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Structural changes in the zona pellucida (ZP) of bovine oocytes seem to modulate their
interaction with various viral agents, facilitating the viral infection in in vitro production
systems. To evaluate the susceptibility of bovine oocytes to noncytopathogenic bovine viral
diarrhea virus (ncp-BVDV), cumulus–oocyte complexes were exposed to 107 tissue culture-
infective doses (TCID50)/mLof anncp-BVDV strainduring IVM(in vitromaturation). After that,
cumulus cells and theZPwereremovedbyhyaluronidaseandpronase treatment, respectively,
and thepercentages of oocyteswithpolar bodywere analyzed as a signof nuclearmaturation.
After passage through cell culture, the viruswas isolated fromgranulosa cells, ZP-freemature
oocytes, and ZP-intact mature oocytes. These results were confirmed by reverse transcrip-
tion–polymerase chain reaction. After consecutive washes, the virus remained associated
with ZP-free oocytes, maintaining its replication and infectivity in permissive cells. Based on
thesefindings, it is concluded that the classical viral isolationprocedure has a predictive value
todetectBVDVassociatedwithZP-freeoocytesandthat itwasnoveltydemonstrated thatboth
washing and trypsin treatment of oocytes were ineffective to remove BVDV infection.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Assisted reproductive techniques, such as in vitro
embryo production (IVP), have allowed a significant
increase in cattle production, thereby improving milk and
meat production worldwide [1]. However, there is wide
concern that the application of these techniques is associ-
ated with an increased risk of transmission of infectious
diseases, such as bovine viral diarrhea [2]. Bovine
viral diarrhea virus (BVDV) is an important pathogen of
cattle, which primarily causes immune suppression and
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reproductive disorders. Several studies have reported the
impact of BVDV on the procedures of IVF when ovaries,
follicular fluid, cumulus cells, oocytes, uterine tubal cells,
and serum are obtained from infected animals [3–5]. In
addition, other studies have shown differences in the
susceptibility of bovine embryos produced in vitro accord-
ing to the biotype, genotype, and virulence strain [3,6,7].
The main consequences of the association of noncytopathic
BVDV strains with transferred IVF embryos might result in
infection of embryo recipients, early embryonic death,
abortion, or birth of persistently infected calves [4].

Several studieshave shown that all themainorganswithin
the female reproductive tract are permissive to BVDV and that
the distribution of the virus in animals with acute infection is
similar to that of those with persistent infection [8].
Mammalian oocytes and preimplantation-stage embryos are
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1. Bovine ovaries obtained from at a local 
abattoir

3. Aspiration of 2-10 mm follicle:
oocytes surrounded by cumulus cells (COCs)

5. COCs washing 

6. Maturation culture: 24 h, 38.5 ºC, 5 % CO2

(ncp-BVDV-exposed group) (Control group)

7. Five washes (Hepes-SOF, 1 min)

8. Enzymatic treatment (hyaluronidase 1 %, 1 min): 
granulosa cells*

Oocytes with zona pellucida (ZP+)*

9. Five washes (Hepes-SOF, 1 min)

10. Enzymatic treatment (pronase 1 %, 1 min)

Oocytes free zona pellucida (ZP-)*

11. Five washes (Hepes-SOF, 1 min)

2. Transport to the lab

0.1-ml aliquots of last wash*

VI/ rT-PCR*

VI/ rT-PCR*

VI/ rT-PCR*

VI/ rT-PCR*

Follicular fluid
VI/ SN

Quality controls 

*Supernatant
3th passage 

Fig. 1. Experimental design: procedures and experimental infection with ncp-BVDV during IVM of bovine oocytes. Viral titer: ncp-BVDV-98/204 (2.5 � 107

TCID50/mL); n ¼ 4 to 5 oocytes for virus isolation. “*,” Virus isolation was performed from the third passage from tissue culture plates. COCs, cumulus–oocyte
complexes; ncp-BVDV, noncytopathogenic bovine viral diarrhea virus; rt-PCR, reverse transcription–polymerase chain reaction; SN, seroneutralization; VI, virus
isolation; ZP, zona pellucida.
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surrounded by the zona pellucida (ZP), which plays an
essential role in several physiological functions and protects
the oocyte/embryo from infectious agents. However, some
authors have postulated that the ZP could also act as a carrier
of infectious agents [2,9]. The ZPof in vitro–produced embryos
is structurally different from that of embryos conceived
naturally. Evidence indicates that structural changes seem to
modulate the interaction of embryos with BVDV, facilitating
viral infection in IVP [10]. Thesedifferences canalsoaffectboth
the capacity and persistence of infection in IVP systems [11].
The aim of this study was to evaluate the ability of BVDV to
infect bovine oocytes during IVM.

2. Materials and methods

Ovaries from healthy animals with normal reproductive
tracts were collected at a local abattoir and transported to
the laboratory in sterile saline added with antimicrobial
agents at a temperature of 20 �C to 25 �C. Cumulus–oocyte
complexes (COCs) were recovered by aspiration of 2- to
10-mm follicles. COCs with homogeneous ooplasm and
more than four complete layers of cumulus cells corre-
sponding to grades 1 and 2 according to de Loos et al. [12]
were selected under a stereomicroscope and washed three
times in modified M199 supplemented with 0.5% HEPES
(wt/vol). For all experiments, between 40 and 45 COCs per
group were matured in 400 mL of M199 plus 0.1 mg/mL L-
glutamine and 2.2 mg/mL NaHCO3 supplemented with 0.01
IU/mL rh-FSH (Gonal F-75; Serone, UK) and 10% FBS at
38.5 �C under 5% CO2 in air with saturated humidity for 22
to 24 hours. About 400 COCs (in four independent trials)
werematured in the absence (control group) or presence of
a noncytopathogenic bovine viral diarrhea virus (ncp-
BVDV) strain (N� 98/204 type 1b, field strain isolated from



Fig. 2. Oocytes matured in vitro and denuded in co-culture with MDBK cells.
Before removal of cumulus cells, these oocytes were exposed to an ncp-
BVDV strain during IVM. Phase contrast microscopy � 400. Scale
bars ¼ 100 mm. A high-resolution version of this slide for use with the virtual
microscope is available as eSlide: VM02586. MDBK, Madin–Darby bovine
kidney; ncp-BVDV, noncytopathogenic bovine viral diarrhea virus.
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fetus) with a final viral titer of 2.5 � 107 tissue culture-
infective doses (TCID50)/mL (BVDV-exposed group). After
maturation, oocytes from both control and BVDV-exposed
groups were completely denuded of cumulus cells by
pipetting in M199-HEPES containing 300 IU/mL hyaluron-
idase for 1 minute and washed five times in HEPES–SOF
(synthetic oviduct fluid) drops. Then, oocytes with polar
body were separated into two groups: oocytes with intact
ZP (ZPþ) and oocytes treated with protease XIV of Strep-
tomyces griseus (1 mg/mL) for 1 minute to remove the ZP
(ZP�) (Fig. 1). The percentages of oocytes with polar body
were analyzed under a stereomicroscope as a sign of
nuclear maturation. The maturation rates of both experi-
mental groups were compared using a standard chi-square
test. Differences at a probability of P < 0.05 were consid-
ered significant. Granulosa cells after stripping procedures,
oocytes in groups of 5 to 10 (ZPþ and ZP�), and corre-
sponding wash fluids (HEPES–SOF) were tested for viral
presence after each of the five consecutive steps of the
washing procedure (Fig. 1). Briefly, samples were added in
duplicate to 96-well tissue culture plates with confluent
Madin–Darby bovine kidney (MDBK). This condition
Table 1
Detection of BVDV by virus isolation and rt-PCR.

Samples Exposure
group

Control group

VI rt-PCR VI rt-PCR

Granulosa cells Pos. Pos. Neg. Neg.
ZP-intact mature oocytes (ZPþ) Pos.a Pos. Neg.a Neg.
ZP-free mature oocytes (ZP�) Pos.a Pos. Neg.a Neg.
Last wash of oocytes (ZP�) (0.1 mL) Neg. Neg. Neg. Neg.

The total number of oocytes used was control group, n ¼ 315, and BVDV-
exposed group, n ¼ 340. All samples were co-incubated in MDBK cells
after IVM. The results reported in each column belong to the set of ex-
periments repeated four times.
Abbreviations: Neg., negative; Pos., positive; rt-PCR, reverse transcription–
polymerase chain reaction; VI, virus isolation; ZP, zona pellucida.

a Each sample contained four to five oocytes.
ensures intimate contact between the oocyte and BVDV-
permissive cells, allowing its replication (Fig. 2). After
three blind passages (each for 48 hours) at 37 �C and 5%
CO2, the presence of BVDV was assessed by a direct fluo-
rescent antibody test using a fluorescein-conjugated
porcine polyclonal antiserum (VMRD, Inc., Pullman, WA,
USA). An reverse transcription–polymerase chain reaction
technique [13] with minor modifications was used to
confirm the results of the direct fluorescent antibody test
from the supernatant of the third passage of each of the
samples. The primers used for the amplifications
were HCV 90 50-CATGCCCATAGTAGGAC-30 and HCV 368
50-CCATGTGCCATGTACAG-30. Cycling conditions were
modified for set of primers used: rt reaction, 42 �C
(60 minutes) and 94 �C (2 minutes); PCR reaction 94 �C
(1 minute), 51 �C (1 minute), and 72 �C (30 seconds); and
elongation reaction 72 �C (1 minute). Total RNA was
extracted using TRIzol Reagent (Invitrogen Life Technology,
Gran Island, NY, USA) according to the manufacturer’s
instructions. All RNA samples were stored in 30 mL of
nuclease-free water at �80 �C until the rt-PCR was per-
formed. Granulosa cells from the BVDV-exposed group
were used as positive control because of the susceptibility
confirmed to different BVDV strains [8,14]. The amplified
products were separated by electrophoresis in a 2% agarose
gel and the DNA bands visualized by ethidium bromide
staining. The expected amplification product was of 283 bp.

Before the experiments, follicular fluid recovered by
aspiration of follicles from each batch of ovaries was
routinely tested for the presence of anti-BVDV antibody by
virus neutralization using the NADL (type 1 cp-BVDV
strain), according to Galik et al. [11]. The experiments
were repeated four times. Appropriate noninfected nega-
tive controls were used through the steps of IVM.

3. Results and discussion

The present study evaluated the effect of the exposure of
COCs to an ncp-BVDV strain on nuclear maturation during
IVM. No significant differences were observed in the per-
centage of oocytes with polar body between the control
group and the BVDV-exposed group (71.07 � 2.7%, n ¼ 154,
and 72.45 � 2.5%, n ¼ 162, respectively). Nevertheless,
BVDV was isolated from granulosa cells, mature
ZP� oocytes, andmature ZPþ oocytes of the BVDV-exposed
group (Table 1). The virus was not isolated from the gran-
ulosa cells or oocytes from the control group. The virus was
neither isolated from the corresponding wash fluids
(HEPES–SOF) of oocyte groups (ZP�). These results were
confirmed by reverse transcription–polymerase chain
reaction (Table 1; Fig. 3).

Within the ovary, BVDV has been located in interstitial,
luteal, granulosa, and thecal cells and in follicular fluid
[14,15]. Although this work evaluated the susceptibility of
COCs to an ncp-BVDV strain during IVM, the experimental
design allowed us to simulate the outcome of an acute
infection. Although the way in which BVDV compromises
ovarian function is still uncertain, we may suggest some
possible mechanisms: inadequate gonadotropic support,
low levels of plasma estradiol associated with anestrus and
ovulation failure, and a deficient ovarian leukocyte



Fig. 3. Electrophoresis in 1.5% agarose gel. Lane 1: molecular weight markers; lanes 2 to 5 (exposed group): 2, granulosa cells; 3, ZP-intact mature oocytes (ZPþ);
4, ZP-free mature oocytes (ZP�); 5, last wash of oocytes (ZP�); lanes 6 to 9 (control group): 6, granulosa cells; 7, ZP-intact mature oocytes (ZPþ); 8, ZP-free
mature oocytes (ZP�); 9, negative control (supernatant of MDBK cells unexposed to BVDV).
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population because of the leukopenia that accompanies
acute infections [16].

In this work, the virus was isolated from both oocytes
with and without ZP after being exposed to an ncp-BVDV
strain during IVM. It is relevant to highlight that the virus
was isolated from ZP� oocytes. This result shows that the
virus retained its infectivity because it was able to replicate
in permissive MDBK cells (Fig. 3 in association with Fig. 2).
These results are consistent with previous reports and
provide new evidence on the susceptibility of mature
oocytes to BVDV and its association with them [17–19].

The physical and chemical properties of the bovine ZP of
in vitro–produced embryos determine the association of
embryos with different viral pathogens [20]. Suzuki et al.
[21] found that the ZP of immature oocytes is characterized
by a network of numerous wide meshes and deep holes in
their fine structure and that after maturation, it becomes
thinner and the meshes and holes appear to be less deep.
These authors also reported that most of these cell pro-
cesses retract or disintegrate and that the matrix of the ZP
closes the channels left by the cytoplasmic processes.
Vanroose et al. [22] suggested that the pores on the outer
surface of mature oocytes possibly mark the entries of
these cell processes. In agreement with these results, other
authors have proposed that viral penetration occurs along
the channels left when the follicle cell processes are
withdrawn [23]. In bovine oocytes, these pores have a
mean diameter of 182 nm (nanometers), and the viral
particles of BVDV are 45 to 55 nm. Therefore, the ZP surface
is considered permeable enough to allow the entry of the
virus [22]. Previous studies have shown that BVDV uses
more than one receptor to bind to the host cell [24];
however, no studies have reported the presence of some of
them in the membrane of germ cells involved in the
interaction with BVDV. Some authors have proposed
different routes by which BVDV may gain access to the
oocytes during an acute infection. The main route proposed
is through cumulus cells, which are permissive to BVDV
infection [8]. The plasma membranes of cumulus cells and
the oocyte are in intimate contact through cell processes
that pass through the ZP. These processes may act as a
channel through which BVDV can bypass the ZP and infect
the oocyte [14]. This is consistent with that observed in our
study, where the COCs were susceptible to an ncp-BVDV
strain during IVM. It is also relevant to emphasize that
the virus was not isolated from corresponding wash fluids
(HEPES–SOF) of infected (ZP�) oocytes (Table 1), showing
that the virus remains associated with the oocyte, ruling
out a possible contamination. Current data show that only
two viruses are able to penetrate the ZP of mammalian
oocytes: the porcine parvovirus, which is a very small virus
of only 20 nm in diameter and the Meningoencephalitis
virus (27–28 nm) in mice. These viruses are able to pass
through the ZP of early porcine embryos at the four- to
eight-cell stage and the ZP of two-cell mouse embryos and
morulae, respectively [25,26].

In the case of BVDV, the results obtained with in vitro
infections are more controversial. Vanroose et al. [19] did
not detect virus titer in in vitro–matured ZP� oocytes after
exposure to the ncp-BVDV strain. Likewise, Tsuboi and
Bielanski [27] determined that immature oocytes were
unable to replicate the ncp-BVDV in vitro challenge after the
24-hour maturation period. However, these authors were
unable to concludewhether the virus detected after the 24-
hour maturation period was infectious and whether it
could be transmitted to embryos after oocyte fertilization.

Although there are previous works on in vitro experi-
mental infections of bovine oocytes, these were performed
in oocytes with intact ZP (ZPþ) and under different IVM
conditions [17,18,28]. In the present study, the virus was
isolated from ZP-free oocytes (ZP�) previously matured
in vitro in the presence of an ncp-BVDV strain. This finding
allows concluding that bovine oocytes are susceptible to
the ncp-BVDV strain (genotype 1b) during IVM and that the
virus retains its infectivity. Although the mechanism of
interaction between BVDV and the ZP remains to be
determined, we were able to define that the virus remains
associated with the oocyte membrane (ooplasm). Further
research is needed, however, to determine whether the
virus is able to establish a productive infection in embryos
produced from these oocytes.
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