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Bovine herpesvirus 5 (BoHV-5) is an alphaherpesvirus responsible for meningoencephalitis in young cat-
tle and is closely antigenically and genetically related to bovine herpesvirus 1 (BoHV-1). Both viruses
have common aspects in their pathogenesis: (1) they infect epithelial cells at the portal of entry and
(2) they establish a latent infection in the sensory nerve ganglia, i.e., the trigeminal ganglia. However,
they have different neuroinvasion and neurovirulence capacities. Only in rare cases can BoHV-1 reach
the brain of infected cattle. BoHV-5 infection induces different degrees of severity of neurological disease
depending on both viral and host factors. Although a case of BoHV-5 associated disease in Europe and
some outbreaks in USA and Australia have been reported, the current geographical distribution of
BoHV-5 infection is mainly restricted to South America, especially Brazil and Argentina. This review
focuses on the genomic characteristics, pathobiology and epidemiology of BoHV-5, in order to provide
information on the possible basis of alphaherpesvirus neuropathogenesis.

� 2009 Elsevier Ltd. All rights reserved.
Introduction

Bovine herpesviruses 1 (BoHV-1) and 5 (BoHV-5) are two clo-
sely related alphaherpesviruses that infect cattle. The first case of
bovine meningoencephalitis associated with a herpesvirus infec-
tion was reported in Australia by Johnston et al. (1962). Based on
virion morphology, cytopathic effect in cell culture and antigenic
properties, the isolated virus was considered to be a neuropatho-
genic variant of BoHV-1 (French, 1962).

Comparative studies of this agent with different BoHV-1 strains
based on restriction site mapping of viral DNA (Brake and Studdert,
1985), cross-neutralisation tests (Bagust and Clark, 1972; Metzler
et al., 1986) and monoclonal antibody reactivity (Metzler et al.,
1986) indicated that these strains of virus differ in genomic and
antigenic properties. Thus, the previously named bovine encepha-
litis herpesvirus (BEHV) (Studdert, 1989) or BoHV-1 subtype 3
(Metzler et al., 1986) was recognised as a distinct virus species
by the International Committee on Taxonomy of Viruses in 1992
(Roizman et al., 1992) and reclassified as BoHV-5.

BoHV-5 infection induces either a subclinical infection or dis-
ease of moderate severity in adult cattle (Ashbaugh et al., 1997;
Cascio et al., 1999; Del Médico Zajac et al., 2006) and lethal
encephalitis in young animals (Bartha et al., 1969; Carrillo et al.,
ll rights reserved.
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1983a; Meyer et al., 2001). Cases of BoHV-5 associated disease
have been reported in the USA (Reed et al., 1973; D’Offay et al.,
1993), Australia (French, 1962; Johnston et al., 1962), Brazil
(Riet-Correa et al., 1989, 2006; Salvador et al., 1998), Argentina
(Carrillo et al., 1983b; Perez et al., 2003) and seldom in Europe
(Moretti et al., 1964; Bartha et al., 1969).

Although BoHV-5 and BoHV-1 are genetically and antigenically
related, they differ in their neuroinvasion and neurovirulence capac-
ities. BoHV-1 neuroinvasion usually does not go further than the first
order neurone located in the trigeminal ganglion, where the latent
infection is established, whereas BoHV-5 is able to infect different
regions of the brain (Carrillo et al., 1983a; Perez et al., 2002; Vogel
et al., 2003). However, a few cases of BoHV-1 associated encephalitis
have been reported (Roels et al., 2000; Silva et al., 2007).

The study of BoHV-5 associated disease and infection linked to
the characterisation of the virus provide useful information on the
genetic basis of alphaherpesvirus neuropathogenesis. Since its dif-
ferentiation from BoHV-1 in 1992, a considerable amount of data
has accumulated on the BoHV-5 genome, pathobiology and epide-
miology, as well as on the available diagnostic methods. These as-
pects are reviewed in the present article.

Aetiological agent

BoHV-5 belongs to the Family Herpesviridae, Subfamily Alpha-
herpesvirinae, Genus Varicellovirus. BoHV-5 strains are classified
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Fig. 2. Herpesvirus morphology as visualised by transmission electron microscopy
of an intact negatively stained BoHV-5 virion. The diameter of the virion is
approximately 260 nm. The black bar indicates 100 nm.
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Fig. 3. Schematic representation of BoHV-5 genome. The unique long (UL) and
short (US) sequences are shown and their possible orientation is indicated by
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into three subtypes based on viral DNA analysis by restriction
endonuclease fingerprinting (Fig. 1) (Metzler et al., 1986; D’Arce
et al., 2002). Type strains for subtypes a, b and non-a-non-b, are
the Australian strain N569, the Argentinean strain A663 and Brazil-
ian strains, respectively.

The viral structure consists of a core containing linear double-
stranded DNA, an icosahedral capsid, an amorphous-appearing
material – the tegument – and a phospholipid envelope containing
viral glycoprotein spikes on its surface (Roizman and Pellet, 2007)
(Fig. 2).

BoHV-1 and BoHV-5 have a ‘D’ type genome arrangement, con-
sisting of a unique long fragment (UL) and a unique short fragment
(US) flanked by repeat sequences (terminal and internal repeats, TR
and IR, respectively) (Roizman and Pellet, 2007) (Fig. 3). Virion
DNA includes equimolar amounts of DNA molecules differing in
the US orientation relative to the UL region and, at least in
BoHV-1, low levels (5%) of genomes having the UL segment in an
inverted orientation (Schynts et al., 2003). These data obtained
for BoHV-1 can reasonably be extrapolated to the BoHV-5 genome.

The BoHV-5 genome is 137,821 base pairs (bp) long and is
approximately 2 kb longer than the BoHV-1 genome, with a G + C
base composition of 75% (Delhon et al., 2003). The BoHV-5 genome
contains 70 genes, all of which are present in BoHV-1; however,
BoHV-5 lacks a homologue of UL 0.5 (Delhon et al., 2003). The UL
region contains 60 putative genes. The US region contains eight
genes and is flanked by the TR and IR elements. TR and IR each con-
tain a copy of two regulatory genes.

BoHV-1 and BoHV-5 exhibit an average of 82% amino acid iden-
tity amongst different proteins. The most similar proteins (P95%
amino acid identity) are those involved in viral DNA replication
and processing of virion proteins (Delhon et al., 2003) (Table 1).
The least conserved sequences between both viruses (675%) are
thought to be involved in the control of the virus cycle, in virus-cell
Fig. 1. Scheme of the BstEII restriction pattern of different bovine herpesvirus 5
strains showing subtypes a, b, non-a-non-b. M: Molecular weight marker. Modified
figure reproduced from D’Arce et al. (2002) with permission of Elsevier.

arrows. The US region is flanked by two repeated and inverted sequences (internal
and terminal repeats, IR and TR, respectively). The UL region is 104,054 bp long, the
US region is 9548 bp long and the TR and IR elements have 12,109 bp each.
Localisation and orientation of the genes encoding glycoproteins are indicated by
oriented boxes. The colour code is as follow: black filling indicates that the mean
conservation (at the protein level) between BoHV-5 and BoHV-1 gene is higher than
90%; grey filling indicates a conservation level higher than 80%; white filling
indicates a conservation level lower than 80%.

Table 1
Genes showing the highest and the lowest amino acid conservation between bovine
herpesviruses 1 and 5.

Gene name % Identity Gene product and/or function

Most conserved
UL5 99 Component of the helicase-primase complex
UL48 98 Trans inducing factor (a TIF – VP16)
UL39 97 Ribonucleotide reductase (large subunit)
UL19 97 Major capsid protein (VP5)
UL14 97 Minor tegument protein
UL29 95 Single stranded DNA binding protein
UL15 95 DNA cleavage-packaging protein (terminase)
Least conserved
UL44 75 Glycoprotein C (gC)
UL3 75 Phosphoprotein
BICP4 75 Positive and negative gene regulator
UL24 74 Putative membrane associated protein
US8 74 Glycoprotein E (gE)
UL11 73 Myristylated tegument protein
UL49 72 Tegument protein
US4 72 Glycoprotein G (gG)
BICP0 70 IE transactivator protein
UL3.5 69 Virion protein
LR ORF2 69 Latency related product
US2 69 Tegument protein
BICP22 68 Transcription factor
UL0.7 41 Unknown
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interaction and in viral neuropathogenesis (Delhon et al., 2003)
(Table 1).

Viral glycoproteins play important roles in virulence by mediat-
ing attachment and entry of the virion into the host cell, fusion and
cell-to-cell spread (Mettenleiter, 2003). In addition, because of
their location in the virion envelope and on the surface of infected
cells, glycoproteins are important targets for the host immune re-
sponse (Schwyzer and Ackermann, 1996). The BoHV-5 genome en-
codes 10 glycoproteins, namely, gK (UL53), gC (UL44), gB (UL27),
gH (UL22), gM (UL10), gL (UL1), gG (US4), gD (US6), gI (US7) and
gE (US8) (Delhon et al., 2003). The protein N is encoded by the
UL49.5 gene and is considered to be a ‘false’ glycoprotein in
BoHV-1 because it is not glycosylated. However, there are no data
concerning this glycoprotein in BoHV-5 (Liang et al., 1996).

BoHV-5 belongs to a group of closely related ruminant viruses
where BoHV-1 is the prototype. The genetic relationship between
these viruses has been studied firstly based on the glycoprotein B
(gB) gene sequence (Ros and Belak, 2002). The percentage of nucle-
otide identity between BoHV-5 and the other ruminant alpha-
herpesviruses is 87.4% with BoHV-1, 97.9% with bubaline
herpesvirus 1 (BuHV-1), 91.5% with cervid herpesvirus 1 (CvHV-
1), 74% with cervid herpesvirus 2 (CvHV-2) and 83.1% with caprine
herpesvirus 1 (CpHV-1) (Ros and Belak, 2002). Refined analyses,
including UL27 (gB) and US8 (gE) genes sequences, show that
BuHV-1 is the most closely related virus to BoHV-5, followed by
BoHV-1, CvHV-1, ElkHV-1 and CvHV-2 and, more distantly,
CpHV-1 (Ros and Belak, 2002; Thiry et al., 2007b) (Fig. 4).
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Fig. 4. Phylogenetic relationships between ruminant alphaherpesviruses. Trees were gen
both rooted by using suid herpesvirus (SuHV-1) Becker strain gB sequence as an outgro
Pathogenesis

Entry and dissemination

There are scarce data regarding BoHV-5 transmission. Viral DNA
and infectious virus have been detected in semen of subclinically
infected bulls (Gomes et al., 2003). BoHV-1 is transmitted by direct
contact with infected animals (nose to nose contact or genital con-
tact at mating), or by aerosol, and indirect transmission may occur
through contaminated food, water or fomites and by semen,
including artificial insemination (Muylkens et al., 2007).

BoHV-5 initially infects epithelial cells at the portal of entry, i.e.,
replication occurs in the nasal or vaginal mucosa, depending on the
route of infection (Bagust, 1972; Bagust and Clark, 1972). BoHV-5
viral replication in the respiratory system leads to a high produc-
tion of progeny virus that is shed in the nasal secretions and con-
stitutes a very efficient source of transmission during acute
infection.

Experimental intravaginal, epidural and intracerebral inocula-
tions lead to neurological disease and death (French, 1962; Bagust,
1972; Bagust and Clark, 1972). Animals inoculated by the intracon-
junctival route develop hyperthermia, with nasal replication of the
virus, but they do not show any nervous signs (Bagust, 1972). After
initial replication, spread of virus probably occurs by three routes,
as described previously for BoHV-1: local dissemination, systemic
spread by viraemia and neuronal spread (Pastoret et al., 1982; Eng-
els and Ackermann, 1996).
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Local dissemination in the infected mucosa could be accounted
for by two different mechanisms previously described for BoHV-1:
(1) viral particles released in the extra-cellular medium are able to
infect susceptible cells; and (2) direct cell-to-cell spread, i.e., viral
transmission from an infected cell to nearby uninfected cells.

Systemic spread by viraemia has been indirectly demonstrated
by virus isolation from liver, kidney and leucocytes after intranasal
and intravenous inoculation (Bagust and Clark, 1972; Belknap
et al., 1994; Meyer et al., 2001). However, this route of dissemina-
tion does not appear to be significant in BoHV-5 pathogenesis.

After a high rate of primary viral replication in the nasal epithe-
lium, BoHV-5 infects local nerve cells (olfactory cells and/or max-
illary nerve endings) and reaches the central nervous system
(CNS) by neurone to neurone spread by two different routes: the
olfactory and trigeminal pathways. The presence of virus in the tri-
geminal nerves and microscopic changes in trigeminal ganglia ap-
pear at 5–7 days post-infection (dpi) (Bagust, 1972; Bagust and
Clark, 1972; Perez et al., 2002). However, the simultaneous devel-
opment of lesions in the anterior cerebral cortex, medulla, pons
and trigeminal ganglia suggests that BoHV-5 also reaches the brain
by axonal transport from bipolar neurones of the olfactory nerves
to the olfactory bulbs (Perez et al., 2002).

Nevertheless, other routes of brain invasion, such as sympa-
thetic and parasympathetic systems observed in herpes simplex
virus (HSV) and pseudorabies virus (PrV) infections (Mettenleiter,
2003), should be investigated.

Once the virus has reached the CNS, it usually induces a fatal
meningoencephalitis in cattle after 8–10 dpi (Belknap et al.,
1994; Meyer et al., 2001; Perez et al., 2002); however, some cases
of subclinical infection (Ashbaugh et al., 1997; Cascio et al., 1999;
Vogel et al., 2003) or moderate disease (Del Médico Zajac et al.,
2006) have been reported. If animals survive, a lifelong latent
infection is established in the sensory ganglia (Cascio et al.,
1999; Meyer et al., 2001; Perez et al., 2002) and, under certain con-
ditions, reactivation of the virus and reinfection of the peripheral
tissue could occur.

Neurovirulence

Viral neurovirulence is defined as the pathogenicity of a certain
virus (or strain) at the CNS level. It has been suggested that neuro-
virulence could also be due to host factors, such as the genetic
background and the immunological status.

Viral factors

The genes and their encoded proteins involved in the neurovi-
rulence of alphaherpesviruses are classified in three groups: en-
zymes involved in nucleic acid metabolism, factors that modulate
the immune response and viral glycoproteins.

Viral polymerase encoded by the UL30 gene has been strongly
associated with neurovirulence in equid herpesvirus 1 (EHV-1)
(Nugent et al., 2006). Variation of a single amino acid in the poly-
merase of EHV-1 strains responsible for neurological disease is
associated with neurovirulence. This variant amino acid occurs at
a highly conserved position for herpesvirus DNA polymerases.
The protein encoded by the UL48 gene is a transactivator and its
association with neurovirulence for PrV has been assessed in mice
(Klopfleisch et al., 2006; Fuchs et al., 2007). Since these two pro-
teins are present in BoHV-5 genome, their role in neurovirulence
should be investigated.

Regarding proteins that modulate the immune response, the
HSV-1 key neurovirulence determinant ICP34.5 is not present in
BoHV-5 (Delhon et al., 2003). On the other hand, HSV-1 ICP47,
which interferes with MHC I presentation, has no homologous gene
in BoHV-5, but this mechanism is present (Ambagala et al., 2004).
Identification of the viral factor is still pending.

Several studies have been undertaken on the characterisation of
the role of BoHV-5 glycoproteins in neurovirulence using the rabbit
model. Intranasal inoculation of rabbits with a BoHV-5 gC negative
virus showed that this virus replicates less efficiently in the brain
than the wild type virus, suggesting that gC may regulate BoHV-
5 neurotropism in some areas of the rabbit olfactory pathway
(Chowdhury et al., 2000a). BoHV-5 gE negative virus had a reduced
neural invasion (the virus was found up to the olfactory bulb-sec-
ond order neurones) and neurovirulence (Chowdhury et al.,
2000b). Glycoprotein I seems not to be relevant in neuroinvasion
and/or neurovirulence of the virus (Al-Mubarak and Chowdhury,
2004). A BoHV-5 US9 negative virus was almost avirulent in rabbits
after intranasal infection (Chowdhury et al., 2002). The mutant
virus infects the olfactory receptor neurones (first-order neurones
in the olfactory pathway), but it is not transported to the bulb by
anterograde transport.

Moreover, calves infected with BoHV-5 gI/gE/US9-deleted virus
by the intranasal route showed reduced viral excretion compared
with the wild type virus and did not develop nervous signs (Hub-
ner et al., 2005). Virus was recovered only from the basal portions
of the CNS (pons and mesencephalum) in very low titres and did
not reactivate after dexamethasone treatment. Based on these re-
sults, the authors suggested a reduced ability of the recombinant
virus to spread from peripheral neurones to CNS neurones in
calves. These results support the suggested role of gI, gE and US9
in anterograde transport of the virus in the rabbit model (Chowdh-
ury et al., 2000b, 2002).

Other alphaherpesvirus neurovirulence factors include mostly
tegument proteins. For PrV, studies revealed that deletion of
UL3.5, UL11, UL16, UL21, UL36 and UL43 genes affected neuroviru-
lence in the mice model. These genes have their homologues in
BoHV-5 but their role in neurovirulence remains unknown (Klop-
fleisch et al., 2006; Bottcher et al., 2008).
Host factors

BoHV-5 infection is usually associated with a lethal neurologi-
cal disease at the CNS level, although some animals develop a sub-
clinical infection or a moderate disease. These differences in
virulence have been associated both with viral and host factors,
especially the age and the immunological status. On the other
hand, BoHV-1 induces respiratory and/or genital disease and can
infect neurones from the peripheral nervous system; however,
some cases of encephalitis caused by BoHV-1 infection have been
reported in adult cattle (Roels et al., 2000; Silva et al., 2007). These
sporadic cases probably reflect individual host susceptibilities to
CNS infection rather than BoHV-1 strain modifications, giving rise
to an increased neuroinvasion and/or neurovirulence.

The involvement of interferon (IFN) a and b in the pathogenesis
of bovine herpesvirus infection is supported by experiments per-
formed in transgenic mice (Abril et al., 2004). Animals lacking
the IFN-a/b receptor, which were unable to produce mature B
and T lymphocytes (i.e., mice with deletion of both copies of the
RAG-2 gene), died after BoHV-5 infection. Mice with RAG-2 gene
deletions and lacking both IFN a/b and IFN c developed BoHV-1
and BoHV-5-associated disease and died after infection (Abril
et al., 2004).

Latency and reactivation

The main site of latent infection of alphaherpesviruses after
ocular, nasal or oral infection is the sensory nerve ganglia, in par-
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ticular the trigeminal ganglia (Rock et al., 1992; Meyer et al., 2001;
Perez et al., 2002). After the application of a natural stimulus or
treatment with glucocorticoids, reactivation occurs in latently in-
fected animals (Meyer et al., 2001; Perez et al., 2002; Vogel et al.,
2003). Viral replication could lead to re-excretion and spread of
the virus to susceptible surrounding animals.

In cattle latently infected with BoHV-1, viral DNA was also pres-
ent in germinal centres of the pharyngeal tonsil (Winkler et al.,
2000), peripheral blood cells (Fuchs et al., 1999), lymph nodes
and spleen (Mweene et al., 1996).

In latently infected animals, BoHV-5 DNA was detected in sev-
eral areas of the CNS (mainly olfactory cortex, cerebellum, thala-
mus, midbrain and pons) (Meyer et al., 2001; Perez et al., 2002;
Vogel et al., 2003). The nasal and tracheal mucosae also have been
suggested as possible sites of BoHV-5 latency (Meyer et al., 2001).
After dexamethasone-induced reactivation of latently infected
calves, the distribution of BoHV-5 DNA was altered, affecting the
dorsolateral and posterior cortices and, compared to acute infected
animals, the anterior cortex, medulla oblongata and cervical me-
dulla were more consistently positive (Vogel et al., 2003).

Histopathological examination of brain sections from reacti-
vated calves suggests that dissemination of BoHV-5 to the cere-
bral tissue after reactivation would occur via the trigeminal
nerve. This result underlines a difference in CNS viral invasion
pathways between the acute and latent phases of BoHV-5 infec-
tion, since it has been suggested that the virus reaches the brain
more directly by the olfactory nerves in acute infection (Perez
et al., 2002).

BoHV-5 can be reactivated and re-excreted without clinical
signs (Belknap et al., 1994; Cascio et al., 1999) or cattle may devel-
op clinical manifestations of encephalitis similar to those observed
during acute infection (Perez et al., 2002; Vogel et al., 2003). The
former situation is of particular interest, since animals latently in-
fected would act as natural reservoirs of the virus and represent a
silent source of viruses in re-excretion conditions.

Clinical signs

The first signs detected after BoHV-5 infection consist of
depression, anorexia and general weakness. Approximately 5 days
later, neurological signs, such as incoordination, blindness, muscu-
lar tremor, circling, head pressing, recumbency followed by con-
vulsions, paddling and death, are observed (Bartha et al., 1969;
Salvador et al., 1998). In some outbreaks, nasal and ocular secre-
tions are observed prior to neurological signs, whilst only a few
cases exhibit hyperthermia (Bartha et al., 1969; Carrillo et al.,
1983a, 1983b; Schudel et al., 1986). In addition, BoHV-5 virus
was isolated from an aborted foetus (Salvador et al., 1998).

There have been several attempts to experimentally reproduce
BoHV-5 infection. After intranasal inoculation of the virus, nasal
replication and mild respiratory signs, such as nasal and ocular dis-
charges and sneezing, were frequently observed before the onset of
neurological signs (Bagust, 1972; Bagust and Clark, 1972; Belknap
et al., 1994; Meyer et al., 2001; Perez et al., 2002; Del Médico Zajac
et al., 2006). In only a few cases lesions are found in the nasal mu-
cosa (Bagust, 1972).

Neurological signs are initiated from 8–13 dpi, leading to death
2–5 days after the onset of clinical signs. Although BoHV-5-in-
duced encephalitis is usually fatal, some experimentally infected
animals develop subclinical infection (Ashbaugh et al., 1997; Cas-
cio et al., 1999; Vogel et al., 2003) or moderate disease, with recov-
ery after 24 dpi (Del Médico Zajac et al., 2006). The different
degrees of severity of neurological disease induced by BoHV-5
infection could be due to viral strains factors, as well as age and
immunological status of the animals.
Immune response

To date, very few studies have been performed to elucidate the
immune response induced after BoHV-5 infection. However, due to
the similarities between BoHV-1 and BoHV-5, it is reasonable to
conclude that both viruses provoke similar immune mechanisms
in the host during infection.

In BoHV-1 infections, the first response of the host is consti-
tuted by an inflammatory and innate immune response. The adap-
tive response starts at 5 dpi, with the induction of specific cells
(CD4+ and CD8+ lymphocytes), showing its highest activity at
10 dpi (Denis et al., 1994; Babiuk et al., 1996). The humoral im-
mune response is detected from 10 dpi (Romera et al., 2001).
BoHV-1 antibodies participate in the neutralisation of extracellular
viral particles and in the induction of antibody-dependent cell
mediated cytotoxicity. The antibody response is critical in prevent-
ing secondary infections and limiting the consequences of reactiva-
tion (Babiuk et al., 1996).

Cattle experimentally infected with BoHV-5 exhibit a lympho-
proliferative response at 7 and 14 dpi (Del Médico Zajac, 2007).
These animals show total serum antibodies from day 12 dpi and
both IgA and IgG1 isotypes are detected in nasal secretions. Neu-
tralising antibodies are first detectable at 14 dpi (Meyer et al.,
2001; Perez et al., 2002; Vogel et al., 2003; Del Médico Zajac, 2007).

Epidemiology

Host range

Cattle are the natural host of BoHV-5. In young animals (up to
6 months of age), the course of the disease is rapid and lethal (Car-
rillo et al., 1983a; Schudel et al., 1986). Adult animals are consid-
ered to be less susceptible to BoHV-5 infection, depending on
viral strains and host characteristics. Latently infected animals
constitute natural reservoirs of the virus that could potentially
contaminate susceptible animals after reactivation.

Natural occurrence of BoHV-5 antibodies has been reported in
sheep (Lindner et al., 1993). Experimental infections of sheep and
goats showed that both species are susceptible to BoHV-5, develop-
ing acute and latent infection (Belak et al., 1999; Silva et al., 1999;
Diel et al., 2007). In addition, both species re-excrete virus after
dexamethasone treatment and transmission of the virus amongst
sheep during acute infection has been detected (Silva et al., 1999).
These results suggest that goats and sheep may potentially be in-
fected under natural conditions and act as reservoirs of the virus.
Although these studies did not assess the ability of both species to
transmit the virus to cattle, the ability to establish and reactivate la-
tent infections could have potential implications in BoHV-5 epide-
miology in areas where these species are raised in close contact.

Currently, the animal model available to study BoHV-5 patho-
genesis is the rabbit model (Chowdhury et al., 1997). Mice are hith-
erto assumed to be resistant to infection with either BoHV-5 or
BoHV-1, although transgenic mice have been successfully infected
with both viruses (Abril et al., 2004).

Geographical distribution

BoHV-5 outbreaks are sporadic and appear to be restricted in
their geographical distribution, being mostly detected in the
Southern hemisphere. The reasons for this particular distribution
are still undetermined. Only a few cases of BoHV-5-associated
encephalitis have been detected in Australia (French, 1962; John-
ston et al., 1962), North America (Reed et al., 1973; D’Offay et al.,
1993) and Europe (Bartha et al., 1969; Moretti et al., 1964).
Outbreaks are most commonly reported in Brazil (Riet-Correa
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et al., 1989, 2006; Salvador et al., 1998) and Argentina (Carrillo
et al., 1983b; Schudel et al., 1986; Perez et al., 2003).

Cross-protection by naturally occurring or vaccine-induced
BoHV-1 antibodies has been suggested as a possible explanation
for the rare occurrence of BoHV-5-associated disease in BoHV-1 en-
demic areas, such as Europe and the USA (D’Offay et al., 1993). How-
ever, the epidemiological situation in South America does not
support this hypothesis. Even though Argentina and Brazil have a
high percentage of BoHV-1 seropositive cattle (24.8–84.1% and
19–85%, respectively) (Odeón et al., 2001; Gularte Quincozes,
2005), both countries have reported several cases of BoHV-5 associ-
ated meningoencephalitis. The reason for the discrepancy of the
prevalence between South America and the rest of the world is un-
known. Another important issue is that South American countries
do not have any specific programme for the detection and identifica-
tion of BoHV-5 infected animals. Furthermore, a differential serolog-
ical test that allows the identification of BoHV-1 and/or BoHV-5
positive animals is not available. Thus, the true prevalence of this
infection is unknown and the economic relevance remains to be
determined.

Diagnosis

Post mortem examination

The main macroscopic lesions reported in the brain after natu-
ral or experimental BoHV-5 infection consist of softening of the
parenchymal tissue, focal meningeal haemorrhages in the frontal
and/or ventral areas and haemorrhagic foci in the pons and left
parietal lobe (Carrillo et al., 1983a; Perez et al., 2002). Gross respi-
ratory lesions, such as nasal congestion, petechial haemorrhages
and congestion of the pharyngeal and laryngeal mucosa (Carrillo
et al., 1983a), as well as bronchopneumonia (Belknap et al.,
1994; Meyer et al., 2001), have also been detected.

Histopathology

Microscopic lesions consist of widespread non-suppurative
meningitis characterised by perivascular cuffing, neuronophagia,
satellitosis, focal and diffuse gliosis, haemorrhages and neuronal
necrosis and degeneration (Bagust and Clark, 1972; Belknap
et al., 1994; Meyer et al., 2001; Perez et al., 2002). In some cases,
inclusion bodies are observed in astrocytes and neurones (Bagust
and Clark, 1972; Carrillo et al., 1983b).

Virological diagnosis

Virological assays are the best available tools to specifically
diagnose BoHV-5 infections. The techniques can be performed with
nasal secretions, semen or post mortem samples. Virus isolation in
cell culture is a suitable assay to be used with fresh or sometimes
frozen samples.

In order to differentiate BoHV-5 and BoHV-1, several assays are
available: restriction enzyme analysis (REA) (Brake and Studdert,
1985; D’Arce et al., 2002), immunoassays using monoclonal anti-
bodies (Metzler et al., 1986; Keuser et al., 2004; Thiry et al.,
2007a), PCR followed by REA (Ros and Belak, 1999), nested PCR
(Ashbaugh et al., 1997), multiplex PCR (Alegre et al., 2001; Claus
et al., 2005; Thiry et al., 2007b), random amplified polymorphic
DNA (RAPD) (Afonso et al., 2007) and, recently, multiple PCR
sequencing assays (Del Médico Zajac, 2007).

Serological diagnosis

BoHV-1 and BoHV-5 are antigenically very similar. Several
in vitro experiments have shown that both viruses share common
epitopes (Metzler et al., 1986; D’Arce et al., 2002). Serum neutral-
isation assays demonstrate cross-reactions between BoHV-1 and
BoHV-5 (Meyer et al., 2001). BoHV-1 antibodies neutralise BoHV-
5 virus twofold less than BoHV-5 antibodies and vice versa.

The only currently available assay that is able to differentiate
antibodies against BoHV-1 from BoHV-5 is a BoHV-1 gE blocking
ELISA, already used to distinguish between BoHV-1 infected or vac-
cinated animals (Wellenberg et al., 2001). However, this BoHV-1 gE
blocking ELISA has not been validated over a large number of sam-
ples. Indeed, one might speculate, due to the high similarity be-
tween BoHV-5 and BoHV-1, that gE seropositive cattle also might
be identified after BoHV-5 infection. A study involving CpHV-1, an-
other alphaherpesvirus related to BoHV-1, but more distantly than
BoHV-5, revealed that some goats infected with CpHV-1 can be
seropositive to BoHV-1 gE (Thiry et al., 2008). Since BoHV-1 is
more similar to BoHV-5 than CpHV-1, the same situation could oc-
cur with BoHV-5 (Thiry et al., 2008).

Vaccines

Due to the sporadic frequency of detection and the restricted
geographical distribution of BoHV-5 infections, few studies have
focussed on the development of BoHV-5 vaccines. Furthermore,
since BoHV-5 cases or outbreaks are reported in countries where
there is a high prevalence of BoHV-1, efforts are focussed on the
evaluation of the cross-protection induced by BoHV-1 vaccines
against BoHV-5 infection. The evaluation of the efficacy of vaccines
is further complicated by the difficulty in reproducing the clinical
disease associated with BoHV-5 infections.

Bratanich et al. (1991) and Cascio et al. (1999) studied the cross-
protection induced by BoHV-1 vaccines. Although they obtained a
reduction in the period of viral shedding and the titre of virus ex-
creted, their results could be misinterpreted because they did not
reproduce the disease associated with BoHV-5. Another study
showed that colostrum-acquired BoHV-1 antibodies prevent
BoHV-5 induced neurological disease, but not BoHV-5 latency (Bel-
knap et al., 1994).

The efficacy of a gE negative BoHV-1 vaccine was tested against
BoHV-5 infection. This vaccine was not protective in rabbits or cat-
tle (Silva et al., 2006; Spilki et al., 2004). A recent study reported
the immunogenicity and efficacy of inactivated BoHV-1 and
BoHV-5 vaccines against BoHV-5 disease (Del Médico Zajac et al.,
2006). Both vaccines induced a similar humoral and cellular im-
mune response. In addition, vaccinated animals were partially pro-
tected against BoHV-5 disease, since they showed a highly reduced
viral excretion and less severe nervous signs compared with con-
trol animals.

Specific BoHV-5 vaccines remain at an experimental stage of
development. The use of BoHV-1 vaccines is therefore considered
to be the best option to protect against BoHV-5. However, several
studies show that full protection against BoHV-5 infection is diffi-
cult to induce with a BoHV-1 vaccine. These results suggest that
each BoHV-1 vaccine should be carefully tested for potential
cross-protection against BoHV-5.

Conclusions

BoHV-5 is an alphaherpesvirus with a limited geographical dis-
tribution, since cases of BoHV-5 associated meningoencephalitis
are commonly reported in South American countries, but only spo-
radically in other continents. However, since this virus is closely
related to BoHV-1 and currently available serological tests do not
differentiate antibodies against each virus, the true prevalence of
BoHV-5 infection remains unknown. A refined molecular analysis
of the strains in different continents could help to trace the spread
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of the virus and explain the difference in these epidemiological sit-
uations. Furthermore, BoHV-5 may act as a confounder in BoHV-1
control programmes (Thiry et al., 2001).

The comparative analysis of BoHV-1 and BoHV-5 infections
with regard to neuroinvasion and neurovirulence could provide
interesting information about the neuropathogenesis of alphaher-
pesvirus infections, with a special relevance to HSV-1 encephalitis.
The close similarity between BoHV-1 and BoHV-5 is unique in this
respect.
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