The sequences were aligned to recently 
published data for BVDV [1OJ and HCV [l1J, respectively. For further 
hybridization experiments an Eco RI-fragment of the clone lambda HC 6 
was chosen. Figure 1 shows the complete nucleotide sequence and the 
deduced amino acid sequence of the Eco RI-fragment in comparison to the 
corresponding sequences of BVDV strains NADL [10J and Osloss [12]. The 
comparison revealed a 79.4% homology at the nucleotide level and a 92.6% 
homology with regard to the amino acid sequence for BVDV-NADL. The 
values for BVDV-Osloss were 79.8% and 95.1 %, respectively. There was 
one amino acid exchange and 8.6% mismatches at the nucleotide level in 
comparison to the published HeV -Alfort 187 sequence. These differences 
may have resulted from the high mutation rate of RNA viruses and the 
passage history in different cell lines [13]. In analogy to the BVDV genome 
organization these sequences probably code for a part of the nonstructural 
protein p125 [11]. p125 is known to be a highly conserved protein within the 
genus pestivirus [4, 10, 11, 14]. Therefore, it should be possible to detect 
many HCV variants by hybridization experiments. Variation of the hybrid­
ization conditions may give informations about the relatedness of the tested 
strains at the genetic level. 

The sensitivity of the genetic probe was first tested in the homologous 
system. Cytoplasmic RNA from PK-15 cells infected with the HCV strain 
Alfort 187 was isolated [15J, spotted on nitrocellulose membranes and 
hybridized. Virus-specific RNA could be detected in extracts from 2 x 104 

cells as starting material (Fig. 2). Then, the RNA from nine different HCV 
strains and two BVDV strains was investigated. PK-15 cells were infected 
with the HCV strains Alfort 187 [5J, CAP [16J, ALD [17J, Eystrup 
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Fig. 1. Homology between HCV and BVDV. The cDNA sequences of HC6, HCV, BVDV­
NADL and BVDV-Osloss (first to fourth line) and the deduced amino acid sequences (fifth 
to eighth line, respectively) are shown. For HCV and BVDV strains only differences from 

HC6 are specified. Numbers refer to the published BVDV and HCV sequences 
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RNA from cells x 10 
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Fig. 2. Detection of HCV-RNA. RNA from dif­
ferent numbers of cells (as indicated x 103) was 
spotted onto the nitrocellulose membrane, fixed 
and hybridized to 2 x 106 cpm/ml 32P-Iabeled 
eDNA at 42"C in 50% formamide. The mem­
brane was washed three times at room temper­
ature in 2 x SSC/O.! % SDS and three times at 

50C in O.! x SSCjO.! % SDS 

[18J, Glentorf [19J, Bergen [20J, Thiverval [21J, 331 [22J and Osterode 
(Veterinaramt Osterode, 1983). The cytopathogenic BVDV strain NADL 
and the noncytopathogenic BVDV strain 7443 were propagated in MDBK 
cells. The cytoplasmic RNA from 2 x 105 and 1 x 105 cells was hybridized 
to 32P-Iabeled HCV-cDNA. Duplicates of these dot blots were hybridized 
with 32P-Iabeled BVDV-NADL-cDNA. The genomic localization of the 
BVDV-cDNA provided by Dr. M. S. Collett (plasmid pBV-KPB) is un­
known. It just served as a positive control for BVDV-RNA. Under standard 
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Fig. 3. Dot blot hybridization with RNA from different HCV and BVDV strains. RNA 
from 2 x 105 or 105 cells infected with different HCV and BVDV strains was spotted onto 
nitrocellulose membranes and hybridized to 2 x 106 cpm/ml 32P-labeled HCV-cDNA (I) or 
4 x 106 cpm/ml 32P-labeled BVDV-cDNA (II). RNA from mock-infected PK-15 and 
MDBK cells served as negative controls. Hybridization and washing conditions were as 
mentioned in Fig. 2. The dot with RNA from 2 x 105 cells infected with strain 7443 was not 
hybridizing due to a technical problem. (Abbreviations of HCV strains: A = Alfort 187, 

E = Eystrup, G = Glentorf, B = Bergen, T = Thiverval and 0 = Osterode) 

reaction conditions seven out of nine HCV strains could be easily distin­
guished from the tested BVDV strains (Fig. 3). Only HCV strains Osterode 
and 331 could not be detected. The BVDV probe also reacted specifically. 

To investigate the degree of homology between the HCV-cDNA se­
quence and the unknown RNA sequences of the different strains and isolates 
hybridization experiments were performed under conditions of different 
stringencies. RNA from 1 x 105 infected or mock-infected cells was used. 
Cell-bound virus was titrated prior to RNA extraction, and only samples 
with comparable titers were further subjected to dot blot analysis. Hybrid­
ization was carried out at 37 °C in 20, 30 and 50 per cent formamide. The 
membranes were washed for several hours in 5 x SSC/O.l % SDS at 49 DC, 
56 DC and 71 DC, respectively (the equivalent effective temperatures cal­
culated from the salt and formamide concentrations, 23). After drying, the 
dots were punched out and counted in a liquid scintillation counter. These 
experiments revealed a different degree of homology among the tested 
strains to HCV-Alfort 187 (Table 1). The virulent strains ALD and Eystrup, 
as well as the field strain Glentorf hybridized to the Alfort 187 probe to 
a greater extent than the avirulent strains CAP and Bergen. Even the vaccine 
strain Thiverval showed a reduced degree of homology, although Thiverval 
originated from the virulent strain Alfort [21]. The virulent field strain 
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Table 1. Ratio of cpm bound to pestivirus-RNA dot/cpm bound to Alfort 187-RNA dot 

Formamide concentration 

RNA 20% 30% 50% Average (± S.D.) 

Alfort 187 1 1 (virulent) 
ALD 1.023 0.945 0.925 0.964 (± 0.052) (virulent) 
Glentorf 0.898 0.869 0.808 0.858 (± 0.045) (virulent) 
Eystrup 0.931 0.756 0.699 0.795 (±0.121) (virulent) 
CAP 0.974 0.717 0.636 0.776 (±0.176) (avirulent) 
Thiverval 0.959 0.704 0.630 0.764 (± 0.172) (vaccine) 
Bergen 0.837 0.671 0.568 0.692 (± 0.136) (a virulen t) 
Osterode 0.860 0.653 0.507 0.673 (±0.177) (virulent) 
331 0.798 0.658 0.520 0.659 (± 0.139) (virulent) 
7443 (BVDV) 0.746 0.718 0.525 0.663 (±0.120) (noncytopathogenic) 
NADL (BVDV) 0.701 0.618 0.523 0.614 (± 0.089) (cytopathogenic) 
PK-15 0.225 0.083 0.034 0.114 (± 0.099) 
MDBK 0.279 0.086 0.052 0.139 (±0.122) 

Osterode and 331 resembled the BVDV strains concerning the degree of 
homology within this particular part of the genome. In case of the HCV 
strain 331, this is in good agreement with findings based on serological 
techniques, which showed a closer relatedness of this strain to BVDV strains 
than other HCV strains [24,25]. The degree of homology to Alfort 187 
among the tested HCV strains seemed to reflect their different phenotypes. 
Virulent strains hybridized to a greater extent than avirulent strains. 

This HCV-Alfort 187 fragment detected all pestiviruses tested so far. 
Standard hybridization conditions were stringent enough to exclude the 
examined BVDV strains. Lowering stringency the reactivity was expanded 
to all tested pestiviruses. These properties make this cDNA fragment suit­
able for diagnostic hybridization tests. Until now HCV diagnosis suffers 
from time consuming virus cultivation in cell culture. Beside the monoclonal 
antibodies [26, 27J diagnostic hybridization may be helpful to circumvent 
this problem. 
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Summary. Abortions in dairy cattle were investigated on 55 dairy farms 
sited in North West England, using a multi-level diagnostic technique. After 
pathological examination of fetal and placental tissues collected at the time 
of abortion, possible causes for these abortions could be identified, sup­
ported by bacteriological and serological laboratory findings. 

Of 150 abortions investigated, Bovine Viral Diarrhoea (BVD) virus 
infection was related to 40 episodes (27 % of the total), often accompanied by 
evidence of concurrent infections. 

Lesions associated with BVD abortions were found in fetal eyelid, lung, 
and occasionally myocardium. Lesions in the lung were most consistent, 
characterized by mononuclear inflammatory cell infiltration of peribron­
chiolar and inter-alveolar tissues. Placental lesions were non-specific. 

It is concluded that the lesions observed are insufficient to be the primary 
cause of abortion. However, the pathological changes associated with BVD 
infection in the placenta may allow secondary opportunist pathogens to 
cross the feto-maternal barrier, thereby threatening the health of the fetus 
and the physiological and endocrinological functions of the placenta which 
maintain pregnancy. 

Key words: Bovine viral diarrhoea virus, lesions, fetus, placenta. 

Introduction 

Bovine Virus Diarrhoea (BVD) infections of susceptible pregnant cattle are 
usually subclinical, but there is a high probability of transplacental spread of 
virus to the fetus. The fetus responds to such infection in a variety of ways 
including abortion, or the birth of weak and undersized calves with or 
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without congenital malformations. Clinically normal calves are also born. 
The principal determinant of the outcome of BVD infection in pregnant 
cattle is the age of the fetus when viral challenge occurs; the immune status of 
the dam may also be important [7]. 

Infection in susceptible cattle during the first 90 days of pregnancy often 
results in persistently infected fetuses, or abortion which frequently goes 
unnoticed and is perceived as an infertility problem [16]. Abortion has been 
reported after pregnant heifers were exposed to experimental BVD infection 
at 29-41 gestation; fetal death followed infection by 12-27 days, and 
abortion occurred 30-50 days later [4]. Abortions in late pregnancy have 
been reported in field outbreaks of BVD, but often accompanied by evidence 
of recent challenge with other infectious agents such as Leptospira hardjo, 
Coxiella burnetti [15J, and Corynebacterium pyogenes, heamolytic 
Staphylococci, and heamolytic Streptococci [13]. 

Fetal lesions associated with BVD infection have been widely described. 
Following experimental injection of virus into pregnant heifers, lesions of 
cerebellar hypoplasia alone or with hydrancephaly, cataracts, retinal degen­
eration, optic neuritis, mummification [2, 17, 19J, and thymic hypoplasia 
[14J have all been recorded. Those associated with natural infections have 
included mummification and the presence of growth arrest lines in tibias 
[15]. This paper describes histopathological findings in fetuses and placenta 
from abortions which were associated with natural BVD infection on dairy 
farms, spanning a two year period. 

Materials and methods 

Abortion cases on dairy farms located in North West England were investigated according 
to the statutory requirements of the Brucellosis (England and Wales) Order 1978. The cause 
of these episodes was investigated by obtaining additional samples at the time of the initial 
farm visit, namely the fetus, placenta, and placentome; maternal blood samples were also 
taken but a further sample was obtained not less than four weeks later. Diagnosis was based 
upon a systematic, multi-level laboratory investigation as described by Kradel [11]. Post 
mortem examinations were performed on all fetuses, and routine sampling provided 
abomasal contents, thoracic fluid, liver and kidney for laboratory analysis. 

Bacteriology was carried out on abomasal contents, lung, and placentomes; material 
was plated out on blood agar and McConkeys's media, incubated under aerobic and partial 
anaerobic conditions, and colonies identified after 24 hrs and 48 hrs. Pure cultures were 
defined as > 30 similar colonies growing on one plate. 

Serology was carried out on thoracic fluid samples. Infectious Bovine Rhinotracheitis 
(IBR) and BVD antibodies were identified using serum neutralization (SN) tests, and 
microscopic agglutination (MAT) was used to detect L. hardjo antibody. Titres of > 1/10 
were considered to be significant. Fluorescent antibody tests (FAT) were performed on liver 
and kidney tissue homogenates, using antibody against L. hardjo as described by Ellis and 
others [8]. 

Antibody titres to BVD and IBR viruses in paired maternal serum samples were 
determined using either SNT or Enzyme-linked Immuno-assay (EIA) methods; four-fold 
changes in titres or consistent titres of > 1/128 were considered significant. Titres of 
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antibody to L. hardjo were measured by MAT after the method of Wolff [20]; values 
> 1/400 were considered as significant when assessed in relation to abortion episodes. 
Formalin-fixed specimens of fetal eyelid, lung, heart, liver, placentome, and chorio-allantoic 
membrane (CAM) were obtained; sections 6-8 f.! thick were cut, mounted, and stained with 
heamatoxylin and eosin. They were all examined by the author. The histopathological 
findings for each case were recorded and related to the results of bacteriological and 
serological examinations. A diagnosis was made only where pathological changes could be 
explained from laboratory methods used and their results. 

Results 

From an estimated breeding population of 3800 cattle on 55 dairy farms, 150 
abortions were investigated. Serological evidence of previous BVD infection 
was found in 40 cases; of these, histological lesions were found in 27 cases, 
and only in these cases was BVD considered to be associated with the 
abortion. The crown/rump lengths of 26 fetuses were 46-92 cm (170-270 
days gestation), there being one of 36 cm (155 days gestation). Fetal im­
munoglobulins IgG and JgM and SN antibodies to BVD virus were found in 
13 out of 27 fetuses examined; significant titres of SN antibody were found in 
paired maternal sera in only 8 cases. The distribution of lesions found in 
these cases is shown in Fig. 1. 

Lesions in eyelid 

Mononuclear inflammatory cell infiltration in the sub-conjunctival connec­
tive tissue was present in twelve cases. In one further case, severe congenital 
bilateral conjunctivitis was characterized by epithelial necrosis, congestion 
and oedema in sub-epithelial tissue, together with a severe mixed inflamma­
tory cell infiltration; SN titres to BVD were found at 1/80 in thoracic fluid 
and> 1/2000 in maternal serum samples, but no virus was detected either by 
electron microscopy or immunoperoxidase (IPx). 

Lesions in lung 

The most common lesion was that of mononuclear inflammatory cell infilt­
ration in peribronchiolar and inter-alveolar tissue, found in 14 out of 24 
cases examined. Viewed at low power, the lung parenchyma appeared to 
hypercellular; under higher magnification, this increased cellularity was seen 
to significantly increase the thickness of inter-alveolar tissue by surrounding 
capillaries within it. Numerous plasma cells were present. Congestion was 
also present. Where concurrent bacterial infection was present, poly­
morpho-nuclear inflammatory cells were also found at this site as well as 
within airways along with cellular debris. Inter-lobular congestion and 
oedema was also a feature in 11 cases. 
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Fig. 1. Distribution of histological lesions in 27 abortions associated with BVD infection 

Lesions in heart 

These were found in six cases and presented as a non-specific myocarditis; 
focal areas of degenerative or necrotic change, which included swelling and 
loss of striation in myocardial fibres, were surrounded by mononuclear 
inflammatory cells. 

Lesions in liver 

Of 12 cases where lesions were present, a periacinar accumulation of imma­
ture leucocytes was found in 11 cases. Occasional areas of coagulative 
necrosis were recorded in two cases, but there was no indication from other 
results as to the pathogenesis of the lesion. 

Lesions in placentome 

These were found in 14 cases. As would be expected, degenerative or necrotic 
lesions were always found, and in themselves were not considered signifi­
cant. Extensive, discrete areas of mineralization were found in six cases (out of 
a total of 16 cases exhibiting this lesion). Vasculitis accompanied by oedema, 
congestion, or heamorrhage, was a feature in three cases where IBR virus 
and two cases where L. hardjo were concurrent infections; significant mixed 
inflammatory cell infiltrations were found in septal villous connective tissue 
adjacent to blood vessels. Of the remainder, five cases were associated with 
concurrent bacterial infection and a diffuse placentitis was present with 
accompanying moderate to severe, inflammatory cell infiltration. Where no 
other pathogens were found, inflammatory changes were minimal. 
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Lesions in chorio-allantois 

These were recorded in eight cases where it was not possible to obtain 
a placentome. Necrosis was always present. Fibrosis and oedema were found 
in two cases, and mineralization in four. Surprisingly, inflammatory cell 
infiltration within the chorionic villi-though present-was often minimal, 
except when concurrent bacterial infections occurred. 

Discussion 

Fetuses that are younger than 150 days gestation when challenged by BVD 
virus infection may produce specific lesions in various organs [5J; sequential 
development of cerebellar lesions in this age of calf have been well 
documented [2]. By comparison older fetuses present only mild, generalized 
lesions, although specific lesions described include vasculitis [18J, necrotiz­
ing bronchiolitis, nonsuppurative meningitis and dermatitis [5]. 

The present study offers no additional observations to those already 
quoted, with one exception. Changes which have been described simply 
reflect an active immune response to viral challenge by bovine fetuses, older 
than 170 days gestation, an opinion supported by increased concentrations 
of immunoglobulins IgG and IgM or positive titres to BVD found in nearly 
half the fetuses examined. Since bovine fetuses are capable of producing 
serum-neutralising antibody to BVD by 200 days gestation [lJ, not all 
fetuses examined in this study would be capable of mounting a SN antibody 
response. One calf, of eight months gestation, presented specific lesions of 
bilateral conjunctivitis and cataracts. The conjunctival lesion was character­
ised by epithelial necrosis, suppuration, with a heavy mixed inflammatory 
cell infiltration. Since there are no reports in the literature of congenital 
conjunctivitis associated with BVD infection, this finding ought to be exam­
ined from two stand-points; 

(a) is the lesion primarily associated with BVD infection, or 
(b) has the lesion developed as a result of concurrant fetal infection? 

It is generally recognised that virus can be isolated from cattle where active 
lesions associated with clinical cases of BVD-mucosal disease are found [3]. 
Detectable SN antibodies are found only in animals that survive infection, 
and are virus free. Clinical conjunctivitis is often found in cattle suffering 
from mucosal disease, and it was therefore surprising that virus was not 
isolated from this calf. Instead, a moderate fetal SN titre of 1/80 and high 
maternal titre of 1/2000 indicated recent BVD infection, followed by a good 
immunological response. The presence of cataract in the fetus suggests that 
it was infected around 150 days gestation. Scott and others [17J have shown 
that high serum neutralisation titres in both dam and fetus are present 
following maternal infection with BVD at 150 days gestation and the birth of 



222 R. D. Murray 

full-term calves; in these same calves, histological evidence of previous 
degenerative and inflammatory changes in the eyes were still evident. Clini­
cal experience has shown us that some clinical mucosal disease cases can 
eventually produce antibody and survive, the lesions found in the acute 
stages of disease slowly disappearing. This may well be the explanation of 
conjunctival lesions found in this calf. 

Necrotic conjunctivitis is not a lesion associated with other common 
fetal infections; no similar lesions have been found with bacterial or fungal 
infections of the fetus [13]. The only conjunctival inflammatory lesions 
found with abortions are those of sub-conjunctival inflammatory cell infilt­
rations. Epithelial hyperplasia and goblet cell formation has been previously 
reported, but no associated aetiology has been described [13J; however, 
similar lesions have been described after experimental infection with Urea­
plasma diversum into the amniotic cavity of pregnant cattle by Miller [12]. 

Casaro and others [5J, Kendrick [9J, and Done and others [6J have all 
stated that no significant lesions are present in placental material obtained 
from cattle which have been experimentally infected with BVD virus during 
pregnancy. Only non-specific lesions of plasma cell infiltration and mild, 
non-suppurative arteritis at the base of caruncles have been described. It is 
recognized that specific placental lesions do not occur after BVD infection, 
and that viral transfer across the feto-maternal boundary does not require 
lesions to be present. This study is further evidence of that opinion. The 
pathology described is essentially that of non-specific degenerative and 
necrotic changes in maternal epithelium and adjacent fetal trophoblast cells, 
accompanied variously by oedema, congestion, and focal inflammatory 
lesions in the caruncle. Extensive mineralisation was seen in epithelial cells 
of 25% of sections examined, a change usually associated with tissue 
hypoxia; this would not be unusual in placental tissue recovered from cattle 
which had aborted and consequently retained fetal membranes. However, if 
this finding is part of the normal pattern of degenerative changes found in 
placenta post-partum, why was the lesion not more frequently observed? Of 
the 150 cases examined in this study, widespread mineralisation was found 
in less than 20% of placental tissues [13]. 

Extensive and significant lesions were found, associated with evidence of 
concurrent infections with opportunist pathogens as well as BVD virus; they 
were probably not directly caused by BVD virus infection. In particular, 
concurrent L. hardjo infection produced severe lesions of congestion, 
oedema, and haemorrhage which was evidence of a major vascular crisis in 
the placentome; this would have been sufficient to totally disrupt the 
physiological function of the placenta, and particularly that of hormonal 
support to maintain the corpus luteum of pregnancy. 

It is concluded that BVD virus infection during pregnancy may cause 
degenerative lesions in chorionic and endometrial epithelium, either directly 
through intra-cellular infection or indirectly as a result of caruncular conges-
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tion or oedema. These lesions do not necessarily threaten the well-being of 
the fetus nor the continuing maintenance of pregnancy, and are seen as 
extensive, focal areas of mineralisation. However, these breaches of the 
feto-maternal barrier allow opportunist pathogens access to the fetus via the 
transplacental or haematogenous routes, thereby infecting the fetus which 
may cause its death and subsequent abortion. 
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Summary. The immunological reactivity of bovine viral diarrhea virus 
proteins after proteolytic treatment is described. The results indicate that 
the epitopes detected are very dependent on conformation of the protein. 
A partially protease resistant 22 kD fragment of the biotype-specific p80 
is identified. 

Key words: Bovine viral diarrhea virus, mucosal disease, proteolytic treat­
ment. 

Bovine viral diarrhea virus (BVDV) is currently classified as a member of the 
family togaviridae, genus pestivirus [10]. The virus is the causative agent of 
the bovine viral diarrhea/mucosal disease (BVD/MD) syndrome in cattle 
and is of great economic importance [1]. The pathogenesis of mucosal 
disease (MD) is generally complex and involves persistence of a non­
cytopathogenic biotype virus in animals specifically immunotolerant to the 
persisting biotype. Contemporary presence of an immunologically matching 
cytopathogenic biotype virus arisen either by superinfection or mutation 
usually causes the MD syndrome including haemorrhagic diarrhea and 
death [2]. In order to prevent the disease it is important to avoid intra­
uterine infection of the calf fetus and the subsequent birth of BVDV persis­
tently infected calves. One way of obtaining this could be prophylactic immun­
ization of heifers before insemination. 
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The recent molecular cloning and sequencing of the genome of BVDV 
[3, 15J and hog cholera virus [l1J has directed much of the research on 
BVDV towards molecular biological methods, i.e. expression of defined 
fragments of the viral genome and screening of resulting proteins, or peptide 
synthesis of predicted amino acid sequences. However, we have chosen 
a different approach. To evaluate the potential usefulness of fragments of 
BVDV proteins for immunization purposes, we have examined the reactivity 
of an immune serum against BVDV proteins derived from virus infected cell 
cultures, fragmented by amino acid specific proteinases. 

The present investigation was done with the Danish cytopathogenic 
BVDV strain Vg59 and a corresponding antiserum. 

The antiserum was raised in a pig by initial inoculation with BVDV 
(V g59 strain) followed by inoculation with hog cholera virus (Alfort strain) 
3 weeks later. 

BVDV strain Vg59 was propagated in primary calf kidney monolayer 
cell cultures (in 1 liter roller bottles, area approximately 850 cm 2) grown in 
Eagles MEM (Glasgow modification) supplemented with streptomycin 
(0.1 mg/ml), neomycin (100 V/ml) and 10% bovine serum (free from BVDV 
and BVDV antibodies). At confluency of cells, the medium was replaced 
with 50 ml serum-free medium and each bottle was inoculated with 1 ml 
medium containing 106 .3 TCIDso of BVDV (V g59 strain). After adsorption 
for 2 hours at 37 DC an equal volume of medium containing 10% serum was 
added. 

A cytopathic effect was observed after 48 hours, with approximately 20% 
of the cells released from the glass surface. Remaining cells were scraped off 
into the medium and the cells pelleted by low speed centrifugation. 

The antigen content of the cellular fraction was estimated by ELISA 
(L. Roensholt, manuscript in preparation) to be approx. 90% of the total 
antigenic mass. Therefore, the supernatant was discarded. Briefly, the 
ELISA was based on a swine anti BVDV antiserum as catching antibody 
and a rabbit anti BVDV antiserum as detecting antibody. The rabbit 
antibodies bound were detected by peroxidase conjugated anti rabbit anti­
bodies and OPD as chromogen. The staining intensity of different dilutions 
of antigen was taken as a measure of antigen content. 

The cell fraction was lysed in 1 ml per roller bottle of a 5% solution of the 
non-ionic detergent Mega-lO (lscotec AB, Sweden) in isotonic NaCI, and 
subsequently ultrasonicated (3 x 10 seconds, on ice). The lysate was clarified 
by high speed centrifugation (30.000 g, 5 DC, 1 h) and used for protein 
characterization. 

SDS polyacrylamide gel electrophoresis was performed according to 
standard protocols [8]. Whole proteins and fragments were separated in 
gels of 10 and 15% acrylamide, respectively. The reducing agent dithio­
threitol was included in the sample buffer for separation of cell lysates. 
Semi-dry electrotransfer to nitrocellulose (NC), (0.2/lm, Schleicher and 
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Schuell) was performed using 40 mM glycine, 50 mM Tris, 1.3 mM SDS, 
20% v/v methanol as buffer. Transfer was done with 200 mA for 2 h at room 
temperature. Immunoblotting was performed with the following steps: 
Blocking for 30 min in 10% bovine serum (free from BVDV and BVDV 
antibodies) in dilution buffer (phosphate buffered saline containing 0.5 M 
NaCI and 1 % Triton X-100 (Serva, FRG)). After blocking 1/200 vol of pig 
BVDV antiserum was added and incubation continued for 2 h. Washing in 
dilution buffer 3 x 5 min. Incubation for 2 h with peroxidase-conjugated 
rabbit anti-swine antibodies (Dakopatts, Denmark) diluted 1: 500 in dilution 
buffer containing 10% serum. Washing as above. Staining by hydrogen 
peroxide and o-dianisidin as chromogen. All incubations were carried out at 
room temperature on a rotary shaker. 

Western blots from extracts of infected cells (Fig. 1 A) showed at least 
4 distinct bands with apparent molecular masses of 115 kD, SO kD, 56 kD 
and 45-50 kD. The most prominent bands are the SO and 115 kD bands, 
while the 56 kD band is more diffuse. The appearance and apparent 
molecular mass of all bands correspond to those published by others [4,6, 7, 
9, 12, 13, 14]. In order to make the nomenclature of this report consistent 
with other published data, we will use the designations proposed by Collett 
et al. [5J, i.e. p125 for the 115 kD band, pSO for the SO kD band, gp53 for the 
56 kD band and gp4S for the 45-50 kD band. 

By calculating the mobility of each protein relative to a stain (pyronine 
Y), it was possible to cut out unstained gel cubes containing the different 
BVDV proteins. In order to investigate the proteolytic breakdown pattern 
of individual proteins, the gel cubes were transferred to the wells of a 15 % 
gel, cast with a stacking gel of 50 mm's length, in contrast to the normal 
length of 20 mm. The cubes were overlaid with 20% glycerol sample buffer 
in order to cover the gel piece. Then the desired amount of enzyme, dissolved 
in 10% glycerol sample buffer, was added. The difference in glycerol concen­
tration of the overlay and enzyme buffer ensured that no mixing of the 
protease and protein occurred during sample application. When applying 
voltage, the mixing took place simultaneously and uniformly for all samples. 
Pyronine Y was used as a marker of the electrophoresis. When the migration 
front had passed 2/3 through the stacking gel, the proteins were concen­
trated into a narrow zone ("stack"), and the enzymatic reaction took place 
for 30 min. without applying voltage to the gel. After this treatment the 
proteins were electrophoresed into the separation gel, transferred to NC and 
probed with the antiserum. 

We have applied this procedure to the four BVDV proteins described 
using gel fragments from similarly electrophoresed proteins of uninfected 
cells as a control. The enzymes used were trypsin, Staph. aureus VS protease, 
papain (Sigma, USA), thermolysin and alpha-chymotrypsin (Serva, FRG). 

The general finding is a quick loss of detectable immunological reactivity 
of all detected BVDV proteins, pointing to conformation-dependent epi-
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Fig. 1. A Western blots of celllysates of (1) BVDV -infected and (2) uninfected cell cultures. 
The four bands of molecular weight 115 kD, 80 kD, 56 kD and 45-50 kD are marked by 
arrows. These bands correspond to p125, p80, gp53 and gp48, respectively. B Western blot 
of p80, digested with thermolysin; lanes 1, 3 and 5: uninfected cell extract, lanes 2, 4, 6: 
BVDV-infected cell extract. Lanes 1 to 6 contain 0, 0, 0.01, 0.01,1 and 1 unit ofthermolysin, 
respectively. Numerous specific bands of different sizes are seen for BVDV infected cells 
(arrows), treated with 1 U of protease. Unspecific bands are seen as well (unfilled triangles) 

topes. However, we did find a general pattern of a 22 kD stable fragment 
cleaved from p80, obtained with thermolysin, papain and Staph. aureus V8 
protease. The exact size varied slightly depending on the protease used. By 
further increasing the protease concentration this fragment could be cleaved 
to non-reacting peptides. This may simply reflect the presence of cleavage 
sites in the reactive amino acid sequence. The inability to demonstrate the 
same size fragment in p125, the precursor of p80 [4J, is surprising but may be 
a matter of sensitivity or conformation. In the initial electrophoresis p80 had 
a stronger reaction than p125 and may therefore better maintain detectable 
reactivity after proteolytic digestion. 

By the present method we have not been able to show any minor 
fragments of gp53 which can be considered as obvious candidates for 
vaccination purposes. However, this method has certain limitations: 
1. Immunoreactivity in western blots does not necessarily detect the possible 
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neutralizing epitopes in the viral proteins. Therefore, there might be frag­
ments with neutralizing epitopes, that do not show up in our assay. 2. The 
background staining hampers simultaneous detection of many differently 
sized fragments - the signal disappears by dilution. 

These investigations confirm and further support our general finding 
(data not shown) that immunological reactivity of BVDV proteins is highly 
dependent on the conformation of the proteins. The presence of linear 
epitopes should in our assay have shown up as low molecular weight bands, 
migrating close to the front of the electrophoresis. 

To obtain increased sensitivity, we have tried to immunoprecipitate 
radiolabelled BVDV proteins prior to proteolytic treatment. However, we 
have not been able to precipitate any BVDV -specific proteins following 
labelling with 3H-Ieucine or 3H-mannose. Attempts to inhibit cell protein 
synthesis by using high concentrations of sodium chloride in the labelling 
medium as described by Donis and Dubovi [6, 7J apparently also blocked 
viral protein synthesis, as no specific bands were observed for any of the 
tested concentrations of sodium chloride (0,50, 150,200 and 250 mM above 
normal). This may be due to the application of a different strain of BVD 
virus or differences in propagation conditions. 
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Summary. Reverse transcnptIOn followed by polymerase chain reaction 
(PCR) amplification of a region of the viral genome at the 3' end of the 
glycoprotein(s) gene was employed with the aim of determining its applica­
bility as a diagnostic tool for pestiviruses. Candidate primers were designed 
from homologous segments detected by comparison between the sequences 
of strains NADL, Osloss and Alfort. A segment of 634 base pairs on the 
glycoprotein gene was targeted for amplification. Segments of five pestivirus 
strains of bovine viral diarrhoea virus, two of border disease virus and the 
Alfort 187 strain of hog cholera virus were amplified successfully. 

Key words: Pestivirus, glycoprotein gene, polymerase chain reaction. 

Introduction 

The polymerase chain reaction (peR) [16J has considerable potential as 
a diagnostic technique for the detection of pestiviruses [6J, providing high 
sensitivity without the need for virus replication. The objective of this study 
was to determine suitable oligonucleotide primer sequences with potential 
for PCR diagnostic use. We report here preliminary results on the amplifica­
tion of segments within the glycoprotein region of pestivirus genomes, using 
strains multiplied in vitro. 

Materials and methods 

Viruses and cells: Pestivirus strains and isolates used in the present experiments were: 
bovine viral diarrhoea virus (BVDV) laboratory strains NADL, C24V, Osloss, and field 
isolates C455, and 7206; border disease virus (BDV) field isolate 137/4 and pig isolate 87/6; 
hog cholera virus (HCV) laboratory strains Baker "A" and Alfort 187. The field isolates 
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were mostly obtained from routine diagnostic submissions. Ruminant pestiviruses were 
grown in primary calf testis (CTs) cells. HCV strains were grown in porcine kidney (PK15) 
cells. For RNA extractions, cell monolayers were infected by adsorption for 1 hour at 37°C 
with 0.5 ml of a virus suspension containing 103 to 106 TCID so/50 Ill. The monolayers were 
then washed, covered with fresh MEM with 10% fetal calf serum and incubated for four 
days at 37°C. After incubation, the medium was removed and cells processed for RNA 
extraction as described below. 

RNA extraction 

A number of RNA extraction procedures were tested [1,7,8, 18]. All methods yielded viral 
RNA from which the targeted sequence were amplified successfully, provided that the RNA 
was extracted from intact cells. An adaptation of the method of Stallcup and Washington 
[18] was selected because of its ease and rapidity. With the exception of cell culture media, 
all solutions, plastics and glassware that came in contact with RNA-containing suspensions 
were treated with 0.1 % diethyl-pyrocarbonate (DEPC, Sigma) and subsequently auto­
claved. Gloves were used throughout and changed frequently to minimize RNAase con­
tamination. Cells were scraped off the flasks with a rubber policeman, washed in MEM 
without serum and pelleted by centrifugation at 1000 g for 10 minutes. The cells were 
washed in ice-cold saline solution, pelleted for 5 seconds at 12000 g and the supernatant 
removed. Packed cell volume was approximately 100 to 150 Ill, of which 50 III were used for 
each extraction. To that cell volume, 500 III of 10 mM EDTA (pH 8.0),0.5% SDS were 
added, followed by an equal volume of 0.1 M sodium acetate (pH 5.2). The mixture was 
vortexed briefly, passed three times through an 18-gauge syringe needle, and the nucleic 
acid extracted with an equal volume of water-equilibrated phenol. The aqueous phase 
containing the RNA was transferred to fresh tubes, adjusted to 0.1 M Tris/HCl (pH 8.0), 
0.2 M NaCl, followed by ethanol precipitation for at least 30 minutes in an ice bath. The 
RNA was collected by centrifugation in a refrigerated microcentrifuge at 12000 g for 
10 minutes. The ethanol was removed and the RNA was resuspended in 200 III ofTE buffer 
(10 mM Tris/HCl pH 7.6, 1 mM EDT A). The solution was again made 0.2 M NaCl and 
precipitated with ethanol. The RNA was pelle ted by centrifugation, the supernatant 
removed and the pellet resuspended in 100 III of PCR buffer (10 mM Tris/HC1, 50 mM KC1, 
l.5 mM KC1, 0.001 % gelatin, pH 8.3). 

Primers 

The primers used for cDNA synthesis and amplification of segments of viral genomes 
were synthesized based on the BVDV NADL nucleotide sequence (2). Primer "G" 
(5'-TCAGCGAAGTAATCCCGGTG -3', 58% G-C content) was complementary to 
nucleotides (5' to 3') 3485-3466; primer "F" (5'-CATATGGTCTGCAAGGCATAGG -3', 
50% G-C) was complementary to nucleotides (5' to 3') 3304-3283; primer "E" (5'­
TCTTGCAAGTGGTGTGGT -3', 53% G-C) was homologous with nucleotides (5'-3') 
3070-3086 and primer "0" (5'-ATAGGATGGACAGGAACTGT -3', 45% G-C) was 
homologous with nucleotides (5'-3') 2855-2874. For the amplification reactions the primer 
concentration was adjusted to 20 pmol/Ill. 

Reverse transcription 

Reverse transcription was performed essentially as described [17] in a final volume of 20 Ill. 
Viral RNA was boiled for 1 min, and 5 III of the RNA suspension were added to a reaction 
mixture composed of 2 III of lOx PCR buffer, 1 III of the appropriate primer ("G" or "F") 
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dilution, 2.5 mM dNTPs, 35 units of RNA-Gard (Pharmacia), 2.5 mM MgClz, and 200 
units of murine reverse transcriptase (USB). The reaction was incubated for 30 minutes at 
37"C and stopped by heating at 95 cc for S min. 

Amplification of cDNA 

Amplification of the eDNA was performed on the total reverse transcription reaction. In 
some experiments, the RNA preparations were tested neat and diluted 1/10 in PCR buffer. 
PCR was performed by the addition of 1 III of the second primer ("D" or "E"), 79 III of PCR 
buffer and 2.S units of Taq polymerase (Cetus). The samples were overlaid with 100 III of 
mineral oil (Sigma) to prevent evaporation. Temperatures for the reaction were 95°C for 
5 min, followed by 30 cycles of 9S J C for 1 min, 40°C for 2 min and 70°C for 4 min, and by 
a final period at 70 cc for 4 mins. After amplification, products were cooled to 4)C and 
stored at this temperature until required. 

Agarose gel electrophoresis 

Gel electrophoresis was performed in 1.4% agarose (Sigma) or in 1 % low melting point 
agarose (Nusieve), as described [11]. Five microlitre samples of each reaction were run in 
each slot. 

Hybridization procedures 

The 634 bp segment amplified from the NADL genome was used as probe. The fragment 
was excised from 1 % low melting point agarose gel, boiled for S min and radiolabelled with 
eZp]CTP (Amersham) as precursor using a commercially available labelling kit (Multi­
prime DNA labelling System, Amersham), following the instructions recommended by the 
manufacturers. Gels were transferred onto "Hybond-N" nylon membranes (Amersham) as 
described (17). Pre-hybridization was carried out for 1 hour in 6 x SSC, S x Denhardt's 
solution, 1 % SDS and 10 Ilg/ml of denatured salmon sperm DNA (Sigma) at 42 cc. The 
labelled probe was added and after overnight incubation at 42C the membranes were 
washed twice with 2 x SSC at 42 J C, twice with 2 x SSe, 0.1 % SDS at 65C and twice with 
0.2 x SSC, 0.1 % SDS at 6SC (IS). Membranes were then autoradiographed (Fuji X-ray 
film). 

Results 

The analyses by gel electrophoresis of the amplification products of the 
C24V, NADL and the BDV field isolate 137/4 are shown in Fig. la. (lanes 1, 
2 and 3, respectively). Ethidium bromide staining revealed discrete bands in 
the region corresponding to the expected 634 bp fragment size, in all three 
viruses. However, the BDV isolate 137/4 (Fig. 1, lane 3) gave rise to a faint 
band in the expected 634 bp region, together with some other bands of 
different sizes. No amplification product was obtained from uninfected cells 
(Fig. la, lane 4). The results of the hybridization with the NADL probe of 
the same gel are shown in Fig. lb. A strong signal was obtained with the 
NADL strain, mostly at the expected region (Fig. I b, lane 2). The autoradio­
graph was deliberately overexposed to highlight the faint signal detected at 
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Fig. 1. Agarose gel (1.4%) electrophoresis of PCR amplification products derived from 
pestivirus genomes. a Ethidium bromide stained gel. BVDV strains C24V (1), NADL (2), 
BDV 137/4 (3), uninfected CT cells (4), molecular weight marker (5). The arrow represents 
the region of migration of a DNA fragment of approximately 634 bp. Amplification was 
performed with primers G-D (see text). b Hybridization of the gel shown above. Probe was 
a 634 bp fragment amplified from the strain NADL. Lanes labelled as above. Refer to text 

for methods 

the equivalent region of C24V (Fig. lb, lane 1). No hybridization was ob­
served with the BDV isolate 137/4, although after longer exposure a very 
faint smear could be detected in the region where the 634 bp was expected 
(data not shown). 

Figure 2 shows the results of the amplification carried out with other 
ruminant pestivirus field isolates grown in cell culture. The three viruses 
tested previously were included as standards. The tests were performed 
under the same conditions as above except that primer combination "G-E" 
was employed for the amplification of three field isolates (Fig. 2a, lanes 4, 
5 and 6), two of which (7206 and 87/6) were refractory to amplification with 
the primer combination "G-D" (Fig. 2a, lanes 8 and 9). Hybridization of the 

Fig. 2. Agarose gel (1.4%) electrophoresis of PCR amplification products derived from 
pestivirus genomes offield isolates of ruminant pestiviruses. a Ethidium bromide stained gel 
(see text). BVDV strain NADL (1, to), BDV 137/4 (2, 4), BVDV C24V (3), BVDV isolate 
7206 (5,8), BDV isolate 87/6 (6, 9), BVDV field isolate C455 (7), control uninfected cells (11), 
molecular weight marker (12). Lanes (5, 6, 7) were amplified with primers E-G. All others 
were amplified with primers G-D (see text). The arrow represents the region of migration of 
a DNA fragment of approximately 634 bp. b Hybridization of the gel shown above. Probe 
was a 634 fragment amplified from the strain NADL (see text). Lanes labelled as above. 
c Amplification of HCV strains Baker A (1), Alfort diluted 1/10 (2), Alfort neat (3). BVDV 
Osloss strain (4) was included as positive control. Lanes (5) control uninfected cells and 

(6) molecular weight markers. Refer to text for methods 
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same gel (Fig. 2b) showed that the NADL probe only hybridized to strains 
NADL (lanes 1 and 10), C24V (lane 3) and the BVDV isolate C455 (lane 8) at 
the region of the expected 634 bp. The probe also hybridized to the NADL 
strain at regions of larger than expected fragment sizes (Fig. 2b, lanes 1 
and 10). 

The results of the agarose gel electrophoresis of the PCR products with 
cDNA derived from standard laboratory strains of HCV tested under the 
same conditions are shown in Fig. 2c. The BVDV strain Osloss was included 
for comparison (lane 4). Amplified products represented by bands at the 
expected size of approximately 634 bp were obtained from the strain Alfort, 
from both neat (lane 3) and diluted RNA preparations (lane 2). The Baker 
A strain was refractory to amplification under the conditions employed. 
Control uninfected PK15 cells did not give rise to any amplification 
products (data not shown). 

Discussion 

The segment which was targeted for amplification corresponded to a 634 bp 
segment of the pestivirus genome which probably encodes a portion of the 
glycosylated protein of molecular mass 53 kDa (gp53) in BVDV [3, 5J and 
HCV strains [13]. This protein is probably the main structural glycoprotein 
of the envelope of pestiviruses. It has been shown to be the major protein 
involved in neutralization of both BVDV and HCV strains [3, 4, 5, 13, 14, 
20]. The candidate primers selected appear to be representative of short 
conserved regions within the highly variable region putatively coding for 
gp53 [3,14]. Although two other primers (E and F) corresponding to 
oligonucleotide sequences within that region were also tested, the pair of 
primers expected to amplify the largest segment possible (634 bp) were 
preferentially used. 

PCR amplification was achieved with all five strains and isolates of 
BVDV tested, with the two BDV isolates and with the Alfort strain of HCV 
(Figs 1 and 2). With isolates BVDV 7206 and BDV 87/6 amplification 
required a different set of primers ("G-E", Table 1) to give rise to an 
amplified product of the approximate expected size (Fig. 2a, lanes 6 and 7). It 
appears that some undetermined factor led to the generation of a shorter 
amplifiable fragment. The HCV strain Baker A was not amplified under the 
same conditions that led to amplification of the fragment of predicted size in 
strain Alfort. The reason for that is unclear and remains to be investigated. 
The HCV strain Alfort was successfully amplified, despite the limited nucleic 
acid homology with BVDV [3, 14]. Annealing at low stringency conditions 
(45°C) probably favoured amplification in those circumstances [10]. 

The generation of cDNA using the same "downstream" primer for the 
reverse transcription and PCR amplification was the strategy adopted in the 
present study, since it bypasses the addition of random oligonucleotides in 
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the cDNA generation. However, cDNA generation with random hexamers 
has been found more consistent and capable of generating higher yields of 
the targeted product [14]. This approach will be investigated further in 
pestivirus diagnosis. 

We have successfully employed the peR amplification of the segments of 
the genome of some pestivirus strains grown in vitro. The lack of hybridiza­
tion of the NADL probe with the majority of the strains tested (Figs 1 b, 2b) 
could be interpreted as a sign of sequence variability within the targeted 
region. This variability might provide the basis for further characterization 
of strains which could be done by restriction enzyme analysis of the particu­
lar segment or by nucleotide sequencing [7,8, 19]. Sequencing of nucleotides 
of the amplified fragments shall provide definitive proof of their specificity, 
and it is being presently pursued in our laboratory. Although the system 
here described is useful for the production of large amounts of the targeted 
sequence, the application of the method in clinical specimens should bypass 
the need for virus growth in vitro in order to become a rapid diagnostic tool. 
The results of such application will be presented in a future publication. 
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Summary. Five monoclonal antibodies produced against bovine viral diar­
rhea virus were characterized for some of their biological activities. All of 
them bound to varying degrees to pestivirus strains but failed to neutralize 
the virus. One of the antibodies immunoprecipitated four polypeptides 
presumably involved in viral envelope organization. 

Key words: BVD, pestivirus, monoclonal antibodies. 

* 
Bovine Viral Diarrhea Virus (BVDV) is the causative agent of fatal mucosal 
disease in cattle. Like hog cholera virus (HeV) and border disease virus 
(BDV), BVDV is a member of the genus Pestivirus. All three agents are 
serologically related [5]. Although they are currently classified as members 
of the family Togaviridae, their morphological and genomic organization 
resembles that of the Flaviviridae [2]. Our understanding of the molecular 
biology of pestiviruses still has several gaps. In this report, we describe the 
preparation of a panel of monoclonal antibodies (MoAbs) suitable for the 
analysis of viral structural organization. The MoAbs were characterized by 
an indirect immunoperoxidase assay using a number of pestivirus strains, 
virus neutralization and immunoprecipitation. 

With one exception the viral strain used for the immunization of mice for 
the production of MoAbs was NADL propagated in bovine testicle cells. 
MoAb AM2G5 was raised against a non-cytopathic strain originating from 
a permanently contaminated bovine turbinate cell line. The antigens used 
for immunization were either infected cell extracts, pelleted virus [9J or virus 
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Table 1. Immunization procedures used to prime Balb/C mice 

MoAbs Inoculum Days Adjuvant Route 

XIA9 NADL strain 0 C Intraperitoneal 
Virus pelle ted 30 I Intraperitoneal 

51 Intraperitoneal 
54a 

AE3E2 NADL strain 0 Intravenous 
Infected cell extracts 1 Intraperitoneal 

2 Intraperitoneal 
3 Intraperitoneal 
4a 

AM2G5 Non cytopathic BVDV strain 0 Intravenous 
Infected cell extracts 1 Intraperitoneal 

2 Intraperitoneal 
3 Intraperitoneal 
4a 

BT4B2 NADL strain 0 C Intraperitoneal 
BT6G9 Virus purified on 33 C Intraperitoneal 

sucrose gradient 263 C Intraperitoneal 
277 I Intraperitoneal 
290 Intraperitoneal 
293a 

a shows the day of fusion 
C (Complete Freund's Adjuvant) and 
I (Incomplete Freund's Adjuvant) 

purified on 25-60% sucrose gradients. Immunization procedures and time 
periods varied and are summarized in Table 1. Spleen cells of immunized 
mice were fused with SP2/0 Ag14 myeloma cells following a standard 
procedure. Hybridoma clones producing BVDV specific MoAbs were se­
lected by an indirect immunoperoxidase assay performed on infected and 
non-infected cells fixed with isopropanol. The neutralizing effect of the 
MoAbs was assessed applying a standard test with 100 TCID so of NADL 
propagated in bovine testis cells. For the radioimmunoprecipitation (RIP), 
bovine testis cells were infected with NADL at a multiplicity of infection of 1. 
After 24 hours, infected cells were pulsed for four hours with L-eSS) 
methionine (Amersham, 800 Ci/mM). Thereafter cells were lysed using the 
following buffer: 0.15 M NaCl, 1 % sodium deoxycholate, 1 % Triton X-lOO, 
0.1 % SDS, 10 mM Tris/HCI pH 7.2, PMSF (1 mM). Lysates were ultracen­
trifuged at 90000 x g for one hour. They were then mixed with MoAb X1A9 
bound to sheep anti-mouse immunoglobulins coated magnetic beads 
(Dynal). Electrophoretic analysis was performed on 10-15% polyacryl-
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Table 2. Reactivity of monoclonal antibodies against pestiviral isolates 

Strains X1A9 AE3E2 AM2G5 BT4B2 BT6G9 

NAOL +++ + ++ +++ +++ 
Oregon C24V ++ + ++ + 
Osloss nc NO NO 
Singer nc NO NO 
8875 + NO NO 
R 1350/90 NO NO 
Osloss c + NO NO 
Singer +++ NO NO ++ + 
Lamspringe + NO NO 
0321 NO NO 
New-York NO NO 
7443 NO NO 
Nebraska nc ++ NO NO 
Strain nc 1 ++ NO NO NO NO 
Strain nc 2 NO NO NO NO 
Strain nc 3 ++ NO NO NO NO 
Strain nc 4 ++ NO NO 
Strain nc 5 NO NO NO NO 
Aveyron +++ NO ++ NO NO 
BO nc NO NO NO 
Alfort ++ NO + NO NO 
331 NO NO NO 

+ Reaction in indirect immunoperoxidase assay 
~ Failure to react in immunoperoxidase assay 
NO not done 

amide gradient gels in the presence of SDS (Pharmacia) and was followed by 
flu orography and autoradiography. 

Five hybridoma lines secreting MoAbs against BVDV antigens were 
obtained from four fusions. Two of them (XIA9, BT4B2) secreted immuno­
globulins of the IgG2a isotype, whereas the other three MoAbs (AM2G5, 
AE3E2, BT6G9) were IgM. 

The binding pattern of the five MoAbs was partially determined using an 
immunoperoxidase assay with different pestiviruses. As shown in Table 2, all 
antibodies reacted differently. None of them reacted with all viruses tested. 
So far, within the limits of our tests, AE3E2 seems to react with its homolo­
gous strain NADL only. Although antibodies XIA9 and AM2G5 failed to 
react with all BVDV strains tested, they recognized the HeV strain Alfort 
and the BDV strain Aveyron. None of the MoAbs displayed neutralizing 
activity against NADL. 

RIP analysis of the MoAb XIA9 using eSS)methionine-labelled extracts 
of infected cells led to the identification of four polypeptides (Fig. 1). The 
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Fig. 1. Autoradiogram of the polypeptides immuno­
precipitated with XIA9. Lane 1 shows molecular weight 
marker proteins (x 10 - 3). Xl A9 reacted with infected 
(Lane 2) and non infected (Lane 3) lysates. Numbers on 
right show the molecular weight values of polypeptides 

precipitated with XIA9 (x 10- 3 ) 

bands were absent with lysates of uninfected cells. Their molecular weights 
were 120kD (PI20), 74kD (P74), 56kD (P56) and 24kD (P24). Correspon­
ding results were obtained using NADL propagated in a different cell line and 
two other viral strains (Oregon and a non-cytopathic strain, results not 
shown). Under non-reducing conditions, the electrophoretic pattern of the 
four polypeptides appeared completely modified: P24 was no longer visible, 
the quantity of P56 decreased, whereas intensity of P74 and P120 increased 
(Fig. 2). 

As unanimously described elsewhere [7, 8, 12J, we observed a very low 
yield in the production of BVDV specific hybridomas when using antigen 
from mice immunized with crude antigen preparations or semi-purified 
antigen. BVDV antigen appears to be poorly immunogenic for Balbje mice. 
In addition, virions purified by ultracentrifugation on sucrose gradients 
remained somewhat associated with cellular antigens. 

The reactivity of the five MoAbs with different pestiviruses provided 
additional proof of the antigenic diversity existing among members of the 
group. However, the results obtained with XIA9 and AM2G5 also empha­
sized that conserved epitopes exist. Antigenic analysis of the 53kD viral 
envelope glycoprotein of BVDV with MoAbs revealed variations between 
strains [1, 4]. It is feasible that some of the epitopes, su bject to the observed 
antigenic changes, are involved in the virus attachment to cells and/or in its 
penetration [1, 4, 6]. Our antibodies seemed to react with epitopes not 
relevant for the above functions. 

XIA9 identified four polypeptides using the RIP technique. One of them 
(P56) appeared to be the viral envelope glycoprotein GP53 [3, 4, 6]. The 
presence of the other three polypeptide bands in the electrophoretic pattern 
could be explained by either antigenic relationships or coprecipitation. The 
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Fig. 2. Comparison of electro­
phoretic pattern of XI A9 im­
munoprecipitated polypeptides un­
der reducing (Lane 2, 2*) and non­
reducing conditions (Lane 3, 3*). 
All lanes are from the same gel, but 
for lanes 1- 3 the time of exposure 
was 16 hours and 5 days for lanes 
2*- 3*. Lane 1 shows molecular 
weight marker proteins ( x 10 - 3) 

latter cannot be ruled out since the molecular weights of the four polypep­
tides were in accordance with those of the viral glycoproteins (GP53 and 
G P25) described earlier by Collett and coworkers and those of the glycopro­
tein precursors (GP62 and GPl18) [3]. All four molecules could share 
a common epitope. In this case, X1A9 would confirm published results [3]. 
Another possibility is that the coprecipitated polypeptides constituted com­
plexes which remained intact under the conditions used for immunoprecipi­
tation. Changes which appeared when analyzing the polypeptides under 
non-reducing conditions, support this possibility, since they indicated the 
involvement of disulfide bonding. The coprecipitation of two glycoproteins 
GP55 and GP33 had been described for HCY [11]. The envelope protein of 
Flaviviruses seems to be linked with disulfide bonding to the viral M protein 
(derived from prM) [13J, which is suggested to be an anchor protein [10]. In 
a similar manner, P56 could be linked by disulfide bonding to P24, which 
also is a hydrophobic protein [3J and thus a good candidate for an anchor 
protein. The complex formed by P56 and P24 would amount to a molecular 
weight of 74kD. We actually observed an increase of the concentration of 
P74 when electrophoretic analysis was carried out without reduction. 
Homopolymeric associations of proteins as described for the E protein of 
Flaviviruses could also playa role [13]. The P120 could have been a dimer 
of P56. However, the above hypotheses still have to be confirmed by more 
experimental data in order to give a complete view of pestiviral envelope 
organization. 
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Summary. An indirect ELISA has been evaluated for determination of the 
level of antibodies to BVDV in individual milk samples and recently in bulk 
tank milk from dairy herds. As part of an epidemiological study, bulk milk 
and individual milk samples from all cows in 15 dairy herds were analysed 
for antibodies to BVDV two times one year apart. There was an excellent 
correlation between the level of antibodies in the bulk tank milk and the 
prevalence of BVDV antibody positive cows. The mean prevalence of BVDV 
antibody positive cows in the 15 dairy herds was 45.5% (188/413) at the first 
sampling and 46.2 % (191/413) one year later. Seven of the herds had no, or 
only a low number of, antibody positive cows. In contrast, between 52 to 
100% of the cows in seven other herds were antibody positive to BVDV. In 
the 15th herd all cows without antibodies at the first sampling were antibody 
positive to BVDV one year later, indicating a recently introduced BVDV 
infection in this herd. 

Analysis of bulk milk samples for BVDV antibodies is now routinely 
used in Sweden as a tool in diagnosis and prophylaxis of BVDV infections in 
dairy herds. The importance and advantages of this diagnostic technique, 
that has made it possible to establish BVDV -free dairy herds, is discussed. 

Key words: Bovine virus diarrhoea virus, antibodies, bulk tank milk, en­
zyme-linked immunosorbent assay, prophylaxis. 

Introduction 

Advances in the understanding of the epidemiology of bovine virus diar­
rhoea virus (BVDV) and improved diagnostic methods have led to a highly 
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increased rate of publications from all over the world that describes disease 
outbreaks associated with the introduction of BVDV into dairy herds. 
Different clinical manifestations that are commonly described include abor­
tions, malformed or stillborn calves, retarded growth rate in calfhood, a high 
incidence of diarrhoea and pneumonia in persistently infected (PI) calves, or 
deaths in the typical mucosal disease form of BVDV [1]. All these different 
clinical manifestations are primarily caused by a transplacental BVDV 
infection of pregnant susceptible heifers or cows [6J. However, there are only 
a few publications in the literature that discuss the possibility to establish 
BVDV free dairy herds and keep them free in the future. We have shown by 
using an enzyme-linked immunosorbent assay (ELISA) that there is a good 
correlation between the level of serum antibodies to BVDV and the level of 
antibodies in milk during the whole lactation [4]. There is also a good 
correlation between the level of antibodies in bulk tank milk and the 
prevalence of antibody positive cows [5]. 

The purpose of this paper is to show how bulk milk samples can be used 
to monitor the BVDV status in dairy herds and to discuss how this ELISA 
for detection of BVDV antibodies in milk, can be used as a tool in the 
diagnosis and prophylaxis of BVDV infections and make it possible to 
establish BVDV -free dairy herds. 

Materials and methods 

Dairy herds and milk and blood samples 

Bulk tank milk samples, as well as individual milk samples from all lactating cows were 
obtained twice one year apart (November 1987 and November 1988) from 15 randomly 
selected dairy herds. No vaccines against BVDV were used in these herds. The dairy herds 
were located in the county of Kopparberg and the number of lactating cows per herd 
sampled varied between 16 and 55. During 1989 blood samples were obtained from all 
animals, with the exception of previously tested antibody positive cows, in four of the herds 
shown to be infected with BVDV. Seronegative viraemic animals that were shown to be 
persistently infected (PI) with BVDV were subsequently removed from these herds. In May 
1990 bulk tank milk samples were again collected from all the 15 dairy herds and analysed 
for antibodies to BVDV. The blood samples were collected in vacutainer tubes (Becton­
Dickinson). Milk from individual lactating cows and bulk tank milk was collected in 10 ml 
plastic tubes containing 1.5 mg of the preservative bronopol (2-brom-2 nitropropane-
1,3-diol). The skim milk was collected from below the fat layer after centrifugation of whole 
milk for 10 min at 3000 x g. Blood samples were centrifugated in the same manner and the 
serum was removed. Skim milk and sera were stored at - 20ne until analysis. 

Detection of antibodies to B VD V in skim milk and blood serum 

An indirect ELISA 1 was used for detection of antibodies to BVDV in both sera [3J and 
skim milk [4]. Briefly, microtitre plates were coated with detergent - solubilized BVDV 

1 SVANOVA, Biotech AB, UppsaJa, Sweden. 
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antigens and stored at +4°C until analysis. Immediately before analysis the plates were 
washed twice with phosphate-buffered saline containing 0.05 % Tween (PBS-T). Undiluted 
skim milk and blood serum, diluted 1: 10 in PBS-T containing 5% horse serum, were tested 
in volumes of 100 III per well in duplicate. Following an incubation period of one hour at 
37°C, the plates were washed three times with PBS-T and a monoclonal antibody to bovine 
IgG, conjugated with horse-radish peroxidase, was added in an optimal dilution in PBS-To 
The plates were incubated and then washed as described above. A substrate to the enzyme 
was added in a volume of 200 III per well and the reaction was interrupted after 10 minutes 
by adding 50 III H 2S04, The absorbance value was measured at 450 nm. Serum with a mean 
absorbance value above 0.20 was regarded as positive for antibodies to BVDV [3]. Skim 
milk was considered positive for antibodies to BVDV when the mean absorbance value 
exceeded 0.04 [4]. 

Positive and negative control samples were always run in parallel with the test samples. 
The positive and negative control samples of skim milk had a mean absorbance value of 
0.93 (S.D. = 0.16) and 0.01 (S.D. = 0.01), respectively. 

Interpretation of ELISA absorbance values in bulk tank milk 

In dairy herds without detectable antibodies to BVDV in bulk tank milk (ELISA absorb­
ance value ~0.04) all individual lactating cows are in the majority of herds also negative for 
BVDV antibodies. Herds with a low level of antibodies to BVDV in bulk tank milk (ELISA 
absorbance value between 0.05 and 0.20) have a low prevalence of antibody positive 
lactating cows (l0.3%±6.5, mean ±S.D.). In contrast, 90 to 100% of lactating cows are 
antibody positive to BVDV in herds with a high level of antibodies in their bulk tank milk 
(ELISA absorbance value >0.70) [5]. 

Virus isolation 

Virus isolation was performed by inoculation of 0.1 ml serum from animals without 
antibodies to BVDV (ELISA absorbance value ~0.20) on coverslip cultures of embryonic 
bovine turbinate (BTB) cells. The presence of BVDV was determined by an indirect 
immunofluorescence technique, applying a monoclonal antibody to BVDV. 

Iriformation to the dairy herd owners 

At the end of 1988 all 15 herd owners in this study received general information about 
BVDV and more specific about the BVDV status in their dairy herds. After the information 
four herd owners (dairy herd number 12-15 in Table 1) wanted to have their herd screened 
for PI animals in an effort to try to establish a BVDV-free herd in the future. All 15 herd 
owners were also informed at this time about the risk of buying animals without testing for 
both virus and antibodies to BVDV. 

Results 

Prevalence of BVDV antibody cows 

The mean prevalence of BVDV antibody positive cows in the 15 dairy herds 
was 45.5% (188/413) at the first sampling and 46.2% (191/413) one year later 
(Table 1). 
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Table 1. Prevalence of BVDV antibody positive cows in 15 dairy herds and level of 
antibodies to BVDV in bulk tank milk 

Number of BVDV antibody Level" of antibodies in 
positive cows/total number bulk tank milk 
of cows 

Herd number 1987 1988 1987 1988 1990 

1 0/55 0/54 0.00 0.00 0.00 
2 0/26 0/27 0.00 0.00 0.00 
3 0/19 0/17 0.00 0.00 0.00 
4 0/18 0/21 0.00 0.00 0.00 
5 4/28 0/20 0.40 0.00 0.00 
6 2/41 2/39 0.10 0.16 0.00 
7 9/23 2/23 0.65 0.09 0.23 
8 21/23 16/22 0.45 0.57 0.56 
9 27/27 12/23 0.82 0.58 0.24 

10 16/16 13/20 0.79 0.53 0.41 
11 24/24 27/27 0.89 0.82 0.89 
12 24/26 28/28 0.94 0.53 0.37 
13b 18/18 16/16 1.08 0.65 0.18 
14b 42/44 49/50 0.81 0.66 0.58 
15b 1/25 26/26 0.12 1.20 0.44 

Total 188/413 191/413 

aThe antibody level to BVDV was measured by an ELISA and the results are 
expressed as absorbance values. 

bPersistently BVDV infected animals were removed from the herd during 1989. 

As seen in Table 1 all cows were antibody negative in herd number 1 to 
4 in 1987 and 1988 and only a low percentage of the cows were antibody 
positive to BVDV in herd number 5 to 7. In contrast, between 52 to 100% of 
the cows in the herd number 8 to 14 had antibodies to BVDV. In herd 
number 15 all cows without antibodies at the first sampling, were antibody 
positive to BVDV one year later indicating a recently introduced BVDV 
infection in this herd (Table 1). The owner of this dairy herd had bought 
pregnant heifers, without testing for BVDV, and kept them in close contact 
with the dairy cows during 1987 and 1988. 

Level of antibodies to B VD V in bulk tank milk 

In 1987 all lactating cows were free from antibodies to BVDV in herd 
number 1 to 4 and in 1988 in herd number 1 to 5. As can be seen in Table 1 
no detectable antibodies to BVDV (absorbance :::;; 0.04) wer~ found in the 
bulk milk samples analysed from these herds during the same time period. 
Neither were antibodies to BVDV found in the bulk milk samples collected 
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from the herd number 1 to 6 in May 1990 (Table 1). In contrast all the other 
dairy herds with antibody positive cows had a detectable level of antibodies 
to BVDV in the bulk tank milk. In the herds with a high level (ELISA 
absorbance value > 0.70) of antibodies to BVDV in the bulk milk, the 
majority of the cows were also antibody positive to BVDV. 

Identification and removal of persistently infected animals 

Attempts to isolate BVDV were performed during 1989 from serum of all 
animals that were seronegative to BVDV in the four herds 12, 13, 14 and 15 
in Table 1. Animals that were found to be viraemic were blood sampled 
again approximately 3 to 4 weeks after the first blood sampling. In herd 
number 12 none of the animals was viraemic or persistently infected (PI). 
However, in herd number 13 two pregnant heifers were found to be PI and 
in herd number 14 one cow and her calf were both found to be PI with 
BVDV. These animals, apparently healthy, were subsequently removed from 
the herds and slaughtered. In herd 15 two one-year old heifers were found to 
be PI. In this herd two heifers in the same age group had died in mucosal 
disease, one month before the first blood sampling was performed. The two 
PI heifers now identified had also to be emergency slaughtered, due to 
mucosal disease, one week after the second blood sample was collected. 
Based on the serology data and the age of the PI animals identified it was 
decided that no further blood testing were necessary in these herds in order 
to detect PI animals. The level of antibodies to BVDV in the bulk tank milk 
from these four herds analysed in May 1990 were substantially lower than 
those determined in 1987 or 1988 (Table 1). This indicates a decreased herd 
immunity to BVDV among the cows in these four herds and points towards 
a BVDV-free status in the future. 

Discussion 

In this study we have shown that determination of the level of antibodies to 
BVDV in bulk tank milk by using an ELISA, is an easy, cheap and sensitive 
method to monitor the BVDV status in dairy herds (Table 1). We have in 
Sweden, during the last five years diagnosed BVDV to be the cause of a high 
incidence of abortions and an increased calf mortality in more than a hun­
dered dairy herds. These dairy herds have a high level of antibodies to 
BVDV in the bulk tank milk, at the time when PI calves are identified. In 
a recent epidemiological study of BVDV, we used this ELISA to monitor the 
BVDV status in the herds, and it was shown that BVDV-free dairy herds 
have a general better fertility and less treatments for other diseases com­
pared to dairy herds with active BVDV infections (Alenius, manuscript, 
1990). 
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The studies performed have shown that BVDV is introduced to suscep­
tible dairy herds, almost invariably by the introduction of, or contact with, 
primary or persistently BVDV-infected animals from other herds, or even 
more often, after purchase of antibody positive pregnant cattle from herds 
with active BVDV -infections. These healthy pregnant seropositive cattle, 
have subsequently given birth to persistently BVDV-infected calves, and 
thereby at parturition secured an effective spread of BVDV among suscep­
tible pregnant heifers or cows. This has often resulted in the birth of several 
new PI calves, usually born 6 to 10 months after the first PI calf was born. 
Such PI heifer-calves also can become pregnant and give birth to new PI 
infected calves in the herd during a time period of several years [2]. If these 
calves, born after PI infected animals survive, the infection can be main­
tained in such a way in a closed dairy herd for decades. According to our 
experience BVDV is however often a self limiting infection in cattle herds. 
Even large dairy herds with active BVDV infections may become free from 
BVDV in a natural way if not reinfected with purchased PI or pregnant 
cattle with high antibody tit res to BVDV, which indicate that they can carry 
a PI fetus. A large dairy herd became BVDV-free in such a natural way. This 
occurred over a time period of six years after PI calves were born in the herd. 
This dairy herd has now been BVDV -free for four years as monitored by 
analysing both individual and bulk milk samples for BVDV antibodies. The 
reason why infected cattle herds often becomes free from BVDV, is that PI 
cattle are commonly culled early in life due to either disease or an inad­
equate production. 

An effective prophylaxis against BVDV could in the future be based on 
the prevention of dairy herds from becoming infected or reinfected with 
BVDV. We therefore consider the prophylaxis against BVDV infections in 
dairy herds, more or less exclusively, as an information problem. The 
knowledge of the epidemiology and diagnostic and virological techniques 
for an effective control program against BVDV are available [2l 

About six hundred dairy farms in Sweden have now been analysed twice, 
one year apart, for antibodies to BVDV in the bulk tank milk. The dairy 
herd owners have also received general information about BVDV and more 
specific information about the BVDV status in their dairy herds. Several 
herd owners have understood, after they received the information, that 
many health problems in their herds have been caused by BVDV and are 
now taken measures to get rid of PI animals. Many owners of BVDV -free 
dairy herds, now only purchase animals directly from other free herds, in 
order to minimize the risk of an introduction of BVDV. 

We are confident that the use of this ELISA in such a way will be an 
effective prophylaxis of BVDV infections in dairy herds in the future, with or 
without the use of safe and effective vaccines. The ELISA used in this study 
for detection of antibodies to BVDV in both milk and serum, is to our 
experience an excellent method to use in the diagnosis and prophylaxis of 
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BVDV-infections. It also can be used to monitor and validate a BVDV-free 
status in a large number of dairy herds in an easy way, by regular analysis of 
bulk milk samples for antibodies to BVDV. 
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Summary. Eight groups of altogether 25 goats without neutralizing anti­
bodies against BVD virus, were inoculated either intranasally or in­
tranasally and subcutaneously with two different BVD virus isolates during 
different stages of gestation. In all 18 goats inoculated within the first 78 days 
of gestation an abortion and foetal death rate of approximately 100% 
occurred. Only one goat gave birth to a clinically healthy kid. The other 
seven goats which were inoculated after the 78th day of gestation showed 
also a high foetal death rate. Only two of them gave birth to clinically 
healthy kids. Neutralizing antibodies against BVD virus could be detected in 
blood samples drawn from 14 kids born at normal term including stillborn 
and non-viable offsprings. BVD virus was reisolated from different organs 
taken from seven foetuses. It was not possible to isolate BVD virus from any 
of the normal offsprings. 

Key words: BVD virus, goats, transplacental transmission, reproduction. 

Introduction 

Serological evidence of natural bovine virus diarrhea virus (BVDV) infection 
in goats was obtained in many countries [2, 3, 5, 8]. The existence of 
persistently BVDV-infected goats similar to cattle and sheep has never been 
reported. However, only two cases of clinically manifested pestivirus infec­
tions (Border Disease) in goats have been reported so far [4, 11]. 

The purpose of the present investigation was to attempt induction of 
viral persistence by inoculation of pregnant goats at various gestational 
stages with BVDV and to study the effect of transplacental transmission of 
BVDV in relation to the age of the fetus at the time of infection. 
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Materials and methods 

Eight groups of altogether 25 oestrus-synchronised and seronegative goats were inoculated 
with two different pestivirus isolates at different stages of gestation (between day 30 and day 
110) after the first service. Eleven goats were challenged with the third cell culture passage of 
the BVDV isolate Paulinenhof/89/Win, originally derived from an acute case of mucosal 
disease in an ox. This virus produced cytopathic effects in tissue cultures of bovine kidney 
cells. The other 14 goats were inoculated with the second cell culture passage of the 
BD/2109/Han/81 noncytopathic BVDV, originally isolated from a sheep [9]. Each goat 
was inoculated either intranasally or intranasally and subcutaneously with 106 to 107 

TCID so . Blood samples were taken from the mother goats and their offsprings at regular 
intervals for serology and attempts to isolate BVDV from buffy coat leucocytes. Attempts 
were also made to reisolate BVDV from organs of aborted fetuses and stillborn or 
non-viable offsprings. A direct neutralizing peroxidase-linked antibody (NPLA) assay as 
described by Hyera et al. [7] was used and BVDV cultural isolation performed on fetal calf 
kidney cell cultures. 

Results 

All of the mother goats produced neutralizing antibodies against BVDV 
within three weeks after inoculation. Ten goats aborted, nine goats gave 
birth to stillborn or non-viable kids, three goats gave birth to clinically 
healthy kids and three goats had no offsprings (Fig. 1). Neutralizing antibod­
ies against BVDV could also be detected in blood samples taken before the 
first uptake of colostrum from 14 kids born at normal term including 
stillborn and non-viable offsprings. The serum antibody titer profiles ranged 
from 1/7,5 to 1/2560. These kids were all born to mother goats inoculated 
after the 64th day of gestation. BVDV was isolated from different organs 
taken from seven fetuses whose mothers had been inoculated between the 
50th and the 90th day of gestation. ·In contrast it was not possible to isolate 
BVDV from any of the healthy offsprings exhibiting neutralizing antibody 
titres of various levels. 

Discussion 

The BVDV transmission studies in goats showed that the infection resulted 
in a high rate of presumably embryonic death, abortion, stillbirth and birth 
of non-viable kids. In 18 goats inoculated before day 78 of gestation 
abortion and fetal death rate was approximately 100%. Only one goat 
which was inoculated at day 70 of gestation gave birth to a clinically healthy 
kid. Seven goats which were inoculated after day 78 of gestation showed 
a high fetal death rate, too, with only two of them (inoculation at day 90 and 
110) which gave birth to viable offsprings. This high frequency of abortion 
and fetal death has also been seen in previous experiments [6, 12]. The main 
reason for this outcome seems to have been a severe placentitis which 
occurred after challenging goats with pestivirus [1]. 
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Fig. 1. Development of gestation after inoculation with two different pestivirus isolates at 
different gestational stages in goats 

Persistent infections following intrauterine infection of immune incom­
petent fetuses as observed in cattle and sheep [10, 14J, could not be verified 
for goats in the present experiment. It appears as if BVDV infections of 
seronegative pregnant goats result only rarely in persistently infected viable 
offspring [13]. Lack of spreading of BVDV by such animals through contact 
or vertical transmission in goat herds would therefore explain the low 
prevalence of antibody carriers against BVDV in goats. 
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Summary. Buffy coats of 1074 cattle were tested for BVD virus using the 
usuallongterm-cultivation (LTC) in bovine kidney monolayer cell cultures 
(7 days) whereby 268 BVD virus carriers could be detected. Serum samples 
collected simultaneously from the same animals were examined by means of 
a shortterm-cultivation (STC) procedure of only two days in stationary 
macro plate cell cultures. Using this method only 172 amongst the former 
268 BVD virus carriers were found. Of the remaining 96 serum samples from 
animals positive in buffy coat leucocytes by LTC and negative in sera by 
STC, further 19 cattle were found to be viraemic when the sera were 
additionally tested by LTC. These results are discussed with regard to the 
antibody level and the age of the animals. The reduced sensitivity of STC of 
sera is considered in relation to the favourable time and cost factor. STC of 
serum samples in connection with the serological results on a herd basis 
proved to be valuable for the examination of cattle of more than 6 months of 
age but not for calves below 6 months. This was particularly true in cattle 
herds with no previous BVD history. 

Key words: BVD virus, persistent infection, diagnosis. 

Introduction 

Cattle persistently infected with BVD virus are usually detected by time­
consuming and costly virus isolation procedures. These include incubation 
periods of about one week in rolled fetal calf kidney cell (FCK) cultures 
(longterm-cultivation: LTC) and final detection by a direct immunofluores­
cent assay [4]. Buffy coat leucocytes separated from peripheral heparinized 
blood samples are preferred for virus isolation. Blood samples are usually 



258 H.-R. Frey et al. 

derived from animals found seronegative by preceding serological tests in 
cattle herds with or without previous BVD anamnesis. This procedure 
proved to be safe but time-consuming and hardly applicable when large 
numbers of blood samples are to be tested. Therefore a virus isolation 
procedure was introduced to select viraemic animals without too much time 
loss and at reasonable costs. 

Materials and methods 

In order to select persistently infected animals within a cattle herd the standard virus 
isolation technique (LTC) was applied in order to examine buffy coat leucocytes from 1074 
cattle of any age for BVD virus. In parallel a more simplified technique was used to test the 
sera of the same animals for the same purpose. The virus isolation procedure was changed 
to a one-passage modification in macro plates with only a two days incubation period of 
inoculated FCK cultures. For final detection of viral antigen a direct peroxidase-linked 
antibody assay [2J was used (shortterm-cultivation: STC). The same serum samples were 
also submitted to standard virus neutralization tests [1]. 

Results 

By application of the standard virus isolation procedure (LTC) to buffy coat 
leucocytes blood samples from 268 cattle were found to contain BVD virus. 
When the serum samples of the same animals were tested by the modified 
procedure (STC) only 172 animals could be found positive (Fig. 1). Thus the 
latter procedure missed 96 blood samples (36%) in which BVD virus had 
been detected by the standard technique (LTC). Amongst these 96 samples 

LEUCOCYTES I SERA 

I n = 268 I LTC (100%) n = 19 

" ~ " ,. ,. 
/differencel 
I 96 I 

" STC I n = 172 I (64%) 

Fig. 1. Frequency of BVD virus isolation from leucocytes and sera using longterm- and 
shortterm-cultivation, respectively, in BVD viraemic cattle 

Abbreviations: 
LTC: Longterm-cultivation 7 + 2 days 
STC: Shortterm-cultivation 2 days 
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further 19 sera were detected showing that their donors were viraemic when 
their sera were additionally tested by LTC 

Discussion and conclusions 

Cattle of any age from herds with or without BVD anamnesis were 
randomly selected and tested for BVD virus. Calves under 6 months of age 
showed relatively high antibody titers presumably of colostral origin thus 
confirming former results on the decay of maternal antibodies [3]. In 
addition it had to be considered that the blood samples tested were derived 
from cattle with unknown status of BVD infection with transient or persis­
ten t viraemia. 

The sensitivity of the STC procedure was obviously lower as compared 
with the results of the conventional LTC This might be partially explained 
by the facts mentioned above. It needs also remembering that in the course 
of the pathogenetic events, BVD virus appears earlier and disappears later in 
the leucocytes than in blood serum. The virus might be demonstrated in 
leucocytes even in the presence of developing neutralizing antibody titres. 
Inspite of the obviously lower sensitivity, the application of STC appears to 
be reasonably safe if proper precautions are taken. For this sera from all 
animals of a particular herd should be subjected to STC testing. The same 
sera must be tested for BVD neutralizing antibodies, too, and the results 
compared with those obtained by STC 

In all questionable cases, i.e. in seropositive calves (less than 6 months of 
age) or seronegative, STC-negative animals of more than 6 months of age 
within an otherwise seropositive herd, the LTC should be applied in order to 
attempt virus isolation from buffy coat leucocytes. The same is true in cattle 
herds where BVD vaccines were applied previously. 

STC proved to be safe in routine diagnosis of persistent BVD virus 
infections of cattle more than 6 months of age. Therefore this test can be 
recommended for the rapid and inexpensive detection of cattle persistently 
infected with BVD virus in cattle herds with or without BVD anamnesis. 
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Summary. We amplified and sequenced the p 125 coding regions of a 'homo­
logous' pair of BVDV biotypes, Pe515 cytopathogenic and non­
cytopathogenic. The sequences were aligned with the published sequences of 
Osloss, NADL and the Hev Alfort strains, but no insertions of host 
sequence were observed in that region. 

Key words: BVDV, HeV, pestivirus, peR 

* 
Bovine viral diarrhoea virus (BVDV) is a positive stranded RNA virus, 
currently classified in the Togaviridae as a member of the Pestivirus genus, 
together with border disease virus (BDV) of sheep and hog cholera virus 
(HeV) [14]. Two forms of BVD virus are usually isolated from outbreaks of 
mucosal disease and these are differentiated principally by their different 
growth characteristics in vitro. The non-cytopathogenic (ncp) BVDV bio­
type induces little cytopathic effect on tissue culture cells, whilst the 
cytopathogenic (cp) biotype causes vacuolation in the cytoplasm and ensu­
ing cell death. 

Analysis of virus encoded proteins in cells infected with cp and ncp 
viruses also reveals that the viruses differ in their processing of a 125 kDa 
protein (Fig. 1). In cp biotypes the p125 is cleaved into 80 kDa and 54 kDa 
subunits. This cleavage and consequently the 80 kDa protein, is not ob­
served in cells infected with ncp virus preparations. This difference is consis­
tently observed in all of the 'homologous' pairs that have been studied to 
date [12,6]. 
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The complete nucleotide sequences of two cp strains of BVDV [13,4J 
and one ncp HCV isolate [9J have recently been published and confirmed 
the size of the BVDV and HCV genomes to be approximately 12.5 kb. When 
these sequences are aligned (Fig. 1) NADL is found to have an insertion of 
90 amino acids while Osloss has an insertion of 76 amino acids, both of these 
occurring in the predicted coding region for the p54. The NADL insertion 
has 99% homology with a host cellular mRNA coding for a protein of 
unknown function [8J and the Osloss insertion corresponds to an ubiquitin­
like protein [3, 10]. No comparable insertions were observed in the ncp 
HCV sequence [9]. Since these insertions only occur in cp isolates it has 
been suggested that this uptake of cellular sequences may be associated with 
the mutation of ncp to cp virus [10]. We decided to sequence the p125 
coding region of the Pe515 'homologous' viruses to identify any differences 
between the two isolates. 

BVDV RNA was prepared using a total RNA extraction method for 
Pe515ncp and a viral RNA technique for Pe515cp. The total RNA protocol 
was a modification of the method of Chomczynski et al. [2J where RNA is 
isolated by a single extraction with an acid guanidinium thiocyanate­
phenol-chloroform mixture. The viral RNA method was Chang's modifica­
tion [lJ of Maniatis' method [7J and involves extraction of RNA from the 
cytoplasm of virus-infected cells using SDS/proteinase K followed by 
phenol/chloroform extraction. First strand eDNA synthesis was performed 
on both RNA preparations using MuLV reverse transcriptase (Gibco BRL) 
in a total volume of 100 Ill. 10 III aliquots of the reverse transcription cDNA 
product were amplified using specific primers (Fig. 2) with Taq DNA poly­
merase (Cetus corp). The cDNA was denatured at 94°C for 1 minute and the 
primers annealed at 50°C for 1.5 minutes. Primer extension was at noc for 
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2.5 minutes and the amplification cycle was performed 30 times with a final 
incubation at noc for 7 minutes. 

The PCR products were analyzed by electrophoresis on a 0.8% agarose 
gel and were visualised with ethidium bromide under UV light. Fragments 
were excised from the gel and purified using the Geneclean kit. They were 
then either cloned into pUC9 for plasmid sequencing or sequenced directly 
using the amplification primers and Sequenase (Applied Biosystems). Using 
several combinations of primers, cDNAs corresponding to the entire p125 
region of both biotypes were amplified and sequenced. As the sequence data 
was obtained it was aligned to the corresponding regions of the Osloss and 
NADL BVDV isolates and the Alfort HCV strain (Fig. 3). 

The p 54 region was successfully amplified in both viruses using primers 
that were complementary to the Pe515 cDNA. The p80 region, however, 
was produced in two overlapping segments using primers made from regions 
of good homology between the NADL and Osloss sequences. Apart from 
reducing the annealing temperature of the primers to 40°C in the latter case, 
fragments were amplified and sequenced under the same conditions. There 
was some difficulty in amplifying fragments of greater than 1 kb from the 
Pe515ncp cDNA made from the total RNA preparation. Smaller size 
sections were successfully amplified, indicating that this was not due to 
primer: template mismatch but perhaps was a problem with the quality of 
the RNA and, therefore, the cDNA. We amplified and sequenced the region 
coding for the p 125 in the Pe 515 'homologous' pair of viruses. The degree of 
sequence homology observed at both the DNA and amino acid level is 
particularly striking: the Pe515 viruses were 99.6% homologous with re­
spect to each other and 97% homologous with NADL, excluding the known 
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host insertion. No insertion was observed when comparing the Pe515 cp 
and ncp sequences. The area immediately preceding the p54 coding region 
has recently been amplified in both biotypes. Fragments obtained by peR 
and analyzed on agarose gels appear equal in size and preliminary sequence 
data indicates the same high degree of homology as that observed for the 
p125. 

This report confirms that the techniques of reverse transcription, amplifi­
cation and direct sequencing of peR products can allow rapid analysis of 
specific areas of the BVDV genome. Any host sequence insertions in 
Pe515cp, similar to the NADL or Osloss insertions, should have been 
detected using this methodology since they only span relatively small areas. 
De Moerlooze et al. [5] have amplified and sequenced 10 pestiviral strains 
across this region of the p54 and found that NADL and Osloss cp strains 
were the only viruses with insertions. The significance of these insertions in 
cp isolates is still unconfirmed. However, one of the disadvantages of peR 
when compared to cDNA cloning, is that duplications of sequences may not 
be detected, particularly if they span large areas. Meyers et al. [11] reported 
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finding a duplication of the entire pSO sequence in one of their 
cytopathogenic viruses and this would have been indistinguishable from the 
original sequence by the methods employed here. With more homologous 
pairs of viruses being examined, the raison d'etre for the cytopathogenic 
biotypes will soon be resolved. 
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Summary. Most lambs affected with border disease die early in life but those 
which survive gradually loose their body tremors and their fleece abnormal­
ities become less clear. Seven female lambs persistently infected with border 
disease virus were reared to maturity and bred from when they were 2 to 
3 years old. Two failed to conceive but five gave birth to 6 live lambs with 
clinical signs of border disease characterized by hairy and pigmented fleece 
with or without body tremors. The epidemiological significance of persis­
tently infected sheep is discussed. 

Key words: Border disease virus, persistent infection, progeny. 

Introduction 

Border disease virus (BDV) affects newborn lambs causing a disease charac­
terized by tremors and abnormally hairy birth coat [7, 13]. It results from 
infection in utero with a pestivirus antigenically related to that which causes 
bovine viral diarrhoea/mucosal disease [11, 7]. The most obvious clinical 
manifestations of the disease occur at lambing. Lambs are weak with altered 
body conformation, changes in fleece and tremors [2]. Many affected lambs 
die early in life but those which survive may gradually lose their nervous 
signs and the fleece abnormalities become less obvious [1]. It is generally 
accepted that in the field few lambs affected with border disease survive to 
sexual maturity [8, 9J but field observations in the United Kingdom and 
Australia [8, 14J and some experimental data [3J suggest that clinically 
affected lambs raised to maturity can be sources of BD infection for their 
progeny. In the present study 7 persistently infected female lambs from 
a field outbreak of border disease were raised to maturity and mated to 
examine the possible vertical transmission of border disease virus. 
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Materials and methods 

Persistently infected sheep 

In February 1987, 10 Suffolk crossbred lambs with clinical signs of BD were obtained from 
a farm in Shropshire. Another group of7 affected lambs was obtained from the same farm in 
March 1988. The animals were kept separate from other sheep and regularly sampled for 
virus isolation as described earlier [15]. All but one of the lambs had virus and no antibody 
and were, therefore, regarded as persistently infected. Seven of the female lambs were 
maintained in isolation until they were 2-3 years old. The persistently infected ewes and one 
control ewe were served by a normal Suffolk-cross ram, after oestrus-synchronization, in 
November 1989 and maintained in the isolation unit. 

Virological status of ewes and lambs 

Four to six weeks after delivery, clotted and heparinized blood samples were collected from 
all the ewes and their lambs. Heat inactivated serum samples were tested for the presence of 
antibodies in a microneutralisation test against the Moredun reference strain of cytopathic 
BDV as previously described [6]. Results are expressed as the reciprocal of the serum 
dilution corresponding to the 50 per cent end point of neutralisation. 

The heparinized blood samples were tested for the presence of specific BDV antigen by 
the ELISA method of Fenton and colleagues [5]. Samples with OD values greater than 0.1 
were considered positive. 

Results 

Reproductive performance 

The reproductive performance of the persistently infected ewes is given in 
Table 1. Five of the persistently infected ewes produced live 6 lambs four of 
which were males. All the lambs had dark or black pigmentation of fleece 
but only 4 had detectable body tremors at birth. These tremors were very 
transient, disappearing within the first week of life in all but one lamb. The 
control ewe maintained with the persistently infected flock delivered a nor­
mal male lamb. No special nursing care was provided and four of the 
6 lambs survived without bottle feeding. Two of the lambs died within 48 hrs 
due to trauma. 

Virological and serological status of ewes and lambs 

In samples collected 4-6 weeks after the birth of the lambs, BDV antigen 
was demonstrated in leucocyte preparations from all seven ewes and all of 
the persistently infected ewes were seronegative. Border disease virus was 
demonstrated in the blood samples of the four surviving lambs and non­
cytopathic BDV was isolated from spleens of the two lambs which died 
(Table 2). All of the lambs were seronegative. The control ewe and its lamb 
were both seropositive and virusnegative. 



Progeny of sheep persistently infected with BOV 269 

Table 1. Reproductive performance of persistently infected ewes 

Ewes Lambs 

No No Sex Tremors Pigmented Survived 

5 
6 101 M + + 48 hrs 

697 M + + yes 
10 696 F + + yes 
12 
9 689 F + + yes 

302 695 M + 48 hrs 
155 698 M + yes 

7a 690 M yes 

a Control 
F female 
M male 

Table 2. Virological status of ewes and lambs 

Ewes Lambs 

No Antibody Virus No Antibody Virus 

5 + 
302 + 685 NO + 

6 + 101 NO + 
697 + 

10 + 696 + 
12 + 
9 + 689 + 

155 + 693 + 
7a + 690 + 

a Control 
NO not determined 

Discussion 

Both BVDV and BDV can cross the placenta and establish a persistent 
infection in the animals infected in utero. Persistently infected lambs are 
born either to susceptible mothers which are infected before the onset of 
foetal immune responses or to persistently infected mothers. The main 
determinant of foetal infection in acutely infected ewes is the gestational age 
of the foetus at the time of infection. Infection of a susceptible ewe in early 
gestation usually results in death of the foetus but those foetuses which 
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survive become persistently infected and foetuses infected in late gestation 
develop immunity to the virus [10]. These persistently infected animals 
excrete virus continuously and spread the virus. It is generally thought that 
lambs with clinical border disease do not reach sexual maturity and, there­
fore, vertical transmission from persistently infected ewes is not regarded as 
a common source of infection. However, some strains of BDV may cause 
mild or inapparent manifestations of the disease. Recently a strain of virus 
which causes no fleece changes or body tremors has been described [4]. In 
the present study most of the lambs born to persistently infected ewes had 
fleece abnormalities characterized by abnormal pigmentation and hairiness 
without body tremors. Body tremors are easy to detect but fleece abnormal­
ities are not readily apparent in certain breeds of sheep [2]. Furthermore, 
some strains of BDV may cause mild clinical signs characterized by abor­
tions and the birth of small weak lambs [4]. In these circumstances the 
lambs without the classical signs of body tremor and fleece changes could 
easily be missed and be kept for breeding. Unless culled, ewes which had 
produced affected lambs, these carriers could continue to be a source of 
infection of successive breeding seasons [14, 3]. These have implications on 
the strategies of control of the disease. It has generally been assumed that the 
removal of affected lambs is sufficient to control border disease in a flock 
[12J but detecting persistently infected ewes requires expensive laboratory 
tests [4]. The present results suggest that ewes which give birth to lambs 
with signs of BD must be regarded as potentially persistently infected 
themselves, particularly when the disease occurs repeatedly in a flock. In 
these cases testing all the barren ewes and ewes with lambs affected with 
border disease will help to pinpoint persistently infected ewes. 
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