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Abstract

Several thousands of in-vivo-derived sheep and goat embryos, as well as significant numbers from deer, are transferred
annually within countries and internationally. The technologies used for superovulation, collection and transfer of such
embryos are now well developed, and pregnancy rates of over 60% can be achieved. Such transfers offer a unique
opportunity to safeguard the health status of the flocks and herds even when the embryos originate from countries with a
radically different health status. Viral diseases which have been investigated with regard to their risks of transfer by
in-vivo-derived small ruminant embryos include bluetongue, border disease, pulmonary adenomatosis, maedi /visna and
caprine arthritis–encephalitis. Bacterial diseases investigated include brucellosis, campylobacteriosis, mycoplasmosis and
chlamydial abortion. Scrapie, a prion disease, has also been studied and will be discussed in another paper. Provided that the
sanitary procedures recommended in the IETS Manual (1998) as outlined here, are strictly followed, the risks of transmitting
diseases are minimal.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction were to obtain physiological information on interac-
tions between the uterus and conceptus or between

Sheep and goats have been used as models in ovaries and uterus at the onset of pregnancy. Thus, it
studies of reproductive physiology for several de- was not until embryo transfer emerged as an industry
cades, particularly in some countries such as France, in cattle in the mid-1970s that similar technologies
UK, Australia and New Zealand. It was in the early began to be developed for the small ruminants. In the
sixties that prominent scientists such as Rowson in early 1980s, there was such a big demand on the
Cambridge, UK and Thibault in Jouy en Josas, world market for angora goats and mohair wool that
France carried out foundational studies on embryo the use of embryo transfer for commercial purposes
transfer in these small ruminant species. Although in sheep and goats became widely accepted. Since
their results were encouraging, their primary goals then, embryos from several thousands of sheep, goats

and more recently of deer have been collected and
transferred. Annual statistics on livestock embryo*Corresponding author. Tel.: 133-14-977-1350; fax: 133-14-
transfers are collected by the Data Retrieval Commit-977-9005.

E-mail address: m.thibier@dg.afssa.fr (M. Thibier) tee of the International Embryo Transfer Society

0301-6226/00/$ – see front matter  2000 Elsevier Science B.V. All rights reserved.
PI I : S0301-6226( 99 )00161-X



´254 M. Thibier, B. Guerin / Livestock Production Science 62 (2000) 253 –270

Table 1
Embryo transfer activity in small ruminants in 1997 (Thibier, 1998a)

Continents Flushes Transferable Number of embryos transferred

embryos Fresh Frozen Storage Export

Sheep
South Africa 128 345 121 168 25 143
Mexico 25 150 120 20 10
Canada 51 403 83 161 310 30
Australia 79 328 380 199 143
Total 283 1226 704 548 345 316

Goat
South Africa 64 301 105 269 300 269
Mexico 35 175 130 120 15
Australia 613 6475 7776 1077 894
Argentina 142
New Zealand 200 850
Total 912 7801 8011 1608 315 1163

Cervids
New Zealand 88 495 395
Australia 2 24 51
Total 90 495 419 51

(IETS) and, while data for small ruminants are not ruminants will be presented below. While there are to
yet as complete as those for cattle, and hence are the best of our knowledge no publications on the
underestimated, those shown in Table 1 give some quantification of embryo transfer risks in those
indication of the level of activity in the small species, a good example of the practicality of such
ruminants. Three countries were particularly active: international embryo movements and of the sys-
Australia, New Zealand and the Republic of South tematic management of the risks that are potentially
Africa, and the large number of goat embryo trans- associated with them, has been reported by Evans et
fers (close to 10,000) compared to those from sheep al. (1997). In that particular instance, several
and deer reflects the demand for germplasm from thousands of Boer goat embryos of high genetic
high quality fiber-producing animals in the southern merit were imported from South Africa to Canada.
hemisphere by countries in Europe and North The fact that there was no evidence of imported
America. Substantial numbers (several thousands) of disease in either the recipients or in the offspring is
embryo transfers also take place in sheep in the UK an excellent illustration of the value and safety of
(Mylne, unpublished data) but unfortunately these embryo transfer for international movements when
data have not yet found their way into the statistics technology and sanitary handling of the embryos are
compiled by the IETS Data Retrieval Committee. performed satisfactorily.

For almost 15 years, the IETS Import /Export The aim of the present review is to give an insight
Committee analyzed and provided advice on the into the potential of embryo transfer in small rumin-
risks associated with moving embryos from flocks or ants for facilitating safe worldwide movements of
herds, regions or countries where the health status is their germplasm. Firstly, the technology is reviewed
different from that of prospective importing coun- then the risks of transmitting pathogens with the
tries. An early review of such risks was published by embryos is discussed. Primary responsibility for
Hare (1985) and then recently, some quantitative risk applying these concepts and managing the disease
assessments have been made (in cattle) by Sutmoller risks falls on the embryo transfer teams and guide-
and Wrathall (1997). New information on the inter- lines for them will be given in the fourth part of this
actions between pathogens and the embryos of small paper.
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2. Embryo production and transfer sensus that decreasing doses give higher responses in
terms of numbers of ovulations than a constant dose

2.1. In-vivo-derived embryos level. As for the FSH/LH ratio, it was found by
´Cognie et al. (1986) in sheep, and by Baril et al.

In ewes and female goats, due to the seasonality of (1989) in goats, that a ratio below 2 at the beginning
their natural breeding cycles and the need to have of superovulation treatment could reduce the quality
several donors ready at the same time for embryo of the embryos, and a ratio above 2 at the end of the
collection, a superovulatory treatment is almost treatment could reduce the number of embryos
always preceded by oestrus synchronization treat- collected. Now, with the possible availability of pure

´ment. Because embryos may be required at any time FSH, Cognie (1999) recommends addition of a small
of the year and in sufficient numbers, superovulation amount of LH after removal of the progestogen
treatments may have to be repeated over a number of device to provide an FSH/LH ratio of about 0.3–0.4,
months. Increasing the number of available donors particularly when treating out-of-season animals.
also helps to lower the cost of embryo collections. One recommended treatment regime for an adult ewe
The same treatments with a few modifications are (Baril et al., 1993) is as follows: use of an intra-
used for cervids. Synchronization of oestrus is vaginal sponge (40 mg FGA) for 14 days with twice
usually performed by the administration of proges- daily injections of FSH on days 12, 13 and 14. The
togens given either orally or by the insertion of a sponge is removed in the morning before the FSH
vaginal sponge or controlled internal drug releaser injection on the last day of treatment. Decreasing
device (CIDR). The progestogens used may be either doses of FSH are given, i.e. 5,5;3,3;2 and 2 mg per
progesterone itself or an analogue such as fluoro- injection. The FSH/LH ratios (R) suggested by these
gestone acetate (FGA), or medroxy-progesterone authors are R 5 5 for the first 2 days and R 5 0.3 for

´acetate (MAP). As recently emphasized by Cognie the last 2 days.
(1999), although the type of progestogen is not Currently, about half a dozen different prepara-
particularly critical, the doses administered can sig- tions of FSH are marketed by different companies,
nificantly affect the number of ovulations. Hence it is some being of porcine origin and others of ovine
important to strictly follow the recommendations origin. In the latter case, special care is needed to
given for each type of animal (e.g. size, breed, age avoid any possibility of prion infectivity associated
and time in the season). with transmissible spongiform encephalopathies such

Selection of the donors is the responsibility of the as scrapie. In addition, it has been pointed out
embryo collection team and depends on their health particularly in goats treated with FSH of porcine
and body condition; they should not be in poor origin, that there is a possibility of inducing anti-
condition but neither should they be too fat (Baril et bodies to FSH, thereby diminishing the superovulat-
al., 1993). The superovulatory treatment is usually ory response after the third program (Remy et al.,
given at the end of the synchronization treatment and 1991; Ryan et al., 1991).
the gonadotrophin which is basically follicular One of the problems associated with synchroniza-
stimulating hormone (FSH) is the most commonly tion /superovulation treatments is the variability of
used for stimulating the ovaries and increasing the oestrus onset after treatment (Fig. 1) and conse-
number of ovulations. Many superovulation regi- quently the time of ovulation, as these two events are
mens have been tested in a variety of types of strongly related. Variation between individuals leads
females but, due to the short half life of the FSH to a diminished fertilization rate especially after
molecule, it always has to be administered every 12 fixed-time insemination, and hence fewer useable
h and usually for a period of 4 days. Attempts to embryos are collected. One way to overcome this in

´ ´reduce the frequency of such injections have failed. goats, as suggested by Cognie’s group (Cognie,
Other factors affecting success include the distribu- 1999) is to administer a GnRH antagonist 12 h after
tion pattern of the hormone doses (i.e. constant vs. sponge removal accompanied 24 h later with an
decreasing doses), and the ratio of FSH/LH in the injection of LH, to mimic the natural preovulatory
gonadotrophin preparation. There is a general con- LH surge (Baril et al., 1996).
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Fig. 1. Intervals to oestrus onset in ewes and goats after pFSH injection.

Fertilization is achieved either by natural mating Classically embryos are collected surgically under
or, more often, by artificial insemination (AI). In the general anesthesia, with full laparotomy and ex-
latter case, fresh semen may be instilled into the teriorization of the uterus and ovaries. However, this
anterior vagina or cervix or when frozen semen is procedure is not satisfactory when several collections
used, the semen is injected into the uterus or oviduct are required from a given donor because intra-ab-
by laparoscopy. dominal adhesions tend to result and consequently,

Embryos are collected between days 6 and 7 laparoscopy is becoming more popular. Although
(sheep) or 7 and 8 (goat) after the day of oestrus, a this requires some skill and experience, when done
‘window’ which arises from various factors such as correctly the adverse sequellae on the genital tract
the timing of the embryos’ entry into the uterine seem to be less than after laparotomy (McKelvey et
cavity, the fact that they must not have hatched from al., 1985; Vallet et al., 1987). However, it has been
their zona pellucida (for sanitary reasons — see claimed that the number of embryos collected can
below), and also the necessity for such embryos to be sometimes be 10 to 15% less than that obtained by
able to withstand deep freezing. They are at this time full surgery (Baril et al., 1993).
at the morula or early blastocyst stages. Sheep The collection medium is usually a simple one
embryos tend to develop slightly faster than goat such as phosphate buffer saline (PBS) containing
embryos and it is recommended for the latter that |4‰ bovine serum albumin (BSA), fraction V. A
they be collected on day 7 so as to avoid compact Foley catheter is introduced into the uterus and a
morulae which do not appear to tolerate deep volume of |50 ml PBS is instilled for a thorough
freezing quite as well as blastocysts. washing of the cavities before aspirating and collect-
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ing the fluid which contains the embryos. Those done as quickly as possible but the exact procedure
fluids are then searched under a binocular micro- depends on how they were frozen, i.e. whether in
scope (magnification 10–203) and the embryos, three steps or in one step, or else in the manner for
when found, are assessed for their quality under a direct transfer. Conception rates after transfer of
higher magnification 803). The criteria of quality frozen–thawed embryos are usually good and often
assessment are now well known to practitioners (see close to those observed with AI using fresh semen
Winterberger Torres and Sevellec (1987) for review) (in the region of 65%) but this may be affected by
but great care should be taken to verify the absence several factors such as the quality and stage of the
of cellular debris attached to the zona pellucida and embryos and the degree of synchrony with the
that the zona pellucida is intact (see below). recipients’ cycle. With regard to embryo stage, young

Embryos cannot be satisfactorily transferred by the blastocysts seem to be preferable. Recent data ob-
´cervical route as in large ruminants and although tained by the french team of Cognie (1999) have

surgery was used initially, this has now been almost claimed encouraging conception rates of up to 70%
totally replaced by laparoscopy (McKelvey et al., in sheep and 52% for goats with vitrified-thawed
1985). Despite the need for expensive equipment, in-vivo-derived embryos. Some results from Baril
laparoscopy has several advantages including sim- and Brebion (1993) on the efficiency of embryo
plicity, efficiency and reduced trauma with its con- transfers in sheep and goats are shown in Table 2.
sequent adhesions. The technique can be used for The cervidae include a number of species of
both in-vivo-derived and in-vitro-produced embryos various sizes for which the approach to embryo

´and, according to Cognie (1999), the conception rate collection and transfer may vary accordingly. Most
(70–75%) is similar to that obtained when embryos work, however, has been performed in the red deer
are transferred by mid-ventral laparotomy. (Cervus elaphus) but some has been in fallow deer,

Freezing of embryos has become more popular, white-tailed deer and wapiti. Essentially the same
particularly for moving embryos from one region to techniques used for sheep and goats have been used.
another, and even more if they are moved from one A typical synchronization /superovulation protocol
country to another. Ethylene glycol (EG) has such as that described by Fennessy et al. (1994)
emerged as the most effective cryoprotectant and the includes use of an intra-vaginal CIDR for 12 days
embryos are classically passed through three baths (5 with twice daily injections of FSH for 4 days, the
to 10 min in each) containing increasing concen- last day of FSH injection being the day after removal
trations, i.e. 0.5 M, 1.0 M and 1.5 M of EG. Some of the CIDR. Natural mating is preferably used but
practitioners place the embryos directly into full AI has also been used, usually by laparoscopic
strength cryoprotectant in freezing medium in one intrauterine deposition of semen. Embryos are re-
step with apparently no adverse effect. This is done covered surgically by exteriorization of the uterus,
at room temperature i.e. between 20 and 308C, a insertion of a size 10 F Foley catheter and flushing
procedure which also allows direct transfer after with PBS. Recipients are also oestrus synchronized
thawing, provided that the embryos have been cryop- and embryos are then transferred into them, either by
reserved in the straw in an appropriate manner. laparotomy or else by laparoscopy. Fennessy et al.
Normally for direct transfer, the embryos are drawn (1994) reported results from 186 red deer donors
up into the straw in the freezing medium and are which had an average embryo recovery rate of 65%
held near the middle of the straw so as to be of which 68% were of transferable quality. The same
separated from thawing medium at each end of the authors claim to have achieved a mean conception
straw by two bubbles, one on each side. Once the rate of 67% from 171 embryos transferred, with an
straws are filled, they are introduced into a controlled average of 3.4 pregnancies from 34 of their donors.
freezing system in which the temperature is reduced Some results from white-tailed deer seem to be
under control to the ‘seeding point’ (|278C) then equivalent to those with red deer (Waldhalm et al.,
taken down to 2358C at a rate of 20.38C/min. The 1989). However Morrow et al. (1994) expressed
straws are then plunged into and stored in liquid concerns about the efficiency of embryo transfer
nitrogen containers. Thawing the straws should be programs in fallow deer. In their experiments, all
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Table 2
Embryo transfer results in sheep and goats (adapted from Baril and Brebion, 1993)

Alpine and Lacaune Lacaune
Saanen goats ewes ewes

Priming treatment No No GnRH agonist
Mean no. of 14–15 11 20
ovulations / treated donor
Mean no. of 9.8–12.0 7.7–8.8 14.0–16.0

aembryos collected
Mean no. of 7.4–9.0 6.9–7.9 12.6–14.4

bcleaved embryos
Mean no. of 5.9–8.1 5.5–7.1 10.1–13.0

cembryos of good quality
Mean no. of transferable 4.1–7.3 3.9–6.4 7.0–11.7

dembryos after thawing
Mean no. of offspring 2.0–3.6 2.0–3.2 3.5–6.0

eborn / treated donor
a Surgical collection: 70–80% embryos retrieved.
b AI by endoscopy: goat, 75% and ewes, 90%.
c 80–90% of cleaved eggs.
d 70–90% of thawed embryos.
e 50% of transferred embryos.

donors were inseminated with an intrauterine dose of (slicing), or more (up to nine) if the donor had been
650310 fresh spermatozoa and surgical embryo previously treated with FSH (in goats, Crozet et al.,

collection was performed on day 6 (day 05estrus). 1995). Baldassare et al. (1996) reported recovering
The embryo recovery rate was here variable but low, five to six sheep cumulus–oocyte-complexes (COC)
ranging from 22 to 49%. Only limited numbers of per ovary by laparoscopy after superovulatory treat-
embryos were transferred but the pregnancy rates ment. Moreover, repeated collections by this laparos-
were considered by the authors as mediocre being copic technique after FSH priming, can yield an
around 50–60% for fresh embryos and lower for average of three to four COCs per ovary, both in

´frozen–thawed embryos. They obtained the equiva- sheep and goats (Cognie, 1999). Tervit (1996), from
lent of only 0.9 to 1.0 surrogate pregnancies per his New Zealand experience, has reported 1.5 lambs
donor as opposed to 3.0 for red deer. born per ovary and per session of laparoscopic

oocyte aspiration. Recently, Graff et al. (1999)
2.2. In-vitro-produced and cloned embryos suggested the use of a trans-vaginal ultrasound

guided oocyte retrieval technique in goats similar to
In vitro embryo production technology includes in that which has been developed in cattle. Although

vitro maturation of oocytes collected or aspirated these authors state that this technique demands great
from the ovaries, in vitro fertilization of the matured skill and is more suited to young females of less than
oocytes with in vitro capacitated spermatozoa and in 30 kg than for heavier donors, it does have the
vitro culture of the fertilized embryos to the stage advantage that there is a total lack of any intra-
required for transfer, i.e. young blastocysts. These abdominal trauma or subsequent adhesions. In prac-
procedures have been operated routinely for at least a tice, the oocytes recovered per female appeared not
decade, but with many different protocols (see to differ significantly between the laparoscopic and
Crozet et al. (1987) for sheep and DeSmedt et al. trans-vaginal approaches (68.3% and 68.2% in one
(1992) for goat). of their experiments), so the trans-vaginal technique

The number of oocytes retrieved per ovary when could be recommended in cases where the donor
ovaries are collected at the slaughterhouse can vary animal is especially economically valuable.
from an average of two (by aspiration) to six Although the early methods for oocyte maturation
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involved their co-culture with granulosa cells, cur- lambs born can equal the number of embryos split
rent methods have been simplified and involve the when they are transferred as fresh. So the efficiency
culture of those oocytes in medium M 199 with in terms of lambs produced is 100%. Split embryos
added ovine or caprine follicular fluid (10%) and do not survive deep freezing very well so high
FSH (100 ng/ml). This enables maturation to occur lambing rates cannot be achieved after freezing–
in 24 h in sheep (27 h in goats) at a temperature of thawing.
398C. Many attempts have been made over the past

Successful in vitro fertilization has been recently decade to generate clones by the transfer of nuclei
reported in Cervus elaphus after their oocytes were from embryonic cells to enucleated oocytes (Smith
aspirated from living animals via ventral midline and Wilmut, 1989) and considerable progress has
laparoscopy (Bainbridge et al., 1999). The contents been made culminating in the birth of ‘Dolly’.
of large Graafian follicles were aspirated into Hepes- However, this and other recent successes reported
buffered medium 199 containing 10 mg/ml heparin. have been built on the Willadsen (1986) early
None of the 20 mature red deer hinds exhibited any studies. Nuclear transfers from 8 to 16 cell stage
apparent adverse effects, such as abdominal adhe- sheep embryos were reported by Loi et al. (1997),
sions, ovarian scarring etc. after one to seven aspira- and Zhang and Li (1998) described the development
tion procedures were carried out throughout the year. of cloned goat embryos following transfer of nuclei
The authors describe one experiment involving 14 from 32-cell embryos. The procedures used are very
hinds in which an average of |2.8 procedures were similar to those widely reported in cattle, i.e. meta-
carried out per animal, with a total of 95 follicles phase II oocytes are enucleated and a blastomere is
aspirated and 44 oocytes recovered. Of these, 63% of inserted micro-surgically into the peri-vitelline space
the non-degenerate oocytes underwent cleavage. The of the enucleated oocyte. The two partners are then
conception rates after transfers of such IVF embryos placed in a small ‘fusion chamber’ and exposed to
still remain to be determined. electric pulses to stimulate integration of the nucleus

Cloning can be achieved in different ways includ- into the ooplasm and reconstruction of the embryo
ing the splitting of embryos and nuclear transfer. which is accomplished 4 h after electrical activation.
Successful cloning by splitting was first reported by Loi et al. reported a 51% efficiency of reconstruction
Willadsen (1980, 1981) and then later by others e.g. in terms of blastocysts which were observed after

´Chesne et al. (1987) in sheep and Tsunoda et al. culture of nuclear transferred oocytes. Following
(1985) in goats. It only affects the integrity of the transfer of cloned blastocysts into 13 recipients, nine
zona pellucida but does not induce any recombina- were pregnant and had normal offspring (a develop-
tion between cytoplasm and nuclei as opposed to the ment rate of 48%) with one clone of five individuals.
nuclear transfer technology. Obviously, splitting only Decisive breakthroughs made since then, have in-
produces a very limited number of true monozygotic volved transfer of nuclei from differentiated fetal or
sibs, and almost exclusively they will be twins. adult cells into enucleated oocytes, with the birth of
However, as shown in Table 3, the overall number of ‘Dolly’ and others being especially noteworthy (Wil-

Table 3
´ ´Results of embryo splitting and transfer in sheep (from Chesne et al., unpublished in Cognie, 1999)

Number Percentage

Embryos bisected 101
Recipient ewes (23half-embryo/ recipient) 101
Recipients presumed pregnant on day 18 72 71%
Ewes lambing 62 61%
Ewes producing monozygotic twins 37 60%
Ewes producing singles 25 40%

aOverall efficiency 99/101 98%
a Number of lambs born per 100 embryos bisected and transferred.
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mut et al., 1997). Nuclear transfer and transgenesis bryos and in-vivo-derived embryos with regards to
techniques are being refined and combined in order their putative association with pathogens (Guerin et
to facilitate advances in genetic modification tech- al., 1997). However, because such data are still
nologies. We will not allude here to transgenesis as lacking for sheep, goats and cervids, we will report
pathogen–embryo interactions do not rely in any here exclusively on the situation as it applies to
specific manner, on the latter. in-vivo-derived embryos.

3.1. Viruses and small ruminants’ embryos
3. Risk analysis of the interaction of small
ruminant embryos and pathogens One of the diseases of major concern in farm

animals, and particularly ruminants, is foot and
Ever since reproductive technologies began to be mouth disease (FMD). Although the causative virus

used in livestock, i.e. after the last world war in the exists in several types and subtypes which may
case of AI, the veterinary community has been aware behave differently, it has been shown in cattle that
of the possible disease risks arising from interaction FMD viruses do not adhere firmly to the zona
of pathogens with the gametes. Likewise, when pellucida of in-vivo-derived intact embryos provided
embryo transfer emerged as a novel technology in that the latter are properly washed (Singh et al.,
the 1970s, studies were started to investigate this 1986). This finding (corroborated by the work of
issue. The International Embryo Transfer Society others) led the Research Subcommittee of the IETS
(IETS), after it was founded some 25 years ago, Import /Export Committee to propose to the Office
quickly set up an ad hoc committee, the Import / International des Epizooties (OIE) that FMD should
Export Committee, to consider the matter and a be categorized exclusively for cattle in category 1
comprehensive review on the subject was sub- (Office International des Epizooties, 1998a), a cate-
sequently published by Hare (1985). The principles gory which encompasses disease agents for which
of scientific investigation were also identified and sufficient evidence has accrued to show that the risk
then these and other reports and recommendations of transmission is negligible provided that the em-
were brought together to compile the IETS Manual, bryos are properly handled between collection and
the latest edition of which (the 3rd) was published in transfer (see below). There is only one report so far
1998 (Stringfellow and Seidel, 1998). Basically there (Marquant-LeGuienne et al., 1998) on the interaction
are four types of scientific studies that can provide between FMD virus (type O) and in-vitro-produced
some information on embryo–pathogen interactions, embryos (again in cattle) but in this instance, despite
and these depend on whether actual or potential washing, the virus did adhere to the zona pellucida.
contamination of embryos occurs in vivo or in vitro. No peer reviewed publications have appeared on the
For example, the embryos may be exposed to relationship between FMD viruses and small rumin-
infection via the donor female or whilst in vitro (e.g. ants but Acree has reported (personal communica-
by culture) and the investigations may be done either tion, 1991) that in Argentina, when 31 ewes, natu-
in vitro (on the bench in the laboratory) or after rally infected with FMD virus (type O1) were mated
transfer back into recipients (in vivo). It is very to naturally infected rams, 75 embryos were pro-
seldom that all four approaches have been performed duced for research. Fifty of them were washed,
with respect to a specific infectious agent and to our assayed and found negative to FMD virus. The
knowledge this has not yet been done for any agent remaining embryos were cryopreserved and trans-
affecting the small ruminants. Consequently the ferred into recipients which all remained FMD
information available at this time is only partial. negative as also did the four offspring that were
Nevertheless some of the data match what has been born. Another unpublished report (Singh and Mebus,
observed in the field and they provide useful clues as 1991) indicated that 35% of the sheep embryos
to the risks that could be associated with transfer of tested were found positive after in vitro exposure to
embryos. In cattle, it has been clearly established that FMD virus (type A5), but when 185 embryos were
there are differences between in-vitro-produced em- collected from 19 FMD-infected sheep, then washed
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10 times and assayed, none of these embryos were were recovered from 18 of 45 BTV-infected ewes
found to have associated virus. This may indicate and a total of 49 embryos and four unfertilized ova
that different types of FMD virus behave differently were transferred to 27 recipients. None of the latter
but as there is no clear evidence that virus excretion seroconverted and virus isolation tests were also
occurs into the reproductive tract of infected sheep, entirely negative which indicates that with in vivo
the risk of embryo contamination would be very low exposure followed by in vivo transfers, the sheep
anyway. Clearly further investigations are needed to embryo does not seem to carry BTV. Close to the
clarify the position with regard to risks of FMD time when Hare et al. (1988) published their BTV
transmission by small ruminant embryos. results, some controversy arose as a consequence of

Another viral disease particularly affecting small work on the same topic in South Africa by Gilbert et
ruminants that is of major concern for international al. (1987) who claimed that viremia and seroconver-
movements is bluetongue. In this case the causal sion had occurred in two of 15 recipients of embryos
virus is carried and transmitted between animals by exposed to BTV in vitro. These latter authors had not
certain species of biting insects (Culicoides spp). in fact washed the embryos more than four times as
Infection is present all year round in many tropical opposed to the 10 washes done by Hare et al., which
regions and during the hot season in subtropical and are recommended by the IETS. At the time, it was
some temperate climates, but not normally, in cool thought this could explain the difference between the
temperate areas. However, there are fears that the two groups’ results. Clarification came some 10
virus might be carried and become established in years later from studies published by Singh et al.
higher latitudes such as in Europe, with disastrous (1997). Their work consisted of four experiments,
consequences amongst virgin populations of lives- one of which involved in vitro exposure of 12
tock there. A series of experiments to determine the embryos to BTV type 11 for 1 h. Subsequently,
possibility of bluetongue virus (BTV) transmission despite being washed 10 times, the embryos were
via sheep embryos was carried out by Hare et al. found to be still contaminated with BTV. Embryos
(1988) and their results are summarized in Table 4. used in the other three experiments were recovered
Embryo collections from the donors were made 8 from 14 donors which had been infected with either
days after experimental infection with BTV, which BTV type 10 or 11. A total of 107 embryos were
was at least 4 days after the peak viremia. Embryos recovered from these donors at the peak of viremia;
with an intact zona pellucida were selected for they were thoroughly washed (10 times), and then
transfer and all were washed 10 times. Each wash they were either assayed in vitro or transferred to
was done with a new pipette and was at least a recipients. None of the embryos assayed in vitro
100-fold dilution of the previous wash. Embryos yielded virus and no recipients or offspring were

Table 4
Evidence of non-transmission of the bluetongue virus (BTV) by embryo transfer from experimentally infected sheep (adapted from Hare et
al., 1988)

Experiment No. of Rams Recipients Offspring
adonor ewes infected Numbers Seroconversion Numbers Seroconversion

to BTV to BTV

I 14 No 3/5 No 4 No
II 12 Yes 0/12 No 0 –

b cIII 15 exp Yes 5/5 No 4 No
5 control No 2/2 No 5 No

IV 16 Yes 5/4 No 4 No
a Number pregnant /non-pregnant.
b Eighteen embryos in the experimental group were recovered from eight of the 15 infected donors and were transferred to 10 recipients

(nine double, one triple); five of the 10 test recipients were pregnant.
c Experimental BTV-infected donors were bred by two BTV-infected rams.
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shown to be BTV positive following transfer. Two effects were seen in the culture of supporting cells.
conclusions may be drawn from this investigation. Some of the BD virus studied by these authors
Firstly, the zona pellucida of the sheep embryo closely resembled isolates of BVD virus, from which
appears to be stickier than it is in cattle, enabling it was concluded that the embryos’ resistance to
some virus to remain adherent to in-vitro-exposed infection by BVD virus would probably also apply to
embryos tested after a few washes, and even in the BD virus. However, no further work has been done
case of one type of BTV after the 10 washes. to verify this conclusion.
Secondly, when embryos are collected from viremic Among the important viral diseases of small
donors and washed according to the IETS procedure ruminants, there are two caused by closely related
(see below), transmission of BTV does not seem to viruses that are very similar in sheep and goats
occur. An observation relevant to bluetongue in although they have different names. These are
goats was made by Chemineau et al. (1986). Work- maedi-visna (MV) in sheep and caprine arthritis
ing in the French West Indies, they collected em- encephalitis (CAE) in goats, both of which are often
bryos from donors that were resident in a seroposi- referred to as ‘slow viruses’. The viruses are in fact,
tive herd; 63 embryos were washed 10 times, members of the exogenous retrovirus family and, as
shipped to France and transferred into recipients such are difficult to isolate, so until recently, studies
where 19 kids were born. All of the recipients and on them depended mainly on serodiagnosis, although
offspring remained seronegative. The risk of trans- polymerase chain reaction (PCR) tests have now
mitting BTV by sheep and goat embryos is, there- become available. Wrathall (1987) reported on an
fore, very low, although due to the fact that the unpublished study by Dawson and Wilmut in which
numbers of embryos and recipients involved in the sheep embryos from persistently MV virus-infected
studies are not great, the IETS Research Subcommit- donors were collected and transferred to 36 recipi-
tee has categorized BTV as a category 2 pathogen in ents. All the recipients and all lambs derived by
sheep and goats, whereas in cattle, because much these embryo transfers remained seronegative for 3
more research has been done, it is in category 1 years. More recently, Woodall et al. (1994) reported
(Anonymous, 1998). at a Sheep Veterinary Society Conference in 1993 on

The pestiviruses group contains three major patho- PCR tests for MV viral RNA and DNA that are
gens causing farm animal diseases: bovine viral applicable to embryo transfer. Embryos were col-
diarrhea (BVD) virus in cattle, hog cholera virus in lected from 10 MVV positive donors and these as
swine and border disease (BD) virus in sheep and well as the accompanying uterine fluids were tested
goats. In relation to embryo transfer, by far the most by PCR, but none of them were found positive for
studies have been on BVD virus in cattle (see review the virus indicating ‘that non-infective germplasm

´of Guerin et al., 1997) but some investigations on may be recovered from MV virus positive ewes’.
BD virus and BVD virus in small ruminants are of Although less embryo transfer work has been carried
some relevance. Evermann et al. (1981) made some out with CAE in goats, Wolfe et al. (1987) did
early studies on the interactions of BVD virus with collect embryos from three mature Nubian females
pre-implantation stage ovine embryos and also on the that were all seropositive for CAE virus and had
strain variations observed amongst isolates of BD clinical evidence of arthritis. They were mated to a
virus. In their first experiment, 49 sheep embryos seropositive buck. Sixteen good to excellent embryos
were washed and cultured in vitro in a medium were washed (only three times here) and transferred
containing BVD (Singer strain) virus and compared (two per recipient) to eight mature serologically
to 15 control embryos cultured without exposure to negative does. Two does became pregnant delivering
the virus. Embryo development in both groups was one stillborn and one live kid. Virus was not re-
similar, with no obvious differences. In a second covered from any of the uterine flushings, colostrum,
experiment, a batch of 35 embryos was allowed to placenta or tissues or from the stillborn kid. All eight
hatch in vitro and 23 of them were incubated in recipients remained seronegative as did the live kid
medium containing BVD virus for 24 h. Again the which was kept beyond 4 months of age. Thus
embryos developed normally and no cytopathogenic despite the limited number of experiments, all the
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evidence from them indicates that the CAE virus of the latter in the flushing and handling media for
presents little hazard when embryo transfers are embryos helps to minimize the risks of bacterial
made from seropositive donors. Thus it is likely that disease transmission.
embryo transfer would be an efficient way to salvage Brucella abortus is essentially a bovine pathogen
clean germplasm from infected herds. but crosses species barriers and hence affects small

Another important infectious disease of sheep, ruminants, particularly sheep. An in vitro contamina-
namely sheep pulmonary adenomatosis (SPA), has tion study on sheep embryos was carried out by
been investigated in the UK by Parker et al. (1998). Riddell et al. (1989). Fifty non-fertile ovine ova and
The etiology of this disease is not fully understood three eight-cell embryos were collected from 11
but it is possibly due to an exogenous retrovirus ewes that were seronegative to B. abortus and put in
acting in sheep that are persistently infected carriers 12 groups of two to seven embryos each in PBS with

8of another retrovirus of the endogenous type. These 20% fetal bovine serum (FBS) containing |10
authors recovered embryos from donor ewes origina- colony forming units of B. abortus /ml. The groups
ting from 20 flocks that were endemically infected were cultured with the bacteria for 18 h, then washed
with SPA. When submitted to post mortem examina- thoroughly 10 times with at least a 100-fold dilution
tion of the lungs, 33 of the donors were SPA positive volume of an antibiotic-free medium. B. abortus was
and 43 were negative. A total of 289 embryos was not found in the washings beyond the 5th wash but
collected and 215 were transferred (98 from the SPA was found to be associated with one of the 12 groups
positive group) after having been washed thoroughly of ova after washing. The authors concluded that
(10 times). No evidence of SPA was found in the while mechanical washing in the absence of anti-
recipients (all derived from flocks with no history of biotics is advantageous, it cannot be relied on totally
SPA) or in the offspring during the 5 years’ follow to remove this agent from exposed, zona-pellucida-
up of these transfers. Another smaller study by the intact ova as in the case with bovine embryos. This
same authors involved four SPA-free donors that may add support to the observation made earlier that
were mated with an SPA-affected ram, the seven the ovine zona pellucida appears to be ‘stickier’ than
embryo recipients and the five lambs born also that of the bovine species.
remained SPA-free during the 5-year investigation Brucella ovis is another member of the Brucella
period. These observations strongly suggest that an family and it is particularly feared in rams due to its
eradication program for this disease could be ability to severely damage the epididymis, thereby
achieved through embryo transfer. However, SPA, causing male sterility and infection of mated
like MV and CAE has been categorized in category females. Those females may then become unapparent
3, simply because of the limited number of embryo carriers, passing infection on to other males that
experiments performed with these particular dis- mate with them. Several investigations have been
eases. made on interactions between this pathogen and

sheep embryos. Wolfe et al. (1988) exposed 73 sheep
3.2. Bacteria and small ruminant embryos embryos in vitro (in groups containing one to five

embryos) to B. ovis with or without antibiotics
Most of the investigations into transmission of (penicillin and streptomycin). B. ovis was sub-

bacteria by embryos have been made with bacteria sequently recovered from seven of the nine non-
that cause serious adverse effects on the health of antibiotic groups, from five of five groups treated for
flocks and herds, especially those such as Brucella 4 h with antibiotics and six of seven groups treated
and Campylobacter, which can result in major with antibiotics for 24 h. Another study with B. ovis

´bacteriological reproductive diseases. However some by Guerin et al. (1992) reached a somewhat similar
studies have also been made on other bacteria-like conclusion; 114 zona-pellucida-intact sheep embryos
pathogens such as Chlamydiae and Mycoplasmae recovered from donor ewes seronegative to B. ovis
that are particularly important in small ruminants. were exposed to the pathogen in vitro for either 4 or
Most of these bacteria and related types of pathogens 20 h. One group of the embryos was also cultured in
are to some degree susceptible to antibiotics, so use medium containing an antibiotic, in this case gen-
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Table 5
´Isolation of Brucella ovis after ovine embryos contamination (from Guerin et al., 1992)

Group
a1 2 3 4 5

Embryos /group 6 34 40 17 17
9 11 9 9Exposure dose 0 1.0310 1.7310 2.5310 2.5310

bB. ovis (cfu /ml)
Exposure (h) 0 4 4 20 20

c dCulture wash Neg. Pos. Pos. Pos. Pos.
eEmbryo/culture Neg. Pos. Pos. Pos. Pos.

a With gentamycin in the medium (5 mg/ml).
b cfu, colony forming unit.
c All washes were tested individually for presence of B. ovis by culture
d Pos., Brucella ovis isolated.
e Neg., Brucella ovis not isolated.

tamycin. As shown in Table 5, B. ovis was isolated were washed and tested for the organism and fluids
from all the exposed groups of embryos including from the washes were also tested. It was evident that
that with the antibiotic. It is important to emphasize exposure to the C. fetus adversely affected develop-
that results of these in vitro exposure experiments do ment of the embryos but Campylobacter fetus was
not necessarily mean that transfer of embryos from not isolated from the last washes or from homogen-
affected ewes would result in transmission of in- ized embryos. It is unlikely, therefore that this
fection to the recipients and offspring. Nevertheless, pathogen would be associated with adequately
an interesting study by Riddell et al. (1990) involv- washed embryos.
ing the transfer of embryos that had been contami- A major cause of abortion and stillbirth in sheep in
nated in vitro with B. ovis revealed that although some parts of the world is the so-called enzootic
none of the seven recipients became pregnant, all of abortion of ewes (EAE) which is caused by
them produced anti-brucella antibodies subsequent to Chlamydia psittaci. This organism can also cause
transfer. Thus, it is certainly possible to have an diseases in people exposed to affected sheep. Vol-
infective dose of B. ovis associated with transferred untary control schemes for EAE have been set up in
embryos and collection and transfer of embryos is certain countries and there has been interest in using
not to be recommended if the flock is not certified embryo transfer as part of such programs. Williams
free of this pathogen. To the best of our knowledge, et al. (1996), for example, reported their successful
no work has yet been done to investigate the possible experience in this respect including the birth of 12
carriage of Brucella melitensis by embryos despite normal healthy and EAE negative lambs which were
the fact that this is an important cause of disease in the progeny of three experimentally infected donor
small ruminants particularly in the peri-Mediterra- ewes. All 16 recipients involved in their study
nean regions. remained serologically negative and tests on their

Campylobacter fetus is a bacteria which can cause vaginal swabs were negative as well. As discussed in
abortions and other reproductive disorders in small a later paper (Williams et al., 1998), these authors

´ruminants. Guerin et al. (1988) have investigated the conclude that salvage of germplasm by embryo
interaction of Campylobacter fetus (ss venerealis) transfer could play a valuable part in eradicating this
with sheep embryos: a total of 164 zona-pellucida- disease.
intact sheep embryos was put into medium con- One last agent to mention here, the effects of
taining 0.1–100 ID per ml of this organism and which have been studied in relation to goat embryos,50

cultured for 48 h at 378C. There were also 51 is Mycoplasma mycoides (large colony type). This
embryo controls which were cultured in like manner, can induce severe mammary disease and lead to what
but without C. fetus. Following culture, the embryos is termed contagious agalactiae. Nineteen adult goats
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were superovulated and inseminated with frozen and different species of cervids behave in a similar
´ `semen from Mycoplasma-free bucks (Guerin et al., manner vis-a-vis the various pathogens. Secondly

1990). A total of 193 embryos were collected, 78 of and on a more positive note, it is probably true that
which were frozen before they were used for the for many pathogens that could have been studied, but
experiment and the remaining 115 were used as have not, worries about the risks might be irrelevant
fresh. All embryos, whether frozen–thawed or fresh, as some of them might never be found in the genital
were exposed in vitro to media containing various tract, and thus may never come in contact with

3 7concentrations of Mycoplasma (10 to 10 cfu /ml) fertilized embryos. In all cases, whether or not they
and then they were washed 10 times according to the are susceptible to pathogen exposure, or to pathogen
IETS procedure. The organism was not found in the adherence, the crucial need is for high sanitary
washes from the control groups but was present in standards in the collection, handling and transfer of

7 5the last three washes from the 10 and 10 cfu embryos. Responsibility for these standards largely
7subgroups of frozen embryos, and also in the 10 rests with the embryo collection and transfer teams

subgroup of fresh embryos. With one exception (the (see below).
group of fresh embryos exposed to the lowest
concentration of the pathogen), all exposed embryos
were found to have the pathogen associated with 4. Sanitary conditions to confirm embryo
them when they were tested, even after they had transfer as the method of choice for germplasm
been washed 10 times. It was concluded by the movement.
authors that pathogen adherence in this case occurs
irrespective of whether the embryos are exposed As previously explained by several authors (e.g.
fresh or after freezing and thawing. They also Thibier, 1990; Stringfellow et al., 1991; Wrathall,
pointed out the value of testing the washing medium 1995; Thibier, 1998b), the risks of transmitting
to detect the presence of the pathogen on caprine diseases by embryo transfer are very small; in fact
embryos. this is probably the safest means of all for exchang-

It must be concluded that despite the obvious ing genes. Sound biological arguments support this
value of embryo transfer for disease control, the view, but in practice there are some important
amount of research on interactions between patho- provisos to ensure that it becomes a reality.
gens and in-vivo-derived embryos of small ruminants Biologically, prior to its hatching from the zona
is modest if not disappointing. Only 10 pathogens pellucida, the embryo is a unique entity in itself,
have been investigated, most of them only in sheep clearly distinguishable from a living animal and from
and none to the level of confidence to enable the semen. Its sojourn in the genital tract is very limited,
IETS Research Subcommittee to place them in so there are limited opportunities for it to be exposed
category 1. To our knowledge, there are no data at to noxious factors such as pathogens. Nevertheless, it
all available with regard to pathogen transmission by is accessible to human intervention which enables
cervid embryos, neither are there any such data for the embryo transfer industry to reap benefits. Finally,
in-vitro-produced embryos of any small ruminants. it is an entity that is subjected to careful assessment
More funding for such investigations is urgently by trained, qualified and responsible people who
needed and should be encouraged. work in the embryo collection teams.

However minimal is the information, two main
conclusions from the available research data do 4.1. Nature of the risks
deserve emphasis. First it appears that the zona
pellucida of the small ruminant embryo is somewhat As previously described (Thibier, 1990) there are
stickier for pathogens than that of the bovine, so in the case of in-vivo-derived embryos, six types of
caution is required before extrapolating what is hazard that can be identified along the chain of
known about large ruminant embryos to those of the events leading from collection to transfer. This is
small ruminants. Investigations should be made case- illustrated in Fig. 2. The first of these (first order) is
by-case to determine if the embryos of sheep, goats associated with the sperm cells and the oocytes but
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embryos when they are handled in the laboratory,
including their processing, loading into the con-
tainers, and eventually storage. The sixth and last
hazard arises from transport and transfer of the
embryos, and this calls for consideration of how
containers are sealed and moved from one farm to
another.

The same approach to the listing and categoriza-
tion of hazards in the production chain can be made
for in-vitro-produced embryos (Fig. 3). Thus, when
the oocytes are collected surgically from living
donors or by ‘ovum pick up’ (OPU), procedures
which as yet are rare (see above), the stages and
hazards to be considered are somewhat similar to
those of in-vivo-derived embryos. By contrast, when
the oocytes are aspirated from batches of ovaries
collected at an abattoir, the hazards are greater and
of a different nature. This relates to the fact that the
donor animals of the ovaries have been removed
from their original flocks, mixed with other animals
and their origin may sometimes be unclear. Great
care is necessary at this step, therefore, with par-

Fig. 2. Types of sanitary hazards with in-vivo-derived embryos
(adapted from Thibier, 1990).

this is not different from the natural situation al-
though this would not necessarily be so with the

´nuclear transferred procedure (Thibier and Guerin,
1997). The second order relates to the possible entry
of a pathogen at the time of penetration by the
spermatozoon into the oocyte. Although this has
never been documented in any species, recent trans-
genesis experiments involving sperm injection (Perry
et al., 1999), may mean that further investigation
might be needed. The third order of hazard reflects
the possible presence of pathogens in the genital tract
at the time of the embryo collection. This is of
primary concern and explains the importance of the
embryo–pathogen interaction studies as outlined
above. With the embryo collection comes the fourth
order of hazard linked to the external phase of the
operation, the risks of which include possible con-
tamination of the embryos or fluids at the time of
collection by microflora present in the environment,
including those on the external genital tract and
perineum. The fifth hazard group encompasses the
threat from the environment in the vicinity of the Fig. 3. Types of sanitary hazards with in-vitro-produced embryos.
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ticular attention to conditions at the abattoir. The 3. the team must commit itself to strictly follow the
groups of hazards encountered at the second through procedures laid down in the IETS Manual, includ-
to the fifth production stages are primarily relevant to ing the washing of embryos at least 10 times
the management of the environment of the laboratory before transfer and with a 100-fold dilution
itself, and guidelines for this have been given by between each bath. The zona pellucida must be
Nibart et al. (1998) in the IETS Manual. The hazards devoid of cellular debris and it must not be
of the sixth stage, i.e. those related to transport and defective or deliberately invaded. In those cases
transfer are basically the same as for in-vivo-derived where the zona pellucida is necessarily invaded
embryos and are of low magnitude if the containers for splitting or sexing purposes for example, as
have been properly sealed. indicated for bovine embryos in the International

Animal Health Code of the OIE (Appendix
4.2. The epidemiological concepts and sanitary 4.2.3.5.), the embryos must undergo their 10
rules for production and transfer of embryos washes before incision of the zona pellucida and

hence should be maintained in a sterile environ-
The concepts applicable to the movement of ment at the time and after incision. Trypsin

embryos are radically different from those in place washes can be used as described in the IETS
for living animals or even semen (Thibier, 1998b) Manual (Stringfellow, 1998) but this is not man-
and this is due to the fact that the embryo is a very datory because of the lack of reported data on the
discrete and manageable entity in itself, as discussed effects of this enzyme on small ruminant embryos
above. A regulatory system for embryo transfer including its efficacy for removing pathogens.
recommended by the IETS, and supported by the The choice of equipment, media and products of
OIE in its Animal Health Code (Office International animal origin for the embryo transfer procedures
des Epizooties, 1998b) as well as by the Commission should be carefully supervised so as to avoid any
of the European Union is based upon giving re- unforeseen microbial contamination through
sponsibility for sanitary matters to ‘officially ap- those;
proved embryo collection (or production) teams’. 4. the team should submit itself on a regular basis to
This system has now been instituted worldwide, first inspection by the national veterinary authorities
for bovine embryos but it is wholly applicable to and have some system for the microbiological
small ruminant embryos as well. evaluation of degenerated embryos and flush

There are four conditions for a given team to be fluids that are stored for sanitary control purposes.
recognized and officially approved by the veterinary Tests on these materials should be performed in
authorities: an accredited laboratory as has been routinely

done for the past 10 years in France for the
1. the team must be supervised by a veterinarian, official sanitary control of teams licensed in

´who is responsible and trained not only for the bovine embryo transfer (Thibier and Guerin.,
technology but also for the sanitary procedures, 1993). This form of quality assurance carries
he should also ensure all team members are well benefits for all involved.
trained in these;

2. the team must have the facilities both in terms of 4.3. The practice of moving embryos
housing and equipment to enable it to work in internationally
satisfactory conditions, the relevant conditions
being those described in the IETS Manual. It More than 10 years of international movements of
should be emphasized that if the embryo work sheep and goat embryos, and to a lesser extent cervid
takes place on a farm, there should be either a embryos provide support for the scientific view that
permanent laboratory on site and properly embryo transfer is the safest method for exchanging
cleansed or else a mobile laboratory in which the germplasm internationally. Although the sanitary
embryos can be handled under sanitary condi- procedures already referred to must be followed, it
tions; should also be noted that there is no need for
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excessive controls or too much health testing which 5. Conclusion
may raise costs to more than the value of the
embryos themselves. Such outdated attitudes tend to Pathogens may interact with and, in particular,
restrict trade or divert the market towards semen or they sometimes adhere to in-vivo-derived or in-vitro-
living animals which carry higher disease risks. It produced embryos. In order to specifically assess the
would be paradoxical to apply more stringent con- risks of these eventualities, research is necessary to
ditions for the safest type of germplasm movement study each individual pathogen and animal species.
than for those which are less safe. Importers must In small ruminants, including cervids, relatively little
take account of the exporting country’s health status such research has been so far conducted and less
as well as that of the flock and of the donor females than a dozen pathogens have been investigated.
involved. Guidance on these and related matters have However this does not necessarily mean that moving
been published in the International Animal Health embryos between flocks and herds, or internationally
Code: Appendix 4.2.3.3. for ovine /caprine embryos between countries of different health status is fraught
and Appendix 4.2.3.9. for those of cervids (Office with risks. On the contrary, it can be stated confi-
International des Epizooties, 1998b) and these Ap- dently that embryo transfer is the method of choice
pendices are approved by the General Assembly of for such movements because it is the safest means to
the OIE which represents the veterinary authorities do so. Detailed reasons for saying this are given in
of over 150 countries around the world. The Appen- the present paper but it should be emphasized that in
dices define the nature and the responsibilities of practice the guarantee of safety depends on a certain
embryo collection teams and recommend how the number of sanitary conditions being met, most of
processing laboratories should operate. They also which are the responsibility of the embryo collec-
indicate the health requirements for the flocks and tion /production team which must take no short cuts.
the donors, recommending in particular, that the The integrity of team leaders and their staff is
flocks /herds of origin should be free of foot-and- paramount to ensure that all potential health hazards
mouth disease, rinderpest, peste des petits ruminants, are identified and the procedures to avoid them are
sheep and goat pox and bluetongue. These flocks / strictly followed. Practical experience with interna-
herds should also preferably be within a national tional movement of small ruminant embryos has
disease control program for ovine /caprine brucel- begun to demonstrate that this is the method of
losis, contagious caprine pleuropneumonia, and con- choice for health control in germplasm exchanges.
tagious agalactia of sheep and goats. Helpful ancil-
lary methods mentioned in the Appendices to con-
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