Transmissible Mink Encephalopathy:
Experimental Transmission to the Squirrel Monkey

Abstract. A progressive, fatal spongiform encephalopathy developed in three
squirrel monkeys 11 months after inoculation with primate-passaged transmissible
mink encephalopathy agent. The clinical symptoms and histopathologic and elec-
tron microscopic findings suggest that this naturally occurring disease of mink has
been transmitted experimentally to squirrel monkeys.

The etiologic agents of scrapie dis-
ease of sheep and transmissible en-
cephalopathy of mink (TME) have
been shown to be filterable and to have
unusual physical and chemical stabili-
ties (Z, 2). Hadlow (3) in 1959 pointed
out the remarkable similarities in
the epidemiology, clinical symptoms,
and neuropathology between scrapie
and a disease of man called kuru. Simi-
larities of kuru and another chronic
degenerative disease of man, Creutz-
feldt-Jakob disease, had also been sug-
gested (4). Subsequently, kuru (§)
and Creutzfeldt-Jakob disease (6) were
transmitted to lower primates. These
four diseases are similar in that they
can all be transmitted experimentally
to one or more hosts in which the in-
cubation period is many months long,
the neuropathology is similar, differing
primarily in the distribution of the le-
sions, and the clinical findings in both
natural and experimental infections are
those of a progressive, fatal neuro'ogic
disease. These similarities led Gibbs
(6) to propose for them the descriptive
term “subacute spongiform viral en-
cephalopathies.”

In the study of experimental host
range of TME by Marsh et al. (7), a
1-year-old rhesus monkey, inoculated
(subcutaneously, intramuscularly, in-
travenously, and orally) with a 10 per-
cent suspension of TME-infected mink
brain, remained asymptomatic for 33
months. The animal was Kkilled, and
light microscopic examination of the
brain revealed a polioencephalopathy
with vacuolization of the gray matter
similar to that seen in the brains of
mink with TME. Suspensions of the
rhesus monkey brain inoculated intra-
cerebrally back into mink produced a
disease indistinguishable from TME.
Visceral tissues were also infective for
mink. A stumptail macaque inoculated
intracerebrally with homogenate of
rhesus monkey brain developed a se-
vere encephalopathy 16 months post-
inoculation (8). Second passage in
rhesus monkeys has been initiated; one
of these rhesus monkeys has developed
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a severe encephalopathy 19 months
postinoculation.

Three female squirrel monkeys be-
tween 3 and 4 years of age were inoc-
ulated with the rhesus monkey brain
homogenized in TenBroeck grinders
and suspended in medium 199 contain-
ing 10 percent calf serum, and anti-
biotics (250 international units of peni-
cillin and 250 ug of streptomycin per
milliliter). Squirrel monkey No. 68
was inoculated intracerebrally in the
right cortex with 0.2 ml and intra-
venously with 0.3 ml of the brain ho-
mogenate. Squirrel monkeys No. 23
and No. 69 were inoculated in the right
cerebral cortex with 0.2 ml and intra-
peritoneally with 0.5 ml of the brain
homogenate. These three animals were
housed together in a single cage in an
isolation room with other species of
primates inoculated with similar mate-
rials.

Eleven months postinoculation, all
three TME-inoculated squirrel monkeys
developed a clinically similar, rapidly
progressive, neurologic disease. Squirrel
monkey No. 69 died 3 weeks later.
Monkeys No. 23 and No. 68 were elec-
tively killed in terminal stages of
the disecase 4 weeks after the onset of
clinical symptoms. Retrospectively, the
earliest sign of clinical illness was an
alteration of normal behavior which oc-
curred at 10 months postinoculation.
The normal and predictable reaction of
these squirrel monkeys to the approach
of a man was a rapid retreat to the
upper rear part of the cage followed
by frenzied escape attempts if the cags
was touched or its door opened. Dur-
ing the 10th month postinoculation, a
closer approach to the cage was re-
quired to elicit this response. This tol-
erance eventually reached the point
that the animals would remain on the
floor of the cage, or, rarely, climb the
front screen to meet the approaching
man. This progressively raised thresh-
old for the perception of environmental
threat preceded the acute phase of the
illness by several weeks.

To facilitate a description of the

clinical observations in squirrel mon-
keys, the neurological disease has been
divided into three major categories: (i)
impaired consciousness and cognition;
(ii) motor dysfunction; and (iii) tremor.
Many of these signs of dysfunction de-
veloped simultaneously and must be
presumed to be interdependent expres-
sions of a diffuse process.

Apathy, drowsiness, diminished at-
tention span, and decreased activity
were noted at 11 months postinocula-
tion. The animals became somnolent,
but were intermittently alert and at-
tempted to eat and drink. These signs
were progressively more severe until the
animals became unresponsive in the
terminal stages of the disease. In addi-
tion, squirrel monkey No. 69 experi-
enced two episodes of unconsciousness,
one at 11 months postinoculation and
again 1 week later. The first episode
was. followed by apparent recovery.
The second episode occurred during
early signs of apathy and decreased
activity.

There appeared to be impairment of
body-spatial orientation and percep-
tion, as evidenced by abnormal body
positions and limb postures which were
maintained for extended periods, and
searching motions of the feet and
hands. All the monkeys had difficulty
balancing when attempting to drink
from a bowl on ths bottom of the
cage and would rock gently back and
forth. In order to eat, the elbows and
forearms were placed together on the
floor, the food was held with both
hands and the head was lowered to
reach the food. The process of eating
was inefficient, and most of the chewed
food was left on the floor.

There was generalized weakness and
marked slowing of all motor behavior
such as eye blink, gait, and turning of
the head. Movements of the extremities
were at times groping and awkward
and were suggestive of apraxic deficits.
Spontaneous movements were infre-
quent as the disease progressed, and
stimulation by prodding resulted in
broad-based ataxic movement of a
short distance followed by a return to
the sitting position with the head bent
forward almost touching the floor. The
tail was carried in horizontal position
close to the floor.

Two types of tremors were observed.
Intermittent, brief (1 to 2 seconds in du-
ration) episodes of very rapid tremors,
involving one or both feet, were ob-
served throughout the clinical period.
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There was no associated alteration in
consciousness or interruption of other
concurrent motor function. The second
type of tremor was occasional episodes
of slow, rhythmic, side-to-side rocking
movements.

Brain, cord, and visceral organs of
the squirrel monkeys were collected for
viral assay in mink and for light

microscopy. In addition, brain tissues

from squirrel monkeys Nos. 23 and 68
were fixed for electron microscopy. Sus-
pensions of brain and spleen from these
clinically affected squirrel monkeys
inoculated intracerebrally into mink
produced a disease that was clinically
and pathologically indistinguishable
from TME.

There were no gross pathological

alterations of the central nervous sys-
tem or of the visceral organs of the
three TME-inoculated squirrel mon-
keys or of an uninoculated control
squirrel monkey. In preliminary light
microscopic studies of the central nerv-
ous system, the most striking finding
was a severe spongiform polioencepha-
lopathy (Fig. 1) involving most of the
gray matter of the brain. In the spinal
cord, a spongiform poliomyelopathy
was observed; however, it was intense
only in the posterior horns. These
changes were consistent in all three
TME-inoculated squirrel monkeys but
were not seen in the control animal.
Vacuoles varying in size chiefly from
10 to 20 pum, with occasional sizes up
to 45 pm, were located in the neuropil.
Rare vacuoles of a smaller diameter
than the cell nucleus were located
within the cytoplasm of nerve cell bod-
ies. Loss of nerve cells was not con-
spicuous. In the cerebellum, vacuoliza-

tion was limited to the granular layer

of the cortex, with focal involvement
of the subjacent white matter of the
folia. ‘Extensive proliferation and hy-
“pertrophy of astrocytes was observed in
the areas of most intense vacuolization.
Demyelination, microglial proliferation,
and inflammatory infiltrates were not
observed.

The lesions in the central nervous
system of TME-inoculated squirrel
monkeys, as seen by light microscopy,
were similar to those that have been
seen in mink with TME, except for an
involvement of cerebellum and spinal
cord which has so far not been en-
countered in mink. ‘

Preliminary electron  microscopic
studies of the cerebral cortex of two
TME-inoculated squirrel monkeys re-
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Fig. 1. Spongiform polioencephalopathy of cerebral cortex of squirrel monkey inocu-
lated with primate-passaged TME agent. Hematoxylin and eosin stain; bar equals

%4 mm.

véaled a focal and presumably hy-
dropic swelling of dendrites and axons.
They also confirmed the presence of
vacuoles within neuronal perikarya
and nerve cell processes as seen by
light microscopy. The large vacuoles in
the neuropil (Fig. 2A) were found to
be derived from several neighboring
disrupted cell processes and were filled
with variously shaped membranes (Fig.

2B). Similar findings have been ob-
tained in cortical tissues of TME-in-
fected mink (9) and also in the cortex
of monkeys inoculated with brain sus-
pensions of patients suffering from kuru
(10) and from Creutzfeldt-Jakob dis-
ease (10).

The experimental diseases in mink
and squirrel monkeys were similar in
their long incubation period, histo-

Fig. 2. Electron micrographs of cerebral cortex after immersion fixation of tissue in
1 percent osmium tetroxide, embedding in Epon/Araldite, and contrasting of sections

with uranyl acetate and lead citrate.

(A) Oblong vacuole with membranous con-

tents surrounded by cell processes including myelinated axons. Bar equals 2 um.
(B) Detail of membranes revealing spiral, circular, and linear profiles. Bar equals

%5 um.
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pathologic criteria, and in some of the
clinical signs. Differences existed in the
distribution of lesions in the gray mat-
ter. All the squirrel monkeys developed
a similar disease at the same time after
being held in isolation for a period of
11 months. Similar spontaneous neuro-
logic disease in subhuman primates is
not known to occur (5, 6). Specific
efforts were not made to identify
simian passenger viruses (/7). The pos-
sibility that such agents would have
contributed to these findings seems re-
mote.

Transmissible encephalopathy  of
mink in squirrel monkeys provides a
readily available inexpensive primate
model for the study of “subacute spon-
giform viral encephalopathies.” This
investigation lends support to the sug-
gested relationship between animal and
human transmissible viral encephalop-
athies.
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Mutation in Internode Length Affects Wheat Plant-Type

Abstract. A mutant form was found in an M, population of wheat Triticum
aestivum L. em. Thell. (aestivum group) ‘Seneca’. The population was derived
from soaked grains treated with 3.2 kilorads of gamma rays. The first and
second internodes below the spike were reduced in length 33 and 15 percent,
respectively, and the total height was 18 percent shorter than the prototype. The
flag leaf sheath was normal in length resulting in spike placement below the flag
leaf lamina. Segregation data suggest that one dominant gene controls this char-
acter. The canopy structure of a population of mutant plants is different from
that of the normal type; therefore, this mutant can be used to evaluate light
interception and physiological aspects of crop productivity.

The study of canopy structure as it
is related to productivity has led to a
concept of plant-type by which produc-
tion efficiency of crop plants is to be
maximized (7). Such attributes as leaf
angle and size, tillering ability, and
plant height influence the amount and
distribution of light intercepted in the
canopy of cereal crops at a given plant
population density and, therefore, are
expected to affect photosynthetic effi-
ciency. Photosynthesis in the culm, flag
leaf, spike, and awn contribute vari-
ously to carbohydrate accumulation in
the grain (2). Genetic modification of
plant form through the use of isogenic
lines provides information on the rela-
tive contribution of plant parts to grain
yield (3). Thus the concept of plant-
type has provided some previously un-
recognized guidelines for the improve-
ment of cereal crops. The major
breakthroughs in increasing the yield
of wheat (4) and rice (5) have been
accompanied by major changes in
phenotype, notably the development of
short-statured wheat varieties and short-
statured, erect-leaved varieties of rice.
Full analysis of the concept of plant-
type and whether it provides meaning-
ful breeding objectives requires genetic
variants with a common background
genotype. We report here the finding of
one such mutant of wheat. The mutant

has reduced length of upper culm in-
ternodes with normal flag leaf lamina
and sheath, This results in spike place-
ment below the flag leaf lamina which
in turn alters the canopy by placing
the flag leaf in a more prominent posi-
tion for light interception.

Four lots of grains of ‘Seneca’ wheat
[Triticum aestivum L. em. Thell
(aestivum group)] were soaked in
water for 24 hours, and each was given
one of the following mutagenic treat-
ments: 1.0 or 3.2 krad of gamma rays
(137Cs), or 100 or 320 rad of unmod-
erated fission neutrons. Similar lots
were soaked for 24 hours in 0.011 or
0.100M ethyl methanesulfonate. The M,
plants from all treated seeds and a
control population were grown in re-
productive isolation near Oak Ridge,
Tennessee, in 1966. Approximately 850
M, plants, spaced 45 cm apart, of each
of the six treated and the control pop-
ulations were grown near Knoxville and
Springfield, Tennessee, in 1967. Three
plants (S636-1, S636-4, and S785-5)
with reduced length of the upper inter-
node were found in the population
irradiated with 3.2 krad of gamma rays;
no plants of this type were found in
the other populations, Plants from the
M; and M, generations derived by self-
pollination from these putative mutant
plants were observed when grown at

Table 1. Culm length of M, mutant and normal plants derived from S636-1. Internode 1 is
the peduncle directly below the spike. Means of measurements of five culms each on nine
homozygous mutant and 19 homozygous normal plants are given.

Culm
Inter- Mutant Normal Per cg;nage
node
Length Percentage of Length Percentage of normal
(cm) total length (cm) total length
1 19.9* 32 29.7 39 67.0
2 15.7* 25 18.5 24 84.9
3 10.9 18 11.9 16 91.6
4 8.8 14 9.4 12 93.6
5 5.8 9 5.8 8 100.0
6 1.0 2 0.7 1
Total 62.1% 100 76.0 100 81.7

* Significant difference from normal (P <.05).
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