Visna Virus Infection of American Lambs

Abstract. Random-bred fetal and 4-week-old American lambs, inoculated intra-
cerebrally with visna virus, developed a persistent infection in the brain and
sometimes in the lung. The pathologic changes present in these lambs were similar
to the early lesions of visna in Icelandic sheep, thus providing a possible model for
the study of virus-induced demyelinating disease.

Visna is a chronic persistent infec-
tion (“slow virus infection”) of the
brains of Icelandic sheep caused by an
RNA virus which shares many biologi-
cal properties with the RNA tumor
viruses (/). The disease was first de-
scribed by Sigurdsson et al. (2), and
subsequent experimental studies in sheep
have been reported by investigators in
Iceland (3). Although sheep failed to
develop clinical disease for periods up
to 4 years after intracerebral inocula-
tion of the virus, lymphocytic infiltra-
tion of the leptomeninges and choroid
plexus was detected within 1 month of
inoculation. Later in the infection, ex-
tensive pathologic changes were seen in
the parenchyma of the brain. Wide-
spread proliferation of glial and mono-

nuclear cells was accompanied by de-
myelination in white matter. The neu-
ropathological changes of visna in Ice-
landic sheep show some features in
common with two human demyelinating
diseases, postinfectious encephalomy-
elitis and multiple sclerosis (4). Al-
though an immunopathologic mecha-
nism for this virus-induced demyelina-
tion has been postulated (5), the patho-
genesis of this slow demyelinating dis-
ease has remained unknown.

Studies of visna have been limited
by (i) the inability to infect laboratory
animals with visna virus (6), (ii) the
generally held belief that breeds other
than Icelandic sheep are not susceptible
to the disease, and (iii) the stringent
isolation conditions required to work

with this agent in sheep in this country
(7).

A strain of visna virus (7) which
had undergone several passages in tis-
sue culture was inoculated onto con-
fluent monolayers of primary sheep
choroid plexus cells, grown in Roswell
Park Memorial Institute medium
(RPMI 1640) plus lamb serum (10
percent) and maintained with medium
plus 2 percent serum. Cytopathic ef-
fects (CPE) consisting of multiple
syncytia were seen in 3 days. Super-
natant fluids, removed at daily intervals
for the next 4 days and stored at
—70°C, were pooled, clarified at 5000g
for 10 minutes, and concentrated 100-
fold by centrifugation at 100,000g for
60 minutes. The infectivity of this con-
centrate measured 107 tissue culture in-
fectious doses per milliliter in sheep
choroid plexus cells. Degenerating in-
fected cells from two 75-cm? flasks

were scraped into a 2-ml portion of

concentrate; this was used for the initial

inoculation of fetal lambs.
Timed-gestation. random-bred sheep

Fig. 1. Light micrograph of brain tissue culture made from lambs infected with visna virus. Multiple nuclei are present in the
giant cell occupying center of field. Epon-embedded section stained with toluidine blue (x 800). Fig. 2. Electron micrograph
of tissue culture of brain cells derived from lamb infected with visna virus. Note particles budding from plasma membrane of
cell (scale, 0.5 um). Fig. 3. Cerebral cortex, fetal animal, inoculated on day 65 of gestation and killed 45 days later. An
infiltrate of lymphocytes and mononuclear cells is present in the subarachnoid space. Hematoxylin and eosin (X 185). Fig.
4. Cerebral white matter, newborn lamb, inoculated at 4 weeks of age and killed 9 days later. Lymphocytes and mononuclear
cells surround the blood vessel. Note lesion in white matter associated with increase in cellularity. Some of these cells are blood
elements, others may represent reactive glia. Stained with hematoxylin and eosin (X 240).

1202 SCIENCE, VOL. 183



were used in these studies. After lapa-
rotomy of the mothers (8), two sets of
twin fetal lambs were inoculated intra-
cerebrally through the uterine wall on
the 65th day of the 150-day gestational
period. Twins of one set received 0.1
ml of cellfree virus inoculum; the
others received 0.1 ml of virus and
cells. One fetus was surgically removed
from each ewe 7 days after inoculation
and the remaining fetuses were exam-
ined 5 weeks later. The first two fetuses
removed had mild focal collections of
lymphocytes in the leptomeninges; the
other two showed meningitis and ac-
cumulations of inflammatory cells
around blood vessels. Virus was not
recovered when brain homogenates of
the four lambs were inoculated onto
sheep choroid plexus cells. However,
tissue fragments or trypsinized cells
from all four brains, grown in vitro in
RPMI medium and 10 percent lamb
serum, developed characteristic CPE
within 2 weeks. The CPE consisted of
formation of syncytia (Fig. 1). Elec-
tron microscopic studies of these syn-
cytia disclosed particles indistinguish-
able from those described in other cell
cultures inoculated with visna virus (9)
(Fig. 2).

The virus isolated from the first in-
fected fetal lamb brains was grown in
sheep choroid plexus cells, and a pool
of concentrated virus and cells was pre-
pared for all subsequent inoculations.
Two further mid-gestational fetuses
were inoculated and killed 8 and 36
days later; both brains showed inflam-
matory cells in the meninges and peri-
vascular spaces, and virus was re-
covered from both brains, but only by
explant methods. Three fetal sheep were
inoculated at 115 days gestation; one
was killed 2 weeks later and the re-
maining two were killed 2 weeks after
birth (7 weeks after inoculation). The
brain of the fetus taken at 2 weeks,
and that of its twin, excised 2 weeks
after birth, had no histological lesions,
and both failed to yield virus. The other
lamb infected at 115 days gestation
and killed 2 weeks after birth showed
histopathological lesions in brain, and
virus was recovered from explants. Sub-
sequently, four 5-week-old lambs were
inoculated intracerebrally with 0.2 ml
of virus and were Kkilled at 1, 2, 4, and
10 weeks after inoculation. Lambs
killed at 1 and 10 weeks had multiple
focal lesions in the central nervous
system and virus was recovered from
brain explant cultures. The lamb killed
4 weeks after inoculation had occasional
lesions in the brain, but no virus was
recovered from cultures of brain cells.
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However, visna virus was isolated from
cultures prepared from the choroid
plexus of this lamb. The lamb killed 2
weeks after inoculation had no histo-
pathological abnormalities, and no virus
was recovered.

The pathological lesions induced by
visna virus differed, depending on the
age of the animal. Fetal animals showed
infiltration of the meninges with lym-
phocytes, monocytes, and plasma cells
(Fig. 3). Perivascular infiltrates of in-
flammatory cells were present in the
majority of these animals. Although the
4-week-old lambs showed mild menin-
gitis, the most significant abnormality
was in the cerebral white matter (Fig.
4). In patchy foci of parenchymal
damage there were excessive numbers
of cells, including lymphocytes, mono-
cytes, and plasma cells. Other cells in
these lesions may represent reactive
glia. Inflammatory cells were present
around blood vessels in proximity to
these lesions. Frozen sections of brains
were stained with fluorescein-labeled
antibodies from sheep having high se-
rum neutralizing antibody titers to visna
virus (/0), but no viral antigen was
seen.

In addition to brain lesions, many
fetal and postnatal lambs developed an
interstitial round cell pneumonia of
varying severity. In these animals there
were lymphocytes and plasma cells in
the peribronchial regions, and, in some
instances, germinal centers were present
in the lung. Virus was isolated by ex-
plant techniques from the lungs of five
of these animals. Lymphoid hyperplasia
with germinal center formation and
plasmacytosis were present in spleen
and lymph nodes. These findings sug-
gest that visna virus infection produces
a persistent infection in the brain and
lung as well as a lymphoproliferative
disease, possibly associated with the
oncogenic potential of the virus.
Whether activated lymphocytes play an
immunopathologic role in the late de-
myelinating disease observed in Ice-
landic animals is unknown.

Although the visna-related virus of
progressive pneumonia, a natural disease
of American sheep, has been recovered
from brain on one occasion (11), it has
not been associated with disease of the
central nervous system. Our findings
establish that visna virus can infect
American lambs and produce early
pathological changes resembling those
described in Icelandic sheep (12). The
study was initiated in fetal lambs in
hopes of adapting visna virus to North
Anmerican sheep. However, the lesions
produced in fetuses inoculated with

“unadapted” virus were as frequent and
severe as those induced by the virus
after passage in fetal lamb brain. The
demonstration of lesion in 10 of 13
inoculated lambs parallels the experi-
ence in Iceland where lesions and dis-
ease were not seen in all infected ani-
mals (2). The infection in American
lambs is persistent, yet infectious virus
was only recovered by cultivation of
cells from brains. This finding, com-
bined with preliminary failures to dem-
onstrate viral antigen in brains of inoc-
ulated sheep, suggests that the virus in
the sheep’s brain was defective or was
being replicated in very small quanti-
ties in vivo. The lesions were confined
to the white matter in postnatal lambs,
and, if the infection follows the course
of natural visna, they may represent
the prelude to demyelinating disease.
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