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Abstract

The aim of this study was to demonstrate that embryo transfer can be used to produce CAEV-free kids from CAEV-infected
biological mothers when appropriate procedure is implemented.

Twenty-eight goats that had tested positive for CAEV using PCR on vaginal secretions were used as embryo donors. Embryos
with intact-ZP were selected and washed 10 times; they were then frozen and used for transfer into CAEV-free recipient goats.
Nineteen of the 49 recipient goats gave birth, producing a total of 23 kids. Three blood samples were taken from each recipient goat,
10 days before, during, and 10 days after parturition; these were tested for CAEV antibodies using ELISA and for CAEV proviral
DNA using PCR. The mothers were then euthanized. Tissue samples were taken from the lungs, udder, and retromammary and
prescapular lymph nodes.

The kids were separated from their mothers at birth. Seven of them died. At 4 months of age, 16 kids were subjected to drug-
induced immunosuppression. Blood samples were taken every month from birth to 4 months of age; samples were then taken on
days 15, 21, and 28 after the start of the immunosuppressive treatment. The kids were then euthanized and tissue samples taken from
the carpal synovial membrane, lung tissue, prescapular lymph nodes, inguinal and retromammary lymph nodes, and uterus.

All samples from the 19 recipient goats and 23 kids were found to be negative for CAEV antibodies and/or CAEV proviral DNA.

Under acute conditions for infection this study clearly demonstrates that embryo transfer can be safely used to produce CAEV-
free neonates from infected CAEV donors.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Caprine arthritis-encephalitis virus (CAEV) is a
lentivirus that causes chronic arthritis, interstitial
pneumonia, and indurative mastitis with decreased
milk production in adult goats [1]. Less commonly,
CAEV causes leukoencephalomyelitis in young goats
[2]. The high prevalence of CAEV infection is a major
concern in many parts of the world, particularly in
industrialized countries where 80-95% of the breeding
stock may be infected [3,4].

The major route of CAEV transmission is via the
ingestion of virus-laden colostrum or milk from
infected does [5]. Less efficient routes of transmission,
such as the vertical route, need to be investigated to
improve control and eradication methods [6]. Embryo
manipulation has become a routine technique for
fundamental research such as gene transfer or cloning
and for commercial exchanges. The risk of viral
infection of the goat embryo during embryo transfer has
been demonstrated in vivo through the demonstration of
CAEV proviral DNA in the embryo harvesting fluid [7],
as well as in the cells of the cumulus oophorus
surrounding the oocytes in the ovarian follicle [8]. In
vitro, the epithelial cells of the oviduct [9], the cells of
the granulosa [10], and the embryonic blastocytes [11]
were shown to be sensitive to infection with CAEV and
capable of producing virus. However, washing in vitro-
infected embryos with an intact zona pellucida (intact-
ZP) 10 times over [12], or washing oocytes with intact-
ZP, in which the in vivo CAEV-infected cumulus
oophorus cells have been physically and enzymatically
removed, 10 times over [8], resulted in the production of
virus-free female gametes or embryos that can be used
for in vitro fertilisation or embryo transfer.

In goats, few studies have been undertaken to
examine the consequences of embryo transfer (ET) on
the vertical transmission of CAEV. In 1987, Wolf et al.
[13] did not report any cases of seroconversion in 4-
month-old kids issued from embryo transfer, originating
from seropositive donor goats that had been insemi-
nated by seropositive bucks. Later, a Brazilian study
confirmed the absence of seroconversion at 6 months of
age in kids born after embryo transfer and issued from
seropositive goats with clinical disease, Cavalcante
et al. [14]. These are the only two studies to have
reported serological findings in kids obtained by
embryo transfer. However, it has been demonstrated
that delayed seroconversion may be observed following
natural or experimental infection, up to 8 months of age
[15]. Molecular biology now enables earlier and more
sensitive diagnosis, as well as the detection of animals

with latent infection and who are seronegative despite
the presence of proviral DNA in the cells of their genital
apparatus [16].

The aim of this experiment was to determine whether
embryo transfer can be used to produce CAEV-free kids
from CAEV-infected biological mothers.

2. Materials and methods
2.1. Production and freezing of embryos

Thirty goats that had repeatedly tested seropositive
for CAEV using ELISA, and that had been confirmed as
positive using PCR on leucocytes and on vaginal
secretions, were divided into groups of 10 animals and
used as embryo donors. Each group of 10 females
underwent two embryo-collection procedures at an
interval of around 2 months. Oestrus was synchronized
in the donor goats by the insertion on day O of a vaginal
sponge impregnated with 45 mg of Fluorogestone
acetate FGA (Chronogest, Intervet, Angers, France).
On day 9, each goat received 50 g of Cloprostenol
(IM) (Estrumate™-Schering-Plough Veterinary, Leval-
lois Perret, France). The sponges were removed on day
11. Superovulation was induced by the IM-injection of
160 pg of porcine FSH (Merial, University of Liege,
Belgium) given twice daily for 3 days (Days 9-11) in
decreasing amounts (40, 40, 20, 20, 20 and 20 pg).
Porcine LH was added to the FSH preparation on the
last two injections (66 g per injection). The total dose
of FSH used per goat was equivalent to 16 Armour units
[17].

The donor goats were artificially inseminated under
endoscopic control with 200 million previously frozen
spermatozoa collected from certified uninfected bucks,
48-52 h after the withdrawal of the vaginal sponge.

The embryos were collected surgically 7 days after
the onset of oestrus [18]. The lumen of each uterine horn
was infused with 40 ml of modified phosphate-buffered
saline (PBS) (PBS-BSA 4% IMV Technologies,
France) containing 4% BSA with Kanamycin sulphate
50 mg/1. This washing liquid was collected into a sterile
flask and a mucosal swab was taken from each uterine
horn. After collection, a smear of uterine cells was made
for each horn using a cytobrush. The cytobrushes were
stored in 15 ml tubes containing 10 ml of PBS until they
arrived at the laboratory. At the laboratory, the tubes
containing the cytobrushes were centrifuged to detach
the cells. The cells were then recovered by centrifuga-
tion (1900 x g for 15 min) and washed twice in PBS.

The embryos were identified using a binocular
microscope and assessed for quality (magnification 70 x
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to 80x). All of the embryos and oocytes collected were
washed in batches in 10 successive baths of a phosphate
buffer (PBS-BSA 4% IMV Technologies, France) in
accordance with the IETS guidelines [19]: each wash
corresponding to a dilution of 1/100 of the previous
medium, with a new sterile pipette used for each bath.

Embryos that were at a correct stage of development
(compacted morula or blastocyst), and which had a
perfectly intact zona pellucida, were selected for
freezing. Selected embryos were immersed for 5 min
in three successive baths of PBS/BSA 4%, with
increasing concentrations of ethylene glycol (0.5, 1.0,
1.5 M) [20]. After the final bath, the embryos were
aspirated with 20-30 pl of PBS—ethylene glycol into
the central compartment of a 0.25 ml straw (IMV
Technologies, France). The two extremities of the straw
were filled with a solution of PBS/BSA 4% and ethylene
glycol 1.5 M. The straws were placed in a program-
mable freezer (Agrogen, EFI, Freiburg, Switzerland),
and then cooled at a rate of 4 °C/min from 25 to —7 °C.
Crystallization was induced 5 min later and after 10 min
at this temperature, cooling was continued to —30 °C
(0.3 °C/min). After 15 min at this temperature, the
straws were plunged into liquid nitrogen and stored.

The cells in suspension in the harvesting medium and
on the uterine swabs were harvested in pellets following
centrifugation (1900 x g for 15 min). The supernatant
was discarded and the cell pellets washed twice with
1 ml of sterile PBS, before being frozen at —80 °C for
subsequent CAEV proviral DNA testing using PCR.
The 10 embryo washing solutions were also concen-
trated by ultracentrifugation at 100,000 x g for 0.5 h.
Each pellet was re-suspended in 140 pl of PBS and
stored at —80 °C for subsequent examination, following
extraction, for viral DNA using RT-PCR.

2.2. Embryo transfer

The recipient goats were selected from a herd of 53
goats comprising 3-6-year-old females, born into
CAEV-free certified herds and raised for the last 2
years away from any new introduction or risk of
contamination. The absence of infection in these
females was checked using four independent ELISA
serology tests per year from birth. Prior to selection as a
recipient, two blood samples and vaginal swabs were
taken from each goat, at an interval of 1 month. PCR
testing on these samples revealed that 8/53 of these
goats harboured CAEV proviral DNA. These animals
were removed from the recipient herd. A further blood
test was taken from the 45 remaining goats to detect the
presence of CAEV following monocyte-derived macro-

phage cultivation, a technique that has been proven to
promote the replication of any latent provirus [21,22].
Mononuclear cells (around 10® cells) were cultured in
Teflon bottles containing a macrophage differentiation
medium (MDM) composed of RPMI 1640 (Invitrogen,
France) supplemented with 10 mM of HEPES, pH 7.3,
50 pg/ml of gentamycin, 5 x 10~> M B-mercaptoetha-
nol, 2mM of glutamine, and 20% heat-inactivated
newborn lamb serum. These were cultured at 37 °C with
5% CO, for 2 weeks. The matured macrophages were
transferred from the Teflon bottles to a culture flask for 2
weeks. Portions of cells were then examined using PCR
to detect proviral DNA, and the remaining portions
were used for the in sifu detection of the characteristic
cytopathic effects (CPE) of CAEV. Two of the 45 goats
tested positive on PCR and demonstrated CPE; these
were excluded. The 43 goats that tested negative for
CAEV on all detection methods were selected as
recipients; some of them were used twice over for
embryo transfer.

The recipient goats underwent oestrus synchroniza-
tion/induction to ensure that they were compatible with
the stage of development of the embryos. This involved
the insertion of vaginal sponges impregnated with
45 mg of fluorogestone acetate for 11 days (Chrono-
gest<3‘, Intervet, Angers, France), combined with the
intramuscular injection, 48 h prior to the withdrawal of
the sponges, of 50 wg of a prostaglandin F2a analogue
(Cloprostenol) (Estrumate™) and 600 IU of eCG
(Intervet, Angers, France).

The transfer procedures were performed on day 7
after the onset of oestrus. The straws containing the
embryos were thawed by immersion in a water-bath at
+37 °C for 20 s. The cryoprotective agent was removed
by passing the straws through two baths of PBS/
BSA +0.25 M of sucrose, then through two baths of
PBS/BSA (5 min/bath). The embryos were assessed
using morphological criteria under a binocular micro-
scope; the transferable embryos were surgically
implanted (two or three embryos) into the lumen of
the uterine horns [18]. One hundred and thirty-nine
embryos were transferred during three transfer proce-
dures at 1-month interval.

2.3. Gestation and parturition

Pregnancy was diagnosed in the recipient female
goats using serum progesterone assays 21-22 days after
the onset of oestrus, and was confirmed ultrasonogra-
phically at between 45 and 60 days of gestation. The
kids were born over a 3-month period, as a function of
the dates of the embryo transfer procedures.
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Three blood samples were taken from the mothers
into heparinized tubes, 10 days before, during, and 10
days after parturition; a placental swab was also taken,
using a cytobrush, at the time of parturition. Ten days
after parturition, the mothers were euthanized. Tissue
samples were taken from the lungs, udder, and
retromammary and prescapular lymph nodes. These
samples were stored at —80 °C for subsequent PCR
testing for CAEV proviral DNA.

2.4. Neonates

The kids (n = 23) were separated from their mothers
at birth and isolated to prevent all risk of contamination.
They were fed with milk replacer. At 4 months of age,
the kids (n=16) were subjected to drug-induced
immunosuppression combined with antibiotic treatment
for the prevention of opportunistic pathogens [23-25]:
5 mg of dexamethasone (VOREN™ injectable solution,
Boehringer Ingelheim, France) were injected intramus-
cularly every 2 days for 10 days, combined with the
subcutaneous injection of 75mg of amoxicillin
(CLAMOXYL LA© Pfizer Animal Health, France)
every 2 days for 3 weeks. Serological testing for CAEV
antibodies using ELISA and PCR testing of the
leucocytes for CAEV proviral DNA was performed
from blood samples taken every month, from birth to 4
months of age, then three times at days 15, 21, and 28
after the start of the immunosuppressive treatment. The
kids were then euthanized and tissue samples taken
from known preferential sites for CAEV infection:
carpal synovial membrane, lung, prescapular lymph
nodes, inguinal and retromammary lymph nodes, and
uterus (in females). These samples were stored at
—80 °C for subsequent PCR testing for CAEV proviral
DNA.

2.5. Nested-PCR and RT-PCR

The extraction of cellular DNA from blood samples,
thawed vaginal smears, and various tissue samples, was
performed using the “QIAamp tissue kit™” (Qiagen,
Courtaboeuf, France). After thawing, the ten embryo
washing solutions from each goat were concentrated by
ultracentrifugation at 100,000 x g for 0.5h. The
supernatant was discarded; RNA extraction was
performed on the cells of the pellet using the
“QIAamp™ Viral RNA” kit (Qiagen, Courtaboeuf,
France).

The nested-PCR technique was used to detect the
presence of CAEV proviral DNA in the blood and tissue
samples from the mothers and kids, as well as in the

collection fluid. RT-PCR was used to detect viral RNA
in the 10 embryo washing fluids.

Proviral CAEV DNA was examined using nested-
PCR [26]. CAEV gag sequences were amplified using
primers GEX5 (5-GAA GTG TTG CTG CGA GAG
GTG TTG-3') and GEX3 (5'-TGG CTG ATC CAT GTT
AGC TTG TGC-3"), corresponding to bases 393-416
and the complement of bases 1268-1291 of CAEV-CO
[27]. Samples of 10 pl of isolated DNA (containing
0.5-1 pg) were used as templates for PCR amplification
(94 °C for 1 min, 46 °C for 1.5 min, and 60 °C for
2.5 min). Amplification was preceded by an initial
denaturation at 94 °C for 5 min and terminated with a
final extension at 60 °C for 15 min. Five microliters of
the PCR products of this reaction were used as a
template for a second round of amplification using the
internal primers GIN5 (5'-GAT AGA GAC ATG GCG
AGG CAA GT-3') and GIN3 (5'-GAG GCC ATG CTG
CAT TGC TAC TGT-3'), located at positions 524-546
and 1013-1036 in CAEV-CO. DNA integrity was
checked by amplifying the 3-actin housekeeping gene
using primers based on the human sequence [28].
Amplified products were visualized by ethidium
bromide staining after electrophoresis in 1.5% agarose
gel. This technique has been shown to be capable of
detecting fewer than 10 infected cells in samples
containing 10° or 107 cells [29].

RT-PCR amplification of viral RNA was used to
detect the CAEV genome in embryo washing fluids.
RNA was purified using a “QIAamp RNA” kit (Qiagen,
Courtaboeuf, France) in accordance with the manu-
facturer’s instructions. For each sample, 5 nl (contain-
ing 10-100 ng) of the total RNA extracted was used as a
template for RT with 15 pl of mix solution containing:
1 pl of a ANTP mixture (25 mM each of: dATP, dGTP,
dCTP, dTTP), 1 pl of Random primers for RT (Biolabs,
S12308S, Ozyne, France), 4 ul of 5x RT buffer (Kit M-
MLV Reverse-Transcriptase, Promega, 3681, Charbon-
niéres Les Bains, France), 2 pl of RT (Kit M-MLV
Reverse Transcriptase, Promega, 3681) and 7 pl
RNase-free water. The mixture was incubated at
37 °C for 30 min. The reaction was then stopped
following incubation at 95 °C for 5 min and the samples
were stored at —80 °C for subsequent PCR analysis.
The latter consisted of nested-PCR with two amplifica-
tions of the gag gene [30].

3. Results
Samples analyzed for CAEV proviral DNA using

PCR were considered as being positive when a 512 bp
band, corresponding to the positive control, was seen on
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Fig. 1. Example of nested-PCR amplification of proviral DNA. DNA
from tissues taken from kids was used to perform nested-PCR using
specific sets of oligonucleotide primers to amplify both the 512 bp
CAEV gag and 393 bp actin fragments. Following nested-PCR reac-
tions, each PCR product was separated on 1.5% agarose gel and the
bands visualized by staining with ethidium bromide. M: smart ladder
used as a molecular weight standard. Lanes 1-10: tissue samples
(lanes 1-5: lung, negative; lanes 6-10: retromammary lymph nodes,
negative). C+: positive tissue control (infected retromammary lymph
node). C—: negative control (distilled water).

agarose gel electrophoresis under UV light, between the
600 and 400 bp molecular weight bands. The 393 bp
band on the other hand, generated from the amplifica-
tion of the endogenous actin gene, was present in all
tissues with correct DNA extraction. An example of the
results is displayed in Fig. 1, showing the analysis of
DNA isolated from sample tissues taken from the kids.

3.1. Embryo collection

The CAEV provirus genome was identified in DNA
isolated from cells harvested from the embryo collec-
tion fluid and the uterine smear samples of 28/30 donor
goats (93.3%). Samples were negative in two animals
that had only been harvested once and had then been
excluded from the protocol.

Table 2

Table 1
Results of PCR viral diagnostic tests performed on female recipients
10 days before, during, and 10 days after parturition

Tissue samples 10 days At 10 days
before parturition after
parturition parturition

Blood Negative Negative Negative

Vaginal smear Negative Negative Negative

Udder Negative

Lung Negative

Prescapular Negative

lymph nodes

Retromammary Negative

lymph nodes

From the six harvesting procedures 158 oocytes and
334 embryos were recovered, equivalent to 6.7 = 4.6
embryos per goat. Following examination under the
binocular microscope, 191 embryos were selected,
washed, frozen, and used for transfer into the recipient
goats. RT-PCR analysis using RNA harvested from
ultracentrifuged products from the embryo washing
fluids, demonstrated that although CAEV-RNA was
detected in the first three baths, the seven following
baths were free from CAEV.

3.2. Embryo transfer

Three embryo transfer procedures were performed,
at 3-month intervals, on the 43 CAEV-negative
recipient goats. A total of 49 embryo transfers were
performed (n =32, 12, 5 for each of the three transfer
procedure, respectively). At day 22 of gestation, 36/49
goats had a progesterone level that was compatible with
gestation. Uterine ultrasonography confirmed that 20/
49 goats were pregnant between 45 and 60 days of
gestation. One goat died 10 days before term from

Results of monthly PCR testing for viral detection in neonates during the first 4 months of life, and then 15, 21, and 28 days after the start of

immunosuppressive treatment

Tissue sample Time after birth (days)

Time after start of immunosuppressive
treatment (day O =4 months after birth)

(days)
30 60 120 15 21 28
Blood Negative Negative Negative Negative Negative Negative Negative
Synovial membrane Negative
Lung Negative
Superficial cervical lymph nodes Negative
Pelvic lymph node Negative
Retromammary lymph node Negative
Uterus® Negative

? In female.
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enterotoxaemia and three died during parturition. The
19 goats that gave birth produced a total of 23 kids.
Seven of them died (three within the first 5 days after
birth, three others at week 4, and the last one at week 7
after birth). Sixteen kids underwent the entire screening
protocol for CAEV infection.

All of the samples taken in accordance with the
protocol (blood samples, placental samples, tissue
samples) from the 19 recipient goats that gave birth at
term, and the recipient goat that died from enterotox-
aemia 10 days before term, were negative for CAEV
proviral DNA using PCR (Table 1). All of the samples
taken in accordance with the protocol (blood and tissue
samples) from the seven kids that died before 4 months
of age, and the sixteen 5-month-old kids euthanized 4
weeks after the beginning of the immunosuppressive
treatment, were found to be negative for CAEV proviral
DNA (Table 2).

4. Discussion

To determine the risk of CAEV transmission through
embryo transfer and in the context of an in vivo/in vivo
approach, we transferred embryos from CAEV ser-
opositive goats, whose blood and uterine tissues were
infected with CAEV, into CAEV-free recipient females,
in accordance with the guidelines of the International
Embryo Transfer Society (IETS) [19]. These guidelines
are as follows: embryos with an intact zona pellucida,
washed 10 times over in culture medium, with a new
pipette for each wash, and with each wash representing
a dilution of 1/100.

This study, performed under field conditions, clearly
demonstrates that embryo transfer can be used to
produce CAEV-free kids from CAEV-infected biolo-
gical mothers. Indeed, none of the 16 kids collected
from infected mothers at the embryonic stage,
transferred to CAEV-free recipient goats, and subjected
to immunosuppressive treatment at 4 months of age,
were found to be positive for CAEV with any of the
diagnostic methods used in all of the analyzed target
tissues of the virus. Similarly, none of the 20 recipient
goats seroconverted, and none of the sampled tissues
tested positive for CAEV proviral DNA.

The results of this study, using powerful molecular
biology techniques, bring a unique experimental
demonstration that confirms and supports the two
previous studies of Wolf et al. [13] and Cavalcante et al.
[14], who did not detect any seroconversion at 4 and 6
months, respectively in kids issued from embryo
transfer from seropositive donors and/or with clinical
disease. In these two studies, CAEV-infected donor

goats were selected on the basis of serological tests.
Therefore, the donors used in these studies were not
tested for viraemia or latent infection of the genital tract
target cells.

Our study, performed on a significant number of
donors, has the originality of examining females with
confirmed uterine infection, and which therefore
present with a maximal risk of viral transmission.
The second particularity of this study is the panel of
techniques used to detect viral infection in the recipient
goats and kids. In Wolf et al.’s study [13], viral infection
was studied by testing the recipients and kids (up to 4
months of age) for seroconversion and performing viral
cultures on colostrum, placenta, and tissue samples
from still-born kids and those that died as neonates. In
their study, Cavalcante et al. [14] looked for viral
infection by testing the kids for seroconversion up to 6
months of age. However, the lack of detection of
seroconversion in the kids could be explained by
delayed seroconversion as reported previously
[15,31,32], and false negatives may be observed in
kids over 6 months of age [15]. Thus, animals that are
seronegative on ELISA might still be healthy carriers of
the virus [33]. Indeed, this was observed during the
selection of donors, where eight seronegative females
were eliminated after repeatedly testing positive on
blood and vaginal smears using PCR, and a further two
following monocyte-derived macrophage cultivation
and detection of virus-induced CPE. The cell culture of
differentiated macrophages demonstrated the presence
of infectious viral particles, when it was not possible to
detect the markers of infection such as proviral DNA. It
is well known that the latter may remain quiescent
during the latent period of the infection, notably in
neonates that have been contaminated in the early
embryonic stages, where gene hypermethylation may
disable proviral expression. Thus, in the monocyte/
macrophage cell lineage, which is the main target of the
virus in vivo, CAEV remains latent in the form of
proviral DNA in the monocytes with no infectious
particles being produced; the differentiation of these
cells into macrophages is a prerequisite for viral
replication [34]. The full replication cycle of CAEV
continues in the differentiated macrophages, within
specific target tissues [35]. Various factors affect the
expression of viruses responsible for latent infections:
stress, immunodepression, or a significant physiological
modification (gestation) can cause viral reactivation, its
expression, and the onset of lesions over subsequent
weeks [36].

In the present study, physical viral detection was
based on the demonstration of CAEV proviral DNA
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using PCR. The sensitivity of this technique is well
proven [26,37], and it enables the detection of one
infected goat synovial membrane (GSM) cell, one
caprine oviduct epithelial cell (COEC), and a minimum
of 10 granulosa cells in vitro [22]. We also used
iatrogenic dexamethasone-induced immunosuppression
to induce viral reactivation in the kids [25,38].

Under acute conditions for infection and using
highly sensitive diagnostic techniques, combined with a
protocol for the exacerbation of CAEV virulence, this
study clearly demonstrated, under field conditions, that
embryo transfer performed in accordance with the IETS
protocol and using good quality embryos, can be safely
used to produce CAEV-free neonates from infected
CAEV donors. This technique of artificial reproduction
can therefore play a useful role in a prophylactic health
programme against CAEV in the goat.
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