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Infectious Disease Control of Bovine Embryos

Ho Bong Seok

National Animal Breeding Instituie,

Sunghwan

Summary

Based on the current importing and exporing regulations for disease control of embryo transfer, some

important microorganisms and their control possibilities are reviewed.

The results reviewed were summarized as follows:

1. Regulations regarding to the import of embryos vary between importing and experting countries, but
exporting countries examine the donor and. embryos for the health certification by the requirements
of importing countries.

2. Organisms that infect the gametes are 5 kinds of viruses and the diseases caused by them could not be
controlled or eradicated using embryo transfer.

3. Organisms that do not infect the gametes are 4 kinds of viruses and the causal organisms are potential
candidates for control or eradication by embryo transfer.

4. Organisms that penetrate the zona pellucida and infect the embryo are 6 kinds of viruses including bo-
vine viral diarrhea virus.

5. Organisms that cannot penetrate the zona pellucida or do not infect the embryo are 15 kinds of viruses
and the removal from their contaminations are recommended by proper washing procedure and antisera
treatment. Bovine and porcine parvovirus, porcine pseudorabies virus and vesicular stomatitis virus are
included in these organisms.

6. Bovine embryos that artificially exposed to various pathogenic organisms such as bovine herpes virus,
IBR virus, bluetongue virus, bovine viral diarthea virus and Brucella abortus in vitro are discussed about
their infection by several treatments.
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Table 1. Veterinary Health Certification for Export of Bovine Embryos from Canada

a

AL o 32

Herd of

Disease Dam Sire dam Tests and requirements Country
Bacterial
Brucellosis x{6m) x(6m) Argentina
x x Costa Rica
X X Al and AET* Hungary
x (45d) x Dam : standard Mexico
% (30d) x, NC(6m) agglutination test W. Germany
Leptospirosis x (6m) x (6m) Argentina
X X Hungary
x (45d) X Al and AET* Mexico
x (30d) NC(12m) Dam : agglutination W. Germany
lysis test. 9
serotypes
Paratuberculosis x Al* Mexico
Tuberculosis x (6m) x(6m) Argentina
X X Costa Rica
x x Hungary
x (45d) X Al and AET* Mexico
x W. Germany
Vibriosis x(6m) x (6m) Argentina
x x Costa Rica
X AT* Mexico
NS W. Germany
Protozoal
Trichomoniasis x (6m) x (6m) Argentina
x x Costa Rica
X Al* Mexico
NS W. Germany
Contagious or NS Argentina
infectious NS Costa Rica
diseases NS Hungary
NS W. Germany
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Viral

Bluetongue x(30d)
Foot and Mouth NC (3m)
IBR/IPV x (45d) X
x (30d) NC (12m)
Leucosis x X
NC (24m)

Dam : complement fixation ~ W. Germany
test. Province of origin-
herd, negative 24m prior

embryo recovery and

shipment
Area within 10Km of origin  W. Germany
herd negative 30d prior to
embryo recovery and
shipment
Al and AET* Mexico
Dam : negative test or
inoculated intranasally
with IBR vaccine
Dam : serum neutralization W. Germany
test
Hungary
Animals in herd > 24m. W. Germany

negative to agar gel
immunodif fusion and to
hematological tests within
3m prior to embryo recovery

x ) Tested with negative result within ( ) prior to embryo recovery and/or semen collection (Eaglesome et al., 1980)

NC : No cases or suspicion of disease within { ) prior to embryo recovery

NS : No signs of disease at the time of embryo recovery

* .

: Sire maintained on an approved artificial insemination (AI) centre which is under official veterinary control; embryos

recovered from the donor cow by an approved animal embryo transfer (AET) centre registered by the Government of

Canada
d ! Day
m  Month
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Reference

Pathogen Effect
Bluetongue virus infection of bull spermatozoa
(BTV)
Lymphocytic
choriomeningitis
virus via the egg

Mouse mammary tumor
virus (MTV)

transmission

has been demonstrated in mouse oocytes
and embryo; evidence for transmission

evidence for oocyte, spermatozoa

Foster et al, 1977

Mims., 1966

Bentvelzen et al., 1970
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Oncornaviruses infection demonstrated in oocytes. and , Andersen et al., 1972
early embryos (mouse, guinea pig, primates); Biczysko et al.,, 1973
breeding expts. implicate infection of Black, 1974
the spermatozoa; in embryos, the virus Calarco et al.,, 1973, 1975
particles are confined to the inner Chase et al.,, 1972
cell mass, none in tropho blast cells Kalter et al, 1971
Sawicki et al., 1971
Simian virus infected spermatozoa transmit the virus Baranska et al,, 1971
(SV 40 DNA) to the egg; infection of zona-free 2-cell Brackett et al., 1971
and morula stage mouse embryos; after Sawicki et al, 1971
infection, morula stage developed normally
but there was some degeneration of the
2-cell stage embryos; virus cannot penetrate
the zona
(Eaglesome et al., 1980)
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Table 3. Organisms that do not Infect the Gametes
Pathogen Effect Reference
Bovine leukemia virus not transmitted via the gametes Burny et al, 1978
Murine spermatozoa not infected when exposed; Neighbour et al., 1978
cytomegalovirus not transmitted to embryos when Young et al., 1977
(MCMV) infected females bred with uninfected
mates
Sendai virus virus adsorbed to acrosome of Ericssion et al.,, 1971
spermatozoa but transmission to egg
is doubtful
Simian virus adsorbed on rabbit spermatozoa but not Baranska et al., 1971
(SV 40) transmitted Brackett et al., 1971
Sawicki et al., 1971
(Eaglesome et al,, 1980)
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Table 4. Organisms that penetrate the Zona-Pellucida and infect the Embryos

Pathogen

Effect

Reference

Bovine viral
diarrhea virus

(BVD)

Feline leukemia
virus (Fel LV)

Human adenovirus

Mengo encephalitis
virus

Sendai virus

Western equine
encephalomyelitis
virus

injection into uterine horn caused

degeneration of bovine embryos; BVD-like

particles were found beneath the zona

replication of the virus in 3-day-old
hamster embryos; virus can penetrate
the zona

development of 8-cell mouse embryos
arrested; viral replication

penetrated the zona and replicated
in the 2-cell and morula stages of
mouse embryos

demonstrated in morulae of infected
mouse colonies; conflicting evidence
whether virus can penetrate the zona;
replication does occur in zona-free
mouse embryos

degeneration of early mouse embryos

Archbald et al., 1979

Chapman et al., 1974

Chase et al, 1972

Gwatkin, 1967
Gwatkin et al, 1971
Gwatkin et al., .1966

Bowen et al, 1978
Tuffrey et al, 1972

Gwatkin, 1971

Table 5. Organisms that cannot penetrate the Zona Pellucida

(Eaglesome et al., 1980)

Pathogen

Effect

Reference

Bovice parvovirus
(BPV)

Cytomegalic
inclusion disease

vitrus

Herpes simplex
virus

Minute vitrus(MVM)

Moloney sarcoma
virus(MSV)

Moloney leukemia
virus(M-MuLV)

Murine
cytomegalovirus

no replication on zona-free bovine
embryos

no viral replication in 2-cell
mouse embryos; developed normally
after exposure

2-cell mouse embryos developed
normally after exposure; no viral
replication

infection of 2-cell mouse embryos
which continued to develop normally;
virus cannot penetrate the zona

infection of unfertilized ova 2-cell
and morula stage mouse embryos;
development proceeded normally; virus
cannot penetrate zona

after exposure, 4 and 8-cell mouse
embryos did not produce virus and
developed normally; evidence that
virus is integrated into germ line;
virus cannot penetrate zona

when embryos exposed, MCMV-like
particles beneach zona, but no
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Bowen et al, 1979

Gwatkin, 1971

Gwatkin, 1971

Mohanty et al, 1974

Baranski et al, 1971
Sawicki et al, 1971

Jaenisch, 1976
Jaezisch, 1975

Neighbour, 1979



(MCMYV)

viral peplication, embryos developed

normally; same results with zona

free mouse embryos

Newcastle disease

infection of mouse embryos when

Glass et al, 1974

virus(NDV) virus injected into blastocoele; only
trophoblast cells infected, inner cell
mass cells were virus free; virus
cannot penetrate the zona
Porcine no infection of procine embryos; Wrathall et al., 1979
parvovirus virus cannot penetrate the zona
Pseduorabies no infection of porcine zona-intact Bolin et al.,, 1979
virus(PrV) embryos; preiminary evidence shows
zona-free embryos are also resistant
Rubella virus no viral replication in 2-cell mouse Gwatkin, 1966
embryos; developed normally after
exposure
Simian virus infection of zona-free 2-cell and Baranska et al, 1971
(SV 40) morula stage mouse embryos ; infection Biczysko et al, 1973
had no deleterious results on Sawicki et al., 1971
development;inner cell mass cells
remained free of virus; virus cannot
penetrate the zona
Vaccinia virus normal development after exposure;no Gwatkin, 1967
viral replication
Vesicular viral replication in early mouse Jaenisch et al., 1977

stomatitis virus
the zona

West Nile virus

after exposure, normal development of

embryos; virus cannot penetrate

Gwatkin, 1967

mouse embryos; no viral replication
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Table 6. Development of Bovine Embryos after Table 8ol 42k 70| IBRulola] Aol 14]7+3} 244
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Table 7. BH-1 Virus Titers per Embryos, 1 and 24 Hours after Exposure to BHV

BHV strain

Los Angeles LX1161 BFN2 A LX537

1 Hr 24 Hr 1 Hr 24 Hr 1 Hr 24 Hr 1 Hr 24 Hr

1.8 3.6 <0.7 1.7 1.8 3.4 1.8 2.7

1.9 3.6 <0.7 2.7 1.6 3.8 1.5 2.8

1.8 3.8 1.6 2.2 1.5 2.6 1.7 3.2

0.7 3.1 <0.7 1.9 0.7 2.0 1.0 2.2

2.2 2.8 <0.7 0.7 1.2 1.2 2.1 2.7
Mean 1.7 3.4 0.8 1.8 1.6 2.7 1.6 2.7
SEM 0-3 0.2 0.2 0.3 0.2 0.5 6.1 0.2

(Bowen et al., 1985)
Virus titers expressed as logy plaque-forming units/embryo; titers of <0.7 plaque-forming units changed to 0.6 for
calculation of mean and SEM

Table 8. Exposure of Preimplantation Bovine Embryos to 106-8 TCIDs/ml of IBRV

N Infectivity Assay Level of
o. Infection
No. Pos. No. Neg.
Embryos 0s g (TCIDso/ml)
Zero hr control 15 10 5 0 —1024
1 hr virus exprsure o 14 8 6 0 —-1021
24 hr virus exposure 54 35 19 0 —1022

{Singh et al., 1982)

(a) Zero hr control embryos were exposed to the virus for either 1 or 24 hrs, washed and then assayed directly.
(b) Embryos exposed to the virus for 1 hour were washed and cultured for 48 hours before being assayed. Those exposed
for 24 hours were washed and cultured for 24 hours prior to beling assayed
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Table 9. Antiserum and Trypsin Treatment of Embryos exposed to 1068 TCIDs/ml IBRV

o No. Total No. Infectivity assay No. developed

Conditions

Expts embryos No. Pos. No. Neg. in vitro(%)
No antiserum 3 12 8 4 9(75%)
Antiserum for 1/2 hr 3 12 6 6 10(83%)
No- antiserum 4 24 14 10 19(76%)
Antiserum for 1 hr 4 23 0 23 19(82%)
No trypsin 4 27 18 9 21(78%)
Trypsin for 1-2 min 4 32 0 32 24{75%)

(Singh et al., 1982)

Table 10. Bluetongue Virus Isolation and Serologic Test for Embryo Donors at the Time of

Embryo Recovery

Virus Day of Virus titer*
(serotype) recovery* Donor AGID* Blood Fluid Cells
80— 26797 7-8 5868 + 4.2 N 0.2

(10) 6254 + 6.3 N 1.2
10-11 6196 + 3.9 N 0.3

6233 + 5.2 N N

STATION 7-8 6261 + 5.1 N N
(1) 6255 + 4.0 N 0.3
10-11 6118 + 4.9 C C

6120 + 3.8 N C

ENNEN 7-8 6178 N 5.5 N 0.9
(13) 6241 N 3.2 N N
10-11 6157 + 5.2 N 0.1

6215 N 3.3 N C

MS-79 7-8 5946 N 4.5 N 0.2
(17) 5884 + 5.7 0.1 1.3
10—-11 5878 + 5.0 N 0.5

6165 + 4. 7 N N

62—45S 7-8 6252 + 5.0 N 0.3
17) 6131 + 5.7 N 1.1
10-11 6191 N 4.3 N N

6201 + 4.2 N N

(Bowen et al,, 1983)
* Days after the onset of estrus in the donor. + Presence of group specific serum antibolies to BTV at the time of
embryo recovery; assayed by agbr gel immunodiffusion. * Titers represent logie CEVLD 50/ml (original volume) of

blood or uterine flushing cells or fluid(see text).

N=virus not isolated; C=bacterial contamination.
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Table 11.

Date Item Titer

10/20/82 BVDYV, without embryos

3 live embryos with zp

<1
1.33

10/27/82 BVDYV, without embryos

4 dead embryos with zp

1.33
<1

3 live embryos with zp 1.59

11/04/82 BVDYV, without embryos

6 live embryos without zp

<1
1

(Potter et al., 1984)
*Titer of inocula after 24-hours’ incul ation expressed as
-log TCIDso/0. 025m! as determined in a microtiter sys-

tem.

Table 13.
|

Donor Cows in Experiment

as on Indicator

of H4% MBo} ohE wfofornel o oS

detx shget,

o] M4 2w o2 Voelkel % (1983)2- a4
ghod Al Falkeo 2pgakFNol| 4] Br. gbortus ] -
2l & Ak 27kx 4§ A4skedcl

A Aol A 1652 F2ajorA %"E 2] 8%
o 2F 5 (3.3—4.6x10%) 9] —ri"é' F-E 27
AFHELY F AFska 42 Az 8%9 °] oy
ofl 4 B354 & 2F 9 %E—‘QEP w2l z)of] o oFs}

Table 12. Titers of BVD Virus Exposed to Va-

rious Treatments*

Inocula Medium  Titer
NOTINCUBATED
Undiluted virus MEM 3.5
Undiluted virus PBSS 3.5
Diluted 1:2 MEM MEM 3.33
Diluted 1:2 PBSS PBSS 3.5
INC.UBATE.D+ - MEM
Diluted 1 : 2 MEM (inc) PBSS 2.0
Diluted 1 : 2 PBSS (inc) <10
Diluted 1 : 2 MEM (inc) MEM
frozen, 0.2 gmfilter 1.8
Diluted 1 : 2 PBSS (inc)
frozen, 0.2 gmfilter PBSS <10

(Potter et al, 1984)
* Titer expressed as-log TCIDs0/0.025ml as determined

in a Microtiter system. +Incubated at 37C for 24

hours.

Results of the In Vitro Culture of Medium and Embryos Recovered from Sero-Positive

No. of cows Culture medium
Sample .
sampled TSA BRI
Inoculated females 8
Pre-flush recovery medium neg. neg.
Post-flush recovery medium neg. neg.
Post-flush recovery medium spiked with B. abortus + +
Post-flush recovery medium incubated <2 h neg. neg.
Post-flush recovery medium incubated <2 h and
spiked with Br. abortus + +
Embryo holding medium prior to use neg. neg.
Embryo holding medium with homogentzed
embryo residues neg. neg.

- 24 ~



Control females

“‘5‘5-15 2.5X10

Pre-flush recovery medium neg. neg.
Post-flush recovery medium neg. neg.
Post-flush recovery medium spiked with Br. abortus + +
Post-flush recovery medium inculated <2 h and

spiked with Br. abortus + +
Embryo holding medium prior to use neg. neg.
Embryo holding medium with homogenized

embryo resides neg. neg.

(Voelkel et al., 1983
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Table 14. Results of the In Vitro Culture of Medium and Embryo recovered from Sero-Positive

Sample

No. of cows Result of

sampled in vitro culture
Inoculated females 8
Pre-flush recovery medium neg.?
Post-flush recovery medium neg.
Post-flush recovery medium spiked with Br. abortus +
Embryo holding medium prior to use neg.
Embryo holding medium with homogenized embryo residues neg.
Control females 8
Pre-flush recovery medium neg.
Post-flush recovery medium neg.
Post-flush recovery medium spiked with Br. abortus +
Embryo holding medium prior to use neg.
Embryo holding medium with homogenized embryo residues neg.

appointment.

organisms.

. Br. abortus growth was isolated from one female (No. 507).
The isolated organisms were identified as the inocujated strain 2308 Br. abortus and not field strain

(Voelkel et al, 1983)
This female did not exhibit estrus but was inoculated at
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