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Maedi-Visna Virus and Caprine Arthritis-Encephalitis Virus:

Distinct Species or Quasispecies and its Implications for
Laboratory Diagnosis

John Pasick

ABSTRACT

The lentiviruses responsible for
causing maedi-visna or ovine pro-
gressive pneumonia in sheep and
caprine arthritis-encephalitis in
goats have long been considered
distinct, albeit related, viral species.
Evidence, primarily in the form of
nucleic acid sequence data, suggests
this distinction may not be as abso-
lute as once thought. These lenti-
viruses might better be viewed in
the context of viral quasispecies
whose individual members exhibit
varying host range and pathogenic
capabilities. Implications for diag-
nostic testing and control of these
diseases are discussed.

RESUME

Les lentivirus responsables de
causer le maedi-visna ou pneumo-
nia progressive ovine chez les mou-
tons et l'arthrite-encephalite caprine
chez les chevres ont longtemps ete
consideres comme des especes
virales dinstinctes, quoique reliees.
Certaines evidences, principale-
ment au niveau de la sequence des
acides nucleiques, suggerent que
cette distinction ne serait pas aussi
evidente qu'on pourrait le croire.
Dans un contexte de classification,
ces lentivirus pourraient etre con-
sideres comme des membres de
quasi-especes demontrant des
variations au niveau de leur h8te et
de leur potentiel pathogene. Les
implications pour les epreuves de
diagnostic et le contr8le de ces
maladies sont discutees.

(Traduit par docteur Serge Messier)

Maedi-visna (MV), also known as
ovine progressive pneumonia (OPP),
and caprine arthritis-encephalitis
(CAE) are lentiviral diseases of sheep
and goats. Both diseases exhibit a
chronic, progressive course with char-
acteristic mononuclear inflammatory
cell infiltration of target organs that
include the lungs, the joints, the mam-
mary glands, and the central nervous
system. The earliest recognition of
MV probably dates back to 1915,
when a progressive interstitial pneu-
monia was reported in South African
sheep. A similar syndrome was later
reported in Montana sheep in 1923
(1). However, it was not until an epi-
demic of progressive pneumonia
(maedi) and paralysis (visna), involv-
ing Icelandic sheep- between 1939 and
1952 (2), that this disease received
serious attention. The origin of this
outbreak was traced to the importa-
tion of Karakul sheep from Germany
in 1931 (2). The etiologic agent,
maedi-visna virus (MVV), was even-
tually isolated from the lungs of a
sheep with progressive interstitial
pneumonia in 1967 (3). In contrast to
MV, CAE is a more recently recog-
nized syndrome of goats. It was first
described in the mid 1970s, in the
northwestern United States, following
an epizootic of leukoencephalomyeli-
tis accompanied by subclinical inter-
stitial pneumonia in kid goats (5). In
retrospect, this outbreak probably did
not result from the sudden introduc-
tion of a new virus, but from changes
in management practices that facili-
tated spread of a previously existing
virus. Caprine arthritis-encephalitis
virus (CAEV) was subsequently iso-
lated from the synovial membranes of
an adult goat with arthritis from a

herd having a high incidence of
leukoencephalomyelitis (5). Both dis-
eases are currently recognized as hav-
ing a worldwide distribution.
A number of isolates of both

viruses have been characterized
genetically, antigenically, and pheno-
typically. As early as 1981 ovine and
caprine lentiviruses were recognized
as having a close kinship based on
their immunologic cross-reactivity
(6). Later reports confirmed that
MVV and CAEV have at least one
epitope in common in each of their
structural proteins (7-9). Despite
evidence showing that MVV and
CAEV are closely related antigeni-
cally, it was also recognized that both
viruses have the capacity to undergo
significant antigenic variation within
the same infected animal over time
(10,1 1).

Beginning in 1985, sequence infor-
mation began to emerge on the 9.2-kb
genomes of MVV and CAEV. The
K1514 strain of MVV, isolated from
the Icelandic epidemic, was the first
to have its genome entirely sequenced
(12,13). This was followed by com-
plete nucleotide sequence information
for the South African ovine MVV SA-
OMVV (14), the CO strain of CAEV
(15), and the British MVV isolate
EVI (16), along with partial sequence
data for a number of other isolates
(17-22). Based on partial nucleotide
sequence information for the pol and
SU domain of the env gene, phyloge-
netic trees were constructed illustrat-
ing the genetic relationships among a
number of small ruminant lentivirus
(SRLV) isolates (19,21). This analy-
sis resulted in the SRLVs being
divided into four genetic groups.
Interestingly, the three MVV strains
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K1514, SA-OMVV, and EVI, for
which complete sequence information
is available, were all placed within
genetic group IV. Within that group,
K1514 and SA-OMVV exhibit 81.5%,
87%, and 80% homology in the
deduced amino acid sequences of
their gag, pol, and env proteins,
respectively (15). Similar degrees of
homology exist between K1514 and
EVI and EVI and SA-OMVV (16).
By comparison, CAEV CO and MVV
K1514 exhibit only 74.8%, 77.5%,
and 60% homology in the deduced
amino acid sequences of their respec-
tive gag, pol, and env proteins (15).
Accordingly, CAEV CO was assigned
to genetic group 11 (21) which, so far,
is comprised of only two other SRLV
isolates of caprine origin, and for
which only partial pol sequence infor-
mation is available. SRLV members
of genetic groups I and III originate
from sheep and goats. Surprisingly,
analysis of non-overlapping 303 and
475 nucleotide fragments of the pol
gene of French SRLVs members of
genetic group I, which originated
from sheep, revealed greater similar-
ity with CAEV CO than with MVV
K1514 (19,21). The deduced amino
acid sequence homology of members
within this group ranges from 83% to
100% based on the 303-nucleotide pol
fragment. When group I viruses were
compared with CAEV CO and MVV
K1514, the deduced amino acid
sequence homologies ranged from
87% to 100% and 83% to 88%,
respectively. Dutch workers have also
compared the DNA sequence of
amplified portions of the gag and pol
genes of six isolates of MVV and
CAEV of American, Dutch, and Swiss
origin, and found closer relationships
among these isolates than with
K1514 (22). Further analysis of a
420-nucleotide fragment from the
highly variable, carboxy terminus of
the SU domain of the env gene found
21 French SRLVs to be, on average,
equally distant from CAEV CO and
MVV K1514 (21) with 78% and 79%
deduced amino acid sequence
homologies, respectively. This find-
ing does not appear to be unique to
SRLVs of French origin since two
phenotypically distinct North Ameri-
can ovine lentiviruses, 85/34 and
84/28, have also been shown to be
genotypically more akin to CAEV
than to MVV, on the basis of their env

gene sequences (20). These findings
have led to the suggestion that the
French and North American ovine
lentiviruses may have originated from
CAEV or a CAEV-like virus (19-21).
Earlier experimental evidence,
demonstrating that sheep can be
infected with CAEV (23,24) and goats
with MVV (23), supports the possibil-
ity of cross-species transmission,
although direct evidence that this
occurs in nature is lacking.
SRLVs have also been separated on

the basis of their biological or pheno-
typic properties. The designations
type I, or MVV-like, and type II, or
CAEV-like, have been given to
viruses exhibiting specific pathogenic
potentials (25,26). Type I viruses tend
to be highly cytopathic in vitro,
pathogenic in vivo and induce the
production of neutralizing antibodies,
while type II viruses tend to produce
nonlytic and persistent infections in
cell culture, exhibit low pathogenicity
in infected animals, and induce non-
neutralizing antibodies. SRLV
genomic sequence information has
provided some clues about the
nuances that relate genotype to phe-
notype. As an example, the ovine
lentivirus isolates 85/34 and 84/28,
which are representative type I and
type II SRLVs, respectively, were
found to be 97.5% homologous in
their env nucleotide sequences (20).
Similarly, two infectious molecular
clones of MVV, namely KV1772-
kv72/67 and LVI-IKSI, each related
to K1514, differ from each other in
only 1% of their total nucleic acid
sequence. They do, however, exhibit
sharply contrasting pathogenic poten-
tials when inoculated intracerebrally
into sheep. The KV1772-kv72/67
clone was reported to induce pro-
nounced CNS pathology and a strong
humoral immune response, while
LVI-IKSI induced little or no CNS
pathology or humoral immune
response (27). Further work in this
area should make it possible to associ-
ate specific viral genetic determinants
with pathogenicity.
The traditional view that MV and

CAE are caused by distinct etiologic
agents may be outdated in light of the
foregoing discussion. Instead, SRLVs
might better be viewed within the
conceptual framework of the viral
quasispecies. This concept was first
proposed by Manfred Eigen and co-

workers (28) and is defined as a com-
plex, self-perpetuating population of
diverse entities that act as a whole.
Experimental evidence and theoretical
arguments indicate that group rather
than individual selection operates
within RNA virus systems, and that
entire quasispecies rather than indi-
vidual viral genomes is the target of
selection (29). The fact that RNA
viruses in general, and lentiviruses in
particular, exist as quasispecies is
attributed to the fact that RNA poly-
merases have intrinsically high error
rates and lack proofreading mecha-
nisms (29). The result is that RNA
viruses reproduce themselves imper-
fectly. The error rate of the viral RNA
polymerase is directly responsible for
determining the size and integrity of
the quasispecies; low error rates are
associated with quasispecies occupy-
ing small volumes of sequence space
while high error rates result in quasi-
species occupying larger volumes of
sequence space.

This variability is not only instru-
mental in the ability of lentiviruses to
evade the host's immune response,
and hence produce persistent infec-
tions, but it may also enable them to
cross species barriers, as may be the
case for MVV and CAEV. In fact, the
picture beginning to emerge for the
SRLVs is not of a collection of dis-
tinct species, but of a heterogenous
group possessing variable host range
and pathogenic capabilities. This view
has obvious practical implications for
the design of diagnostic tests and
implementation of control measures.
Rudimentary evaluation of the

polymerase chain reaction (PCR) as a
tool for detecting lentiviral infections
in small ruminants has been carried
out in a small number of laboratories
(22,30). Primers based on the pub-
lished sequences of MVV K1514 (12)
and CAEV (31), and designed to
amplify the LTR, gag, pol, and env
regions of the genome have produced
mixed results. In one study, LTR
primers were able to amplify the cor-
responding genomic regions of 6 of 6
SRLVs comprised of 3 sheep plus
3 goat isolates of American, Dutch,
and Swiss origin. In comparison, the
gag and pol primers amplified 5 of 6
and 3 of 6 of these isolates respec-
tively (22). A second study using a
total of 9 isolates of North American
origin (8 ovine plus 1 caprine) gave
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similar outcomes for LTR (9 of 9 iso-
lates) and gag-p25 (9 of 9) primers,
but poor results for gag-p16 (1 of 9)
and env-gp4O (2 of 9) primers (30).
These results are not surprising, given
lentivirus sequence variation and the
fact that PCR efficiency is intimately
dependent on the complementarity
existing between primers and tem-
plate. Quasispecies dynamics is ther-
fore of obvious importance when
designing primers for PCR-based
SRLV diagnostic assays.

Serologic based tests are by far the
most commonly employed for detect-
ing SRLV-infected animals. Once
again, careful consideration must be
given to the nature of diagnostic
reagents used, in addition to the spe-
cific test employed. As an example, a
serologic assay that is widely used for
detecting caprine and ovine antibod-
ies to SRLVs is a commercially avail-
able agar gel immunodiffusion test.
This test kit uses ovine progressive
pneumonia virus (OPPV) as antigen.
A recent study has shown however
that this test is of limited value for
CAE diagnosis in goats due to its low
diagnostic sensitivity relative to a
CAEV-based AGID test (32). The
most likely reason for this low rela-
tive sensitivity was attributed to the
divergence between the gag and
env proteins of CAEV and OPPV.
This appears not to be the case for
enzyme-linked immunosorbent assays
(ELISA). Highly purified recombi-
nant gag and env proteins derived
from MVV have been independently
produced and evaluated for use in
ELISAs in several laboratories
(33-35). The performance of these
proteins relative to whole-virus-based
ELISAs indicates that they can be
successfully used for routine sero-
logic diagnosis of SRLV infections in
sheep and goats, despite existing
genomic and antigenic variablity
(17,36,37). The reason that cross-
reactivity is preserved against recom-
binant MVV antigens is not known
for certain, but may be related to the
inherent differences between primary
and secondary binding assays or to
the fact that the antigens used in these
studies were purified under denatur-
ing and reducing conditions, thus
selecting for antibodies directed
against highly conserved linear epitopes.

In conclusion, evidence is accumu-
lating that the lentiviruses which
infect small ruminants should be
viewed as a heterogenous group or
quasispecies rather than as two or
more well-defined species. In addi-
tion, indirect phylogenetic and direct
experimental data support the plausi-
bility for previous, and perhaps con-
tinuing, cross-species transmission.
Lastly, the foregoing arguments have
obvious practical implications in the
design of tests and control programs
used for identifying and eradicating
infected animals from flocks and
herds.
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