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Abstract – Herpesviruses have mainly co-evolved with their hosts for millions of years.
Consequently, different related host species may have been infected by various genetically related
herpesviruses. Illustrating this concept, several ruminant alphaherpesviruses have been shown to
form a cluster of viruses closely related to bovine herpesvirus 1 (BoHV-1): namely bovine
herpesvirus 5, bubaline herpesvirus 1, caprine herpesvirus 1, cervid herpesviruses 1 and 2 and elk
herpesvirus 1. These viruses share common antigenic properties and the serological relationships
between them can be considered as a threat to BoHV-1 eradication programmes. BoHV-1 is a
herpesvirus responsible for infectious bovine rhinotracheitis, which is a disease of major economic
concern. In this article, the genetic properties of these ruminant alphaherpesviruses are reviewed on
a comparative basis and the issue of interspecific recombination is assessed. The pathogenesis of
these infections is described with emphasis on the host range and crossing of the host species barrier.
Indeed, the non bovine ruminant species susceptible to these ruminant alphaherpesviruses may be
potential BoHV-1 reservoirs. The differential diagnosis of these related infections is also discussed.
In addition, available epidemiological data are used to assess the potential of cross-infection in
ruminant populations. A better knowledge of these ruminant alphaherpesvirus infections is essential
to successfully control infectious bovine rhinotracheitis.
alphaherpesvirus / bovine / goat / sheep / deer
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1. INTRODUCTION
Members of the Herpesviridae family are
DNA viruses showing a spectacular evolutionary success. The name, derived from the
Greek ερπειν (herpein), “to creep”, refers
to the characteristic lesions caused by two
common human herpesviruses: fever blisters caused by herpes simplex virus (HSV),
as well as varicella and shingles induced by
varicella zoster virus (VZV). This virus
family includes nearly two hundred viruses
isolated from hosts as diverse as molluscs,
fish, amphibians, reptiles, birds and mammals [102]. In nature, most herpesviruses are
closely associated with a single host species, and almost all the animal hosts investigated to date support infections by at least
one herpesvirus species. Host susceptibility
to herpesviruses indicates that the viruses
have mainly co-evolved with their hosts,
leading to a close adaptation [24].
The Herpesviridae family is divided into
three subfamilies, called Alpha-, Beta- and
Gammaherpesvirinae. The Alphaherpesvirinae subfamily contains four genera: Simplexvirus, Varicellovirus, Mardiviruses and
Iltoviruses1. This subfamily includes viruses

characterised by a large host range, a short
replication cycle and a capacity to induce
latent infection mainly, but not exclusively,
in neurons [102]. Among alphaherpesviruses infecting ruminants, the prototype is
bovine herpesvirus 1 (BoHV-1), a pathogen
of cattle associated with two major syndromes, called infectious bovine rhinotracheitis (IBR) and infectious pustular vulvovaginitis (IPV), and a variety of clinical
signs, such as conjunctivitis, encephalitis
and abortions [91]. IBR is a disease of major
economic concern in many parts of the world
and especially in Europe, both in countries
where this infection has been eradicated
and in those where the control of IBR is currently or will be undertaken [129].
Seroepidemiological surveys have been
performed in other species of domestic or
wild ruminants in order to investigate whether
these animals could be potential BoHV-1
reservoirs. Antibodies against BoHV-1 have
1 International Committee on Taxonomy of
viruses, in: ICTVdB Index of Viruses, Appendix
00.031 herpesviridae [on line] (2002) http://
www.ncbi.nlm.nih.gov/ICTVdb/Ictv/fs_herpe.htm
[consulted 5 May 2005].
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Table I. Ruminant alphaherpesviruses related to bovine herpesvirus 1.
Virus
Bovine herpesvirus 1

Natural host

Disease

Geographic distribution

Bovine

Infectious bovine rhinotracheitis
Europe, America, Asia,
Infectious pustular vulvovaginitis
Australia
Bovine herpesvirus 5
Bovine
Bovine encephalitis
Europe, America, Australia
Bubaline herpesvirus 1 Water buffalo
Subclinical genital infection
Europe, Australia
Caprine herpesvirus 1
Goat
Vulvovaginitis, abortion, neonatal Europe, America, Australia
systemic infection
Cervid herpesvirus 1
Red deer
Ocular syndrome
Europe
Cervid herpesvirus 2
Reindeer
Subclinical genital infection
Europe
Elk herpesvirus 1
Elk
Subclinical genital infection
North America

been detected in many ruminant species
[127]. In addition, several ruminant alphaherpesviruses related to BoHV-1 have been
isolated and characterised. Bovine herpesvirus 5 (BoHV-5) is responsible for meningoencephalitis in calves [57]. Caprine herpesvirus 1 (CpHV-1) causes systemic disease
in young kids and abortion in adult goats
[109]. Cervid herpesvirus 1 (CvHV-1) has
been isolated from ocular disease in red deer
(Cervus elaphus) in Scotland [56]. Cervid
herpesvirus 2 (CvHV-2) has been isolated
from reindeer (Rangifer tarandus) in Finland [34], and serological evidence of infection with a virus related to BoHV-1 has
been reported in caribou (Rangifer tarandus caribou) in Canada [35]. Elk herpesvirus 1 (ElkHV-1) has been isolated from elk
(Cervus elaphus) in North America [27]
and bubaline herpesvirus 1 (BuHV-1) infection has been reported in water buffalo
(Bubalus bubalis) in Australia [118] (Tab. I).
Successful control of IBR depends on
the use of efficient, sensitive and specific
diagnostic tests. However, since most of the
diagnostic tests are based on the detection
of antibody in polyclonal sera, their specificity is compromised by the existence of a
serological cross-reactivity between BoHV-1
and these other closely related ruminant
alphaherpesviruses. This can be illustrated
by the original situation observed in Finland.
In 1982, 23% of reindeer of this country had
antibodies against BoHV-1, while all cattle
were seronegative [33]. A superficial anal-

ysis of these data suggested a BoHV-1
infection of reindeer with an absence of
transmission to cattle due to an apparent
lack of contact between the two ruminant
species. However, this simple hypothesis
was rapidly rejected. Indeed, from a BoHV-1
seropositive reindeer, a new virus was isolated and further characterised as CvHV-2.
This infection provided a likely explanation
for the presence of anti-CvHV-2 antibodies
cross-reacting with BoHV-1 in reindeer
[34]. In spite of this epidemiological situation in reindeer, the Finnish cattle population maintained an IBR free status. This
example reveals the importance of clarifying the cause of potential serological crossrelationships with BoHV-1.
This review focuses on ruminant alphaherpesviruses related to BoHV-1, with particular emphasis on molecular virology, pathogenesis, host range, diagnosis and prevention.
Indeed, it is of major interest to obtain greater
knowledge about the risks of acute and
latent infections of cattle with other ruminant herpesviruses and about the potential
presence of BoHV-1 reservoirs among ruminant species other than cattle.
2. MOLECULAR VIROLOGY
2.1. Morphology and genomic
organisation
The inner part of the herpesvirus virion
consists of a core containing the viral genome,
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Figure 1. Morphology and genomic organisation of ruminant alphaherpesviruses. The genome
consists of a double-stranded linear DNA. It contains an arrangement of one long unique unit (UL)
and one short unique unit (US) flanked by two inverted repeat sequences, named internal repeat (IR)
and terminal repeat (TR). The genome includes ten genes encoding glycoproteins: six are located
in the UL segment and four in the US segment. The US segment can have two possible orientations
(depicted by the arrows). The UL segment is predominantly present in one orientation. The broken
arrow illustrates that about 5% of the genomes show the UL segment in this inverted orientation.

protected by an icosahedral nucleocapsid of
100 to 110 nm diameter made up of 150 hexamers and 12 pentamers. This structure is
surrounded by a proteinaceous layer, defined
as the tegument. The latter is surrounded by
a lipid bilayer, the envelope, containing a
large number of viral glycoproteins, among
which glycoproteins gB, gC and gD are the
most abundant. The mature virion particle
ranges from 120 to 300 nm in diameter [102]
(Fig. 1).
The genome of ruminant alphaherpesviruses consists of a double-stranded linear
DNA. Like the other alphaherpesviruses
belonging to the Varicellovirus genus, it
contains an arrangement of one long unique
unit (UL) and one short unique unit (US)
flanked by two inverted repeat sequences,
named internal repeat (IR) and terminal
repeat (TR) [112] (Fig. 1). These characteristics allow its classification in class D of
herpesvirus genomes [101]. In this genomic

class, the UL segment is predominantly fixed
in only one orientation, called the prototype
orientation, so that equimolar amounts of
the two isomers can be predicted in virion
DNA due to the inversion of the US segment
[102]. However, low levels (5%) of genomes
having the UL segment in an inverted orientation have been detected in BoHV-1 virion DNA [113].
Alphaherpesvirus genes are expressed in
a cascade-like fashion. The first step occurs
immediately after the release of the virion
genome from the capsid to produce immediate-early proteins. The second step occurs
after the synthesis of immediate-early proteins, leading to the production of early proteins. The third step, in which late proteins
are produced, is delayed until after the synthesis of virion DNA. Finally, early-late
protein expression starts before viral DNA
replication but does not decrease during late
protein expression [101].
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2.2. Genomic comparison between
ruminant alphaherpesviruses
The genomes of BoHV-1 and BoHV-5
have been sequenced [26, 79, 112]. The
BoHV-5 genome is 138 390 bp long (72%
G+C content), with 2 518 bp more than
BoHV-1 (75% G+C content). It includes
72 genes, of which 68 are present as single
copies within the unique regions and two
are completely located within the repeat
region (BICP4 and BICP22) [26]. The
BoHV-1 genome comprises 67 unique genes
and two genes, both duplicated, in the inverted
repeats [112]. The highest BoHV-5 similarity to BoHV-1 products (95% amino acid
identity) is found in proteins involved in
viral DNA replication and processing
(UL5, UL15, UL29 and UL39) and in virion
proteins (UL14, UL19, UL48 and US6).
Among the least conserved (≤ 75%) are the
homologues of immediate-early proteins
BICP0, BICP4 and BICP22, these proteins
being longer in BoHV-5 than in BoHV-1
[26]. It can be hypothesised that the same
range of homology is shared by the other
related ruminant alphaherpesviruses.
The comparison between other ruminant
alphaherpesviruses is based on limited
sequence data. The genome sizes are estimated to be 137 kbp for CpHV-1, 141 kbp
for CvHV-1 and 145 kbp for CvHV-2 [41,
137]. Based on the complete gB gene
sequence, which is the most conserved
between herpesviruses [48], the percentages of nucleotide sequence identity with
BoHV-1 gB are 78.5% for CpHV-1, 84%
for CvHV-2, 85.8% for CvHV-1, 87.4% for
BoHV-5 and 87.7% for BuHV-1 [107]. The
gC2 and gD gene sequences are fully known
for each ruminant alphaherpesviruses, except
for BuHV-1 [26, 29, 64, 112]. On this basis,
the percentages of amino acid sequence
identity between BoHV-1 and ElkHV-1 are
2

Tempesta M., Tarsitano E., Camero M., et al.,
Short sequence repeats (SSR) in the glycoprotein C gene of caprine herpesvirus type 1
(CpHV.1), in: Proceedings of the 2nd European
congress of virology, Madrid, 2004, pp. 11–14.

Figure 2. Phylogenetic tree inferred by amino
acid sequences from the gB regions of ruminant
alphaherpesviruses (reproduced from [107],
with permission of Kluwer Academic Publishers). Based on the gC and gD sequences,
ElkHV-1 clusters with CvHV-1 [29].

71.7% (gC) or 72.9% (gD) [29]. The G+C
contents of the gC (or gD) genes are 79.4%
(77.2%) for CvHV-1, 79.2% (76%) for
CvHV-2 and 78.7% (78.5%) for ElkHV-1
[29]. A comparison of the coding sequence
of the CvHV-2 gC region with other ruminant alphaherpesviruses has revealed a conserved central part of the gC gene, while the
N-terminal is highly variable with large
deletions and insertions [106, 108]. These
results have allowed the classification of
these viruses into a consistent group, where
BoHV-5 and BuHV-1 are most closely
related to BoHV-1, followed by ElkHV-1,
CvHV-1, CvHV-2 and, more distantly, by
CpHV-1 [29, 107] (Fig. 2).
2.3. Viral glycoproteins
Viral glycoproteins of herpesviruses play
an important role in the interactions between
these viruses and their host-cells. They are
involved in several steps of the viral cycle,
such as the attachment, penetration, maturation and egress of the virus. Therefore,
they constitute an important target for the
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host immune response. Some glycoproteins
also have immunogenic properties, allowing their use as a component of vaccines or
diagnostic tests.
Most of the BoHV-1 glycoproteins have
already been characterised [133]. The UL
segment includes genes coding for glycoproteins gB (UL27), gC (UL44), gH (UL22),
gL (UL1), gK (UL53) and gM (UL10),
while four genes corresponding to gG
(US4), gD (US6), gI (US6) and gE (US8)
are grouped in a tandem organisation in the
US segment [112] (Fig. 1). Several constructions of mutant viruses have shown
that gC, gI, gE, gG and gM are non essential
glycoproteins [8, 65]. On the contrary, the
deletion of the gene encoding either gB or
gD or gH reduces the capacity of in vitro
replication [44, 80]. Glycoproteins L and K
are essential in HSV-1 and this is very
likely to be the case in the other alphaherpesviruses [54, 104]. In the pseudorabies
virus, an additional glycoprotein, designated
gN (UL49.5), is a glycosylated 10 kDa
transmembrane protein and is identified as
an immune evasion molecule inhibiting the
transporter associated with antigen processing (TAP) driven peptide import into the
endoplasmic reticulum. The UL49.5 homologue encoded by BoHV-1 has the same
immune evasion function, but is not classified as glycoprotein N [66].
Considering the lack of data on glycoproteins, we hypothesise by analogy that
the main elements of structure and function
of BoHV-1 glycoproteins are shared by the
other ruminant alphaherpesviruses. Monoclonal antibody analysis allows the identification of antigenic differences between
BoHV-1 and BoHV-5 [22, 32, 45, 76].
Glycoprotein C shows more divergence
between BoHV-1 and BoHV-5 than gB and
gD [22, 45]. BoHV-5 gC, although not
essential, regulates neurotropism in some
areas of the olfactory pathway and is important for BoHV-5 neurovirulence in rabbits
[21]. This glycoprotein is also able to transfer the heparin binding phenotype of
BoHV-5 to a recombinant BoHV-1 [71].

The BoHV-5 gE is involved in neural
spread and neurovirulence within the central nervous system and cannot be substituted by BoHV-1 gE. However, BoHV-5
gE is not essential for the initial entry into
the olfactory pathway [20]. Glycoprotein I
is not required for the neurovirulence of gE
in BoHV-5 [3], but a glycine-rich BoHV-5
gE-specific epitope is essential for expression of the full virulence potential of
BoHV-5 [4]. Generally, gE and gI seem to
be important for BoHV-5 neuropathogenicity and its ability to reactivate from latency
[53]. Glycoprotein H is one of the most
conserved glycoproteins in herpesviruses
[46]. BoHV-1 and BoHV-5 gH are both
expressed as early-late proteins. Glycoprotein H is essential for both penetration and
cell-to-cell spread [7, 80, 81]. In CpHV-1,
gD shows a relatively high homology to
BoHV-1 gD amino acid sequences (similarity of 68.8%) and has a molecular mass
similar to BoHV-1 gD. CpHV-1 gD
contains complex N-linked oligosaccharides, but the presence of O-glycosylation
has not been demonstrated. In contrast with
BoHV-1 gD, CpHV-1 gD is seemingly
expressed as a late protein [64].
2.4. Recombination between ruminant
alphaherpesviruses
Recombination is thought to be an important source of genetic variation in herpesviruses. Several studies, performed in vitro
and in vivo, have detected recombinant
viruses after the co-inoculation of two distinguishable strains of the same herpesvirus
species [130, 131]. After experimental coinoculation of calves with two parental
BoHV-1 mutants, recombination has been
identified as a frequent event in vivo. Recombinant viruses have been detected both during primary infection and after reactivation
from latency [114]. The mechanism involved
is mainly homologous recombination. Its
role in creating viral diversity needs to be
evaluated in BoHV-1 control and eradication programmes. In order to assess the risk
of recombination between BoHV-1 gE
negative marker vaccine and field strains,
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different factors influencing the onset of
recombinant viruses have been investigated.
In natural conditions, superinfection is a
more likely event than co-infection. Superinfection with a time interval of 2 to 8 h
between two successive infections allows
the establishment of a barrier to prevent
recombination between BoHV-1 strains
[77]. Therefore, only co-infection or delayed
infection over a very short interval of time
might lead to the production of recombinant
viruses.
The efficiency of interspecific recombination has been assessed between ruminant alphaherpesviruses. Indeed, successful homologous recombination requires two
closely related parental viruses. Two recombinants between BoHV-1 and BoHV-5
have been isolated, but no recombinant has
been detected between BoHV-1 and the less
closely related CpHV-1 and CvHV-2 [78].
Nevertheless, even in the absence of mature
recombinant viruses, these results do not
exclude a recombination process occurring
in the cell, because mixed concatemers
between BoHV-1 and CvHV-2, and between
CvHV-1 and CvHV-2, have been identified
in co-infected cells3. The close genetic relatedness between ruminant alphaherpesviruses suggests a theoretical risk of recombination between these virus species. This
risk must also be evaluated by considering
the sites of alphaherpesvirus replication: two
alphaherpesviruses are unlikely to recombine if they replicate in two distant sites,
such as the genital and respiratory mucosae.

3. PATHOGENESIS AND CLINICAL
SIGNS
The pathogenesis of BoHV-1 infection is
well described [36, 58, 91]. After infection
and virus replication in mucosa, BoHV-1
spreads both in the extracellular space and
3

Meurens F., Influence du délai de surinfection
et de la parenté génétique sur la recombinaison
de l’herpèsvirus bovin 1, Doctorate thesis,
Liège, Belgium, 2004.
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also from cell-to-cell. By this latter mechanism, it may enter axons of local nerve
cells. Then, by intra-axonal transport, the
viruses reach the sensitive neuronal bodies
in the regional nervous ganglia, where
latency can be established. This pathogenic
mechanism is shared by the other ruminant
alphaherpesviruses. Although infection can
lead to lethal or systemic disease, especially
in newborn animals, clinical signs are usually mild, but may vary according to the animal species and the virus species and strain
concerned. Alphaherpesviruses, like other
herpesviruses, are able to interfere with
the host’s innate and adaptative immune
responses. A growing list of immune evasion mechanisms is described [139], such
as, for example, inhibition of TAP proteins
[66] or Fc receptor activity of viral glycoproteins [43].
3.1. Bovine herpesvirus 5
The pathogenesis of bovine herpesvirus
encephalitis is not yet completely elucidated.
Comparative experiments of inoculation
with BoHV-1 and BoHV-5 have been carried out in cattle [5, 6, 11, 51, 83, 111]. After
primary infection by intranasal inoculation,
BoHV-1 and BoHV-5 replicate at the portal
of entry in the respiratory mucosa [6].
Experimentally infected calves show similar profiles for the length of excretion (ten
to sixteen days) and for the amount of
excreted viruses. The rate of virus excretion
is high, with a peak between the fourth and
sixth days post infection [11, 83, 129]. After
primary infection, BoHV-5 induces a transient viremia and virus is recovered in secondary organs [11].
The dissemination of BoHV-5 infection
probably follows the same three routes as
BoHV-1: blood, nervous system and cellto-cell spread [6, 11, 51, 82, 91]. BoHV-5
induces a replication cycle in the cells of the
respiratory epithelium and reaches the nervous system by a mechanism strongly associated with intra-axonal transport. Neurons
of the peripheral nervous system are infected
first of all, especially cells of the trigeminal
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ganglia and olfactory cells of nasal mucosa.
The virus invades all areas of the central
nervous system by neuron-to-neuron spread,
using the olfactory and trigeminal pathways
[82]. In a rabbit model of infection, the
olfactory pathway has indeed been shown
to be the main route of infection of the central nervous system [68]. Cell-to-cell transmission without extracellular phase and in
the absence of specific antibodies has been
demonstrated for BoHV-1. It can be postulated that the same mechanism drives the
local transfer of BoHV-5 to the central
nervous system [82].
In calves, BoHV-5 has been shown to
produce fatal meningo-encephalitis after
intranasal inoculation or a meningitis-like
disease after intravaginal infection because
the virus involves the central nervous system
[5, 83]. Inoculation of conjunctival, nasal
and vaginal mucosae provokes conjunctivitis, rhinitis and vulvovaginitis, respectively.
Clinical signs of BoHV-5 are characterised
by serous nasal discharge and sneezing; apathy and anorexia are also observed. Neurological signs start with severe depression
with anorexia, jaw champing and hypersalivation. In the next phase, calves are affected
by muscle trembling, circling to one side,
pushing their head against a wall and ataxia,
followed by seizure-like episodes and opisthotonos [83]. Histological lesions in the brain
consist of meningitis, mononuclear perivascular cuffing, neurophagia, satellitosis, gliosis, haemorrhage, necrosis and oedema [92].
After primary infection, BoHV-5 latency
is established in surviving calves. The classical latency sites are the trigeminal ganglia, but BoHV-5 DNA could also be
present throughout the central nervous system during latent infection and probably in
nasal and tracheal mucosae, where viral
DNA has been detected by PCR [83]. Virus
reactivation may result in the establishment
of latent infection in additional sites of the
brain [138]. The establishment of latent
infection has also been demonstrated in the
rabbit model [16]. Reactivation of BoHV-5
can be provoked by the same glucocorticoid

treatment as for BoHV-1: 0.1 mg of dexamethasone per kg body weight for five consecutive days [83].
3.2. Caprine herpesvirus 1
The pathogenesis of CpHV-1 infection
in goats and BoHV-1 infection in calves is
very similar [37]. Local respiratory or genital infection is followed by a mononuclear
cell-associated viremia, which can lead to
systemic infection and abortion. The main
sources of infection are acutely and latently
infected animals. During acute infection,
the virus is excreted via ocular, nasal and
genital routes. The genital route is thought
to be the main entry site of the virus and is
thought to be responsible for the maintenance of infection in a herd [123].
In kids, CpHV-1 causes a systemic disease characterised by high morbidity and
mortality rates. Ulcerative and necrotic lesions
are distributed throughout the enteric tract
[75]. In adult goats, the infection leads to
vulvovaginitis or balanoposthitis. Abortions
associated with CpHV-1 occur during the
second half of pregnancy and can be experimentally reproduced after intranasal or
intravenous inoculation of pregnant goats
[126, 136, 145]. The viral DNA is identified
in both the placenta and several inner
organs of the aborted foetus [61, 126, 141].
Natural reactivation from latent CpHV-1
infection can be induced by a physiological
stress during the mating season. The hormonal status at oestrus could play a role in
the induction of reactivation. Under experimental and natural conditions, the reactivation of a latent virus is difficult [15, 63,
125]. Experimental reactivation requires
the use of high doses of dexamethasone: six
consecutive daily injections at a dose rate of
4.4 mg per kg bodyweight [15]. Re-excretion after reactivation is observed in goats
with relatively low antibody titres [120].
Viruses are isolated from nasal, genital, rectal and ocular swabs, suggesting several
potential latency sites [15, 96], such as sacral ganglia where latent CpHV-1 has been
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detected by PCR [121]. The site supporting
CpHV-1 re-excretion may depend on the
route of primary infection. After reactivation of a virus previously inoculated intranasally, the virus is shed from the nose and
vagina [122]. In contrast, after a genital primary infection, reactivated CpHV-1 is only
re-excreted from the vagina [123].
3.3. Cervid herpesvirus 1
Primary sites of CvHV-1 infection are
the anterior respiratory and ocular mucosae
[60]. Viruses can be recovered from between
two and six days post-infection in nasal and
ocular swabs [99]. However, a genital transmission cannot be excluded because CvHV-1
has been isolated from red deer sperm
[134]. CvHV-1 is responsible for an ocular
syndrome in red deer [56]. This syndrome
is characterised by conjunctivitis and purulent ocular discharge, hypopyon, uniform
corneal opacity without ulceration, mucopurulent nasal discharge and photophobia.
Moderate swelling of the periorbital tissues
and marked oedema of the upper eyelids are
also observed [56].
Experimental infection induces hyperthermia, nasal ulceration and conjunctivitis. These clinical signs are mild in comparison with natural infection. CvHV-1 can
also be isolated after intramuscular injection with 50 mg of a synthetic glucocorticoid for twelve consecutive days. This
result suggests that this virus is able to
establish a persistent infection and be reactivated [103].
3.4. Cervid herpesvirus 2
Reindeer infection by CvHV-2 is asymptomatic [86]. The first virus isolation was
performed on vaginal swabs from reindeer
identified as seropositive for BoHV-1. Reindeer were injected intramuscularly on four
consecutive days with dexamethasone at a
dose rate of 0.1 mg per kg bodyweight [34].
Therefore, CvHV-2 most likely establishes
a latent infection and can be re-excreted in
genital secretions. A serological investiga-
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tion showing a high prevalence in adult
reindeer suggests genital transmission [87].
3.5. Bubaline and elk herpesviruses 1
Recently, a field strain of BuHV-1 was
isolated after a reactivation treatment. Water
buffaloes were injected intramuscularly
daily for five consecutive days with dexamethasone at a dosage of 4 mg per kg bodyweight. Only slight diarrhoea and serous
nasal discharge were observed [25]. Concerning ElkHV-1 infection, pathogenesis
and clinical signs remain to be investigated.

4. CROSS-SPECIES INFECTION
Cross-infection studies have been performed in order to gain greater knowledge
about risks of acute and latent infections in
cattle with other ruminant alphaherpesviruses and about potential BoHV-1 reservoirs among ruminant species other than
cattle. The results of experimental infections
of calves with BoHV-5, CpHV-1, CvHV-1,
CvHV-2 and ElkHV-1, and infection of
goats, sheep, red deer and reindeer with
BoHV-1 are summarised in Tables II and III4.
4.1. Bovine herpesvirus 1 infection
of goats and sheep
Experimental infection of goats with
BoHV-1 has clearly shown that this virus is
able to infect the heterologous host. This
infection leads to mild clinical signs, high
levels of BoHV-1 excretion for several days
during primary infection and a serological
response. BoHV-1 is able to establish a
latent infection in the trigeminal ganglia of
goats and sheep [1, 42, 69, 95, 116, 140].
Reactivation of latent BoHV-1 is obtained
4 Thiry E., Ackermann M., Banks M., et al., Risk

evaluation of cross-infection of cattle with
ruminant alphaherpesviruses related to bovine
herpesvirus type 1, in: Körber R. (Ed.), 3. Internationales Symposium zur BHV-1-/BVDBekämpfung, Stendal, 2001, pp. 99–104.
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Table II. Consequences of infection of calves with ruminant alphaherpesviruses related to bovine herpesvirus 1.
Virus
BoHV-5
CpHV-1
CvHV-1
CvHV-2

Primary infection

Serological response

Latency

Reactivation and reexcretion

+
+
–
+

+
+
–
+

+
+
–
–

+
–
–
–

Table III. Consequences of infection of ruminant species with bovine herpesvirus 1.
Host
Goat
Sheep
Red deer
Reindeer

Primary infection Serological response
+
+
+
+

+
+
–
–

by a daily dexamethasone treatment on five
consecutive days of 2.5 mg per kg bodyweight in goats [116] and 0.1 mg per kg
bodyweight in sheep (Banks et al., personal
communication). Field cases of BoHV-1
latent infections have also been recorded in
goats [135]. Although they are usually subclinical in sheep, acute BoHV-1 infections
can sometimes be associated with clinical
signs, such as acute, fatal pneumonia, or
with aborted foetuses [144]. However,
sheep do not play a major role in BoHV-1
transmission to calves [50].
4.2. Bovine herpesvirus 1 infection
of red deer and reindeer
Red deer could become infected following a profound BoHV-1 challenge, but titres
of excreted virus are very low and almost
certainly would not represent a source of
contagious spread. Furthermore, there is no
evidence that BoHV-1 establishes a latent
infection in red deer. Seroconversions to
BoHV-1 in red deer do not occur and are
most likely the result of a CvHV-1 rather
than BoHV-1 infection [86, 99]. Another
deer species, the mule deer (Odocoileus
hemionus), exhibits greater susceptibility
to BoHV-1 because it actively excretes

Latency

Reactivation and reexcretion

+
+
–
–

+
+
–
–

BoHV-1 and shows seroconversion after
experimental inoculation [87].
In reindeer, experimental BoHV-1 infection is asymptomatic and does not usually
give rise to neutralising antibodies. The
titres of nasally excreted viruses are very
low and the virus cannot be reactivated
experimentally4.
4.3. Bovine herpesvirus 5 infection
of sheep
Sheep are susceptible to acute and latent
infection with BoHV-5. Experimental inoculation of BoHV-5 shows that this virus is
able to infect the heterologous host by invading the central nervous system. Resulting
clinical signs are similar to those observed
in cattle [10]. A dexamethasone treatment
of 2 mg daily for five consecutive days
results in reactivation of the latent infection
and virus shedding in lambs [115]. No
BoHV-5 natural infection has yet been
reported in sheep.
4.4. Caprine herpesvirus 1 infection
of calves and sheep
Bovine calves intranasally infected with
CpHV-1 have been shown to excrete the
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virus. CpHV-1 is able to establish a latent
infection in trigeminal ganglia. However,
reactivation of latent CpHV-1 from calves
has not been successfully achieved [116]. In
the same way, lambs are susceptible to
CpHV-1 infection, but no virus has been
isolated after clinical reactivation [90]. In
natural conditions, CpHV-1 virulence is
restricted to the natural host [42].

failed to induce any serological response in
another cow [27]. More recently, reactivation from latency was serologically demonstrated in cattle experimentally infected with
ElkHV-1 after a daily dexamethasone treatment for five consecutive days of 0.1 mg
per kg bodyweight [28]. Natural crossinfection has not yet been recorded.

4.5. Cervid herpesvirus 1 infection
of calves

5. EPIDEMIOLOGY

Bovine calves are almost refractory to
infection with CvHV-1 by intranasal challenge: neither clinical signs nor virus excretion are observed. Furthermore, when calves
are challenged with BoHV-1 after a CvHV-1
infection, they develop pyrexia and the
virus is recovered in nasal and ocular
swabs, thereby showing that a prior infection with CvHV-1 does not induce any protective immune response [86, 99]. In addition, no infection has been noticed in cattle
housed in close contact with infected deer
[103].
4.6. Cervid herpesvirus 2 infection
of calves
In experimental conditions, cattle can be
successfully infected intranasally with
CvHV-2 and mild rhinitis is observed. The
virus is isolated for six to nine days from
nasal and genital swabs [87]. Therefore,
CvHV-2 replication can occur experimentally in bovines, but cattle housed in close
contact with infected reindeer are not
infected [34]. These results suggest that the
risk of transmission between reindeer and
cattle is low in natural conditions.
4.7. Elk herpesvirus 1 infection of cattle
Experimentally, cattle are susceptible to
infection with ElkHV-1, but do not show
any clinical signs. A cow inoculated intranasally has been shown to develop neutralising antibodies, while a genital inoculation

5.1. Bovine herpesvirus 5
Since 1962, several outbreaks of herpesvirus encephalitis have been described and
were later on attributed to BoHV-5. In Australia and South America, this infection
occurs in cattle not immunised against
BoHV-1 and is inducing a major economic
problem, mainly in central and southern
Brazil and Argentina. Indeed, the morbidity
rate may vary between 15 and 50% and the
lethal rate is close to 100% [17, 57, 93, 110,
142]. In the USA, BoHV-5 has been associated with field cases of bovine encephalitis [31]. In Europe, BoHV-5 has been isolated only once in Hungary [9], but BoHV5 infection is probably also present in Germany and eastern European countries [82].
5.2. Caprine herpesvirus 1
CpHV-1 was initially isolated in 1975 in
California from the tissues of newborn kids
affected with mild to severe enteritis [109].
In 1979, it was isolated from kids in a herd
in the Bregaglia valley of Switzerland [75].
Distribution of CpHV-1 infection has not
been systematically studied in goats but the
virus has been identified in several countries in Europe including Greece, Italy,
Spain and Switzerland, as well as in Australia, Canada, New Zealand and the USA
[19, 47, 52, 63, 67, 75, 84, 96, 105, 109].
The apparent prevalences are variable. In
many countries where goats play an economical role, a high seroprevalence is
observed: between 30 and 40% in southern
Italy and more than 50% in Greece [49, 67,
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119]. CpHV-1 infection has not been identified in Belgium, France (Keuser and Thiry,
unpublished results) or the United Kingdom.
5.3. Cervid herpesvirus 1
CvHV-1 was initially isolated in 1983 in
farmed red deer. The outbreak occurred in
a group of 80 red deer in the north of Scotland and 50 to 60 animals exhibited clinical
signs [56]. More recently, CvHV-1 was
identified in New Zealand where the virus
was isolated during routine export examination of semen collected from red deer
stags [134]. CvHV-1 infection is widespread in Great Britain. Indeed, 35% of the
animals older than one year are seropositive
for CvHV-1 [85]. Moreover, a Czech investigation showed that 71% of red deer
imported from Scotland were seropositive
[97]. The apparent prevalence of seropositive free ranging deer has been shown to be
11% in Belgium and 1% in France [128].
More recently, a further Belgian investigation has shown a seroprevalence of 30% in
free ranging adults and 1.4% in calves (Gregoire and Linden, unpublished results). In
1988, 43% of deer in a Belgian farm were
shown to be seropositive to CvHV-1 (Thiry,
unpublished results). Although the serological analyses were performed with tests
detecting anti-BoHV-1 antibodies, they are
the most suggestive of CvHV-1 infection in
wild populations of red deer.

to be seropositive [55]. In Norway, during
the period 1993–2000, antibodies against
BoHV-1 related alphaherpesviruses were
found in 28.5% of reindeer [70]. These
results indicate that alphaherpesvirus infections are endemic in reindeer and that
CvHV-2 is most likely the herpesvirus
responsible for the observed prevalences.
5.5. Bubaline and elk herpesviruses 1
BuHV-1 was isolated in 1971 from prepuces of water buffaloes [118]. More recently,
a field strain of BuHV-1 has been isolated
from buffaloes in Italy [25]. To date, only
one case of ElkHV-1 infection has been
reported. The virus was isolated from the
semen of a North American elk [27].
6. DIAGNOSIS
The capacity of these related alphaherpesviruses to spread in ruminant populations is a threat to BoHV-1 eradication programmes. Indeed, infection with related
viruses could lead to false positive diagnosis
of BoHV-1. Moreover, heterologous ruminant species could serve as BoHV-1 reservoirs. Consequently, diagnostic tools able
to distinguish between ruminant alphaherpesviruses related to BoHV-1 and BoHV-1
itself are of great interest.
6.1. Virological diagnosis

5.4. Cervid herpesvirus 2
Serological evidence of exposure of
reindeer to a virus related to BoHV-1 has
formerly been reported in Canada [35] and
in the USA [30]. More recently, evidence of
alphaherpesvirus infection has been reported
in isolated populations of the woodland caribou in western Canada [59]. In 1982, a
prevalence of 23% reindeer seropositive to
BoHV-1 was observed in the Finnish Lapland [33]. In Finland, 64% of adult reindeer
and 1% of calves have been shown to be
seropositive to CvHV-2 [87]. A Norwegian
investigation showed similar results: 60%
of reindeer and 15% of calves were shown

The use of tests based on virus isolation
or viral DNA detection can avoid misinterpretation due to these cross-reactions.
Restriction endonuclease analysis (REA)
performed on viral isolates allows the identification and distinguishing of the related
viruses [12, 14, 15, 23, 38–41, 94, 98, 100,
103, 137, 145] and could be used to detect
interspecific recombinants [78]. However,
this procedure is not convenient for general
use in a diagnostic laboratory. Highly specific methods using viral DNA amplification have therefore been developed. Differential PCR assays use pairs of consensus
primers selected for the detection of bovine,
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Figure 3. PCR amplification of ruminant alphaherpesvirus DNA. A mimic molecule is used for control. The final identification of the amplicon is performed by restriction enzyme analysis (reproduced
from [106], with permission of the American Society for Microbiology).

caprine and cervid herpesviruses, and discrimination is achieved by subsequent REA
of PCR products [73, 106] (Fig. 3). Another
PCR system, using four primer pairs, specifically amplifies a part of the gC gene of
each alphaherpesvirus [108]. A multiplex
PCR is available for differentiation between
BoHV-1 and BoHV-5 [2]. A quantitative
real time PCR is available for the detection
and quantitation of CpHV-1 DNA in goats5.
There also exists monoclonal antibodies
that can distinguish between BoHV-1 and
BoHV-5 by immunofluorescence, immunoprecipitation or western blot [45, 76, 89].
More recently, an immunofluorescence assay
able to differentiate the five related herpesviruses has been developed. This method is
based on the use of four monoclonal antibodies directed against gC, and one against
gD, of these related viruses [62] (Fig. 4).
6.2. Serological diagnosis
Serological analysis is very difficult
due to the antigenic similarity of ruminant
5

Tempesta M., Decaro N., Elia G., et al., Development of a real time PCR for the detection and
quantitation of caprine herpesirus type 1 DNA,
in: Nauwynck H., Favoreel H. (Eds.), Proc. 2nd
ESVV Veterinary Herpesvirus Symposium, Ghent,
2005.

alphaherpesviruses related to BoHV-1.
Indeed, these viruses cross-react in ELISA
and seroneutralisation tests [72, 74, 88].
The current available serological tests are
almost unable to discriminate the related
alphaherpesviruses.
A method combining two blocking ELISA
allows a distinction to be made between
anti-BoHV-1 and anti-BoHV-5 antibodies
in cattle. A serum positive to BoHV-1 in a
blocking ELISA based on the recognition
of BoHV-1 glycoprotein B is further analysed by a BoHV-1 gE blocking ELISA.
Provided there is no vaccination of cattle
with a gE negative BoHV-1 vaccine, a negative result in this second test will indicate
an infection with BoHV-5. However, the
sensitivity and the specificity of this test
have been tested only on a very limited
number of experimental sera [143].
An early study demonstrated a full
agreement between seroneutralisation and
indirect ELISA for the detection of antiCpHV-1 antibodies in goats [96]. Commercially available BoHV-1 gB blocking ELISA
has been tried in other animal species,
namely goats and red deer. Compared to
CpHV-1 seroneutralisation, this test, applied
to the detection of anti-CpHV-1 antibodies
in goats, exhibits a relative sensitivity of
95.8% ± 2.4% for experimental sera and
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Figure 4. Indirect immunofluorescence staining of cells infected with ruminant alphaherpesviruses.
The primary monoclonal antibodies directed against BoHV-1, BoHV-5, CpHV-1, CvHV-2 and
CvHV-1 were detected by FITC-conjugated rabbit immunoglobulin anti-mouse IgG (reproduced
from [62], with permission of the American Society for Microbiology). (A color version of this figure
is available at www.edpsciences.org.)

98.7% ± 2.5% for field sera, as well as a relative specificity of 96.9% ± 2.5% for experimental sera and 91.4% ± 9.2% for field
sera6. These good relative intrinsic values
are enough to recommend their use at the
herd level but not on an individual basis. It
must be emphasised that this test cannot differentiate between anti-BoHV-1 and antiCpHV-1 antibodies. The same BoHV-1 gB
blocking ELISA has been successfully
tested on deer sera to detect antibodies to
CvHV-1 by cross-reaction with the same
inability to distinguish between anti-BoHV-1
and anti-CvHV-1 antibodies (Reid, per6 Keuser V., Infection de la chèvre par l’herpèsvirus caprin 1 : diagnostic différentiel et caractérisation de la glycoprotéine D, Doctorate
thesis, Liège, Belgium, 2003.

sonal communication). Any further attempt
to develop specific ELISA has failed to
date. The challenge is therefore to develop
a differentiating serological test that could
be free from high antigenic cross-reactions.
Neutralising antibodies are raised after
each alphaherpesvirus infection: for example, bovine field or experimental sera [82],
sera from hyperimmunised rabbits [13] and
monoclonal antibodies raised against gB,
gC or gD [22, 45] exhibit neutralising properties against BoHV-5.
In several combinations, cross-neutralisation assays can differentiate antibodies
between the related alphaherpesviruses. A
one way cross-neutralisation can be demonstrated for each combination of BoHV-1
and related alphaherpesviruses. Therefore,
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BoHV-1 specific antiserum neutralises the
heterologous virus to a greater extent than
anti-sera specific to related alphaherpesviruses that have been shown to neutralise
BoHV-1 [29, 39, 83, 86].

7. PREVENTION
Although there is no commercially available vaccine against BoHV-5, it is possible
to take advantage of a previous immunisation against BoHV-1. Indeed, a primary
infection with BoHV-1 affords a cross-protection that protects cattle clinically against
BoHV-5 superinfection [13, 18]. This feature can explain the epidemiology of
BoHV-5 infection in several continents.
Indeed, BoHV-5 can induce outbreaks of
meningo-encephalitis in calves not vaccinated against BoHV-1. In North America,
IBR vaccination is widely used and sporadic cases of BoHV-5 have only been seen
to emerge in calves badly or not immunised
against BoHV-1 [31]. A recombinant gE
negative BoHV-1 vaccine has been shown
to be unable to confer full protection against
the challenge of BoHV-5 [117]. Therefore
the efficacy of the cross-protection afforded
by commercial BoHV-1 vaccines needs to
be evaluated.
A classical inactivated vaccine confers
protection against CpHV-1 infection in
goats. This vaccine shows a high immunogenicity and good clinical protection [124].
However, this vaccine has very little chance
of being marketed because the veterinary
pharmaceutical industry has only a poor
interest in the development of vaccines for
minor species like goats. As goats are susceptible to BoHV-1, both live and inactivated BoHV-1 vaccines might be tested in
goats for their efficacy in the face of a
CpHV-1 infection. In this way, a recent preliminary experiment showed that a commercially available live attenuated gE negative BoHV-1 vaccine afforded only partial
protection to intranasally challenged goats
[132].
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No vaccines are available to protect animals against CvHV-1, CvHV-2, ElkHV-1
or BuHV-1 infections. The main reasons
are the low virulence of these viruses and
the lack of interest by the industry in these
animal species, which are seemingly of
minor importance. Currently, no data indicate whether the BoHV-1 vaccine is able to
protect ruminants infected by their own herpesviruses. However, the close antigenic
relationship between these viruses may suggest a cross-protection, but this must, however, be evidenced in challenge experiments.
In the absence of commercialised vaccines, the control of these infections relies
on hygienic prophylactic measures: isolation of infected animals and disinfection of
farms. Serological diagnosis by a fast and
inexpensive method, such as ELISA, is
essential to control herds and to give and
maintain a virus-free status. The removal of
seropositive animals considered to be latent
carriers, can lead to the forming of seronegative herds, which are likely to be free of
virus infection. Such control measures are
especially important in deer farming, which
is becoming widespread in many countries.
In free-ranging ruminants, control of
alphaherpesvirus infection seems extremely
difficult to achieve. The only possibility of
doing this relies upon the prevention of
extensive contact between animals in order
to reduce virus spread.

8. CONCLUSION
BoHV-1 is antigenically and genetically
related to several ruminant alphaherpesviruses. The existence of antigenic cross-reactions between these viruses and their ability
to cross, at least in some instances, the species barrier raise theoretical problems for
differential diagnosis. Therefore, it is advisable to carefully evaluate the existence of
any other alphaherpesvirus reservoir, both
in regions and countries where BoHV-1
infection has been eradicated and in those
where the control of IBR is currently or will
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be undertaken. There must be a requirement
to verify that BoHV-1 seropositive ruminants are not infected with BoHV-1 but are
infected with their own specific virus. In
order to avoid such misdiagnosis, new diagnostic tools are currently being developed.
PCR and immunofluorescence tests, using
monoclonal antibodies, allow unambiguous
discrimination of each ruminant alphaherpesvirus related to BoHV-1. These advances
in diagnostic methods must be completed
by a better knowledge of the pathogenesis
of ruminant alphaherpesvirus infections.
The successful control of IBR depends on
the parallel surveillance of putative reservoirs of BoHV-1.
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