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A B S T R A C T

Bovine herpesvirus 1 (BoHV-1), including modified live vaccines, can cause abortions in pregnant cows.
Progesterone maintains pregnancy and promotes spermiogenesis and testosterone biosynthesis in males: fur-
thermore, progesterone is a neuro-steroid. Recent published studies demonstrated progesterone stimulated the
BoHV-1 immediate early transcription unit 1 (IEtu1) promoter, and two glucocorticoid receptor response ele-
ments within the promoter were required for progesterone mediated transactivation. In this study, we tested
whether progesterone induces reactivation from latency in rabbits. As expected, the synthetic corticosteroid
dexamethasone consistently induced reactivation from latency in males and females. While progesterone in-
duced reactivation from latency in approximately one-half of male rabbits, virus shedding was sporadic com-
pared to dexamethasone and less efficient in female rabbits. Progesterone significantly increased productive
infection in rabbit skin cells, which correlated with stimulating reactivation. These studies suggest progesterone
promotes BoHV-1 spread in cattle, in part, by increasing the frequency of reactivation from latency.

1. Introduction

Bovine herpesvirus 1 (BoHV-1) is the most frequently diagnosed
cause of viral abortion in North American cattle (Chase et al., 2017).
Exposure of a susceptible herd to BoHV-1 can result in abortion storms
that range from 25% to 60% of cows undergoing abortion. Even com-
mercially available modified live vaccines can cause abortions in
pregnant cows. For example, naïve heifers vaccinated with an in-
activated BoHV-1 vaccine are less likely to have an abnormal estrus
cycle and have significantly higher pregnancy rates compared to heifers
vaccinated with a modified live (MLV) vaccine (Chase et al., 2017;
Miller and Van der Matten, 1987; O’Toole et al., 2012; O’Toole and
Campen, 2010; Perry et al., 2013). These observations suggest BoHV-1
acute infection and reactivation from latency increase the incidence of
reproductive complications in cattle, including abortions. BoHV-1 also
causes conjunctivitis and/or upper respiratory tract disease: thus, mu-
cosal surfaces become eroded during acute infection (Hodgson et al.,
2005; Jones and Chowdhury, 2010), in part because the virus sup-
presses host immune responses (Jones, 2009, 2019). Consequently,
secondary bacterial infections and life-threatening pneumonia can
occur (Powell, 2005; Rice et al., 2008). BoHV-1, stress, and other viral
pathogens contribute to the poly-microbial disease, bovine respiratory

disease complex (BRDC) (Jones and Chowdhury, 2007). A BoHV-1
entry protein encoded by the poliovirus receptor related 1 gene is a
BRDC susceptibility gene for Holstein calves (Neibergs et al., 2014)
confirming BoHV-1 is an important BRDC cofactor.

Following acute infection of the oral, nasal, or ocular cavity, tri-
geminal ganglia (TG) are an important site for life-long latency (Jones
et al., 2011, 2013). Increased corticosteroid levels, due to food and
water deprivation during shipping of cattle, weaning, and/or dramatic
weather changes increase the incidence of BoHV-1 reactivation from
latency, (Jones, 2013and Jones, 2014). The synthetic corticosteroid
dexamethasone (DEX) mimics the effects of stress, stimulates produc-
tive infection (Kook et al., 2015), and consistently induces reactivation
from latency (Inman et al., 2002a; Jones, 1998, 2003, Jones et al.,
2006, 2000; Rock et al., 1992; Sheffy and Davies, 1972; Shimeld et al.,
1990).

Stressful stimuli increase corticosteroids levels, which enter a cell,
and bind to GR or mineralocorticoid receptor (MR), reviewed in
(Oakley and Cidlowski, 2013). The MR or GR dimer bound to a corti-
costeroid enters the nucleus and within minutes remodels chromatin
and induces transcription. Nuclear GR or MR dimers regulate tran-
scription by binding consensus glucocorticoid response elements (GRE;
5’ GGTACANNNTGTTCT-3’) (Giguere et al., 1986; Wang et al., 2004).
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Interestingly, the progesterone receptor (PR) binds and transactivates
many GREs (Strahle et al., 1999), including two GREs located within
the BoHV-1 IEtu1 promoter (El-mayet et al., 2019; Kook et al., 2015).
PR is expressed in the CNS and sensory neurons (Chan et al., 2000;
Goldsmith et al., 1997; Haywood et al., 1999), and progesterone (P4) is
synthesized in the nervous system and is regarded as a neuro-steroid
(Schumacher et al., 2012, 2014). P4 levels increase during pregnancy
and maintain pregnancy (Lonergan, 2011).

In this study, we tested whether P4 stimulated BoHV-1 reactivation
from latency in latently infected rabbits. P4 increased the incidence of
reactivation in male rabbits more efficiently than female rabbits.
However, P4 was not as effective as DEX with respect to increasing the
frequency of virus shedding during reactivation from latency. These
studies suggest P4 may increase the incidence of reactivation from la-
tency in cattle and enhance BoHV-1 spread in reproductive tissues in
pregnant cows or during estrus.

2. Results

2.1. Measurement of virus shedding during acute infection and reactivation
from latency

Studies to test whether P4 can initiate reactivation from latency
were performed in rabbits latently infected with BoHV-1. The rabbit is a
well-established model to examine BoHV-1 host interactions during the
latency-reactivation cycle (Rock and Reed, 1982; Rock et al., 1987).
The rational for performing this study centers on the following ob-
servations: 1) the BoHV-1 genome contains more than 100 GREs (Kook
et al., 2015), and PR binds and activate many GREs (Strahle et al.,
1999). During acute infection, virus shedding from three male rabbits
(R1, R2, and R3) was readily detected in ocular (Fig. 1A) and nasal
swabs (Fig. 1B) until 6 days after acute infection, which was consistent
with published reports (Rock and Reed, 1982). While BoHV-1 clearly
replicated in acutely infected rabbits, virus shedding was not as high as
calves during acute infection. For example, we consistently detect
1× 107 and 1×108 infectious virus particles in ocular or nasal swabs
respectively during the peak of acute infection (Inman et al., 2001a,
2001b, 2001c) whereas it was approximately 1× 104 in rabbits. By 10
days after infection, virus was nearly undetectable in ocular and nasal
swabs.

To test whether P4 stimulated reactivation from latency, latently
infected male rabbits (between 45–60 days after infection), were

treated with water-soluble P4 (schematic of experimental protocol is
summarized in Fig. 2A). As a positive control, latently infected rabbits
were given an IV injection of water soluble DEX (2.8 mg/kg of body
weight), as this treatment consistently induces reactivation in rabbits
latently infected with BoHV-1 (Rock et al., 1992; Rock and Reed, 1982).
Sub-cutaneous injections were also given at 1 and 3 days after the IV
injection, which enhance virus shedding in calves during DEX-induced
reactivation (Inman et al., 2001a, 2001b, 2001c). Infectious BoHV-1
was detected in ocular swabs from 5 out of 12 rabbits at 4 days after the
P4 treatment, 4 out of 12 at 5 days, and 6 out of 12 at six days after P4
treatment (Fig. 2B). Two to four male rabbits were shedding virus until
day 9 after the IV P4 injection. Infectious virus was detected in nasal
swabs of only 2 male rabbits out of 12 at 4, 5, and 9 days after the initial
P4 treatment.

In contrast to P4 treatment, infectious virus was detected in ocular
swabs of 5 out of 6 male rabbits 2 days after the IV DEX injection. All 6
male rabbits shed virus from the ocular cavity from 3 to 5 days after
DEX treatment. At least 3 out of 6 of the male rabbits shed virus in the
nasal cavity from 3 to 6 days after DEX treatment. Infectious virus was
only detected in the ocular cavity of 2 male rabbits at 9 days and not at
10 days after DEX treatment. Three latently infected male rabbits were
given a single IV injection of PBS and infectious virus was not detected
in ocular or nasal swabs within 10 days after PBS injection indicating
that merely handling rabbits and giving the injection did not lead to
successful reactivation from latency (data not shown). As expected,
infectious virus was not detected in ocular or nasal swabs prior to DEX
or P4 injection.

Additional studies were performed in female rabbits, as P4 is an
important female sex hormone (Li and O’Malley, 2013). Four female
rabbits latently infected with BoHV-1 were treated with P4 to stimulate
viral reactivation. Within this group of four rabbits, only one ocular
swab (3 days after P4 treatment) contained infectious virus (Fig. 3A).
From the same experiment, 2 female rabbits treated with DEX shed
virus in a similar fashion as in male rabbits (Fig. 3B). These studies
indicated there were significantly more days when virus was shed from
ocular and nasal swabs of male rabbits compared to female rabbits
following treatment with P4 (p < 0.05 Students T test).

2.2. PCR analysis of virus in swabs during DEX and progesterone treatment

PCR was performed using viral specific primers to detect the BoHV-
1 thymidine kinase (TK) gene from swabs of 5 latently infected male

Fig. 1. Virus shedding during acute infection of rabbits with BoHV-1. Male New Zealand White rabbits (5 months old) were infected with BoHV-1 as described in the
materials and methods. At the designated times after infection, ocular and nasal swabs were collected and plaque assays performed to measure virus titers in MDBK
cells. The BoHV-1 plaque assay titers in plaque-forming units (PFU)/mL reached the maximum titer at 2-day post-infection in both ocular and nasal swabs then
steadily decreased to become undetectable at 10-day post-infection. R1, R2, or R3 refers to rabbit#1, rabbit #2, or rabbit #3 respectively. The mean of the titers of
three rabbits are shown.
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rabbits in which reactivation was induced with P4 and 2 treated with
DEX (Fig. 4). Consistent with the results in Fig. 2, viral DNA was not
detected on day 0 (latency) after P4 or DEX treatment of all animals
confirming they were not shedding virus. With respect to P4 induced
reactivation, sporadic detection of viral DNA was detected in ocular
swabs and less frequently in nasal swabs: in fact, these results were
identical to virus isolation from the same rabbits (Fig. 2). These studies
also confirmed virus shedding began on day 2 after DEX treatment in
ocular swabs and was consistently detected until day 10. Finally, virus
shedding from the nasal cavity after DEX treatment did not begin until
after ocular shedding. In summary, P4 induced reactivation from la-
tency in latently infected rabbits: however, P4 induced reactivation was
less efficient compared to DEX.

2.3. Virus specific neutralizing antibodies increase after reactivation from
latency

Prior to treating latently infected male rabbits with DEX or P4 to
induce reactivation, rabbits were bled and serum prepared. To measure
the effect of reactivation on virus neutralizing antibodies, male rabbits
were bled and serum prepared at 6 and 12 days after the initial DEX or
P4 treatment. During DEX induced reactivation, the 5 male rabbits
examined contained significantly higher levels of serum neutralizing
antibodies at 6 and 12 days after DEX treatment (Fig. 5A), which was
consistent with previous studies in calves (Inman et al., 2002b, 2002c).
The 8 male rabbits treated with P4 contained significantly higher levels
of serum neutralizing antibodies at 12 days after the first P4 injection
when compared to day 0 control serum. Relative to calf infection stu-
dies (Inman et al., 2002a), the levels of viral specific antibodies were

Fig. 2. Induction of reactivation by P4 and DEX in male rabbits latently infected with BoHV-1. Male New Zealand White rabbits (5 months old) were infected with
BoHV-1 as described in the materials and methods. At 45 days after infection, rabbits were given a single IV injection of DEX or P4 as described in the materials and
methods (Panel A). At day 1 and 3 after treatment, P4 (Panel B) and DEX (Panel C) were administered via subcutaneous injection as described in the materials and
methods. Ocular and nasal swabs were collected and virus shedding monitored by incubating with MDBK cells. Two independent experiments were performed using
6 latently infected rabbits treated with P4 and 3 latently infected rabbits treated with DEX. A total of 12 latently infected rabbits were treated with P4 and 6 with DEX
for these studies.

Fig. 3. Induction of reactivation by P4 and DEX in female rabbits latently infected with BoHV-1. Female New Zealand rabbits (5 months old) were infected with
BoHV-1 as described in the materials and methods. At 45 days after infection, rabbits were given a single IV injection of P4 (Panel A) or DEX (Panel B) as described in
the materials and methods. At day 1 and 3 after treatment, P4 or DEX was administered via subcutaneous injection as described in the materials and methods. Ocular
and nasal swabs were collected and virus shedding monitored by incubating with MDBK cells. Four latently infected rabbits were treated with P4 and 2 with DEX for
these studies.
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lower in rabbits, which correlates with reduced viral replication during
acute infection (Inman et al., 2001a, 2001b, 2001c).

2.4. P4 and PR stimulate productive infection

A BoHV-1 recombinant virus that contains the Lac Z gene inserted
downstream of the gC promoter in place of the gC ORF (BoHV-1 gCblue
virus) was used for this study. The gCblue virus grows to similar titers
as wt BoHV-1. β-Gal expression directly correlates with viral replication
because the gC promoter is a late promoter and its expression is low
prior to viral DNA replication. Twenty-four hours after transfection of
rabbit skin cells was used to count β-Gal+ cells to minimize the
number of virus positive cells that resulted from virus spread (data not

shown). Rabbit skin cells were transfected with BoHV-1 gCblue DNA
instead of infecting cells because VP16 and other regulatory proteins in
the virion, bICP4 for example (Barber et al., 2017), diminish the sti-
mulatory effects of DEX and cellular or viral genes on productive in-
fection (El-mayet et al., 2018; El-Mayet et al., 2017; El-mayet, 2019;
Geiser et al., 2002; Geiser and Jones, 2003). As previously reported,
BoHV-1 DNA is not very infectious (Fig. 6A and B), in part because
IEtu1 promoter activity is dependent on the tegument protein, VP16
(Misra et al., 1994, 1995; Wirth et al., 1992). However, cotransfection
with a plasmid that expresses the human P4 receptor (equivalent
amount of the two receptors were included in the transfection) stimu-
lated viral replication, as judged by a significant increase in the number
of β-Gal+ cells (Fig. 6). Addition of P4 further stimulated viral

Fig. 4. Detection of viral DNA in ocular and nasal swabs during reactivation from latency. DNA from ocular or nasal swabs was prepared as described in material and
methods from latently infected male rabbits treated with P4 (R6-R0) or DEX (R3 or R4). PCR was performed using primers specific for the BoHV-1 thymidine kinase
(TK) gene. These primers yield a specific product of 200 base pairs. Zero-day swabs were included as negative controls. PCR products were subjected to electro-
phoresis through 1.5% agarose gels stained with ethidium bromide and visualized under ultraviolet light. Molecular weight markers (100-bp ladder) were used to
estimate the size of the PCR products: bottom band is 100 bp.

Fig. 5. Comparison of BoHV-1 specific neutralizing antibodies during latency to those 10 days after reactivation from latency. Blood samples from latently infected
male rabbits were collected from the ear vein at 6 and 12 days after the initial DEX or P4 injection to induce reactivation. Sera were prepared and stored at −20 °C
until examined for the development of BoHV-1 neutralizing antibody titers by virus plaque reduction neutralization assay. Standard testing was performed with 100
pfu of BoHV-1 and two-fold serial dilutions of heat-treated rabbit sera. The data are depicted as the mean of 5 DEX treated male rabbits (Panel A) or 8 P4 treated male
rabbits (Panel B). An asterisk denotes a significant difference (P < 0.05) compared to day 0 (students T test).
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replication. Addition of the PR and GR antagonist (RU486) (Bardon
et al., 1985) reduced the effects of P4. Similar results were observed at
48 h after transfection; however, it was clear β-Gal+ cells fused as a
result of cell-cell spread of BoHV-1 making it difficult to quantify the
results (data not shown). Collectively, these studies revealed P4 and PR
significantly stimulated BoHV-1 productive infection in rabbit skin
cells.

3. Discussion

The finding that P4 induced reactivation from latency less effi-
ciently than DEX was surprising because GR and PR bind and activate
the same sequences in promoters (Strahle et al., 1999). Furthermore,
DEX and GR stimulated productive infection in rabbit skin cells (El-
Mayet et al., 2017) 3 fold less relative to P4 and PR. Hence, the ability
of P4 to stimulate productive infection more effectively than DEX did
not directly correlate with the efficiency of reactivation from latency in
TG neurons of rabbits. The ability of Krüppel like transcription factor 15
(KLF15) to form a feed forward loop with GR to cooperatively stimulate
the IEtu1 promoter may be a key difference for DEX mediated re-
activation versus P4 induced reactivation (El-Mayet et al., 2017) be-
cause PR+KLF15 stimulated IEtu1 promoter activity at least 3-times
less efficiently (El-mayet et al., 2019). It is also possible DEX stimulates
expression of different viral and/or cellular genes in TG of latently in-
fected rabbits relative to P4, including cellular transcription factors
important for stimulating viral gene expression during reactivation. GR
is expressed in approximately ½ of all TG neurons in rats (DeLeon et al.,
1994): however, it is not clear what percentage of TG neurons express
PR. Attempts to perform immunohistochemistry to evaluate the number
of TG neurons that express PR were unsuccessful because the

commercially available antibodies we tested did not work well in for-
malin fixed paraffin embedded TG thin sections (data not shown). If
fewer TG neurons express PR or lower levels of PR were expressed in TG
neurons relative to GR, one would expect P4 to stimulate reactivation
less efficiently.

These studies also revealed P4 induced reactivation more efficiently
in male rabbits and virus shedding occurred less frequently in the nasal
cavity. This surprising result can partially be explained by the fact that
females generally mount a stronger immune response to viral infections
compared to males, in part due to a more robust humoral and cellular
immune response, reviewed in (Ghosh and Klein, 2018). While P4 is
primarily produced in ovaries, males produce P4 in testicles during
production of testosterone from testis and smaller amounts in adrenal
glands. Finally, it is conceivable that a metabolite of P4 stimulated
reactivation more efficiently in male rabbits versus females because
males can convert P4 into testosterone and other hormones.

While the rabbit is an accepted model to study molecular events
during BoHV-1 reactivation from latency following DEX treatment
(Rock et al., 1992), it is not clear how the P4 results obtained in rabbits
can be translated into viral replication and spread in cattle. We suggest
stress-induced reactivation may enhance virus spread in reproductive
tissue that expresses high levels of P4 and PR because BoHV-1 targets
the ovary and corpus luteum during estrus and early in gestation in
BoHV-1 sero-negative heifers (Chase et al., 2017). BoHV-1 present in
semen can also be sexually transmitted (van Oirschot, 1995) suggesting
female reproductive tissues expressing P4 are potential sites for en-
hanced viral replication and shedding. Studies focused on under-
standing the effects of P4 on acute infection and reactivation from la-
tency need to be performed in calves.

Fig. 6. P4 and PR cooperate to stimulate productive infection.
Rabbit skin cells (Panel B) were used for these studies. Twenty-four hours prior to transfection 2% “stripped” FBS was added to media. Stripped FBS was used for
these studies because normal serum contains steroid hormones, including P4. Cells incubated with stripped FBS for 24 h contain little or no nuclear GR. Cells were
then transfected with 1.5 ug BHV-1 gC-Blue and where indicated a plasmid that expresses human PRA and PRB protein (0.5 ug DNA of each PR isoform). To maintain
the same amount of DNA in each sample, empty vector was included. Designated cultures were then treated with water soluble P4 (10 uM; Sigma). At 24 h after
transfection, the number of β-Gal+ cells were counted. Representative results after β-Gal staining are shown (Panel A: arrows denote β-Gal+ cells). The value for
the control (gC-Blue virus treated with PBS after transfection) was set at 1. The results from P4 treated cultures were compared to the control and are an average of
three independent studies (Panel B). An asterisk denotes a significant difference between rabbit skin cells transfected with BoHV-1 DNA and PR then treated with P4
(P < 0.05) when compared to all other combinations tested in these studies, using the students T test.
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4. Materials and methods

4.1. Cells and virus

Rabbit skin cells, and bovine kidney cells (MDBK) were grown in
minimal essential medium (MEM) supplemented with 10% fetal bovine
serum (FBS), penicillin (10 U/ml), and streptomycin (100 μg/ml).

A BoHV-1 mutant containing the β-Gal gene in place of the viral gC
gene was obtained from Dr. S. Chowdury (LSU School of Veterinary
Medicine: BoHV-1 gCblue virus) and stocks of this virus grown in MDBK
cells. The gCblue virus grows to similar titers as the wt parental virus
and expresses the Lac Z gene. Procedures for preparing viral genomic
DNA were described previously (Inman et al., 2001a, 2001b, 2001c).

4.2. Infection of rabbits and reactivation from latency

Male and female New Zealand White rabbits (5 months old; ap-
proximately 7 lbs) were lightly anesthetized with Xylazine and in-
oculated in the right and left conjunctival sacs with 1× 107 PFU of
BoHV-1 (Cooper strain). An IV injection of water-soluble progesterone
(Sigma; P7556, 2.8mg/kg of body weight) or water-soluble DEX
(Sigma; D2915, 2.8 mg/kg of body weight) was given to latently in-
fected rabbits on 45 days after infection (latency). Two additional sub-
cutaneous P4 or DEX injections (0.7 mg/Kg) were given at 1 and 3 days
after the initial IV injection.

4.3. Sample collection and viral isolation

Swabs from the ocular or nasal cavities were collected daily for 10
days post-reactivation and paced in 4ml viral transport medium [MEM
containing 2% FCS, penicillin (10 U/ml), streptomycin (100 μg/ml) and
amphotericin B (10 μg/ml)]. Samples were then vortexed and cen-
trifuged at 5000 rpm for 5min at 4 °C. To avoid cross-contamination of
samples, swabs were processed separately using sterile and clean lab-
ware for each specimen. One-half of the supernatant of each swab was
inoculated on to MDBK cells in 6-well tissue culture dishes and cyto-
pathic effects monitored for 3–5 days by microscopy and plaque assays.
Specimens were considered negative for BoHV-1 if no cytopathic effects
appeared after three successive blind passages on MDBK cells.

4.4. DNA extraction and PCR

The remainder of each swab was processed for DNA extraction.
Supernatants (2 mL) were treated with 100 μl lysis buffer (10mM
Tris–HCl pH 7.4, 25mM EDTA pH 8, 100mM NaCl, 0.5% SDS and
proteinase K (20mg/mL) and digested overnight at 42 °C. Total DNA
was extracted twice from samples with phenol: chloroform: isoamyl
alcohol (25:24:1). 3M sodium acetate and 2 μl glycogen (20mg/ml)
were added to samples (10% of the total volume) and then DNA pre-
cipitated with 2.5 volumes of 100% cold ethanol, washed with 70%
ethanol, dried in a vacuum microfuge, and suspended in 30 μl nuclease
free water. DNA concentrations were measured by absorbance at
260 nm (Nanodrop 2000, Thermo Scientific) and 50 ng DNA was used
for each PCR assay. PCRs were performed using primers that amplify
the thymidine kinase (TK) gene: forward primer is 5′- GCCGCCGTACT
GGACATGCG-3′ and reverse primer is 5′-GCCGAGTCCCCGTAAGGC
GAT-3′. These primers yield a product that migrates as a 200 bp frag-
ment. After initial denaturation of 95 °C for 5min, each cycle consisted
of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 sec (28 cycles total). To
ensure complete elongation of amplified products, reactions were in-
cubated at 72 °C for an additional 5min. PCR products were subjected
to electrophoresis through 1.5% agarose gels stained with ethidium
bromide and visualized under ultraviolet light.

4.5. Plaque reduction neutralization test

BoHV-1 neutralizing antibodies levels were measured by 50%
plaque reduction neutralization test. Rabbit sera was inactivated at
56 °C for 30min before assays were performed. Test sera, positive
control sera and negative control sera were two-fold serially diluted
with MEM. 100 μl of the diluted virus stock, which contained ap-
proximately 100 plaque forming unit of BoHV-1 was added to each
serum dilution. Virus titer was confirmed by back titration in MDBK
cells. Tubes were mixed by gentle vortexing and then incubating in a
water bath at 37 °C for 1 h. A 0.2ml of virus-serum mixture was in-
oculated to each well of 12-well plates containing confluent MDBK
cells. Dishes were incubated at 37 °C for 90min in a 5% CO2 incubator
to allow virus adsorption. Then, 1ml of 1.2% agarose-containing
overlay medium was added to each well, and dishes were incubated in a
5% CO2 incubator at 37 °C for 3–5 days. Cells were fixed with 10%
formaldehyde solution in PBS and stained with crystal violet solution in
distilled water. Plaques were then counted. Neutralization titer was
defined as the highest serum dilution which reduced the numbers of
plaques by 50%.

4.6. Plasmids

The human progesterone receptor A and B isoforms in the pSG5
expression vector were

obtained from Dr. Pierre Chambon (University of Strasbourg,
Strasbourg, France). Plasmids were prepared from bacterial cultures by
alkaline lysis and 2 rounds of cesium chloride centrifugation.

4.7. Quantification of β-Gal positive cells

Rabbit skin cells grown in 60mm dishes were cotransfected with
1.5 μg of the gCblue viral genome and the designated amounts of
plasmid expressing PR (A and B isoforms) using Lipofectamine 3000
(catalog no. L3000075; Invitrogen). At 48 h after transfection, cells
were fixed with a solution containing 2% formaldehyde and 0.2%
glutaraldehyde in phosphate-buffered saline [PBS] and then stained
with a solution containing 1% Bluo-Gal, 5 mM potassium ferricyanide,
5 mM potassium ferrocyanide, and 0.5M MgCl2 in PBS. The number of
β-galactosidase (β-Gal)-positive cells was determined as described
previously (Geiser et al., 2002; Inman et al., 2001a, 2001b, 2001c;
Inman et al., 2002b). In brief, the number of β-Gal positive cells in
cultures expressing the blank vector was set at 1 for each experiment.
To calculate fold change of β-Gal positive cells, the number of blue cells
in cultures transfected with the plasmids of interest were divided by the
number of blue cells in cultures transfected with the blank vector. The
effect P4, RU486 and over-expression of PR had on productive infection
is expressed as fold induction relative to the control. This representa-
tion of the data minimized the differences in cell density, Lipofectamine
3000 lot variation, and transfection efficiency.

Acknowledgements

This research was supported by grants from the USDA-NIFA
Competitive Grants Program (2018-06668 and 2016-09370), National
Institute of Neurological Disorders and Stroke of the NIH
(R21NS102290), support from the Oklahoma Center for Respiratory
and Infectious Diseases (National Institutes of Health Centers for
Biomedical Research ExcellenceP20GM103648), and funds from the
Sitlington Endowment.

References

Barber, K., Daugherty, H.C., Ander, S.A., Jefferson, V.A., Shack, L.A., Pechan, T., Nanduri,
B., Meyer, F., 2017. Protein composition of the bovine herpesvirus 1.1 virion. Vet. Sci
p. 16.

F.S. El-mayet, et al. Virus Research 276 (2020) 197803

6

http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0005
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0005
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0005


Bardon, S., Vigpin, F., Chalbos, D., Rochefort, H., 1985. RU486, a progestin and gluco-
corticoid antagonist, inhibits the growth of breast cancer cells via the progesterone
receptor. J. Clin. Endocrinol. Metab. 60, 692–697.

Chan, J., Rodriguez-Waitkus, P.M., Ng, B.K., Liang, P., Glaser, M., 2000. Progesterone
synthesized by Schwann cells during myelin formation regulates neuronal fene ex-
pression. Mol. Cell. Biol. 11, 2283–2295.

Chase, C., Fulton, R.W., O’Toole, D., Gillette, B., Daly, R.F., Perry, G., Clement, T., 2017.
Bovine herpesvirus 1 modified live vaccines for cattle reproduction: balancing pro-
tection with undesired effects. Vet. Microbiol. 206, 69–77.

DeLeon, M., Covenas, R., Chadi, G., Narvaez, J.A., Fuxe, K., Cintra, A., 1994.
Subpopulations of primary sensory neurons show coexistence of neuropeptides and
glucocorticoid receptors in the rat spinal and trigeminal ganglia. Brain Res. 14,
338–342.

El-mayet, F., El-Habbaa, A.S., El-Bagoury, G.F., Sharawi, S.S.A., El-Nahas, E.M., Jones, C.,
2018. The glucocorticoid receptor and certain Krüppel-like transcription factors have
the potential to synergistically stimulate bovine herpesvirus 1 transcription and re-
activation from latency. In: Kais, G. (Ed.), Transcriptional Regulation. INTECH,
Rejeka, Croatia p. IN PRESS.

El-mayet, F.S., El-Habbaa, A.S., D’Offay, J., Jones, C., 2019. Synergistic activation of
bovine herpesvirus 1 productive infection and viral regulatory promoters by the
progesterone receptor and Krüppel-like transcription factor 15. J. Virol. 93,
e01519–01518.

El-Mayet, F.S., Sawant, L., Thungunutla, P., Jones, C., 2017. Combinatorial effects of the
glucocorticoid receptor and Krüppel-like transcription factor 15 on bovine herpes-
virus 1 transcription and productive infection. J. Virol. 91 91:e00904-00917.

Geiser, V., Jones, C., 2003. Stimulation of bovine herpesvirus 1 productive infection by
the adneovirus E1A gene and a cell cycle regulatory gene, E2F-4. J. Gen. Virol. 84,
929–938.

Geiser, V., Inman, M., Zhang, Y., Jones, C., 2002. The latency related (LR) gene of bovine
herpes virus 1 (BHV-1) can inhibit the ability of bICP0 to activate productive infec-
tion. J. Gen. Virol. 83, 2965–2971.

Ghosh, S., Klein, R.S., 2018. Sex drives dimorphic immune responses to viral infections. J.
Immunol. 198, 1782–1790.

Giguere, V., Hollenberg, S.M., Rosenfeld, M.G., Evans, R.M., 1986. Functional domains of
the human glucocorticoid receptor. Cell 46, 645–652.

Goldsmith, P., Boggan, J.E., Thind, K.K., 1997. Estrogen and progesterone expression in
neuroendocrine and related neurons of the pubertal femal monkey hypothalamus.
Neuroendocrinology 65, 325–334.

Haywood, S., Simonian, S.X., can der Beek, E.M., Bicknell, R.J., Herbison, A.E., 1999.
Fluctuating estrogen and progesterone receptor expression in brainstem nor-
epinephrine neurons through the rat estrous cycle. Endocrinology 140, 3255–3263.

Hodgson, P.D., Aich, P., Manuja, A., Hokamp, K., Roche, F.M., Brinkman, F.S.L., Potter,
A., Babiuk, L.A., Griebel, P.J., 2005. Effect of stress on viral-bacterial synergy in
bovine respiratoryt disease: novel mechanisms to regulate inflammation. Comp.
Funct. Genomics 6, 244–250.

Inman, M., Lovato, L., Doster, A., Jones, C., 2002a. A mutation in the latency related gene
of bovine herpesvirus 1 interferes with the latency-reactivation cycle of latency in
calves. J. Virol. 76, 6771–6779.

Inman, M., Lovato, L., Doster, A., Jones, C., 2001c. A mutation in the latency-related gene
of bovine herpesvirus 1 leads to impaired ocular shedding in acutely infected calves.
J. Virol. 75, 8507–8515.

Inman, M., Lovato, L., Doster, A., Jones, C., 2002c. A mutation in the latency-related gene
of bovine herpesvirus 1 disrupts the latency reactivation cycle in calves. J. Virol. 76,
6771–6779.

Inman, M., Lovato, L., Doster, A., Jones, C., 2001a. A mutation in the latency-related gene
of bovine herpesvirus 1 leads to impaired ocular shedding in acutely infected calves.
J. Virol. 75, 8507–8515.

Inman, M., Lovato, L., Doster, A., Jones, C., 2002b. A mutation in the latency related gene
of bovine herpesvirus 1 interferes with the latency-reactivation cycle of latency in
calves. J. Virol. 76, 6771–6779.

Inman, M., Zhang, Y., Geiser, V., Jones, C., 2001b. The zinc ring finger in the bICP0
protein encoded by bovine herpes virus-1 mediates toxicity and activates productive
infection. J. Gen. Virol. 82, 483–492.

Jones, C., 1998. Alphaherpesvirus latency: its role in disease and survival of the virus in
nature. Adv. Virus Res. 51, 81–133.

Jones, C., 2003. Herpes simplex virus type 1 and bovine herpesvirus 1 latency. Clin. Micro
Rev. 16, 79–95.

Jones, C., 2009. Regulation of innate immune responses by bovine herpesvirus 1 and
infected cell protein 0. Viruses 1, 255–275.

Jones, C., 2013. Bovine herpes virus 1 (BHV-1) and herpes simplex virus type 1 (HSV-1)
promote survival of latently infected sensory neurons, in part by inhibiting apoptosis.
J. Cell Death 6, 1–16.

Jones, C., 2014. Reactivation from latency by alpha-herpesvirinae submfamily members:
a stressful situation. Curr. Top. Virol. 12, 99–118.

Jones, C., 2019. Bovine herpesvirus 1 counteracts immune responses and immune-su-
veillance to enhance pathogenesis and virus transmission. Front. Immunol. 10, 1008.

Jones, C., da Silva, L.F., Sinani, D., 2011. Regulation of the latency-reactivation cycle by
products encoded by the bovine herpesvirus 1 (BHV-1) latency-related gene. J.
Neurovirol. 17, 535–545.

Jones, C., Newby, T.J., Holt, T., Doster, A., Stone, M., Ciacci-Zanella, J., Webster, C.J.,

Jackwood, M.W., 2000. Analysis of latency in cattle after inoculation with a tem-
perature sensitive mutant of bovine herpesvirus 1 (RLB106). Vaccine 18, 3185–3195.

Jones, C., Geiser, V., Henderson, G., Jiang, Y., Meyer, F., Perez, S., Zhang, Y., 2006.
Functional analysis of bovine herpesvirus 1 (BHV-1) genes expressed during latency.
Prog. Vet. Microbiol. Immunol. 113, 199–210.

Jones, C., Chowdhury, S., 2007. A review of the biology of bovine herpesvirus type 1
(BHV-1), its role as a cofactor in the bovine respiratory disease complex, and de-
velopment of improved vaccines. Adv. Anim. Health 8, 187–205.

Jones, C., Chowdhury, S., 2010. Bovine herpesvirus type 1 (BHV-1) is an important co-
factor in the bovine respiratory disease complex. In: Broderson, B., Cooper, V.L.
(Eds.), Veterinary Clinics of North America, Food Animal Practice, Bovine
Respiratory Disease. Elsevier, New York, NY, pp. 303–321.

Kook, I., Henley, C., Meyer, F., Hoffmann, F., Jones, C., 2015. Bovine herpesvirus 1
productive infection and the immediate early transcription unit 1 are stimulated by
the synthetic corticosteroid dexamethasone. Virology 484, 377–385.

Li, X., O’Malley, B.O., 2013. Unfolding the action of progesterone receptors. J. Biol.
Chem. 278, 39261–39264.

Lonergan, P., 2011. Influences of progesterone on oocyte quality and embryo develop-
ment in cows. Theriongenology 76, 1594–1601.

Miller, M.J., Van der Matten, M.J., 1987. Early embryonic death in heifers after in-
oculation with bovine herpesvirus-1 and reactivation of latency virus in reproductive
tissues. Am. J. Vet. Res. 48, 1555–1558.

Misra, V., Bratanich, A.C., Carpenter, D., O’Hare, P., 1994. Protein and DNA elements
involved in transactivation of the promoter of the bovine herpesvirus (BHV) 1 IE-1
transcription unit by the BHV alpha gene trans-inducing factor. J. Virol. 68,
4898–4909.

Misra, V., Walker, S., Hayes, S., O’Hare, P., 1995. The bovine herpesvirus alpha gene
trans-inducing factor activates transcription by mechanisms different from those of
its herpes simplex virus type 1 counterpart VP16. J. Virol. 69, 5209–5216.

Neibergs, H.L., Seabury, C.M., Wojtowicz, A.J., Wang, Z., Scraggs, E., Kiser, J.N.,
Neupane, M., Womack, J.E., Van Eenennaam, A., Hagevortm, G.R., Lehenbauer,
T.W., Aly, S., Davis, J., Taylor, J.F., the Bovine Respiratory Disease Complex
Coordinatefd Agricultural Research Team, 2014. Susceptibility loci revealed for bo-
vine respiratory disease complex in pre-weaned holstein calves. BMC Genomics 15,
1–19.

O’Toole, D., Miller, M.M., Cavender, J.L., Cornish, T.E., 2012. Pathology in practice. Vet.
Med. Today 241, 189–191.

O’Toole, D., Campen, H.Van, 2010. Abortifacient vaccines and bovine herpesvirus-1. J.
Am. Vet. Med. Assoc. 237, 259–260.

Oakley, R.H., Cidlowski, J.A., 2013. The biology of the glucocorticoid receptor: new
signaling mechanisms in health and disease. J. Allergy Clin. Immunol. 132,
1033–1044.

Perry, G., Zimmerman, A.D., Daly, R.F., Butterbaugh, R.E., Rhoades, J., Schultz, D.,
Harmon, A., Chase, C., 2013. The effects of vaccination on serum hormone con-
centrations and conception rates in synchronized naive beef heifers. Theriongenology
79, 200–205.

Powell, J., 2005. Bovine Respiratory Disease. University of Arkansas Division of
Agriculture Cooperative Extension Service. FSA, pp. 3082.

Rice, J.A., Carrasco-Medina, L., Hodgins, D.C., Shewen, P.E., 2008. Mannheimia haemo-
lytica and bovine respiratory disease. Anim. Health Res. Rev. 8, 117–128.

Rock, D., Lokensgard, J., Lewis, T., Kutish, G., 1992. Characterization of dexamethasone-
induced reactivation of latent bovine herpesvirus 1. J. Virol. 66, 2484–2490.

Rock, D., Reed, D.E., 1982. Persistent infection with bovine herpesvirus type 1: rabbit
model. Infect. Immun. 35, 371–373.

Rock, D.L., Beam, S.L., Mayfield, J.E., 1987. Mapping bovine herpesvirus type 1 latency-
related RNA in trigeminal ganglia of latently infected rabbits. J. Virol. 61,
3827–3831.

Schumacher, M., Mattern, C., Ghoumari, A., Oudinet, J.P., Liere, P., Labombarda, F.,
Sitruk-Ware, R., De Nicola, A.F., Guennoun, R., 2014. Revisiting the roles of preg-
esterone and allopregnanolone in the nervous system: resurgence of the progesterone
receptors. Prog. Neurobiol. 113, 6–39.

Schumacher, M., Hussain, R., Gago, N., Oudinet, J.-P., Mattern, C., Ghoumari, A.M.,
2012. Progesterone synthesis in the nervous system: implications for myelination and
myelin repair. Front. Neurosci.

Sheffy, B.E., Davies, D.H., 1972. Reactivation of a bovine herpesvirus after corticosteroid
treatment. Proc. Soc. Exp. Biol. Med. 140, 974–976.

Shimeld, C., Hill, T.J., Blyth, W.A., Easty, D.L., 1990. Reactivation of latent infection and
induction of recurrent herpetic eye disease in mice. J. Gen. Virol. 71, 397–404.

Strahle, U., Boshart, M., Klock, G., Stewart, F., Schutz, G., 1999. Glucocorticoid- and
progesterone-specific effects are detrmined by differential expression of the re-
spective hormone receptors. Nature 629–632.

van Oirschot, J., 1995. Bovine herpesvirus 1 in semen of bulls and the risk of transmis-
sion: a brief review. Vet. Q. 17, 29–33.

Wang, J.C., Derynck, M.K., Nonaka, D.F., Khodabakhsh, D.B., Haqq, C., Yamamoto, K.R.,
2004. Chromatin immunoprecipitation (ChIP) scanning identifies primary gluco-
corticoid receptor target genes. Proc. Natl. Acad. Sci. U. S. A. 101, 15603–15608.

Wirth, U.V., Fraefel, C., Vogt, B., Vlcek, C., Paces, V., Schwyzer, M., 1992. Immediate-
early RNA 2.9 and early RNA 2.6 of bovine herpesvirus 1 are 3’ coterminal and en-
code a putative zinc finger transactivator protein. J. Virol. 66, 2763–2772.

F.S. El-mayet, et al. Virus Research 276 (2020) 197803

7

http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0010
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0010
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0010
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0015
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0015
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0015
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0020
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0020
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0020
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0025
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0025
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0025
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0025
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0030
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0030
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0030
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0030
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0030
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0035
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0035
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0035
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0035
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0040
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0040
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0040
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0045
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0045
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0045
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0050
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0050
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0050
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0055
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0055
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0060
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0060
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0065
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0065
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0065
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0070
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0070
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0070
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0075
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0075
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0075
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0075
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0080
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0080
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0080
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0085
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0085
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0085
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0090
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0090
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0090
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0095
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0095
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0095
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0100
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0100
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0100
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0105
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0105
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0105
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0110
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0110
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0115
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0115
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0120
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0120
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0125
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0125
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0125
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0130
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0130
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0135
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0135
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0140
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0140
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0140
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0145
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0145
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0145
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0150
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0150
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0150
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0155
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0155
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0155
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0160
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0160
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0160
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0160
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0165
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0165
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0165
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0170
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0170
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0175
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0175
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0180
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0180
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0180
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0185
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0185
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0185
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0185
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0190
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0190
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0190
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0195
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0200
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0200
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0205
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0205
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0210
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0210
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0210
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0215
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0215
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0215
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0215
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0220
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0220
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0225
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0225
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0230
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0230
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0235
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0235
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0240
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0240
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0240
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0245
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0245
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0245
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0245
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0250
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0250
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0250
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0255
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0255
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0260
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0260
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0265
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0265
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0265
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0270
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0270
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0275
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0275
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0275
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0280
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0280
http://refhub.elsevier.com/S0168-1702(19)30639-2/sbref0280

	Progesterone increases the incidence of bovine herpesvirus 1 reactivation from latency and stimulates productive infection
	Introduction
	Results
	Measurement of virus shedding during acute infection and reactivation from latency
	PCR analysis of virus in swabs during DEX and progesterone treatment
	Virus specific neutralizing antibodies increase after reactivation from latency
	P4 and PR stimulate productive infection

	Discussion
	Materials and methods
	Cells and virus
	Infection of rabbits and reactivation from latency
	Sample collection and viral isolation
	DNA extraction and PCR
	Plaque reduction neutralization test
	Plasmids
	Quantification of β-Gal positive cells

	Acknowledgements
	References




