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A B S T R A C T

Bovine herpesvirus (BoHV) types 1 and 5 are neuroinvasive. Cases of BoHV-1-induced encephalitis are not as
frequent as those caused by BoHV-5. In this study, the capability of BoHV-5 to induce apoptosis in cell cultures
and in the trigeminal ganglion during acute infection of experimentally-infected cattle was analyzed. Apoptotic
changes in cell cultures agree with the ability of the viral strains to replicate in each cell line. Marked differences
were observed between the in vitro induction of apoptosis by BoHV-1Cooper and BoHV-5 97/613 strains.
Apoptotic neurons were clearly evident in the trigeminal ganglion of BoHV-1-infected calves. For BoHV-5 a
fewer number of positive neurons was observed. There is an association between the magnitude of bovine
herpesviruses replication and the induction of apoptosis in trigeminal ganglion. These findings suggest that the
induction of apoptosis and the innate immune response orchestrate the final outcome of alpha herpesviruses
infection of the bovine nervous system.

1. Introduction

Bovine herpesvirus types 1 (BoHV-1) and 5 (BoHV-5) are two clo-
sely related alpha-herpesviruses that infect cattle. BoHV-1 causes sig-
nificant economic losses to the cattle industry worldwide [1] since it is
responsible for a variety of clinical syndromes, including respiratory
disease, conjunctivitis, abortion and genital infections. Acute infection
of the respiratory tract by BoHV-1 causes immunosuppression, leading
to secondary bacterial infections, pneumonia and death [2]. BoHV-5 is
highly prevalent in South America, and it is the primary etiological
agent of non-suppurative meningoencephalitis in calves [3], a condition
which is usually fatal [4]. Although both viruses are neuroinvasive,
cases of BoHV-1-induced encephalitis are not as frequently reported as
those caused by BoHV-5. The reasons why they differ in their ability to
cause neurological disease have not been completely elucidated.

Herpesviruses’ life cycle is characterized by stages of acute infec-
tion, latency and reactivation. Sensory neurons of the trigeminal
ganglion (TG) are the main site of latency of alpha-herpesviruses [5].
During latency, viral gene expression is restricted to the latency-related
(LR) gene [6]. Sporadic virus reactivation from latency can occur under

conditions of natural stress or it can be experimentally induced by
glucocorticoids administration. These episodes of reactivation are the
main source of virus dissemination [5]. BoHV-1 and BoHV-5 share a
high level of amino-acid identity, particularly in those proteins involved
in viral DNA replication. However, Delhon et al. [7] reported marked
differences in the coding and transcriptional regulatory regions of the
LR gene. Previous studies [8,9] have demonstrated that BoHV-1 LR
products have anti-apoptotic activity in vitro and in vivo. The anti-
apoptotic activity of the LR gene is required to reach a high number of
latently-infected neurons available for reactivation. Recently, Silvestro
and Bratanich [10] have shown that components which are essential for
the anti-apoptotic functions of BoHV-1 LR gene are not expressed in
BoHV-5-infected-cells, suggesting that, at least in vitro, BoHV-1 LR gene
may have roles different from the homologous BoHV-5 gene.

The purpose of this study was to analyze the capability of BoHV-5 to
induce apoptosis in cell cultures and in the trigeminal ganglion of
acutely-infected calves, as differences in the apoptotic potential of
BoHV-5 and BoHV-1 might be related to the distinct features of their
neuropathogenesis.
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2. Material and methods

2.1. Viruses

For in vitro assays and animal inoculations, the reference BoHV-1
Cooper strain and the field BoHV-5 isolate 97/613 were used.
Furthermore, infection of cell cultures was also performed with the
strain A663 of BoHV-5. This strain was considered as a BoHV-5 subtype
b strain, a subtype only described in Argentina [11]. Recently, it was
demonstrated that strain A663 is indeed a natural, field recombinant
virus between BoHV-5 and BoHV-1 [12] which was isolated from a case
of bovine encephalitis [11]. From here on this strain will be designated
as BoHV-5 nrecA663. BoHV-5 strain 97/613 is classified as subtype a
BoHV-5 strain [10], which was isolated from the brain of a 2 year-old
Brangus cow with neurological signs. This strain has been previously
characterized [3]. Titers of virus stocks for experimental inoculations
and virus titers for the different bovine herpesviruses strains in each cell
line at 6 and 24 hpi were determined by the end-point titration method,
in 96 well-plates and expressed as TCID50/ml, according to Reed and
Müench [13]. Determination of virus titers in the different cell cultures
was performed by triplicate.

2.2. Experimental inoculation of cattle

All procedures for animal handling and experimentation were per-
formed according to the Animal Welfare Committee of the University of
the Center of Buenos Aires Province (Res. 087/02). Five BoHV-1- and
BoHV-5-free and seronegative cross-bred, 1 year-old calves were used.
Calves were randomly assigned to each group. For the study of primary
acute infection, two calves were intranasally inoculated with a high
dose (106.3 TCID50 in 10ml) of BoHV-1 Cooper strain and two calves
were inoculated with 106.3 TCID50 (in 10ml) of BoHV-5 97/613 isolate.
One calf was intranasally inoculated with 10ml of cell culture medium
as placebo. Calves were euthanized at 6 days post-infection (dpi). At
necropsy, TG samples were collected and properly stored for further
processing.

2.3. Cells

Two cell lines of bovine origin (Madin-Darby bovine kidney
[MDBK] and bovine turbinate [BT] cells) and a human cell line (HeLa,
cervical carcinoma cells) were selected for this study. HeLa cells were
chosen to compare the findings in routine substrates for bovine her-
pesviruses growth with the findings in cells which are susceptible to
infection but do not sustain high levels of virus replication. Cells were
grown in Minimum Essential Medium (MEM, Sigma-Aldrich) supple-
mented with 10% fetal calf serum (Natocor SRL, Argentina), L-gluta-
mine (10 μl/ml), penicillin (100 μg/l) and streptomycin (200 μg/l).
Cultures were incubated at 37 °C in a 5% CO2 atmosphere.

2.4. Inoculation of cell cultures

Cell lines were grown in 24 well-plates containing coverslips in each
well, for cell attachment. Cells were infected with BoHV-1 or BoHV-5
strains at a low multiplicity of infection (moi= 0.1). Infected mono-
layers were fixed at 6 or 24 h post-inoculation (hpi). Cells were also
treated with deoxynivalenol (DON, Sigma-Aldrich) (2.8 μg/ml in MEM)
and 5% dimethyl-sulfoxide (DMSO, Sigma-Aldrich), as controls for the
induction of apoptosis and fixed at the same time-points. Evaluation at
6 h was chosen as a starting point to determine initial alterations in
nuclear morphology after infection or chemical treatment. DON is a
mycotoxin which has been previously demonstrated to induce apoptosis
in intestinal and immune cells [14] and in several cell culture lines
[15]. Apoptosis induced by treatment with DMSO has been also pre-
viously described [16]. Virus strains, DMSO and DON were added to the
preformed cell monolayer and incubated for 1 h at 37 °C. Then, cells

were washed with PBS and culture medium was added for the re-
maining incubation time.

2.5. Identification of nuclear changes in cell cultures

Nuclear morphological changes (chromatin condensation, nuclear
fragmentation and presence of apoptotic bodies) were evaluated by
staining with 4′, 6-diamidino-2-phenylindole (DAPI) after fixing in-
fected or treated cells with 4% paraformaldehyde. Experiments were
done by triplicate and cells with nuclear alterations in six microscopic
fields per sample were counted. The percentages of cells with altered
nuclear morphology were determined.

2.6. Detection of apoptotic cells by TUNEL (Terminal dUTP Nick End-
Labeling)

For detection of cells with fragmented DNA, a TUNEL assay
(DeadEndColorimetric TUNEL System, Promega) was performed ac-
cording to the manufacturer’s instructions. Cells were seeded on cov-
erslips in 24 well-plates and treated as described for DAPI staining.
Cells were fixed with 1% paraformaldehyde. Experiments were done by
duplicate.

2.7. Immunohistochemistry for detection of cleaved caspase 3 in bovine TG

Tissue sections were deparaffinized and rehydrated in graded
ethanol. Sections were incubated in 0.03% hydrogen peroxide solution
to block endogenous peroxidase. For antigen unmasking, sections were
treated with proteinase K (20 μg/ml, Sigma-Aldrich) for 20min at
37 °C. After blocking, tissues were incubated overnight at 4 °C with
diluted primary antibody (1:100, cleaved caspase 3, Cell Signaling #
9661). The secondary antibody was applied for 30min at room tem-
perature. The peroxidase substrate system (DAB, SK-400, Vector
Laboratories) was used according to the manufactureŕs instructions.
Sections were counterstained with hematoxylin, mounted and observed
under microscope.

2.8. Statistical analysis

Differences in the percentages of cells with nuclear changes were
evaluated for each virus or treatment within a cell line and among the
different cell lines. Virus titers for the different bovine herpesvirus
strains were also evaluated in the different cell lines. The percentages of
cells with nuclear changes and virus titers were analyzed by ANOVA
followed by Tukey test. A P value≤ 0.05 was considered statistically
significant.

3. Results

3.1. Nuclear morphological changes in BoHV-1 and BoHV-5-infected cell
cultures

Marginated nuclei and chromatin condensation were easily visua-
lized in infected or treated cells, particularly after 24 hpi. Apoptotic
bodies, which are membrane bound portions of chromatin [17] were
also observed, particularly after infection with strain BoHV-5 nrecA663.
On the contrary, nuclei in mock-infected cells remained uniformly
stained (Fig. 1).

As expected, the percentages of cells with nuclear morphological
changes observed at 6 hpi were lower when compared with the per-
centages detected at 24 hpi (Fig. 2A and B). At 6 hpi, only significant
changes (P≤ 0.05) were detected in BT cells infected with the strain
BoHV-5 nrecA663. In mock-infected BT, DAPI staining also revealed
significantly higher numbers of cells with nuclear changes with respect
to the other mock-infected cell lines (P≤ 0.05) (Fig. 2A). Differences
were not detected after chemical treatment or infection of the other cell
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lines with any of the viral strains (P≥ 0.05). Low percentages of HeLa
cells with nuclear changes were detected at this time-point (Fig. 2B).

Then, as shown in Table 1, the magnitude of the nuclear changes
induced by each virus strain within a particular cell line was evaluated
at the same time-points previously mentioned. In MDBK cells, at 6 hpi,
the percentages of apoptotic nuclear changes were significantly higher
(P≤ 0.05) after infection with any of the strains or after treatment with

DON or DMSO with respect to mock-infected cells. Nevertheless, dif-
ferences among treatments or virus strains were not detected
(P≥ 0.05). The percentages of nuclear changes detected in BoHV-1-
Cooper and BoHV-5 nrecA663 infected-BT at 6 hpi were significantly
higher (P≤ 0.05) with respect to mock-infected cells. Furthermore, in
this cell line, infection with BoHV-5 nrecA663 induced levels of apop-
totic nuclear changes that were significantly higher (P≤ 0.05) than

Fig. 1. Representative images of nuclear changes in DAPI-stained MDBK cells at 24 h post-infection or treatment. A. BoHV-5 97/613, B. BoHV-1 Cooper, C. BoHV-5 nrecA663, D. DMSO,
E. DON, F. mock-infected. Magnification: 200×.

Fig. 2. Percentage of cells with nuclear changes after
6 (A) or 24 (B) hours of BoHV-1 and BoHV-5 infec-
tion or chemical treatment of different cell lines.
Experiments were performed by triplicate. Different
superscripts indicate statistically significant differ-
ences (P≤ 0.05) among cell cultures for each virus
strain or treatment.
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those detected in DON-treated cells. Differences were not recorded
(P≥ 0.05) among mock-infected and virally infected or treated HeLa
cells.

At 24 hpi, the percentage of nuclear changes in MDBK cells was
significantly higher (P≤ 0.05) in virus infected cells when compared
with mock-infected cells. However, differences among strains were not
detected (P≥ 0.05). The level of apoptotic changes detected in DON-
treated MDBK cells was only significantly higher (P≤ 0.05) when
compared with the infection by BoHV-5 nrecA663. At this time-point,
BoHV-1 Cooper strain showed the highest percentage of apoptotic
changes in BT cells (P≤ 0.05) with respect to the other viral strains or
treatments. Furthermore, the percentage of cells with altered nuclear
morphology in BoHV-1 Cooper-infected BT cells was significantly
higher (P≤ 0.05) than the changes observed after infection by BoHV-5
97/613 or BoHV-5 nrecA663. Significantly higher levels of nuclear
changes were also recorded for BoHV-1 Cooper (P≤ 0.05) with respect
to mock-infected or DMSO-treated BT cells. As previously described, at
24 hpi, the lowest percentage of apoptotic changes was detected in
HeLa cells, independently of the virus strain or treatment. Nevertheless,
the nuclear apoptotic changes detected in Cooper-, BoHV-5 nrecA663-
or in DMSO- mock-infected cells were significantly higher (P≤ 0.05)
when compared with uninfected or untreated cells.

3.2. Replication of bovine herpesvirus strains in the different cell lines

Bovine herpesviruses replication was assessed in the different cell
types used in this study. At 6 hpi, significant differences in the virus
titers for the strains within a specific cell culture were not recorded
(P≥ 0.05). However, at 24 hpi, significant differences (P≤ 0.05) in the
levels of virus replication were detected in MDBK and BoTur cells. In
both cell types, Cooper BoHV-1 strain titer was significantly higher
(P≤ 0.05) with respect to the titers reached by BoHV-5 strains.

Virus replication in HeLa cells, which are from human origin, was

lower than in cells from bovine origin, as expected (Table 2).

3.3. Detection of apoptotic cells by TUNEL assay

Changes in nuclear morphology occur early after exposure to an
apoptotic stimulus. However, significant TUNEL staining is observed
later during the apoptotic process. In this study, the percentage of
TUNEL positive cells was determined at 24 hpi in MDBK cells, the
standard substrate for the isolation and propagation of bovine herpes-
viruses (Fig. 3). At this time-point, the level of TUNEL- positive cells
was strikingly higher after infection with BoHV-1 Cooper strain (48.9%)
when compared with mock-infected (1.6%), DON-treated (22.1%) and
BoHV-5-infected cells (97/613: 6.25%, BoHV-5 nrecA663: 3.9%).

3.4. Neuronal apoptosis in the trigeminal ganglion of BoHV-1 and BoHV-5-
experimentally-infected calves

The results demonstrating that the experimental inoculation of
calves in this study was successfully achieved have already been pub-
lished [18,19]. BoHV-1 was isolated and viral DNA detected by PCR
[18] in TGs used for the analysis of neuronal apoptosis. Although the
presence of BoHV-5 DNA was detected (Table 3), as previously reported
[20], isolation of BoHV-5 from this tissue was not achieved. Caspase 3 is
a key executioner of apoptosis. In the cells, caspase 3 is present as an
inactive procaspase which is activated by proteolytic cleavage [21].
Most of the neurons per microscopic field in TG from BoHV-1-infected
calves showed clear nuclear cleaved caspase 3 staining. TGs from calves
infected with BoHV-5 also showed positively-stained neurons. How-
ever, the presence of apoptotic cells was not as evident as in BoHV-1-
infected cattle. In BoHV-5-infected animals, some neurons showed
granular, perinuclear staining. Neuronal apoptosis was not detected in
the TG from the mock-infected calf (Fig. 4).

Table 1
Percentage of cells with nuclear morphological changes at 6 and 24 h after virus inoculation or treatment.

Cell culture Virus strains and cell treatment

BoHV-5 97/613 A663 BoHV-1 Cooper DON DMSO Mock

6 hpi
MDBK 6.8 ± 0.8b 6.2 ± 0.8b 7.9 ± 0.7b 6.3 ± 1.4b 6.7 ± 2.5b 1.10 ± 0.3a

BoTur 5.4 ± 1.3a 9.1 ± 1.1b 7.6 ± 0.9b 4.4 ± 1.5a 4.7 ± 0.6a 2.40 ± 0.3a

HeLa 6.5 ± 3a 5.6 ± 0.7a 9.1 ± 5.7a 5.4 ± 1.0a 6.1 ± 3.9a 1.4 ± 0.6a

24 hpi
MDBK 12.9 ± 2.6b 9.6 ± 2.5b 13.4 ± 3.3b 14 ± 3.7b 11 ± 2.6b 4.3 ± 1.5a

BoTur 9.6 ± 4.1a 9.2 ± 6.4b 17.6 ± 2.8b 4.8 ± 1.5a 9.7 ± 3a 2.3 ± 2.5a

HeLa 3.7 ± 1.8a 6.6 ± 2.6b 6.1 ± 1.8b 3.9 ± 1.7a 5.1 ± 1.8b 1.0 ± 0.9a

The results shown are mean ± standard deviation of three independent experiments. Different superscripts in the same line indicate statistically significant differences (P≤ 0.05) for
virus strains or chemical treatments in comparison with mock-infected or mock-treated cells within each cell line.

Table 2
Summary of the percentage of nuclear changes in relation to virus titers for BoHV-1 and BoHV-5 strains in the different cell cultures at 6 and 24 h post-inoculation.

Virus strains MDBK BoTur HeLa

% nuclear change Virus titer % nuclear change Virus titer % nuclear change Virus titer

6 hpi
BoHV-1 Cooper 7.9 ± 0.7ª 3.95 ± 0.2ª 7.6 ± 0.9ª 5.00 ± 0.9ª 9.1 ± 5.7a 0.0 ± 0.0a

BoHV-5 nrecA663 6.2 ± 0.8ª 3.80 ± 0.9ª 9.1 ± 1.1ª 3.60 ± 0.7ª 5.6 ± 0.7a 1.5 ± 2.1ª
BoHV-5 97/613 6.8 ± 0.8ª 3.60 ± 0.4ª 5.4 ± 1.3b 2.57 ± 1.7ª 6.5 ± 3ª 1.9 ± 2.7ª

24 hpi
BoHV-1 Cooper 13.4 ± 3.3a 7.5 ± 1.1a 17.6 ± 2.8a 6.77 ± 1.7ª 6.1 ± 1.8a 3.90 ± 0.8ª
BoHV-5 nrecA663 9.6 ± 2.5a 6.3 ± 0.0b 9.2 ± 6.4ab 2.67 ± 0.0b 6.6 ± 2.6a 4.57 ± 0.1ª
BoHV-5 97/613 12.9 ± 2.6ª 6.8±0.1b 9.6 ± 4.1ac 3.10 ± 2.2c 3.7 ± 1.8a 5.37 ± 1.0a

The results shown are mean ± standard deviation of three independent experiments. Different superscripts in the same column indicate statistically significant differences (P≤ 0.05).
Virus titers are expressed as TCID50/ml.
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4. Discussion

The removal of damaged cells by apoptosis is an essential process in
homeostasis and development. However, this mechanism of cell death
may also play a pathogenic role in infectious diseases. It is considered
that apoptosis is an important process in many viral infections of the
central nervous system and, frequently, the severity of the disease is
associated with the level of apoptosis [22]. In this study, it was in-
vestigated whether apoptosis is a relevant mechanism in the patho-
genesis of BoHV-5. Furthermore, it was analyzed whether differences in
the apoptotic potential of BoHV-5 and BoHV-1might be associated with
the distinct features of their neuropathogenesis.

For some viral infections, the number of apoptotic cells has been
correlated with the levels of virus replication. In this study, the apop-
totic changes observed in cell cultures were in agreement with the
ability of BoHV-1 and BoHV-5 strains to replicate in each cell line.
MDBK and BT are frequently used for replication and isolation of bo-
vine alpha-herpesviruses [23,24]. However, HeLa cells, which are not
an adequate substrate for bovine alpha-herpesviruses’ replication
showed significantly lower levels of altered nuclear morphology com-
patible with apoptosis. Regarding the viral strains, differences were
observed between the in vitro induction of apoptosis by BoHV-1 Cooper
and BoHV-5 strains. This was evident in BoTur cells at 24 h post-in-
fection, particularly for BoHV-1. The higher ability of BoHV-1 to induce
apoptosis in vitro was evidenced by the nuclear morphological altera-
tions observed in the different cell types and confirmed by TUNEL assay
in MDBK cells. These findings are in contrast with the observations by
Cardoso et al. [25] who demonstrated low levels of apoptosis after in-
fection of neuronal-like cells with BoHV-1 Cooper. Nevertheless, the

same authors demonstrated that BoHV-5 does not induce high levels of
apoptosis in neurons, which is in agreement with the findings from this
study using different substrates. This has also been shown for other
viruses, such as varicella-zoster virus, which is able to induce apoptosis
in fibroblasts but not in neurons, demonstrating that apoptosis is a cell-
type specific process [26].

In a previous study of experimental inoculation of cattle, we de-
monstrated that, in neural tissue, two BoHV-1 strains (Cooper and Los
Angeles) replicated at titers which were higher than those observed for
BoHV-5 [18]. These low BoHV-5 titers in the nervous system have been
associated with the difficultness of virus isolation after natural or ex-
perimental infections [3]. Although viral DNA was detected in the tri-
geminal ganglion from all infected animals, in this study, only BoHV-1
was readily isolated from this tissue. Samuel et al. [27] determined a
positive correlation with the peak West Nile virus titers in central
nervous system and detection of activated caspase 3. Similar findings
have been observed for the infections by reovirus [28] and sindbis virus
[29] and the presence of apoptotic neurons in neural tissue. Delhon
et al. [30] demonstrated that inhibition of BoHV-1 replication pre-
vented neuronal apoptosis. This type of study has not been conducted
with BoHV-5. However, the results of this study, considering the levels
of replication of BoHV-1 and BoHV-5 and the presence of apoptotic
neurons in trigeminal ganglion, demonstrate that virus growth is re-
quired to trigger the apoptotic programme for neuronal death. As
previously suggested by Delhon et al. [30], it can also be inferred by the
results from this study that it is necessary a critical level of viral DNA
replication to induce apoptosis.

It is well-known that the induction of apoptosis limits the in-
flammatory response. Phagocytosis of apoptotic cells suppresses in-
flammation by the production of anti-inflammatory mediators and the
inhibition of pro-inflammatory cytokines [31]. In this work, the number
of caspase 3-positive neurons was not estimated since the number of
trigeminal ganglion neurons in each microscopic field is not large en-
ough to obtain a reliable counting. Nevertheless, at the peak of acute
infection, cleaved caspase 3 was clearly evident in trigeminal ganglion
neurons of BoHV-1-infected calves, whereas a fewer number of positive
neurons was observed after BoHV-5 infection. TLRs allow the recogni-
tion of pathogens by the innate immune system [32]. They induce a
series of events that result in the production of cytokines leading to the
stimulation of the adaptive immune response [24]. In previous studies
from our group, Rensetti et al. [19] demonstrated a strong stimulation

Fig. 3. Representative images of TUNEL staining of BoHV-5 97/613 (A), BoHV-5 nrecA663 (B), BoHV-1 Cooper (C), uninfected MDBK cells (D) and DON-treated MDBK cells (E) at 24 h
post-inoculation or treatment. Experiments were done by duplicate. Magnification: 200×.

Table 3
Caspase 3-positive neurons after infection with BoHV strains, virus isolation and DNA
detection in TG from experimentally-infected cattle.

BoHV-5 97/613 BoHV-1 Cooper Mock

Calf1 Calf2 Calf3 Calf4 Calf5

Caspase 3 −/+ −/+ + + −
Virus isolation − − − 5.65a −
Genome detection + + + + −

a Expressed as TCID50/g of tissue [18].
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of TLR7 during acute BoHV-5 infection of the central nervous system
and Marin et al. [20] observed an up-regulation of TLR7 in trigeminal
ganglion at this stage of BoHV-5 infection. On the contrary, TLR7 levels
are undetectable in trigeminal ganglion of BoHV-1-infected calves [20].
Stimulation of this receptor triggers the production of pro-inflammatory
cytokines and induces a negative feedback on viral replication in vitro,
in MDBK cells infected with BoHV-1 and BoHV-5 [33] and in neurons
infected with Langat virus [34]. Thus, it is likely that in BoHV-5 in-
fection the cytokine response plays a predominant role in neuro-
pathology and virus growth within neural tissue.

The results from this study, in conjunction with the previous reports
from our research group, suggest that there might be an association
between the magnitude of BoHV-5 replication and the induction of
apoptosis in trigeminal ganglion. It is also apparent that the stimulation
of TLRs plays an additional role in the neuropathogenesis of BoHV-5.

5. Conclusions

Overall, the findings from this study suggest that differences in the
levels of apoptosis induced by BoHV-5 and BoHV-1 can be related to
their distinct pathogenic potential. It is likely that a combination of
factors, such as the induction of apoptosis and the innate immune re-
sponse, orchestrates the final outcome of BoHV-1 and BoHV-5 infection
of the bovine nervous system.

It would be interesting to analyze whether differences in the

magnitude of apoptosis are relevant at further time-points, during the
transition from acute infection to latency to establish the importance of
apoptotic cell death in the life cycle of BoHV-5.
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