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Abstract

Semen and peripheral blood mononuclear cells (PBMC) samples of 15 infected and 3 non-infected bucks were evaluated for
the presence of caprine arthritis—encephalitis virus (CAEV), by double-nested polymerase chain reaction (d-n-PCR). In order
to locat the presence of virus, semen samples were separated into cell-free seminal fluids (CFSF), enriched non-spermatozoal
cells fraction (NSCF), and spermatozoa (SPZ). All PBMC samples from infected bucks were positive for CAEV-DNA but
only 8 out of 15 semen samples were positive for CAEV-DNA. The presence of virus was not necessarily concordant in
different fractions of semen from the same buck over time. In addition, the virus was isolated from CFSF in primary goat
synovial membrane (GSM) cell culture, in which productive infection was demonstrated by syncytia formation. This is the
first report describing the presence of CAEV-DNA and also of replication-competent virus in semen from CAEV seropositive
bucks. Such results suggest the possibility of sexual transmission of CAEV. © 1999 Published by Elsevier Science B.V. All

rights reserved.
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1. Introduction

Caprine arthritis—encephalitis virus (CAEV), a len-
tivirus of goats, is the cause of leucoencephalomyelitis
and progressive polyarthritis, pneumonia and mastitis
in young and adult goats, respectively, (Cork et al.,
1974; Crawford et al., 1980; Narayan et al., 1980).
Worldwide in distribution, but located mostly in inten-
sive dairy systems, CAEV is responsible for consider-
able economic losses in affected herds, through
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premature culling of goats due to the progressive
and often debilitating arthritis, and decreased milk
production associated with indurative mastitis (Adams
et al., 1983; Ellis et al., 1987; Lerondelle et al., 1989).
Despite strenuous efforts, eradication of CAEV from
infected herds is based on prevention of colostrum or
milk-borne transmission remains a difficult undertak-
ing and has demonstrated limited success owing in
part to delayed seroconversion in some infected ani-
mals, and poorly defined mechanisms for transmission
of the virus (Adams et al., 1983; East et al., 1987,
Mackenzie et al., 1987; Rower et al., 1991; Rimstad
et al., 1993; East et al., 1993). The major route of
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CAEV transmission is from an infected doe to kids
through ingestion of contaminated colostrum or milk
(Adams et al., 1983), but other routes could be impor-
tant. Studies have documented that CAEV may be
transmitted by other routes, such as maternal-fetal
transmission and, intimate goat to goat contact with
infectious secretions (Adams et al., 1983; East et al.,
1987; Zink et al., 1990; East et al., 1993). However, as
opposed to the other retroviruses (Krieger et al., 1991;
Mermin et al., 1991; Nash et al., 1995; Jordan et al.,
1995), the sexual transmission of CAEV is not well
defined. The presence of virus in the semen gives new
perspectives as to preventive measures.

The objective of this study was to determine if
CAEV could be detected by PCR in seminal compo-
nents of semen from seropositive bucks.

2. Materials and methods
2.1. Sample collections and processing

2.1.1. Semen samples

Fresh semen samples (1-2 ml) were obtained from
18 bucks (ages at 2—4 years), including samples from
three breeds (nine Saanen, eight Alpine, and one
Boer), 15 were naturally CAEV-infected and seropo-
sitive (Nos. 1-15) and three CAEV non-infected and
seronegative (Nos. 16-18). The latter three were used
as controls. Semen samples were collected with an
artificial vagina and processed within 4 h of collec-
tion. The semen samples were separated into three
distinct fractions: cell-free seminal fluid (CFSF),
enriched non-spermatozoa cell fraction (NSCF), and
spermatozoa (SPZ).

After brief centrifugation at 800 g for 10 min, the
supernatant (CFSF) was collected, clarified at 5000 g
for 10 min, and then concentrated by centrifugation at
20000 g for 2 h on a sucrose gradient at 20%. The
supernatant was removed, and the pellet ressuspended
in 4 ml of the culture medium (HMEM with 8%
DMSO). Virus isolation was performed on primary
goat synovial membrane cell (GSM) in culture media
(HMEM with 4% of fetal calf serum). When syncytia
were evident, or at the end of 8 weeks, infected and
uninfected GSM cells were harvested, washed twice
with PBS, pH 7.2, pelleted at 700 g for 10 min and
freeze-dried at —80°C.

The remaining pellet containing NSCF and SPZ
was re-suspended in 5ml of PBS, pH 7.2. After
dilution, a NSCF was obtained by centrifugation on
a 5 ml Percol gradient 1077 at 400 g for 30 min. The
interface was collected, the cells washed twice with
PBS, pH 7.2 and freeze-dried at —80°C. The pellet
containing the SPZ fraction, was collected, washed
twice by centrifugation in PBS, pH 7.2 and processed
using a differential lysis technique previously
described to separate SPZ from residual contamina-
tion cells (Von Beroldingen et al., 1990).

2.1.2. Blood samples

Blood samples (10 ml in EDTA) were obtained by
jugular venipuncture from all bucks. Peripheral blood
mononuclear cells (PBMC) were obtained by centri-
fugation on a Ficol gradient (Histopaque-Sigma 1077)
at 400 g for 30 min, washed twice with PBS, pH 7.2
and freeze-dried at —80°C.

2.1.3. Antibodies detection

Serum antibodies were analyzed by ELISA (Chekit
CAEV/MVV"™ Dr. BOMMELI AG, Bern, Switzer-
land; Behring Diagnostic) according to the manufac-
turers protocol.

2.2. DNA extraction and proviral DNA amplification

DNA extraction was performed using the nucleic
acid extraction kit «Isoquick» (Microprobe) according
to the manufacturer’s protocol. Briefly, cells were
lysed using guanidine thiocyanate and a nuclease-
binding matrix was added. After centrifugation the
extracted DNA was precipitated by ethanol, dissolved
in TE 0.1X (Tris—HCI, pH 8, 1 mM; EDTA 0.1 mM)
and quantified spectrophotometrically. DNA frag-
ments of 175 bp and 350 bp corresponding to the
pol and env regions, respectively, were co-amplified
by nested-PCR.

The outer primers used were 5374 (5'-ACAGAA-
GAGAAATTAAAAGG-3', bp 2236-2255) and 5376
(5'-ATCATCCATATATATGCCAAATTG-3, bp
2712-2689) for pol region, and 99001 (5'-AGG-
TAAGTATAAACCCCAGGTAAG-3', bp 6122-
6145) and 5086 (5'-ATTCTTATCTTTTATTCCCC-
CATA-3', bp 6962-6939) for env region. The inner
primers  were 5375 (5-CAGGGAAGTGGA-
GAATGTTAAT-3’, bp 2357-2378) and 5377 (5'-
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GGTATAGTAAAATATGCATCTCCT-3', bp 2510-
2487) for pol region, and 99006 (5'-CATTGGCCTT-
TATGGCAAATGG-3', bp 6471-6492) and 99008 (5'-
GATGTTCATAAAGGCCATGCTCTC-3', bp 6812-
6789) for env region. Positions of the PCR primers
used to amplify CAEV subgenomic fragments are
numbered according to the published sequence of
CAEV-Cork (Saltarelli et al., 1990). PCR reactions
were performed in a GeneAmp PCR system 9600
thermocycler (Perkin—Elmer). One pg of genomic
DNA was added to a first round reaction of 50 ul
containing 10 mM Tris—HCI, pH 8.3, 50 mM KClI,
2 mM MgCl, , 0.001% gelatin, with 200 pM (each)
deoxynucleoside triphosphate, 100 ng (each) outer
primer, and 1U of Taq DNA polymerase (AmpliTaq,
Perkin—Elmer). A 5 pl aliquot was again amplified in a
second round in the same reaction mixture containing
100 ng (each) inner primer. After a denaturation at
95°C for 5 min, samples were submitted to 35 cycles
of denaturation at 92°C for 40 s, annealing at 56°C for
50 s, and extension at 72°C for 1 min during the first
round. The annealing and extension conditions were
60°C for 40 s and 72°C for 50 s, respectively, during
the second round. Each round was followed by a final
extension at 72°C for 4 min. A 10 pl aliquot from the
final inner nested amplification was resolved by elec-
trophoresis on a 3.0% agarose gel and appropriate
sized PCR products were visualized after ethidium
bromide staining by transillumination with UV light.

3. Results

CAEV-DNA was not detected in non-infected bucks
but detected in eight of the 15 semen samples of
infected bucks. The presence of virus was not neces-
sarily concordant in different fractions of semen from
the same buck. Of the eight positive semen samples,
three were positive in the NSCF only (bucks No. 4, 12
and 13), three were positive in the CFSF fraction only
(bucks No. 1, 6, and 10), and two were positive in both
the fractions (bucks No. 5 and 15). Amongst these five
PCR-positive samples in CFSF fraction (bucks No. 1,
5, 6, 10 and 15), only three (bucks No. 5, 6 and 15)
demonstrated productive infection by syncytium for-
mation within 10, 14 and 22 days after the inoculation.
All the PBMC samples and none of the SPZ fractions
were positive. Surprisingly, in all the samples tested,

the env sequence appeared to be preferentially ampli-
fied over pol. Of the five positive NSCF samples, two
(bucks No. 4 and 5) were positive in both sequences,
and three (bucks No. 12, 13 and 15) were positive in
the env sequence only. Of the five positives CFSF
samples, 2 (bucks No. 5 and 6) were positive in both
the sequences, two (bucks No. 1 and 15) were positive
only in env sequence, and one (buck No. 10) was
positive in the pol sequence only. Of the 15 PBMC
positive samples, eight (bucks No. 4,5,7,9, 10, 11, 13,
15) were positive in both the sequences, six (bucks No.
1, 2, 3, 6, 8, 12) were positive in env sequence only,
and one (buck No. 14) was positive in the pol sequence
only. Concurrent with other studies, these results
probably reflect a lower efficiency of amplification
of CAEV pol (Zanoni et al., 1992; Barlough et al.,
1994).

The results for all the samples are presented in
Table 1.

4. Discussion

The PCR amplification of proviral DNA has proven
to be the most sensitive method available for lentivirus
detection in blood and semen from human and animals
(Mermin et al., 1991; Van Voorhis et al., 1991; Rim-
stad and Ueland, 1992; Hamed et al., 1993; Barlough
et al., 1994; Jordan et al., 1995; Nash et al., 1995). We
sought to apply this technique to investigate whether
CAEV was present in semen from seropositive bucks.
In this study the semen samples were separated into
cellular (NSCF and SPZ) and acellular fractions
(CFSF). Potential cellular reservoirs of CAEV in
ejaculates include spermatozoa and nonspermatozoal
cells, such as monocytes/macrophages, immature
germ cells, and epithelial cells. The cellular fraction
was separated into NSCF and a purified SPZ fraction,
using a differential cell lysis procedure previously
described, to release purified SPZ-DNA as described
by previous studies using sperm in the PCR (Von
Beroldingen et al., 1990). We detected CAEV-DNA
in five of the 15 semen samples in NSCF population
(monocytes/macrophages, epithelial cells, and imma-
ture germ cell), but all 15 SPZ purified fractions were
negative. These results demonstrated that non-sper-
matozoal cells, probably monocytes/macrophages or
others cells present in NSCEF, e.g.: epithelial cells, but
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Table 1

Analysis of fractionated semen and peripheral blood mononuclear cells from 18 bucks (15 CAEV seropositive, 1-15, and 3 seronegative, 16—
18) for the presence of CAEV-DNA pol and env sequence by double nested PCR
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PBMC - Peripheral blood mononuclear cells; CFSF — Cell-free seminal fluids was inoculated in GSM cells as described in the text; NSCF —
Non spermatozoal cells fraction; SPZ — Spermatozoa; + — positive sample; - — negative sample; dpi — days post infection.

not in the SPZ purified fraction, carry the proviral
form of CAEV in semen. CAEV infection has been
demonstrated in other cell-types, such as epithelial
cells of the intestinal crypts and renal tubules by in situ
hybridization (Zink et al., 1990). In relation to related
viruses, such as HIV-1, the role of SPZ as target cells is
controversial (Mermin et al., 1991; Pudney and
Anderson, 1991; Hamed et al., 1993; Nuovo et al.,
1994). In addition to HIV-1, feline immunodeficiency
virus (FIV) was detected in swim-up sperm prepara-
tion from infected cats (Jordan et al., 1995). In our
study, although the possibility that SPZ may be
infected with CAEV was not excluded, our results
suggest that this possibility is low.

The detection of CAEV cell-free virus, was also
demonstrated. In 15 CFSF samples that were inocu-
lated in primary goat synovial membrane cells (GSM),
five expressed CAEV-provirus detected by PCR after
8 weeks. Amongst these PCR-positive samples, three
(No. 5, 6 and 15) demonstrated productive infection by
syncytium formation within 10, 14 and 22 days after
the inoculation. Samples No. 1 and 10 expressed
CAEV provirus without syncytia, indicating that
actively replicating virus were absent or at levels

too low to be observed. The source and significance
of cell-free CAEV in semen is uncertain as it may be
shed by sources other than infected seminal cells
induced by general systemic or local virus infection.
Viral shedding may originate from various sites in the
genital tract of the male. In addition to CAEV, HIV-1
and FIV have been detected in the semen as both the
cell-infected and cell-free virus (Mermin et al., 1991;
Hamed et al., 1993; Jordan et al., 1995).

Other animal lentiviruses, such as, bovine immu-
nodeficiency virus (Nash et al., 1995), and equine
infectious anemia virus (Gardner, 1990) have also
been detected in semen, though their sexual transmis-
sion appears to be inefficient. Although the sexual
transmission has not been demonstrated in our study,
the detection of CAEV in semen both as cell-free virus
and infected cells suggests the possibility of sexual
transmission.

5. Conclusions

In summary, this is the first report describing detec-
tion of CAEV both as cell-associated and cell-free



C.E. Travassos et al./Small Ruminant Research 32 (1999) 101-106 105

virus in semen from seropositive bucks. CAEV was
detected in 53.3% of the semen samples tested and
was not necessarily consistent with different fractions
of semen from the same buck over time. While 53.3%
of semen samples had detectable CAEV nucleic acid
in their semen, no CAEV-DNA was detected in SPZ.
Infectious virus was demonstrated in vitro in CFSF by
cultivation in primary GSM cell line. These observa-
tions support the current recommendation that natural
or assisted reproduction with semen from seropositive
bucks, should be avoided pending additional study.
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