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Abstract: The prevalent pathogens associated with bovine uterine infections are bacteria that appear to increase
the host's susceptibility to secondary infections with other bacteria or viruses, among which BoHV-4 is the most
frequently found. In this work, the study of the pathways of apoptosis induction was carried out on an
experimental model of primary culture of endometrial cells, in order to know the implication of BoOHV-4 and the
presence of bacterial LPS in the pathogenesis of the bovine reproductive tract. For this, different staining
techniques and molecular analysis by RT-PCR were used. The results obtained allowed us to conclude that the
level of cell death observed in the proposed primary culture is directly related to the time of viral infection and
the presence of LPS in BoHV-4 infection. The apoptosis indices in cells infected with BoHV-4, BoHV-4 + LPS
presented a maximum that correlates with the appearance of the cytopathic effect, and the maximum viral titers
in the model studied. However, morphological, biochemical and molecular changes were evident during both
early and late stages of apoptosis. These findings provide information on the factors that may influence the
pathogenesis of BoHV-4 and help to better understand the mechanisms involved in virus infection.

Keywords: Bovine herpesvirus type 4; bovine endometrial primary culture cells; apoptosis

1. Introduction

Apoptosis is a mode of Programmed Cell Death (PCD) genetically regulated with the aim of
eliminating surplus, damaged, or mutated cells; playing a key role in the innate response to viral
infection [1]. Although it contributes to the prevention of pathogenesis, it often results in a potentially
costly sacrifice for the cell [2-3].

Many viruses have developed apoptosis evasion strategies to efficiently establish a lytic or long-
term latent infection [4-7]. Apparently, for herpesviruses, the induction of apoptosis would be a
favorable event during the last stages of the viral replicative cycle, whereas the inhibition of apoptosis
could be an important step in the transition to latency [8]. The Herpesviridae family is divided into
three subfamilies (o, 3, and v) based on biological properties such as the host range and length of the
infectious cycle. The members of each herpesvirus subfamily are known to encode anti-apoptotic
genes [9]. Bovine gammaherpesvirus type 4 (BoHV-4) is associated with reproductive tract infections
during the postpartum period [10and has been implicated in the pathogenesis of non-responsive
postpartum metritis. However, its intrinsic pathogenic power seems low and the true incidence of
viral metritis is unknown [11]. Symptoms develop only when BoHV-4 cooperates with gram-negative
bacteria within the uterus, being currently considered as a cofactor for the development of an
inflammatory reaction initiated by bacteria [10]. In vitro experiments demonstrated that tumor
necrosis factor alpha (TNF-a), produced by macrophages stimulated by lipopolysaccharides (LPS),
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induces the expression of the immediate early gene IE2 of BoHV-4, stimulating its replication. This
would generate the reactivation of the latent virus in persistently infected animals against a
concomitant infection with bacteria [12]. BoHV-4 mainly infects blood lymphocytes (B and T-cells)
and shows a particular tropism for the endometrium in which it causes the death of epithelial and
stromal cells [13,14, 15]. Despite the presence of anti-apoptotic genes in its genome (v-Bcl-2 and v-
Flip), this virus seems to induce cell death by apoptosis, which is associated with the downregulation
of Bcl-2, and allows BoHV-4 to complete its cycle of productive infection [16]. Epithelial cells are the
first ones to be exposed to exogenous microbes and, for this reason; they play an essential role in the
host defense against microbial invasion [17]. As the interaction between BoHV-4 infection and uterine
response is still not well characterized, it is of great interest to analyze the mechanisms involved in
controlling programmed cell death.

[8] Demonstrated variations in the sequence of the v-Flip and v-Bcl2 antiapoptotic genes in
Argentine strains of BoHV-4, allowing us to infer that the different genetic characteristics of these
genes could be associated with the viral genotype. Furthermore, it is interesting to highlight that the
results of different studies carried out on the Madin-Darby bovine kidney (MDBK) cell line suggest
that BoHV-4 can produce apoptosis through processes such as the induction of oxidative stress [18].

Our group previously showed that BoHV-4 has a replication preference for BEC cells (bovine
endometrial cells) over the MDBK cell line. Moreover, in BEC primary cultures, this virus shows
apoptotic cell death followed by a virus release at the last stage. At this moment, high viral titers are
linked with apoptosis but the mitochondrial pathway would not be the leading mechanism [19]. It is
clear that the apoptotic responses to BoHV-4 observed in the previously studied cell lines do not
explain what occurs in vivo, being more suitable the study in primary culture cells.

Considering that postpartum infection of the bovine uterine tract with LPS-containing
pathogens activates lytic replication of BOHV-4 in persistently infected macrophages [20] in this study
we investigated the modulation of apoptosis by BoHV-4 infection in primary cultures of BEC cells
and the role of LPS in this process.

2. Materials and methods
2.1. Isolation of BEC

The BEC cells obtained for primary culture and the fetal bovine serum (FBS) used for their
growth were tested by virus isolation in MDBK cells and antigen detection by direct
immunofluorescence (DIF) using FITC-labeled polyclonal antibodies (IBR/BHV-1, CJ-F-IBR-10ML;
BVDYV, CJ-F-BVD-10ML, VMRD, Pullman, WA), as previously described [21]. This test together with
nucleic acid detection by PCR or nested RT-PCR [21-23] were conducted to rule out contamination in
the starting material with bovine alphaherpesvirus 1 (BoHV-1), bovine gammaherpesvirus (BoHV-
4), and bovine viral diarrhea virus (BVDV). Culture medium was replaced every 48 h until BEC cells
reached confluence at 37 °C in a humidified incubator with a 5% CO:2 atmosphere.

2.2. BoHV-4 strain

The BoHV-4 field strain 07/435, originally isolated from the vaginal discharge of an aborted cow
[22,24], was used for in vitro experiments. The virus stock was prepared by propagating the BoHV-4
strain for 48 h in confluent monolayers of MDBK cells in T-25 flasks (Greiner BioOne, Germany),
which were seeded at 1 x 105 cells/ml. Supernatants were harvested and frozen at =80 °C. Virus titers
were determined by the endpoint titration method on MDBK cells in 96-well microtiter plates
(Greiner Bio-One, Germany) and expressed as logio TCIDso/ml [25].

2.3. Infection of cells cultures with BoHV-4 and LPS

BEC cell cultures (third passage) were grown in 6-well plates (Greiner Bio-One, Germany) by
triplicate at a concentration of 7 x 105 cell/ml and incubated at 37 °C in a 5% CO:atmosphere. Before
performing the assays with the cells under study, confluent monolayers were infected with strain
07/435 at a multiplicity of infection (MOI) of 0.5. After 2 h of incubation, the supernatant was
discarded and replaced with fresh medium (MEM-E with 10% FBS) followed by the LPS challenge
(100 pg/ml) (LPS from Escherichia coli O55:B5; Sigma-Aldrich, L6529). Mock-infected and LPS-
treated cells were used as negative controls.
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2.4. Morphological analysis by staining with Rhodamine 123/Propidium lodide

After 12, 24 and 48 hr post infection (hpi), the supernatant was removed by centrifugation at 200
g for 10 min at 4 °C. The pellet was then resuspended in 200 pl/tube of Rod-123 (1 g/ml, prepared in
0.1% PBS-BSA from a 1 mg/ml stock in absolute EtOH). After incubating for 10 min at 37 °C, the cells
were washed with PBS and centrifuged again at 200 g for 10 min at 4 °C, and the supernatant was
discarded. The pellet was then resuspended in 200 pl of PI (1/100 in PBS-BSA). Approximately 10 ul
of the suspension was placed on slides for epifluorescence microscope observation (BX51, OLYMPUS,
Japan) at a wavelength of 507 nm.

2.5. Detection of nuclear morphological changes by DAPI staining

BEC cell cultures were grown on 12 mm coverslips in 6-well plates (Greiner Bio-one, Germany),
at a concentration of 3x105 cells/ml, and thereafter infected with BoHV-4 strain 07/435 at a MOI of 0.5.
The virus was absorbed for 2 h. After 2 h of incubation, the supernatant was discarded and replaced
with fresh medium (MEM-E with 10% FBS) followed by the LPS challenge (100 pig/ml) for 12, 24 and
48 hr. Mock-infected and LPS-treated cells were used as negative controls. The fusarium mycotoxin
deoxynivalenol (DON) was used as positive control. At the end of each incubation period, the culture
medium was discarded and cell monolayers were fixed in 4% paraformaldehyde. To evaluate changes
in nuclear morphology, staining with 4 ‘6-diamino- 2-phenylindole (DAPI) was performed. Fixed
cell monolayers were washed with PBS and incubated for 15 min at room temperature with 250 ul of
DAPI (1 pg/ml)/well. After incubation, coverslips with cell monolayers were washed twice with
distilled water and then stained for observation under epifluorescence microscope (BX51, Olympus,
Japan) at a wavelength of 395 nm, as previously described[19].

2.6. Detection of DNA fragmentation by TUNEL assay

BEC cell cultures were grown on 12 mm coverslips in 6-well plates (Greiner Bio-one, Germany),
at a concentration of 3 x 10° cells/ml, and thereafter infected with BoHV-4 strain 07/435 at a MOI of
0.5. After 2 h of incubation, the supernatant was discarded and replaced with fresh medium (MEM-
E with 10% FBS) followed by the LPS challenge (100 pg/ml) for 12, 24 and 48 hr. Mock-infected and
LPS-treated cells were used as negative controls. At the end of each incubation period, the culture
medium was discarded and cells were fixed with 4% paraformaldehyde. To evaluate changes in
nuclear morphology, staining with a commercial TUNEL kit (DeadEndTM Colorimetric TUNEL
System, Promethean, Promethean) was used according to the manufacturer's instructions.

2.7. Total RNA isolation, reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR),
and mRNA expression analysis

The mRNA expression levels of BcL-2, Bax and Caspase 3 genes in cell cultures were determined
by RT-qPCR. Infected and uninfected cells were harvested at 12, 24, 48 and 72 hpi and stored in BIO-
ZOL Reagent (PB-L, Argentina) at 80 C for subsequent RNA extraction, following the manufacturer’s
instructions. On average, 1 pg of total RNA was used for first-strand cDNA synthesis using iScript™
(Bio-Rad Laboratories, Inc.) and according to the supplier’s protocol. cDONA was stored at -80 °C until
qPCR was performed. The bovine glyceraldehyde- 3-phosphate dehydrogenase (GAPDH) gene was
selected as the endogenous control for RT-qPCR and its level of expression was quantified as
described by Romeo et al., 2022 [19]. Specific primers for the BcL-2, Bax, Caspase 3 and GAPDH genes
were used [26]. All samples were amplified in triplicate and the qPCR products were expressed as
cycle threshold (Ct) values using the software StepOnePlus ® (Applied Biosystems, Foster City, CA,
USA). The qPCR was performed using FastStart Universal SYBR Green Master Mix (Rox) (Roche
Diagnostics Deutschland), following the manufacturer's instructions, and a Real-Time PCR CFX96
Touch system (Bio-Rad Laboratories). The amplification was conducted under the following
conditions: 10 min at 95°C, 40 cycles of 15 sec at 95°C, and 60 sec at 60°C.

2.8. Data analysis

With the objective of measuring the loss of mitochondrial permeability indirectly expressed as
the percentage of Rod-123+ cells (% Rod+), an experiment was carried out under a randomized
complete block design with three repetitions and with a factorial arrangement. One of the factors was
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time with three levels (6, 12 and 24 hpi) and the other factor was cell lines with four levels (Negative
Control, LPS, BoHV-4 and BoHV-4+LPS).

A second experiment was conducted to determine the presence of nuclear alterations (DAPI)
and detection of in situ DNA fragmentation (TUNEL) were expressed as RAI (Relative Apoptosis
Index), under a randomized complete block design with three repetitions and a factorial
arrangement. One of the factors was time with three levels (12, 24 and 48 hpi) and the other factor
was cell lines with four levels (Negative Control, LPS, BoHV-4 and BoHV-4+LPS).

A third experiment was conducted to obtain the relative expression ratios, under a design in
randomized complete blocks with a factorial arrangement and with three repetitions. One of the
factors was time with three levels (12, 24 and 48 hpi) and the other factor was the Bax, Bcl2 genes and
the relationship between them. For qPCR results, the Relative Expression Software Tool (REST®,
Qiagen Inc., Germantown, MD, USA) was used.

The data were analyzed by analysis of variance, followed by mean comparison using the least
significant difference test. For all hypothesis tests performed, a significance level of 5% (a = 0.05) was
considered. The analysis was carried out through the R program (2023). The values shown in graphs
are presented as the mean + standard deviation (SD) of three independent experiments each done in
triplicate. GraphPad Prism 8.0 was used for data plotting for all experiments.

3. Results
3.1. Evaluation of early apoptosis using Rhodamine 123/Propidium lodide

The assessment of mitochondrial membrane integrity as an early apoptosis marker through
staining with Rod-123 demonstrated a significant interaction (p < 0.05) between time and treatment
for the last two evaluated time points. As shown in Figure 1, after 12 hpi, the percentage of Rod-123+
cells significantly decreased (p <0.05) in the culture infected with BoHV-4 compared to the uninfected
and LPS-treated BEC controls. Additionally, in the culture with BoHV-4+LPS, the decrease in
membrane integrity was significant (p < 0.05) compared to the culture only infected with the virus.
Lastly, at 24 hpi, significant differences (p < 0.05) were observed among the different treatments, with
a decrease in the percentage of Rod-123+ cells in LPS-treated cells compared to the control, in virus-
infected cells compared to LPS-treated cells, and in cells doubly exposed compared to those only
infected with BoHV-4.

Mitochondrial permeability

150
Bl Control-
E LPS
a a a
+ 1004 _ a 3 BoHV-4
ﬁ e
= b 3 BoHV-4+LPS
Se b C c
50 d
0- T T ]
6 12 24
hpi

Figure 1. Percentage of Rod-123+ BEC cells after different times post infection with BoHV-4 and/or treatment
with LPS. Means accompanied by the same letter indicate non-significant differences (a= 0.05) between the
treatments at the evaluated times.
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3.2. Nuclear morphology changes in BEC cells

DAPI staining of BEC cells infected with the 07/435 strain of BoHV-4 revealed changes in nuclear
morphology consistent with those reported in the literature, characteristic of late apoptosis, such as
chromatin condensation and fragmentation (Figure 2). The results of the RAI analysis, obtained from
the count of cells with nuclear alterations, demonstrated a significant interaction between time and
different treatments (Figure 3). The cell cultures exhibited cell rounding and reduction in cellular
volume along with significant nuclear contraction as early as 12 hours post-infection (hpi). This trend
continued over time, reaching a significantly higher RAI (p <0.05) at 48 hpi (Figure 3) in both BoHV-
4 and BoHV-4+LPS-exposed cells. For the remaining evaluated time points, no significant differences
(p <0.05) were observed among the different treatments.

Figure 2. Conventional (left) and confocal (right) fluorescence microscopy of DAPI stained BEC cells infected
with BoHV-4. Nuclear morphological changes characteristic of apoptosis (asterisks) were observed with a

magnification of 40X .
DAPI
25 b
Bl Control -
204 b I Ea LPS
s = BoHV-4
5 3 BoHV-4+LPS
10+
54 . a a 2 ) 2 a , 8
O_J_.leﬂ_-jlﬁ |I| -jl
12 24 48
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Figure 3. Means and standard deviations of Relative Apoptosis Index (RAI), determined after infection with
BoHV-4 and/or LPS treatment at 12, 24 and 48 hpi in BEC cells (DAPI staining). Means accompanied by the
same letter indicate non-significant differences (a= 0.05) between each treatment at reading time.


https://doi.org/10.20944/preprints202310.0307.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2023 do0i:10.20944/preprints202310.0307.v1

3.3. TUNEL

The cell count with alterations compatible with apoptosis, following TUNEL staining (Figure 4),
allowed for the calculation of the RAI in cells exposed to different treatments relative to the negative
control. The results demonstrated significant changes (p < 0.05) at 24 and 48 hpi in cells only infected
with BoHV-4 and BoHV-4+LPS, compared to cells only treated with LPS. Furthermore, the RAI values
obtained at 48 hpi were 20 times higher than those obtained at 24 hpi, both in cells infected with
BoHV-4 and in cells with BoHV-4+LPS (Figure 5).

Figure 4. Representative images of apoptotic cells detected by TUNEL (arrows) in BoHV-4-infected BEC cells
after 24 (A) and 48 (B) hpi. 20X magnification.

TUNEL
80
) b Bl Control -
60 I El LPS
= BoHV-4
5 40- 3 BoHV-4+LPS
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0 s e —.I.ﬁ = ;
12 24 48
hpi

Figure 5. Relative Apoptosis Index (RAI) in BEC cells infected with BoHV-4 and/or treated with LPS. Detection
through TUNEL. Means accompanied by the same letter indicate non-significant differences (o= 0.05) between
the treatments at the evaluated times.

3.4. Pro-anti-apoptotic potential of BoHV-4: Relative expression of Bax, Bcl-2, and Caspase 3
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The anti-/pro-apoptotic capacity of the virus was evaluated through the mRNA expression of
the mitochondrial proteins Bax and Bcl-2, in BEC cells treated only with BoHV-4. The results of RT-
qPCR revealed that the expression levels of the pro-apoptotic gene Bax were similar at 12 hpi and 24
hpi, significantly increasing (p < 0.05) at 48 hpi (Figure 6). There was a reduction in the expression
levels of the anti-apoptotic gene Bcl-2 at 12 hpi and 24 hpi. However, its expression level increased
significantly (p < 0.05), reaching its peak at 48 hpi compared to 12 hpi. The analysis of the Bax/Bcl-2
ratio showed no significant differences at the evaluated post-infection times (p > 0.05). However, at
12 hpi, a value of the Bax/Bcl-2 ratio < 1 indicates the presence of an anti-apoptotic stimulus, while at
24 hpi and 48 hpi, a value of the ratio close to 1 indicates a balance between pro- and anti-apoptotic
genes.

When the final stage of apoptosis was evaluated, significant differences (p < 0.05) were observed
at all evaluated time points for the expression of Caspase 3 mRNA in CEB cells after infection with
BoHV-4 and/or treatment with LPS (Figure 7). A significant decrease in Caspase 3 expression was
observed at 12 hpi (p < 0.05) in all treatments compared to the control. After 24 hpi, Caspase 3
expression increased significantly (p < 0.05) in cells infected with BoHV-4 (134 times higher), while
in the presence of both, the virus and LPS (BoHV-4+LPS), the effect was contrary, showing a
significant decrease (p < 0.05). After 48 hpi, there were only significant changes in cells exposed to
LPS, with an increase in the expression of the studied gene, while at 72 hpi, significant increases (p <
0.05) were observed in all treatments compared to the control, where Caspase 3 expression was 131
times higher in cells infected with BoHV-4 (Figure 7).

Bax & Bcel-2

2.5+
B Bax

c a
o 2.0 E Bcl2
W
W
o 15~ a b b 3 Bax/Bcl2
% a
[<}]
2 L0 :
E 9 a ab
¢ 0.5

hpi

Figure 6. Means and standard deviations of the relative expression of Bax, Bcl-2 and Bax/Bcl-2 in BEC cells at

different times post infection with BoHV-4. The data were normalized to the expression of the reference gene

GAPDH and are presented in arbitrary units. Means accompanied by the same letter indicate non-significant
differences (a= 0.05) between levels of times for each gene.
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Figure 7. Relative expression of Caspase 3 in BEC cells after different times post-infection with BoHV-4 and/or
treatment with LPS. The data were normalized to the expression of the reference gene GAPDH and are
presented in arbitrary units. Means accompanied by the same letter indicate non-significant differences (0=
0.05) between the treatments at the evaluated times. .

4. Discussion

Apoptosis is a complex process that involves a wide variety of biochemical and morphological
changes that lead to the complete disappearance of the cell without inducing an inflammatory
response [27]. Many viruses modulate this PCD as a strategy to safeguard their replication and
survival in infected cells[28].

In this work, diverse experiments were carried out in order to relate the pathogenicity of the
Argentine strain 07/435 of BoHV-4 with the apoptosis evidenced in vitro in primary culture of BEC
cells and the role of LPS in this process. For the analysis of the pro- and anti-apoptotic potential of
the virus, different techniques were used to detect early and late apoptotic events at different times
post infection.

The change in the mitochondrial membrane permeability is a phenomenon that often precedes
all the other modifications inherent to apoptosis. The results showed an alteration of the membrane
potential in the presence of BoOHV-4 and BoHV-4+LPS starting at 12 hpi, which decreases considerably
at 24 hpi, indicating that mitochondrial damage already exists at this time post-infection. It is notable,
in this last time evaluated, that the effect of BoHV-4 + LPS is cumulative, where the loss of
mitochondrial membrane permeability is greater compared to treatment with BoHV-4 alone or LPS
alone. This finding suggests that the presence of bacterial LPS predisposes to a greater
mitochondrial alteration response against a subsequent BoHV-4 infection.

Subsequently, changes in nuclear morphology, which could suggest early apoptosis, were
assessed through DAPI staining. Significant changes were recorded after 48 hpi in cells infected with
the virus and in cells infected and treated with LPS. These results would indicate that the cells are in
an apoptotic process. However, some authors mention that morphological changes are not always
specific indicators of cell death by apoptosis and may vary between different cell lines [29]. For that
reason, they recommend complementing the analysis of this parameter with other methodology, such
as the study of DNA fragmentation. Consequently, we proceeded to determine the DNA
fragmentation comparing the RAIs of BEC cells after different treatments using TUNEL. Changes in
nuclear morphology can be initiated as early as 30 min to 4 h after apoptotic stimulation, and precede
changes in the cytoskeleton. In contrast, DNA fragmentation occurs later (24 hpi), hence TUNEL
staining is a good indicator of late apoptosis process [30-32]. Therefore, DAPI and TUNEL techniques
were used in a complementary way as indicators of early and late cell damage processes, respectively.
TUNEL staining indicated significant apoptosis starting at 24 hpi in cells infected with BoHV-4 and
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in the presence of BoHV-4 + LPS, while at 48 hpi the apoptosis indices in the aforementioned
treatments were higher. These results correlate with the observed cytopathic effect which became
evident at 24 hpi and was marked after 48 hpi, indicating a large percentage of dead cells. In turn, it
is consistent with the viral titers obtained in previous works [22], which means that at 48 hpi cell
death by apoptosis would allow the release of progeny, thus increasing the extracellular viral load.

The analysis of the mRNA expression of mitochondrial Bcl2, Bax, and the Bax/Bcl-2 ratio in
BoHV-4-infected BEC cells demonstrated a "balance." These results can be interpreted as a strategy
of the virus to favor the latency state in the early stages of the infection, avoiding the apoptosis of the
infected cells. These results are consistent with those reported in the literature [13], where BoHV-4
efficiently infected purified populations of bovine endometrial epithelial and stromal cells, leading
to non-apoptotic cell death and de novo viral production. Finally, the expression of Caspase 3 was
evaluated, since it is a central enzyme in the apoptosis process that plays a fundamental role in the
activation and execution of the apoptotic cascade. The results obtained from the expression of
Caspase 3 were variable according to the different times evaluated. However, it can be noted that LPS
by itself is not a potent inducer of Caspase 3 expression, in the BEC cells evaluated. On the other
hand, it is evident that BoHV-4 can induce a significant increase in Caspase 3 mRNA levels after 24
hpi and 72 hpi and this effect seems to be inhibited in the presence of bacterial LPS. It is important to
highlight that these results were obtained in the context of a specific study using BEC cells in
particular. Results may vary depending on cell type and experimental conditions used. For example,
[33], who studied the effect of LPS on neuronal cell apoptosis, demonstrated a significant increase in
the expression of caspase 3 together with the pro-apoptotic protein Bax.

Although only Caspase 3 gene expression was evaluated, the results confirm that changes occur
at the level of mRNA expression in this cell type. These increases could suggest that BoHV-4
stimulates apoptosis through the caspase pathway, but not in the presence of LPS, where it would
use another pathway or would not be the main one.

The results obtained allow us to affirm that BoHV-4 infection generates morphological,
biochemical, and molecular changes during early and late stages of programmed cell death.
Furthermore the magnitude of cell death observed in the proposed primary culture is directly related
to the time of viral infection, and to the presence of LPS in BoHV-4 infection. Similar results were
observed by [18] in MDBK cells, where they demonstrated an inoculum- and infection time-
dependent induction of apoptosis, where antioxidants prevented it but did not affect viral replication,
confirming that apoptosis is not essential in productive BoHV-4 infection. On the other hand, [8]
demonstrated the variability in the ability to induce changes compatible with apoptosis of
phylogenetically divergent BoHV-4 strains, and the variations present according to the type of
infected cell. This is similar to what was found by other authors regarding the time of presentation of
apoptosis indicator characteristics, such as morphological changes or nuclear condensation, who
point out that there are variations according to different cell types [29,34]. Furthermore, it is important
to consider that some stimuli can cause cell death by apoptosis or necrosis depending on the intensity
and duration, as well as the cell type on which they act [32].

5. Conclusions

The data presented in this study showed that the degree of apoptosis in the proposed primary
culture is directly related to the time of viral infection, and to the presence of LPS in BoHV-4 infection.
This finding provides insight into the factors that may influence the pathogenesis of BoHV-4 and
helps to better understand the mechanisms involved in viral infection. Understanding the
antiapoptotic mechanisms of bovine herpesvirus will greatly enhance the ability to develop new
antiviral compounds and vaccines for treatment and prevention. These new antiviral compounds
could inhibit virus release, adjust latency to reduce viral infection, or promote death of infected cells
in early infection.
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