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The advantages of transporting mammalian preimplantation embryos rather
than postnatal living animals include reduced costs of transportation and rapid
dissemination of genetic material between countries. However, the risk of
transmission of diseases through the embryos must be considered. The disease
control potential of embryos will depend on proper handling and washing, and the
integrity of zona pellucida. Researches on embryo-pathogen interactions have
shown that some pathogens are carried through the gametes and others could not
infect the gametes. Some pathogens were found to adhere to the zona pellucida
and others could penetrate the zona pellucida. To date, data presented appear
to suggest no concrete model guidelines for embryo-pathogen interaction. The
interaction seems to depend on the species and the pathogen involved.
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INTRODUCTION

Recent technological advances for livestock improvement have created a demand
for the use of embryo transfer (ET) to move genetic material between countries.?”
The number of embryos from domestic animals, especially bovines moved interna-
tionally, continues to increase. Realizing the potential of ET for rapid, cheap and
widespread dissemination of genetic material, the risk of introducing exotic disease
must be considered.? Hence, a limiting factor that will hinder the efficient use of ET
will be the uncertainty concerning the potential for the transmission of pathogens
through the embryos.®

Relatively little attention has been given to the potential role of ET in the control

of infectious diseases.3”

However, it has been recommended as a useful technique
for the introduction of disease-free animals in established closed herds.'” Similarly,
there has been a limited amount of work regarding the mode of transmission of

prenatal infections in domestic animals, but few viruses have been implicated in the
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infection of gametes.?” To date, data on diseases have been accumulated to indicate

that the risk for disease transmission through the embryo is minimal or nonexistent
provided that the embryos are handled properly. For other diseases, the data
gathered would not support a conclusive statement. For some diseases, no work has
been done to indicate transmissibility. by the embryo. The purpose of this paper,
therefore, is to investigate the extent of research activities that have been conducted
about diseases that are associated with embryos and present a research proposal
relevant to the topic discussed.

MODES OF TRANSMISSION

SINGH and HARE*P reported that the potential of embryos to transmit infectious
disease is considerably less than that of semen or live animals. Disease transmission
through embryos would only occur when the pathogenic organism was carried in the
gametes so that infection would be possible at fertilization. In addition, the develop-
ing embryo may be infected when the organism is present in the reproductive tract of
its mother.

According to HARE,“"”’ pathogens can be transmitted through ET if they are either
within or on the embryo when it is transferred, or in the fluids transferred with the
embryo. Direct embryo-pathogen association occurs under the following circumst-
ances : (1) if the pathogen is in the ovum at the time of fertilization and capable of
expressing itself in the embryo or fetus during its development, or in the animal after
birth, (2) if the pathogen is carried into the ovum at fertilization either within or
attached to the spermatozoa and is subsequently capable of infecting the embryo or
fetus, (3) if the pathogen passes through, becomes embedded in, or adheres to the
surface of the zona pellucida (ZP), and (4) if the pathogen reaches the embryo as a
result of damage to the ZP due to handling or manipulation.

Evidence has shown the capability of integration of ectropic class of endogenous
C-type viruses and the potential integration of exogenous C-type viruses into the
genome of the mouse and their consequent expression at a later stage of embryonic or
fetal development. It was also shown that the lymphocytic choriomeningitis virus can
be present in mouse oocytes, and evidence for transmission of the disease via the
ovum was demonstrated.® Evidence has also been presented for the presence of
bluetongue virus within the apical crests of spermatozoa from the bluetongue-infected
bull, which would provide an opportunity for the virus to be carried into the ovum.??

Any pathogen passing into the embryo would be capable of infecting the embryo
or, if it was in or on the surface of the ZP, it would be capable of infecting the
recipient animal when the embryo is hatched. In studies conducted in vitro, certain
viruses like bovine viral diarrhea virus? and meningoencephalitis virus?>2® are able to
penetrate the ZP and infect the embryo. But, bovine parvovirus,'® and Newecastle
disease virus?® cannot penetrate the ZP and, therefore, these viruses cannot be

27)
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transmitted via embryos.

It has been shown that the ZP acts as a protective barrier for the embryo, and
that the organisms attached to it can or cannot be removed through washings.®
However, some viruses can be removed or inactivated by exposure of the embryo to
trypsin or antiserum.*® Disease transmission through ET via fluids transferred with
the embryo should not occur provided that the embryo is removed from the collecting
fluid and washed several times in sterile medium prior to transfer. It has been shown
that several embryos with viruses removed by washings can be transferred without
transmitting infection.® %V

Researches on laboratory animals have shown that the pathogens vary as to
whether or not they are capable of passing through the ZP or are transmissible by the
gametes. Relating these to domestic animals, ET, therefore, could be used as a
means of controlling or eliminating disease in a herd if the causal agent does not infect
the early embryo via the gamete or by penetrating the ZP.

EMBRYO-PATHOGEN INTERACTION

Since the ZP has been shown to be an effective barrier against certain viruses, it
is unlikely that the ZP would allow the passage of bacterial or fungal agents. In
addition, there is an antibiotic added to uterine flushings and the culture media that
would hinder the growth and development of bacteria and fungi. Thus, transmissible
disease agents of concern in ET are likely to be viral rather than bacterial in nature.

Experiments on embryo-pathogen interactions were done with viruses and
embryos of laboratory animals. Results from these studies indicated that there were
no obvious guidelines as to what types of viruses can infect embryos and transmit
disease and that each virus of concern in every species would have to be dealt with
independently.

It was noted that only a few viruses have been implicated in the infection of the
oocytes and that most viruses found in semen are in seminal fluid rather than within
the sperm cell. It is likely that most infectious agents found in early embryos
originate from the environment (uterus and oviduct) or through the ZP.

It was suggested by BOLIN et al.® that there are 3 possible mechanisms for a
virus to interact with the ZP based on electron microscopic studies of porcine embryos
exposed to several different viruses; namely: (1) virus interaction with receptors on
the ZP, (2) virus interaction with cell debris associated with the ZP, and (3) virus
entanglement in pores or sperm tracts of the ZP.

It is therefore, wise to investigate further the area of the ZP-pathogen interaction
since it was mentioned previously that some viruses can be removed from the ZP by
washing and some cannot. In which species viruses can be washed out and in which
ones they remain in the ZP is a matter for careful investigation. In addition, since
little work has been done on species difference in the composition and structure of the
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ZP, it is necessary to elucidate further the factors that are involved (e.g., size of the
ZP trabeculae or spaces, receptor sites, etc.) in determining whether or not a
pathogen passes through, becomes enmeshed in, or becomes firmly adherent to the
surface of the ZP.

PATHOGENS THAT CAN INFECT THE GAMETES

Through electron microscopic studies, immunocytochemical demonstration of anti-
gen, autoradiography and the use of conventional techniques of cell culture, pathogens
that are associated with oocytes, spermatozoa and early embryos were able to be
investigated.

Some RNA viruses, particulary the endogenous onco-viruses, appear to be trans-
mitted via the gametes from parent to offspring in mice.>'® Lymphocytic choriome-
ningitis virus has been demonstrated in mouse oocytes and embryos.?® Spermatozoa
infected with simian virus (SV40 DNA) have been found to be transmitted to the
zona-free, 2-cell and morula-stage mouse embryos.® After infection, the morula stage
developed normally, but, there was degeneration of the 2-cell-stage embryos. It was
found that the virus cannot penetrate the ZP.

Bluetongue virus (BTV) was isolated from semen of a bull with nonclinical
persistent infection up to 300 days after exposure. However, in studies on preim-
plantation embryos from mice and cattle, BTV did not penetrate the intact ZP.'?
Results obtained in sheep confirmed that BTV can result in intrauterine infection and
that embryo-recipient ewes can be infected by embryos exposed in vitro to the virus

or those recovered from viremic donors.?®

PATHOGENS THAT DO NOT INFECT THE GAMETES

Infectious diseases where the causative agent does not infect the gamete are
potential candidates for control or eradication by embryo transfer, provided that these
agents cannot infect the embryo through its environment.

Bovine leukemia virus (BLV) has been shown not to transmit disease via embryo
transfer.'® It was also demonstrated that semen and ova or embryos from BLV-
infected cattle are not predisposed to infection by BLV.3” When spermatozoa were
exposed to murine cytomegalovirus (MCMV) there was reduced capability for
fertilization.®® However, it was shown that ova fertilized by these spermatozoa did
not become productively infected. It has also been demonstrated that MCMV is not
transmitted to the embryo by infected females bred with uninfected males.?” Sendai
virus was also investigated and found to have no significant effect on the production of
normal embryos or on the outcome of embryo transfer in mice.!®
virus has been shown to be adsorbed to the sperm acrosome in the rabbit.?) Since
the outer membrane and acrosome contents of spermatozoa are lost prior to sperm
penetration into the ZP, it is unlikely that the embryo would be infected. Likewise,

However, this
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simian virus has been shown to be adsorbed on rabbit spermatozoa but not
transmitted. ¥

PATHOGENS THAT PENETRATE THE ZONA PELLUCIDA

In studies reported by ARCHBALD et al.,” injection of bovine viral diarrhea (BVD)
virus into the uterine horn of the bovine caused degeneration of the embryos.
Electron microscopic examination of degenerated embryos revealed the presence of a
structure which morphologically resembled the BVD virus. The results in this report
indicate that the BVD virus within the uterine horns may interfere with the normal
development of preimplantation bovine embryos. On the other hand, when BVD virus
uptake by embryos was investigated in vitro, there was no significant inactivation of
the virus during the incubation period and uptake by the embryos could not be
detected by several assay systems.3® It is suggested that the lack of viral infectivity
of the embryos may have been due to adverse effects of the experimental environmen-
tal conditions on the viral-embryo interaction.

Sendai virus was demonstrated in morulae of infected mouse colonies.!¥ The
virus replicated in mouse cleavage-stage embryos following exposure of zona-free
embryos to virus. However, there was no viral replication when zona-intact embryos
were exposed to the virus. In an in vivo study, CARTHEW et al.!® reported that
preimplantation embryos collected from mice in the acute phase of Sendai virus
infection were not infected. Transfer of embryos from infected donors did not
transmit the virus to the recipient foster mothers or to their fetuses.

PATHOGENS THAT CANNOT PENETRATE THE ZONA PELLUCIDA

Porcine parvovirus (PPV) has been found not to penetrate the ZP ;** however, it
has been shown to adhere to the ZP and on transfer of the embryo to seronegative
recipient animals, it subsequently infects the recipients and retards or kills a majority
of the embryos.’® Bovine parvovirus (BPV) has been found not to replicate in
zona-free bovine embryos.'? Infection of unfertilized ova, 2-cell and morula-stage
mouse embryos showed no alteration of their normal development and the virus could
not penetrate the ZP.® In embryos exposed to MCMYV, particles were seen beneath
the ZP. However, no viral replication was noted. The embryos developed normally.
The same results were reported when zona-free mouse embryos were exposed to
MCMV.

In infection with Newcastle disease (NCD) virus, it was shown that in zona-intact
mouse embryos the virus did not penetrate the ZP ;?* however, when NCD virus was
injected directly into blastocoele, only the trophoblast cells were infected. No infec-
tion in porcine zona-intact embryos was noted with pseudorabies virus (PrV)
exposure, ’® but when porcine embryos were incubated on cell monolayers that had
been previously inoculated with pseudorabies, it was found that PrV was adsorbed and
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entered the sperm tracts in the ZP.%

Infection of zona-free, 2-cell and morula-stage mouse embryos with simian virus
(SV40) showed no deleterious results on their development.s)

EMBRYO-PATHOGEN INTERACTION IN FARM ANIMALS
CATTLE

Most of the experiments conducted in embryo-pathogen interaction in the bovine
dealt with in vitro and in vivo methods using zona-intact embryos from infected donors
that were properly washed before being transferred in vivo. The following is a brief
review of the researches that have been carried out:

1. Bovine leukemia virus (BLV). So far, there have been 480 transfers carried
out with embryos from BLV-positive donors to BLV-seronegative recipients.?® All of
the recipients and all of the 143 calves produced from these transfers have remained
BLV-seronegative. Zona-intact embryos from infected donors do not transmit the
virus when properly washed.?®

2. Bluetongue virus (BTV). Zona-intact embryos from viremic donors were
washed and transferred to uninfected recipients. No recipient seroconversions were
found.!V Assays and virus isolation from calves were negative. In addition, BTV did
not infect zona-intact embryos exposed in vitro to BTV.!?

3. Infectious bovine rhinotracheitis virus (IBRV). Attempts to isolate IBRV from
zona-intact embryos from IBRV-seropositive donors have proved unsuccessful.
However, when embryos were exposed to tissue culture and then washed, approx-
imately 65% of the embryos retained the virus though their development was not
affected. Both trypsin and IBRV-antiserum were effective in removing the infectious
IBRV from the embryos.3® Zona-intact embryos from IBRV shedders do not transmit
the disease when washed and trypsin-treated before transfer.*>*” On the other
hand, when zona-micromanipulated embryos with zonae that were either damaged or
removed were exposed to IBRV in vitro, results showed no significant difference in
embryonic survival of the zona-cracked embryos exposed to IBRV and control embryos
not exposed to IBRV.® However, there was a significant difference (P<<0.001) in the
survival of zona-free embryos not exposed to IBRV (30% vs 80%).

4. Bovine viral diarrhea virus (BVDV). Preimplantation bovine embryos were
exposed to BVDV to determine whether the virus had any effect on embryonic
development and to allow viral replication to occur.?® No infectious virus was
isolated from any of the embryos. In vitro development of virus-exposed embryos
proceeded normally.3®

5. Foot and mouth disease virus (FMDV). When zona-intact bovine embryos
were exposed to FMDV and then washed, no infectious virus was detected on any of
43 FMD viral infectivity was found, however, in association with zona-
free bovine embryos and a small number of zona-intact porcine embryos. FMDV

the embryos.
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infectivity detectable in cell cultures or by animal inoculation was not found to be
associated with any of the washed zona-intact embryos collected from cattle during the
acute stage of the disease.3?

6. Brucella abortus. Brucellae were not isolated from zona-intact embryos or
from any washing beyond the sixth serial wash. Evidence tends to indicate that,
provided embryos are washed, this agent is unlikely to be transmitted during embryo
transfer procedures. 349

7. Bovine parvovirus (BPV). Zona-free morula-stage embryos continued to de-
velop normally after exposure to BPV and showed no evidence of embryonic infection
when they were examined by electron microscopy.!®

8. Akabane virus (AV). Zona-intact bovine embryos exposed to AV for 1 to 24
hours were negative when assayed for infection. AV also had no effect on embryonic
development compared with controls.*?

9. Hemophilus somnus. Zona-intact embryos exposed to H. somnus, washed or
exposed to antibiotic, washed and then assayed showed that this procedure removes
H. somnus from embryos, but exposure in utero is detrimental to embryos.3V

10. Chlamydia psittaci. Zona-intact embryos exposed in utero to C. psittaci via
contaminated semen showed no significant effect on embryo development. Chlamydial
inclusions were not found in embryos.*®

SWINE

1. African swine fever virus (ASFV). The virus was detected in zona-intact
porcine embryos that had been exposed, washed and cultured.®” Ninety-five percent
of the embryos retained infectious virus after washing. Treating the embryos with
papain, EDTA or ficin had no effect on the retained virus, whereas treating them with
trypsin or pronase reduced the number of embryos carrying detectable virus to 30%
instead of 95%, and lowered the amount of virus on the embryos. It has not yet
been determined whether ASFV enters the embryonic cells but evidence suggests that
most of the viruses, and possibly all of them, are bound to the ZP.

2. Porcine parvovirus (PPV). Porcine embryos were exposed to PPV in vitro for
4 days, washed and examined using immunofluorescence.’® All of the embryos had
PPV adhering to the ZP. Likewise, when porcine embryos were exposed to PPV in
vitro, washed and transferred to recipient pigs, disease transmission occurred.®

3. Hog cholera virus (HCV). Porcine embryos were exposed in vitro to HCV,
washed and assayed. All of the embryos carried HCV and they were found to adhere
to the ZP. When embryos were cultured and washed with trypsin, the virus could not
be isolated from any of the embryos.!®

4. Foot and mouth disease virus (FMDV). When embryos were exposed in vitro
to FMDV, washed and assayed, only 2~3% of the embryos carried FMDV. The
virus adhered to the ZP when it was exposed to a high level of virus.*®
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5. Pseudorabies virus (PrV). Of the 257 embryos exposed to PrV in vitro,
washed and assayed, some embryos (24%) carried PrV on the ZP. 8  When embryos
(n=70) were collected from donors infected intrauterinely with PrV and transferred to
uninfected recipients, disease transmission occurred in some recipients (40%).

6. Swine vesicular disease virus (SVDV). All of the embryos carried SVDV and
the virus adhered to the ZP after it had been exposed to SVDV in vitro.¥ No
disease transmission occurred when embryos collected from SVDV-infected donors
were transferred to uninfected recipients.*®

7. Vesicular stomatitis virus (VSV). The virus was isolated from both porcine
and bovine zona-intact embryos that had been exposed to VSV and then washed.
When embryos were cultured for 24 hours after exposure and washing, the number of
embryos carrying VSV and the amount of virus on each embryo was reduced.
Trypsin (0.25%) was found to be effective in inactivating or removing the VSV from
embryos, suggesting that most, if not all, of the viruses were bound to the ZP.*»

SHEEP AND GOATS

There is a dearth of information regarding the embryo-pathogen interaction in
these 2 species because the least amount of research has been done. Most of the
pathogens reported involve unpublished data. The following are the published re-
search works on bluetongue and caprine arthritis-encephalitis virus :

1. Bluetongue virus (BTV). Embryos recovered from seronegative superovulated
donor ewes were incubated in vitro for 8 hours with BTV type 10. After incubation,
the embryos were thoroughly rinsed by repeated transfer to sterile culture medium,
and 12 of the embryos were then transferred to the uterus or oviduct of seronegative,
synchronized recipients. Viremia and seroconversion were detected in 9 recipient
ewes.?®

2. Caprine arthritis-encephalitis virus (CAEV). Sixteen embryos from clinically
affected, serologically positive donors were transferred to seronegative recipients in
goats. This resulted in 2 pregnancies. One goat was stillborn and the other was
alive. No virus was recovered from the stillborn kid and the live kid was seronega-
tive for the virus beyond 4 months of age.>®

SUMMARY

The pathogens that interact with the preimplantation embryos have been re-
viewed. The disease control potential of embryos will depend on proper handling and
washing, and the integrity of the ZP. It should be pointed out that a pathogen, in
order to be transmitted via an embryo, must be within the embryo, in the ZP or in the
fluid in which the embryo is transferred. Embryonic infection occurs either via the
gametes or via the environment.

Researches on embryo-pathogen interactions have shown that some pathogens are
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carried through the gametes (Table 1), whereas others could not infect the gametes
(Table 2). Some pathogens were found to adhere to the ZP pellucida but could be
removed through proper washings. It was also reported that some penetrated the ZP
(Table 3) and that others could not penetrate the ZP (Table 4). In this context, it is
therefore suggested that the success of embryo transfer for disease control depends
on the pathogenic organism and whether it can infect the gametes or the embryo prior
to or during collection. Pathogens that are candidates for eradication using ET are
those that cannot penetrate the ZP or, if these pathogens adhere to the ZP, that can
be removed through proper washings.

Table 1. Pathogens that infect the gametes

Pathogen Effect Reference
Bluetongue virus Infection of bull spermatozoa  Foster et al., 1980%*
Lymphocytic chorio— Demonstrated in mouse oocytes Mims, 1966°*

meningitis virus

Oncovirus Infection demonstrated in mouse Calarco and Szollosi, 1975'%

oocytes and early embryo

Simian vacuolating Infected spermatozoa transmit  Baranska et al., 1971%

virus the virus to mouse oocytes

Table 2. Pathogens that do not infect the gametes

Pathogen Effect Reference
Bovine leukemia virus Not transmitted via the gametes Digiacomo et al., 1986'%
Murine cytomegalo— Spermatozoa not infected when Neighbour and Fraser,1978°"
virus exposed; not transmitted to embryos

when infected female mice
were bred with uninfected males

Sendai virus Virus adsorbed to acrosome of Carthew et al., 1983'°
spermatozoa but transmission to

egg is doubtful in mice

Simian vacuolating Adsorbed on rabbit spermatozoa Baranska et al., 1971*

virus but not transmitted




Table 3. Pathogens that penetrate the zona pellucida

Classification

Size

Path R k Ref
athogen (family) (diameter) emarks eference
Bovine viral Togaviridae 50~65nm  Injection into the uterine horns  Archbald et al.,
diarrhea virus caused degeneration of bovine 1979"
embryos
Encephalomyocarditis Picornaviridae 20~30nm  Penetrated theZPand replica- Gwatkin, 1967%
virus ted in the 2—cell and morula-
(Mengo virus) stage mouse embryos
Sendai virus Paramyxoviridae 100~300nm Demonstrated in morula of Tuffrey et al.,

infected mouse embryo

1972°

8¢
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Table 4. Pathogens that cannot penetrate the zona pellucida

Pathogen

Classification
(family)

Size

(diameter)

Remarks

Reference

Bovine parvovirus

Moloney sarcoma virus

Murine cytomegalo virus

Newcastle disease
virus

Porcine parvo
virus

Pseudorabies virus

Simian vacuolating
virus

Parvoviridae

Retroviridae

Herpesviridae

Paramyxoviridae

Parvoviridae

Herpesviridae

Papovaviridae

20 nm

100~120 nm

100 nm

70~180 nm

20 nm

100~150 nm

45 nm

No replication in zona-free
bovine embryos

Virus did not penetrate the
ZP of mouse embryo

Particles beneath the ZP but
no replication in mouse
embryos

No infection of the zona-
intact mouse embryos

No infection of porcine
embryos

No infection of porcine zona-
intact embryos

Inner cell mass remained
free of the virus in mouse
embryos

Bowen, 1979'"

Baranska et al.,

1971%

Neighbour, 1978%"

Glass et al., 1974*"

Wrathall and
Mengeling, 1979a°¢
Bolin et al., 1979"

Baranska et al.,

1971°

uorjeosse uagoyied-oLiquigy

(19
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Studies on embryo-pathogen interactions in farm animals have been continuously
conducted. To date, results indicate that embryonic development is not affected by in
vitro exposure to bluetongue virus, infectious bovine rhinotracheitis virus, bovine viral
diarrhea virus, foot and mooth disease virus, Akabane virus and bovine parvovirus.
Embryos collected from bluetongue virus and bovine leukemia virus-infected donors
when washed and transferred to uninfected recipients will not transmit these diseases.
Bluetongue virus, bovine viral diarrhea virus, foot and mouth disease virus and
Akabane virus do not attach to the ZP under in vitro conditions and do not infect
bovine embryos. Both trypsin and antiserum can remove the infectious bovine rhino-
tracheitis virus from the ZP. Bovine leukemia virus, infectious bovine rhinotracheitis
virus, bovine viral diarrhea virus and B. abortus have not been isolated from embryos

(Table 5).

Table 5. Pathogens in farm animals (cattle)

Pathogen

Effect

Reference

Bovine leukemia virus

Bluetongue virus
Infectious bovine
rhinotracheitis

virus

Bovine viral diarrhea

virus

Foot and mouth disease
virus

Brucella abortus

A kabane virus

Hemophilus somnus

Chlamydia psittacci

Zona—intact embryos from infected donors
when properly washed do not transmit the

virus

Assays and virus isolation were negative

Zona—intact embryos exposed to IBRV
when washed and trypsin—treated do not

transmit the disease

Infectious virus was not isolated from
any of the embryos exposed to BVDV

Zona-intact embryos from infected donors

when washed do not transmit the virus

Zona-intact infected embryos that are

washed do not. transmit the disease

Zona—intact embryos unlikely to transmit

the disease

Zona-intact infected embryos, antibiotic—
treated and washed will not transmit the
disease

No effect on embryo development when

agent exposed via semen

Hare et al., 1985%%

Bowen et al., 1983'"

Singh et al., 1982b*”

Singh et al., 1982a**

McVicar et al., 1986°%

Stringfellow et al.,

1984

Singh et al., 1982a**

Kaneene et al., 1986%"

Bowen et al., 1978a'*
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Disease transmission occurred in pigs only when the pathogens were inoculated
directly into the uterus of the donor just prior to embryo collection, and when the
embryos had been exposed to large amounts of pathogens in vitro. African swine

fever virus, hog cholera virus, foot and mouth disease virus, porcine parvovirus,

vesicular stomatitis virus and swine vesicular disease virus were found to adhere to
the ZP, but not necessarily to infect the embryo. No disease transmission was noted
with hog cholera virus, pseudorabies virus and swine vesicular disease virus when
infected embryos were transferred to uninfected recipients (Table 6).

Table 6. Pathogens in farm animals (swine, sheep and goats)

Pathogen Effect

Reference

SWINE
African swine fever Virus adhered to the ZP

Foot and mouth disease = Embryos exposed in vitro, 2~3%

virus carried the virus

Porcine parvovirus Virus adhered to the ZP

Hog cholera virus No disease transmission

Pseudorabies virus Disease transmission occurred in some
recipients

Swine vesicular disease Virus adhered to the ZP
virus
Vesicular stomatitis

virus Virus adhered to the ZP

SHEEP and GOATS

Bluetongue virus Recipients became viremic
Caprine arthritis-

No virus recovery from offspring delive-
encephalitis virus

red from infected does

Singh et al., 1984°%

Singh et al., 1986*%

Wrathall and Mengeling,
1979a°*

Dulac and Singh, 1988'"

Bolin et al., 1982%

Singh and Thomas,
1987a*"

Singh and Thomas,
1987bh*

Gilbert et al., 1987%

Wolfe et al., 1987°%

The data ‘presented appear to suggest no concrete model guidelines for embryo-
pathogen association. The interaction seems to depend on the species and the
pathogen involved. Hence, a good area for future research would be the study of the
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interactions of specific pathogens that have not been investigated with specific species
of animals via in vitro and in vivo methods. It would be worth investigating the role
of the ZP in this interaction. In addition, another area to be studied is the mechan-
isms involved in the control, eradication and transmission of disease by embryo
transfer. It should be determined whether or not particular pathogens are present in
the reproductive tract in relation to the stage of the infection and the stage of
reproductive cycle. The procedure for washing embryos should be elaborated and the
factors that determine whether or not a pathogen passes through, is embedded in, or
firmly adheres to the surface of the ZP, should be investigated in detail.
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EXPLANATION OF PLATE

A morula-stage bovine embryo showing its parts; zona

pellucida (ZP), blastomeres (BM) and perivitteline cavity
(PC), X400.

A blastocyst-stage bovine embryo showing its parts;
zona pellucida (ZP), inner cell mass (ICM), blastocoele
(BC) and trophoblast (TB), X400.

A diagram showing the important structures of an early
embryo ; zona pellucida (ZP), perivitteline cavity (PC)
and blastomeres (BM). Surrounding the embryo is an
illustration of the comparative sizes of bacteria; 4 #m
(b) ; fungi, 30 z#m (f); a small virus, 20 nm (sv) and a
large virus, 300 nm (Iv).
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