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Bovine viral diarrhea virus (BVDV) is an important viral agent causing reproductive failure
in cattle. The objectives of the current study were to investigate the interaction between two
BVDV biotypes, cytopathic (CP) and Non-cytopathic (NCP) and bovine gametes during in vitro
fertilization (IVF) processing, the existence of the virus within embryonic cells and early
embryonic development rates. Sperm and ova were exposed separately to CP and NCP BVDV at
two concentrations of 1045 and 1055 tissue culture infectious dose 50.00% (TCIDso) mL-! prior
to IVF, respectively. After five days post-IVF, early embryonic development rates of infected
groups were assessed. Several embryos of each group, normal and degenerated, were selected
for a viral assay using reverse transcription polymerase chain reaction technique. The result
showed that the early embryonic development rates were decreased in treatment groups. The
rates in the CP groups were lower than the NCP groups. In the CP groups, the proportions were,
respectively, 10.00, 6.00 and 11.00, and 6.00% in the infected sperm and oocyte groups (104>
and 1055 TCIDso mLt) that were higher than 50.00% in the control group. In NCP groups, the
rates were, respectively, 25.00, 18.00 and 24.00, and 21.00% in the infected groups compared
to 48.00% in the control group. In the CP groups, no BVDV was detected in normal embryos,
whereas, all degenerated embryos were completely virus-positive. In the NCP groups, the virus
was detected in both normal and degenerated embryos. In conclusion, this study supported
detrimental impacts of CP and NCP BVDV on early embryonic development and the role of
sperm and the zona pellucida layer as carriers of the virus.

© 2023 Urmia University. All rights reserved.

Introduction

contaminate and multiply in cells during in vitro embryo
production (IVEP) procedures. Likewise, contaminations

Bovine viral diarrhea virus (BVDV) is an important
cattle pathogen that induces many destructive effects on
health and production of livestock. BVDV is an RNA virus
and a member of the genus Pestivirus within the family
Flaviviridae. BVDV isolates can be classified in cytopathic
(CP) and non-cytopathic (NCP) biotypes based on their
effects on cell cultures.! Ova and embryos can become
contaminated when exposed to microorganisms in
follicular fluids or uterine cavities of naturally or
experimentally infected donor.2 Some small pathogens,
mainly viral agents, can potentially penetrate and pass via
the zona pellucida (ZP) layer before, during or after
fertilization.®> The BVDV biotypes have been shown to
affect fertility during in vitro fertilization (IVF) following
male and female contaminating processes.* Viruses can
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can be introduced using untested semen, infected donors,
infected ova and IVF by-products, particularly fetal bovine
serum (FBS).> Viral contaminations are considered as one
of the greatest risks, since they can be present without
causing any cytopathic effects (CPEs) on cells. One of the
most common viral agent is BVDV.® However, it was
shown that BVDV could contaminate embryos without
affecting their development.” According to a survey, more
than 260 million doses of bull semen were produced
worldwide which 95.00% were deep-frozen, 20 million
were moved internationally® and more than 300,000
cryopreserved bovine embryos produced in vivo and in
vitro were transferred.® Despite that numerous cases of
embryo transfer (ET) are conducted worldwide over the
years, only two cases of BVDV transmission by cryo-
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preserved embryos have been reported.’01! Therefore,
there is the possibility that the virus penetrates the oocyte
via sperm during fertilization and impresses the early
embryonic development. Herein, the purpose of the
current study was to investigate the role of male and
female gametes distinctly as carriers of CP and NCP BVDV
during IVF and the early embryonic development rates of
embryos created by infected gametes.

Materials and Methods

All materials were prepared from Sigma-Aldrich (St
Louis, USA) unless otherwise stated and the catalog
numbers were provided in parentheses. The NCP and CP
BVDV and Razi bovine kidney (RBK] cell line were donated
by Razi Vaccine and Serum Research Institute (Karaj, Iran).
All animal resource materials used for IVEP including FBS,
bovine serum albumin (BSA) and pools of follicular fluids
collected from ovaries were evaluated for presence of the
virus by reverse transcription polymerase chain reaction
(RT-PCR).12 They were also assessed in terms of anti-
BVDV antibodies by micro-titration virus neutralization
test13 Briefly, they were separately mixed with equal
volumes (0.025 mL) of BVDV biotypes at the concentration
of 102 tissue culture infectious dose 50.00% TCIDso mL in
a 96-well culture plate (Nunclon, Roskilde, Denmark). The
mixtures were incubated for 1 hr at 37.00 °C and 5.00%
CO2. Then, 0.05 mL of trypsinized RBK cells in Dulbecco's
modified Eagle medium (DMEM; Gibco, Gand Island, USA)
containing 20.00% fetal Bovine Serum (FBS; Gibco) were
added to the plate. For CP biotype, the wells were read
after five days incubation when CPEs were observable. For
NCP biotype, an RT-PCR assay was performed following
five days incubation. Finally, absence of BVDV antibodies
were proved by trace of the biotypes.

Virus preparation and titration. The NCP and CP
BVDV were propagated in RBK cells previously seeded in a
T-25 tissue culture flask (Orange Scientific, Braine-1'Alleud,
Belgium) containing DMEM supplemented with 10.00%
FBS.1* Then, the supernatant of the cells was collected
following four succeeding passages and stored frozen in
aliquots at - 80.00 °C. The CP titration was performed
using the Reed and Muench method.’> Briefly, a frozen
aliquot of the virus was thawed. Four-fold dilutions of the
virus (10-* to 10-8) in quadruplicate were arranged in
serum-free DMEM. The dilutions were spilled into a 96-
well culture plate containing monolayer RBK cells. The
treated cells were examined in terms of CPEs for 72 hr.
The NCP titration was performed similar to the CP,
however, an RT-PCR1% was used for viral assay.

Experimental designs. To determine whether CP or
NCP BVDV could be penetrated into the oocyte by sperm or
ZP during IVF and whether infected gametes could induce
adverse effects on the early embryonic development, the
sperm and ova were separately exposed to CP and NCP

BVDV, for 2 hr prior to IVF in two experimental groups.
The virus isolation and RT-PCR techniques were used to
enrich and evaluate the presence of BVDV biotypes in
embryonic cells. In the current study, embryos were
cultured to the morula stage and the titers of CP and NCP
BVDV used in each experiment were 10%>and 1055 TCIDso
mL™ Totally, 1,843 ova, 921 for CP and 922 for NCP
groups, in quadruplicates were used for the experiments.
However, 98 oocytes were excluded during IVEP
processing. Twenty zygotes in each group were dyed for
confirming ZP-sperm binding and fertilization. Briefly, the
zygotes were transferred to cold ethanol containing 5.00
pg mL 1 of Hoechst 33342 for 15 min, mounted into a small
droplet of glycerol on a glass slide and examined under a
fluorescent microscope (Eclipse Ti; Nikon Tokyo, Japan).té

Experiment 1. First, the sperm was separately
infected with 1045 and 1055 TCIDso mL! of CP BVDV for 2
hr at 37.00 °C and was centrifuged three times at 300 g for
10 min in modified Tyrode's balanced salt solution
(mTALP) containing 6.00 mg mL! fatty acid-free BSA
(A6003).17 Fertilization of the infected sperm and intact
ova were implemented and the zygotes were cultured to
the morula stage (day five post-IVF). The early embryonic
development rates and presence of the virus in embryonic
cells were evaluated. Next, the matured ova were distinctly
contaminated with 104> and 1035 TCIDso mL? of CP BVDV
for 2 hr at 37.00 °C. The infected ova were washed
according to the method recommended by IETS? including
10 succeeding washes in groups of 10 or less in PBS
containing 2.00% FBS accompanied by a trypsin treatment
for 60 sec in Hank's balanced salt solution (HBSS) without
Ca%* and Mg?+.18 Fertilization of the infected ova and non-
infected sperm were performed. The morula rates and
existence of the virus in embryonic cells were assessed
following five days post-IVF.

Experiment 2. First, the sperm was discretely infested
with two concentrations of NCP BVDV (1045 and 1055
TCIDso mL-1) for 2 hr at 37.00 °C. The contaminated sperm
was centrifuged three times at 300 g for 10 min in mTALP
medium.'” The infected sperm and intact ova underwent
IVF and the zygotes were cultured to the morula stage. The
early embryonic development rates and the embryonic
cells in terms of the virus were appraised. Next, the
matured ova were separately polluted with two
concentrations of NCP BVDV (1045 and 1055 TCIDso mL1)
for 2 hr at 37.00 °C. The infected ova were washed based
on the IETS procedure.'8 The fertilization of the infected
ova and non-infected sperm was accomplished. The rates
of early embryonic development and presence of the virus
in embryonic cells were evaluated.

In vitro embryo production. Slaughter-derived ovaries
were transferred to the laboratory at 30.00 °C. They were
washed in 0.90% physiological saline. Cumulus-oocyte
complexes (COCs) were collected by aspiration of 2.00 to
8.00 mm ovarian follicles using an 18-gauge needle
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connected to a 10.00-mL syringe in HEPES-buffered
M199 medium with Hank’s salts (Gibco) containing
2.00% FBS, 10.00 IU mL! heparin and 10.00 pL mL1
antibiotic antimycotic solution. The COCs with a uniform
granulated cytoplasm surrounding by at least three
layers of cumulus cells!® were washed according to the
IETS method within a wash medium (aspiration medium
without heparin) proceeded by a trypsin treatment for
disinfecting of the virus and sanitary hazards.18 Next, the
COCs were matured in four-well culture plates
(Nunclon™) containing bicarbonate-buffered M199
medium with Earle’s salts (Gibco) supplemented with
10.00% FBS, 1.00 pg mL! estradiol, 1.00 IU mL-t human
chorionic gonadotrophin (hCG; Intervet, Boxmeer, The
Netherlands), 2.00 U mL?! pregnant mare serum
gonadotrophin (PMSG; Intervet), and 10.00 ng mL+1
epidermal growth factor (EGF) for 24 hr at 38.00 °C and
5.00% COz. The sperm (0.50 mL) was prepared by the
swim-up procedure.? The matured ova and motile
sperm (approximately 1.00 x 106 mL-1) underwent IVF in
Tyrode's albumin lactate pyruvate (TALP) medium
containing 6.00 mg mL+ fatty acid-free bovine serum
albumin (BSA; Grifols, Barcelona, Spain) 22.00 mg mL-1
sodium pyruvate, 20.00 pg mL penicillamine, 10.00 M
hypotaurine , 1.00 M epinephrine and 25.00 pg mL-
heparin for 18 hr at 3850 °C and 5.00% COa.
Presumptive zygotes were denuded using a vortex
machine and were incubated in modified synthetic
oviductal fluid (mSOF) supplemented with 4.00 mg mL!
fatty acid-free BSA, 100 ng mL! EGF, 5.00 pg mL+1
insulin, 5.00 ngmL-! sodium selenite and 5.00 ug mL!
transferrin for 4 days at 38.00 °C and 5.00% CO2.21 All
culture media and chemicals were purchased from
Sigma-Aldrich unless otherwise stated.

Viral isolation and RT-PCR. To evaluate the viral
contamination of embryos several embryos of each group,
normal and degenerated, were selected following five days
post-1VF. Briefly, ZP of the embryos was lysed with acid
Tyrode's solution (Sigma-Aldrich).22 The zona-free
embryos were frozen and thawed twice for releasing the
virus from embryonic cells.?? Finally, the viral enrichment
was performed in RBK cells and the supernatant of cells
were used for the molecular assay. For RT-PCR, viral RNA
was extracted using RNJia Virus Kit (Roje Technologies,
Yazd, Iran). Briefly, 560 pL of buffer BFC-carrier RNA was
poured into a 1.50 mL microcentrifuge tube and 140 pL of
the cell supernatant was added to the tube. The mixture
was mixed and incubated at room temperature for 10 min.
560 uL of ethanol (96.00 - 100%) was added to the
mixture and mixed for 15 sec. The mixture (630 pL) was
pipetted to a Hi-Pure VI column, placed in a 2.00 mL
collection tube and centrifuged at 6,000 g for 1 min. Flow-
through was discarded and the Hi-Pure DR column was
placed back into the collection tube. A volume of 500 pL of
BWB1 was added to the column and centrifuged at 6,000 g

for 1 min. Flow-through was discarded and the Hi-Pure DR
column was placed back into the collection tube. Five
hundred microliter of BWB2 was added to the column and
centrifuged at 20,000 g for 3 min. The column was placed
in a clean 1.50 mL tube, 60.00 pL of ERR was added into
the column and centrifuged at 6,000 g for 1 min.
Eventually, the extracted RNA was stored at - 80.00 °C.
The cDNA was synthesized using easy cDNA synthesis kit
(Kiagene Fanavar, Tehran, Iran). Briefly, 8.00 uL of the
extracted RNA, 10.00 pL of buffer-mix (2X) and 2.00 pL of
enzyme mix were poured into a 200 pL microcentrifuge
tube. RT-PCR was performed at 25.00 °C for 10 min 47.00
°C for 60 min and 85.00 °C for 5 min. The PCR was carried
out in a total volume of 20.00 pL consisted of 8.00 pL of
cDNA, 10.00 pL of Taq DNA polymerase master mix RED
(Ampligon, Odense, Denmark) and 1.00 pL of each primer
(10.00 pmol mL1) within a 200 pL micro-centrifuge tube.
The reaction was overlaid with 10.00 pL of mineral oil
(Sigma-Aldrich) and heated in a thermocycler for 35 cycles
0f 95.00 °C for 40 sec, 56.00 °C for 30 sec and 72.00 °C for
30 sec. Nucleotide sequences of the primers included
forward ATGCCCWTAGTA GGACTAGCA and reverse
TCAACTCC ATGTGCCATGTAC.'2 PCR products were
assayed by electrophoresis on a 1.60% (w/v) ultrapure
agarose gel (Invitrogen, Carlsbad, USA), dyed with
ethidium bromide stain and visualized under UV light
(Uvidoc HD6; Uvitec, Cambridge, UK). The expected
amplification product was 288 base-pair.

Statistical analysis. Data were analyzed using logistic
regression (GENMOD procedure). All analyses were
conducted in SAS Software (version 9.4; SAS Institute,
Cary, USA). Differences at p < 0.05 were considered
statistically significant.

Results

ZP-Sperm binding and fertilization. Regardless of
the sperm count bounded to the ZP, ZP-sperm binding and
pronuclei existence were confirmed in the most stained
zygotes in all experimental and control groups (Fig. 1A).

Experiment 1 (Gametes infected with CP BVDV).
The early embryonic development rates were decreased in
all CP groups compared to the control group (p < 0.05).
The proportions of CP-infected sperm and oocyte groups
(10%5 and 1055 TCIDso mL-*) were shown in Table 1.

Experiment 2 (Gametes infected with NCP BVDV).
The early embryonic development rates were reduced in
all NCP groups compared to the control group (p < 0.05).
The proportions of NCP-infected sperm and oocyte groups
(1045 and 1055 TCIDso mL1) were shown in Table 1. In
both experiments, the early embryonic development rates
were diminished both in lower (104> TCIDso mL1) and
higher (105> TCIDso mL-1) viral titers (p < 0.05; Fig. 1B-1D).
Furthermore, the rates in the CP groups were significantly
lower than the NCP groups (p < 0.05; Fig. 2).
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Pronuclei

l

ZP-Sperm binding

Fig. 1. A) A zygote stained with Hoechst 33 342 under a fluorescent mlcroscope (200x) B) Control group. C) NCP-infected group
D) CP-infected group. B-D indicate embryos after five days post-IVF (200x).

Table 1. Early embryonic development rate (%) of cytopathic (CP) and non-cytopathic (NCP) BVDV after 5 days post-IVF. The
concentration of the sperm used for IVF was approximately 1.00 x 106 mL-1.

Treatment
BVDV Biotypes Control Infected sperm (TCIDso mL1) Infected oocyte (TCIDso mL1)
1045 1055 1045 1055
CP 49.72 (88/177)a  9.83 (17/173)P 6.22 (11/177)b 10.86 (19/175)>  6.25 (11/176)>
NCP 47.95 (82/171)a  25.15 (43/171)b 17.88 (32/179)> 24.29 (43/177)>  20.71 (35/169)P
ab Different superscripts in the same row indicate statistically significant differences (p < 0.05).
60+

§ a =3 NCP control group

E __a_ ? =3 NCP-infected sperm group (104'5 TCIDg, mL'1)

§. z = NCP-infected sperm group (1055 TCIDg, mL")

= 40+

z ? =3 NCP-infected oocyte group (1 0*s TCIDgg mL'1)

=

) b g 3 NCP-infected oocyte group (1 05% TCID5q ml.'1)

=

= be % Zz2 CP control group

e

'E 204 bed z Ea CP-infected sperm group (10"'5 TCIDsq mE1)

o)

Z ? de cd =1 CP-infected sperm group (10°° TCID5, mL'1)

5 f 7 ¢ A © : 45 4

= f 4 @2 CP-infected oocyte group (10* TCIDs, mL")

0 7 % r] / l—l E=1 CP-infected oocyte group (10%° TCIDs, mL'1)

Fig. 2. Early embryonic development rates of cytopathic (CP) and non-cytopathic (NCP) BVDV groups after five days post-IVF.
a-e Different superscripts in the same row indicate statistically significant differences (p < 0. 05)

Viral contamination of embryos. The result of viral
isolation and RT-PCR in the embryos, normal and
degenerated, clarified that in the CP groups no virus was
detected in normal embryos resulting from the
fertilization of infected and non-infected gametes,
whereas, all degenerated embryos were virus-positive
(Fig. 3A). In the NCP groups, the virus was detected in
both normal and degenerated embryos (Fig. 3B). Besides,
the embryos resulting from both infected male and
female gametes were virus-positive.

Discussion

The microscopic evidences in our experiments showed
that although ZP-sperm binding and fertilization had
accrued and a significant decline was observed in the early
embryonic development rates of CP and NCP-infected
groups (Table 1). It indicated an interaction between
BVDV biotypes and ZP. Thus, the biotypes could penetrate

Flg 3 A) The CP- mduced CPEs in RBK cells resulted from viral
isolation (150x). B) Molecular assay of NCP-degenerated
embryos. Lanes (-) and (+): PCR-negative and positive control,
respectively. Lane L: ladder 100 bp. Lanes a-d: Degenerated
embryos resulted from male and female gametes infected with
NCP BVDV. The expected amplification product was 288 bp.
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the ZP during IVF and resulted in embryonic death.
Additionally, adverse effects of the biotypes on early
embryonic development rates were associated with both
infected sperm and infected ZP. In fact, in both
circumstances, the ZP could not act as a protective
barrier against the virus during IVF. According to other
reports, viruses such as BHV-1 and BVDV could adhere to
heparin receptors of sperm and disturb the sperm
capacitation and ZP-sperm binding.2425> Thus, it is a
common practice to wuse discontinuous gradient
centrifugations and swim-up procedures to remove or
reduce the load of various viruses in frozen-thawed
semen prior to fertilization. Moreover, it has been shown
that this procedure could decrease the risk of disease
transmission to recipients and contaminations of IVEP
systems in the human and animals.2627 Mammalian ova
and preimplantation-stage embryos are surrounded by
ZP which is a glycoprotein acellular matrix. The ZP plays
important roles in many physiological functions
including fertilization, blocking polyspermy, transporting
embryos through oviducts and preserving blastomers.z8
Furthermore, the ZP acts as a protective shell against
infections of embryonic cells and the spread of livestock
diseases through ET practices.? Some authors proposed
that manipulations such as eliminating cumulus cells and
washing embryos could lead to virus inactivation.?® In
contrast, some others believed that the ZP acts a viral
carrier3%3!, and can lead to contaminating embryos.32
These conflicting results are likely related to viral strains.
The genotypic variances of strains might cause high
affinity to their receptors.3334 These features might affect
the intensity of responses to the virus. Several reports
demonstrated that BVDV was embedded into outer layer
holes of ZP and fissures were shaped with sperm
enzymatic digestion during IVF. However, these paths
were blocked swiftly and it was unlikely that non-motile
BVDV could penetrate the ZP.3536 Therefore, the role of
sperm as a viral carrier is more prominent.37 Although
the ZP was intact in the current study, BVDV biotypes
could impress IVEP processing. This was confirmed by
virus detection inside the degenerated embryos using
RT-PCR (Fig. 3). Nevertheless, Vanroose et al.
distinguished that no viral replication without signs of
embryo degeneration was detected in the ZP-intact
embryos, though the virus could infect ZP-free embryos
without affecting the embryo development in-vitro.”
Totally, the effects of CP has been much more severe than
NCP. This effect was due to cytopathic effects of CP which
could induce cell apoptosis in early developmental stages
of the embryos. Consequently, it was shown that CP and
NCP BVDV could penetrate the ZP during IVF. Although
the developmental rates of infected embryos were
declined, several morphologically normal embryos,
infected and non-infected were formed, particularly in
NCP BVDV.
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