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This paper summarizes the history of and information on bovine herpesvi-
rus type 4 (BoHV-4) from the first isolation to the most recent results. For almost
twenty years BoHV-4 has been considered a typical herpes ‘orphan’ virus, which
infects several species but causes no illness. The latest experiments revealed the
close relationship of this virus with the immune system and other tissues. The vi-
rus was even considered as a possible candidate for a vector vaccine. BoHV-4 as
a strange herpesvirus has several features which are not characteristic of other
herpesviruses, such as several latency sites, persistence in serum, dividing cells
necessary for virus replication, and the wide host range. In addition to describing
the main features of the virion, replication, clinical signs, nomenclature problems,
this review intends to concentrate on the new and strange results coming out from
several laboratories worldwide. It is also suggested that because the virus com-
bines several properties of various herpesvirus subfamilies and because of its
close relationship with the immune system, it may deserve further attention as a
representative of a potentially new genus within the Gammaherpesvirinae sub-
family.
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The first BoHV-4 strain was isolated in 1963 (Bartha et al., 1966), when
pneumoenteritis due to type 4 bovine adenovirus was observed among 1- to 4-
month-old calves in a large farm in Western Hungary. Two to four weeks after
recovery half of the animals developed keratoconjunctivitis. From an ocular
swab a herpesvirus-like agent was isolated. Cytopathic effect, the susceptible cell
types, and inclusion bodies were described. The virus was inactivated by heat,
chloroform, and pH 3. Neutralizing antibody levels were low, and the experi-
mental infection of calves did not result in any clinical signs. Some years later a
herpesvirus strain was found in the USA (Mohanty et al., 1971) with very similar
properties. A new bovine herpesvirus was found.
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The virion

BoHV-4 is a typical herpesvirus with an enveloped icosahedral nucleocap-
sid with a diameter of 150 nm, containing a double-stranded DNA of 146 kb.
Twenty-nine structural proteins have been identified, ten of which are glycosyl-
ated. All the glycosylated proteins belong to the viral envelope, while a 140 K
nonglycosylated protein appears to be the major nucleocapsid protein (Dubuisson
et al., 1989). In gradients the virus has an equilibrium density of 1.2 g/cm’, it is
sensitive to pH 3, 20% chloroform or ether, heat labile (50 °C, 30 min), and all
lipid solvents are good disinfectants.

The virus—cell interaction

Heparan sulphate serves as the initial receptor for several alphaherpesvi-
ruses and a betaherpesvirus. A study showed that during the process of absorp-
tion of BoHV-4 to the cell, a viral glycoprotein 135K interacts with heparin-like
molecules at the cell surface (Vanderplasschen et al., 1993). The 135K protein
(Gp8) is poorly glycosylated and present at both the viral envelope and in the
culture medium (Dubuisson et al., 1992).

The virus replication cycle in the infected cell was followed by an electron
microscopic study (McCoy et al., 1985), which showed that the multiplication of
BoHV-4 is typical of other herpesviruses, the virus is replicated slowly, since the
first labelled viruses were seen 6—12 hours postinfection (PI) in the cytoplasmic
vacuoles, while the newly synthesized virus particles appeared in the nucleus 12
to 24 hours PI. Envelope formation mainly occurred by budding at the nuclear
membrane, but occasionally the virus budded into cytoplasmic vacuoles. Infec-
tious particles were released from the cell at 48 hours PI. This type of replication
has some characteristics similar to beta- and gammaherpesviruses, but not alpha-
herpesviruses. By comparing BoHV-4 L protein expression in lovastatin-
synchronized MDBK cells, and in cells arrested in G, it was shown that the ex-
pression of viral genes (and probably virus multiplication) is dependent on the
cell cycle. The S phase of the cell cycle increased viral DNA replication and
protein expression, so BoOHV-4 needs dividing cells for effective virus replication
(Vanderplasschen et al., 1995).

Nomenclature of the virus
The nomenclature of the Movar-type virus has been confusing so far. Al-

most all isolates were given new names. The virus was called BHV-3, BHV-4,
BHV-5, and bovine cytomegalovirus. The main experts of this type of virus drew
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a clear picture about taxonomy and nomenclature problems of the virus in 1987,
and proposed to use the term ‘bovine herpesvirus type 4’ (BoHV-4) for the
Movar-type viruses (Bartha et al., 1987). The international scientific community
accepted this new name, and the virus is officially called BoHV-4.

Host range

In contrast to other beta- and gammaherpesviruses, bovine herpesvirus
type 4 replicates in a wide variety of cell cultures, i.e., established primary cell
cultures of cattle, sheep, goat, dog, cat, rabbit, pig and primary chicken kidney
(Barahona et al., 1973). Various cell lines of these species are susceptible to
BHV-4. The American reference strain (DN-599) was found to grow to high ti-
tres in mink lung and ferret kidney cells (Peterson and Goyal, 1988). Crandell
feline kidney (CRFK) cells also support replication of BHV-4 (Kruger et al.,
1990). Several species are susceptible to BHV-4 infection. The virus has been
isolated from cattle (Barahona et al., 1973), American bison (Bison bison) (Todd
and Storz, 1983), African buffalo (Syncerus caffer) (Rossiter et al., 1984), goats
(Moreno-Lopez et al., 1989), non-ruminant species such as lions (A. Bartha, per-
sonal communication) and a cat suffering from urolithiasis (Fabricant et al.,
1971). Simian herpesvirus aotus type 2, isolated from the kidney of an apparently
normal owl monkey (Aotus trivirgatus), was proven to be a BHV-4 strain
(Bublot et al., 1991). This monkey isolate replicated in four monkey cell lines
[owl monkey kidney (OMK), squirrel monkey kidney, intestines, and lung cells
(SMC), cebus monkey kidney (CMK), African green monkey kidney (Vero)],
rabbit kidney (RK) and goat cells (GC), where cytopathic effect and inclusion
bodies were observed. No cytopathic effect was seen in a primary culture of
whole human embryo cells.

Clinical signs and pathogenesis

Bovine herpesvirus type 4 (BoHV-4) is a widespread agent of ruminants,
especially cattle. Cattle populations of all continents are infected by this virus.
BoHV-4 is often isolated from variety of clinical signs, inflammations, wounds,
nasal, ocular genital swabs, postpartum metritis, aborted fetuses, but its role in
these lesions is still not proven. Experimental infection of ruminants and labora-
tory animals (rabbits) resulted in only slight respiratory symptoms. Since the vi-
rus infects, and persists in, immune cells, possibility of an immunosuppressive
effect was also suspected, but no compelling evidence was found so far. Isolation
of different strains has been reported from animals showing a variety of clinical
signs, such as conjunctivitis, pneumonia, inflammation of the upper respiratory
tract (Mohanty et al., 1971), metritis (Parks and Kendrick, 1973), skin lesions

Acta Veterinaria Hungarica 48, 2000



504 EGYED

(House et al., 1990), ulcerative mammillitis (Reed et al., 1977), enteritis (Eug-
ster, 1979), and tumours of the urinary bladder and rumen (Kaminjolo et al.,
1972). Viruses specified as BHV-4 were also detected in apparently healthy ani-
mals (Luther et al., 1971). The fact that BoHV-4 is associated with various
symptoms and lesions indicates that this virus is probably not a causative agent
of these clinical signs, but it seems to present itself as an activated latent virus in
any place where local immunity is inhibited.

The natural infections probably occur through the respiratory and alimen-
tary tracts, by inspired air or by the swallowing of virus aerosol or virus-infected
cells. The virus replicates in epithelial cells of the intestines, larynx, trachea and
bronchioles, causing slight catarrhal symptoms and fever. Virus multiplication
occurs in peripheral blood leukocytes and the virus is disseminated in the host by
these cells. From the apparently healthy animals the virus is continuously de-
tected from the blood leukocytes, spleen, lymph nodes, for months (Osorio et al.,
1982; Osorio and Reed, 1983; Osorio et al., 1985). Experimental inoculation of
BHV-4 failed to elicit any clinical disease in cattle and sheep (Bartha et al.,
1966), although pathogenicity by BHV-4 has been reported in rabbits (Osorio et
al., 1982; Naeem et al., 1990, 1991) and cats (Kruger et al., 1990). The virus
replicates in guinea pigs and rabbits; the latter species is an especially suitable
laboratory model in BoHV-4 experiments (Naeem et al., 1990). We could detect
signs of virus replication in rabbits, kittens, and guinea pigs by histological
methods (Egyed et al., 1997). Sensitivity of the guinea pig to BoHV-4 was dis-
puted, and the experiments showed contradictory results, while the susceptibility
of cats to the virus was new in the literature. It is strange that a herpesvirus of a
ruminant species infects a carnivorous species; however, it is in accordance with
isolation of a BoHV-4 strain from lions (Bartha, unpublished).

With a nested polymerase chain reaction against the thymidine-kinase
gene of the virus (Egyed et al., 1996) we could amplify specific DNA sequences,
to detect 1-2 virus copies. The assay was specific (no cross-reaction with other
equine or bovine herpesviruses was found).

We applied this sensitive method to follow the distribution of BoHV-4 in
the infected host and to detect sites of persistence and latency. At PI day 48 the
virus was found in 11 organs of experimentally infected calves. High amount of
viral DNA accumulated in the nasal mucosa, trachea, lungs and spleen, and a
lower amount in the lymph nodes, kidneys, tonsils, and thymus. The alimentary
tract contained less virus, and a small amount was detected in the liver. The virus
was mostly associated with the respiratory and immune tissues. In correlation
with PCR results, with virus-specific monoclonal antibodies in immunohisto-
chemistry cells were detected in the lungs and in the spleen, where active virus
replication was going on at PI day 48. BoHV-4 appeared in leukocytes of ex-
perimental animals at PI day 2, and persisted in these cells throughout the ex-
periment for 48 days. The number of virus-infected leukocytes was the highest at
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22-26 days, when one out of 10-100 cells carried viral genome. Later the num-
ber of infected cells decreased, but at 48 day one out of 10° cells was virus in-
fected. The long period of persistence and the high number of infected cells were
surprising. Based on these results we suppose that the virus is able to inhibit the
antiviral antibody mediated cellular immune response.

Latency

Establishing latency is a general feature of herpesviruses, when the viral
genome in circular form remains in the nuclei, producing only a small amount of
viral proteins. Alphaherpesviruses tend to be latent in the neurons, while beta-
and gammaherpesviruses in cells of the immune system. Under certain condi-
tions (i.e. other infections, decreased host immune response) which are not
known in detail so far, the virus can be reactivated. Cells and tissues produce in-
fective virions, and the whole viral infective cycle starts again. Like other her-
pesviruses, BoHV-4 is able to establish latency, and can be reactivated from la-
tent state (Castrucci et al., 1987). Several tissues and cell types have been con-
sidered as places of viral latency. Splenic mononuclear cells are the main site for
viral persistence (Osorio and Reed, 1983; Lopez et al., 1996). Nervous tissues
were considered as sites of viral latency, although the role of the nervous system
in acute and latent BoHV-4 infections is still questionable. Trigeminal ganglia
were taken from 44 clinically healthy cows and BoHV-4 was isolated from 2 of
these animals (Homan and Easterday, 1981), but other authors could not detect
virus in nervous tissues (Osorio et al., 1982). The nervous system has also been
shown to be a possible site of BHV-4 latency in other studies (Krogman and
McAdaragh, 1982; Naeem et al., 1991). Despite these reports, BoHV-4 was not
detected or isolated from most brain samples from experimentally or naturally in-
fected animals. We studied the possible sites of BoHV-4 latency by PCR for 60
days after experimental infection of calves, when no shed virus had been de-
tected for two weeks. Viral DNA was not only detected in immune cells (spleen,
bone marrow, lymph nodes) but in cells of the nervous system (spinal cord, tri-
geminal ganglia, hippocampus, medulla oblongata) as well. Thus we concluded
that BoHV-4 is able to establish latency in the immune and nervous system,
uniting features of herpesvirus subfamilies (Egyed and Bartha, 1998).

Effect on the immune functions
The main reason why virologists turned to BoHV-4 was a possible immu-

nosuppressive effect of the virus on the host immune functions. Persistence and
frequent isolations from cells of the immune system (spleen, blood leukocytes)
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indicate some relation to the immune response, but despite the work of several
research groups, we still have no strong evidence about a direct inhibitory effect
of BoHV-4 on any immune functions. In our laboratory we studied the in vivo
cellular immune response in virus-infected rabbits by intradermal inoculation of
mitogens (pokeweed, phytohaemagglutinin, concanavalin A). No significant dif-
ference was found between the skin thickness of inoculated and control animals.
Humoral immune response against various antigens was not altered in virus-
inoculated animals. The only possible immunosuppressive sign was that the virus
decreased the in vitro division activity of H’-labelled leukocytes. These results
indicate that the virus is able to infect, and probably replicate in, certain immune
cells, and slightly impair their functions. However, the exact type of infected
cells and the type of the altered immune function are not unknown.

The viral genome

The virus has a genome of approximately 146 kb which contains a large
unique region of 110 kb flanked on both ends by multiple tandem copies of a
1.5-3 kb region known as polyrepetitive (pr) DNA (Broll et al., 1999a). The size
of this repeat unit varies among isolates. The number of copies of prDNA at each
end of the linear genome varies, but the overall number per genome is approxi-
mately 15 (Ehlers et al., 1985). Restriction maps of the viral genome completely
differed from those of other bovine herpesviruses, but the genetic relatedness is
very high among BoHV-4 isolates (van Santen and Chang, 1992; Shen et al.,
1992). The differences between BoHV-4 isolates can be detected both in the
unique segment and in the prDNA. BoHV-4 strains can be classified into two
groups by restriction endonuclease cleavage by EcoRI, BamHI, and HindIIl en-
zymes. The differences are most evident and visible by HindIIl digestion. Almost
all American isolates are DN-599-like strains, while the Movar 33/63-like group
comprises all European strains (Bublot et al., 1990).

Several genes were examined in detail by various authors. Sequencing gly-
coprotein B gene helped to estimate the phylogenetic relationship among herpesvi-
ruses. The results showed that Epstein—Barr virus and Herpesvirus saimiri are clos-
est to BoHV-4 on the evolutionary tree (Goltz et al., 1994). Studying immediate
early (IE) gene products (one of them is the thymidine kinase TK gene) helped to
understand the regulation of certain genes in detail, their promoter regions and
transactivation mechanisms (Kit et al., 1986; Lomonte et al., 1992; Chang and van
Santen, 1992; van Santen, 1993; Chang and van Santen, 1995).

Although the nucleotide sequence of the viral genome is still not com-
pletely known in detail, over the last years some genomic regions and genes have
been sequenced, providing further data on the classification and understanding of
this agent.
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Some genes which were important in certain experiments have been se-
quenced (thymidine kinase, glycoprotein B, immediate-early gene etc.), but se-
quences of long regions are not known so far. In the genome five genome blocks
were found (58% of the total genome), with clustered genes, whose orientation
and location in the genome are conserved in the herpesvirus subfamily. Between
these blocks lie genes specific to the particular virus. These BoHV-4-specific ge-
nomic regions were sequenced between the five blocks (Lomonte et al., 1996).
Twelve open reading frames (ORF) were found, translation products of five
ORFs were homologous in amino acid sequences to proteins encoded by Her-
pesvirus saimiri, and one was similar to proteins encoded by both Herpesvirus
saimiri and the human Epstein—Barr virus (human herpesvirus type 4). None of
these 12 ORFs showed similarity to alpha- or betaherpesviruses, indicating that
BoHV-4 is a gammaherpesvirus.

Hindlll B fragment of the genome (10456 bp) was sequenced (Broll et al.,
1999b) with nine complete and two incomplete open reading frames (major-
minor capsid proteins, protein kinase, cleavage/packaging proteins). The genes
were homologous to Herpesvirus saimiri, Epstein—Barr virus, and human herpes-
virus type 8 (Kaposi sarcoma associated herpesvirus). On the basis of these se-
quence data and based on the phylogenetic analysis of proteins, BoHV-4 was
placed in the genus Rhadinovirus of the subfamily Gammaherpesvirinae.

To investigate the structure and functional role of polyrepetitive DNA
(prDNA), the complete nucleotide sequence of a cloned prDNA unit (2267 bp)
was determined. Moreover, terminal fragments of the genome and the junction
region between prDNA and central unique DNA were analysed. In the prDNA
(with 71.1% G/C content) every unit contains a cis-acting cleavage/packaging sig-
nal. A 443 bp long fragment was found, which comprises the cleavage/packaging
signal sufficient for cleavage and encapsidation of replicated viral DNA.

Based on the above molecular data about the viral genome, the Interna-
tional Committee for the Taxonomy of Viruses assigned BoHV-4 to the Gam-
maherpesvirinea subfamily (Roizman et al., 1992).

DNA detection methods

DNA hybridization has also been used as diagnostic tool (Galik et al.,
1992). Ten picograms of purified viral DNA was detected by using 11- and
5.7 kbp Hindlll fragments of BoHV-4 as probes.

To detect BoOHV-4 DNA from samples of organs from experimentally in-
fected rabbits, a single PCR assay was developed by using the sequence data of
the EcoRI-L fragment of viral DNA. This assay was able to detect 100 fen-
tograms of viral DNA (approximately 6000 virus particles). These primers cross-
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reacted with bovine cells, thus they were not suitable for the detection of BHV-4
in specimens of bovine origin (Naeem et al., 1991).

Polymerase chain reaction (PCR) assays have been developed, providing a
specific and sensitive tool for viral DNA detection (Egyed et al., 1996; Lin et al.,
2000).

Serology

Virus neutralization is not a suitable method for antibody detection (van
Opdenbosch et al., 1988), since during natural infections no detectable neutral-
izing antibodies are produced. Polyvalent sera show low neutralizing activity; by
adding extra guinea pig complement, only pairs of monoclonal antibodies could
neutralize the virus (Dubuisson et al., 1990). BoHV-4 specific antibodies are
demonstrated by complement fixation, dot immunobinding assay, agar gel im-
munodiffusion assay, immunofluorescence assay, or enzyme-linked immunosor-
bent assays (ELISAs) (Sass et al., 1974; Edwards and Newman, 1985; Guo et al,
1988). The direct detection of the virus is based on virus isolation and characteri-
zation of specific letter-shaped inclusion bodies (Augsburger and Metzler, 1989).

Recently a new, sensitive serological method has been developed to detect
BoHV-4 specific antibodies (Wellenberg et al., 1999). The immunoperoxidase
monolayer assay (IPMA) could detect all immunoglobulin subclasses. The
method proved to be more sensitive than an indirect ELISA method, since IPMA
could detect BoHV-4 specific antibodies at PI day 16—18 from experimentally in-
fected cattle, two weeks earlier than the ELISA test. The method allowed a se-
rological survey of the Dutch cattle population for BoHV-4 incidence, which
showed 18% seroprevalence.

Since BoHV-4 infection is characterized by a very low neutralizing anti-
body response, or by the absence of neutralizing antibodies, cellular immune re-
sponse plays a key role in the host’s antiviral immune response. An interferon-y
assay was developed to detect and study the cell-mediated immunity in cattle af-
ter bovine herpesvirus 4 infection (Godfroid et al., 1996). The in vitro antigen-
specific interferon gamma release assay as an indicator of an actively acquired
immunity resulted in measurable cell-mediated immunity in 44.4% at a farm
with 76.3% seropositivity, while in a seronegative farm all the tested samples
were negative by IFN-y release assay. The test could be useful in basic research
for studying the interactions between the virus and the host immune system.

New fields of BoHV-4 studies

A new aspect of BoHV-4 is its possible role in damaging vascular tissues,
especially endothelial cells, and such focal inflammations could lead to further
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vascular diseases, atherosclerosis and thrombosis as it was shown in Chlamydia
pneumoniae and murine cytomegalovirus infections.

BoHV-4 was found to replicate in bovine alveolar endothel cell line
(BAE) in vitro (Lin et al., 1997). Established primer cell culture of bovine ca-
rotid arteries was also susceptibly to the virus (Lin et al., 1999). Furthermore,
BoHV-4 seems to accelerate the atherosclerotic process in rabbits experimentally
fed a 2% cholesterol diet (Lin et al., 2000). It is still questionable whether
BoHV-4 could induce atherosclerosis alone since cholesterol is a well-known
atherosclerosis inducer. If further studies strengthen these results BoHV-4 infec-
tion in rabbits could be a suitable animal model in vascular disease or atheroscle-
rosis research.

Phylogenetic analysis and studies on the viral genome helped to classify
BoHV-4 as a gammaherpesvirus. For more than twenty years the virus was con-
sidered as bovine cytomegalovirus because of some common features that
BoHV-4 shares with cytomegaloviruses. Phylogenetic studies (Goltz et al., 1994;
Karlin et al., 1994) and data obtained from analysis of the viral genome (Lo-
monte et al., 1996) indicated the same results, i.e. that BoHV-4, herpesvirus
saimiri (HSV) and Epstein—Barr virus (EBV) are gammaherpesviruses, distinct
and separate from other herpesvirus classes. BoHV-4 as a y-2 herpesvirus is
more closely related to HSV than to EBV.

The virus-infected host usually defends the infected tissues from virus
production by a process called apoptosis. During apoptosis certain cells ‘commit
suicide’ by cutting the virus genome into 100-200 bp long fragments. Virus-
infected cells tend to switch on apoptosis, thereby reducing the number of infec-
tive progeny of the virus. Lots of viruses encode proteins which inhibit apoptosis
to prolong survival of infected cells. BoHV-4 was found to have a gene in the
BORFE2 region, which inhibits Fas- and TNFR1-induced apoptosis and interacts
with caspase-8 and effector enzyme of regulation of apoptosis (Wang et al.,
1997). This gene is a novel feature of BoHV-4, a further proof for the close in-
teraction between the virus and the host immune system.

During viral infections viruses can get into the bloodstream as virions or in
infected leukocytes. Herpesviruses (Epstein—Barr virus, human cytomegalovirus)
often establish life-long persistence or latency in leukocytes. Viruses and the
large majority of virus-infected cells are eliminated by virus-specific antibody
mediated immune response. Studying BoHV-4 in the serum of naturally infected
calves we found that the virus appeared 5-6 times with a 10-day-long periodicity
for 1-2 days (Egyed et al., 1999). When naturally infected calves were also in-
oculated in experimental way, the viral DNA appeared in the serum for 1-2 days,
but the 10-day-long periodicity was not observed, probably because two infec-
tions were going on at the same time in the animal. The viral DNA appeared in
the serum for 60 days in newborn calves, for 35 days in 2—4 months old animals.
Viral DNA was detected in the serum of rabbits infected experimentally twice,

Acta Veterinaria Hungarica 48, 2000



510 EGYED

with a 14-day interval. The DNA was detected by PCR, so we do not know
whether infective virus particles, capsids or DNA molecules were present in the
serum.

BoHV-4 (like BoHV-2) was able to replicate on human embryonic lung
cells (Wistar-38, MRC-5) and on a primary cell culture from a human glyoblas-
toma in vitro, which is a rare phenomenon for animal herpesviruses (Egyed and
Bartha, 1998).

The virus could be an important target of veterinary research, not because
of the economic losses the virus causes, but because it is a good basic research
model for studying herpesviruses. Since this virus combines several properties of
alpha-, beta- and gammaherpesviruses (replicates in various species and cell
lines, latent in the immune and nervous system), it may deserve further attention
as a representative of a potentially new genus within the Gammaherpesvirinae
subfamily.
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