
Bull. Org. mond. Sante 1963, 29, 449-456
Bull. PWid Hlth Org. J

Study of the Etiology of Amyotrophic Lateral
Sclerosis

L. A. ZIL'BER,1.2 Z. L. BAJDAKOVA,2 A. N. GARDA§'JAN,2 N. V. KONOVALOV,3
T. L. BUNINA3 & E. M. BARABADZE4

Although various hypotheses have been put out as to the etiology ofamyotrophic lateral
sclerosis, they do not seem to date to have been substantiated by experimental evidence.
As the incidental outcome of studies on possible carcinogenic processes, the authors of this
paper have obtained experimental data indicating the possibility ofreproducing amyotrophic
lateral sclerosis in monkeys by administering extracts from the spinal cord ofpersons who
have died of the disease. The illness in monkeys is marked by a long incubation period,
which may be offive years or more, and it is very similar to the disease in man in its clinical
and pathological picture. The experimental evidence strongly suggests that this disease
is of virus origin. The virus-like agent discovered has been passaged twice in monkeys
without consequent attenuation; it is not pathogenic for mice and other laboratory animals.

The authors point out that, before final conclusions can be drawn, serological and
immunological confirmation is required. Research is now proceeding to that end.

Amyotrophic lateral sclerosis is a disease of the
central nervous system that has long been known
and was separated as a distinct nosological entity by
Charcot as long ago as 1869. It is characterized by
atrophy of the muscles of the extremities and by
spastic pareses and paralyses. The main changes
take place in the spinal cord, where the anterior
horns are severely affected and where degeneration
takes place in the conductors of the lateral and
anterior columns. The disease usually follows a two-
to three-year course and is always fatal. So far there
are no reliable data concerning its etiology. Some
research workers consider that the disease probably
has a toxinfectious, and particularly viral, origin
(Margulis, 1947; Konovalov, 1953; Hondkarian,
1957), but the majority (S. Davidenkov, 1959, for
instance) consider it more probable that it is genetic
in nature, basing themselves mainly on material
concerning its faniilial incidence, which is particu-
larly high on the island of Guam (Kurland & Mulder,
1954, 1955a, 1955b).
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The hypothesis that the disease is of toxinfectious
origin is based entirely on an analysis of clinical and
morphological data. In the literature available to us,
we have not found any description of confirmatory
experiments.
For a number of years we attempted to transfer

amyotrophic lateral sclerosis to mice and guinea-
pigs by cerebral injection of homogenates of tissue
from the brain and spinal cord of persons who had
died of the disease.

All these experiments, whether carried out on
adult or new-born animals, failed to give positive
results. Attempts to isolate the assumed viral agent
by consecutive blind passage in mice also failed.
Efforts to isolate the presumptive virus by passage
of the affected tissues in chick-embryos and cultures
of HeLa cells and monkey kidneys were also un-
successful (Zil'ber et al., 1962).

In 1956, experiments were begun with monkeys
and after some years these have produced results
deserving of attention.

METHODS

Pieces of the medulla oblongata and spinal cord of
patients who had died of amyotrophic lateral sclero-
sis were triturated in a mortar with sand with a salt
solution in the ratio of 1: 3. The homogenate was
centrifuged at 3000-4000 revolutions per minute to
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clarify the liquid and precipitate the sand. The
supernatant fluid, to which penicillin and strepto-
mycin were added, was injected into the brain of the
monkeys through a trephine hole. The material was
administered through the dura mater into the frontal
lobe of the brain to the left of the centre line and to
a depth not exceeding 2-2.5 mm. To avoid deeper
penetration a sleeve was fixed on the needle. Monkeys
of the Macaca rhesus species and of some other
breeds were used for the experiments. They were of
different ages but mainly under one or two years.

RESULTS OF EXPERIMENTS ON MONKEYS

On 11 May 1956 the supematant fluid from a
homogenate of medulla oblongata and spinal cord
from a patient 2, who had died of the bulbar
form of the disease, was administered to two Macaca
rhesus monkeys: one, a female weighing 5.6 kg,
known as Mys'; and the other, a male weighing
7.5 kg, known as Sobol'. Both these monkeys had
been given an intramuscular injection of a homo-
genate of human tumour tissue roughly a year
before, with a view to the study of possible carcino-
genic processes. These monkeys were used for the
experiments with amyotrophic lateral sclerosis
because at that time we had no fresh monkeys
available which had not been used experimentally.
After the medullary homogenate from persons who

had died of amyotrophic lateral sclerosis had been
injected, the monkeys were kept under observation
for about four months, their temperature being
taken and regular examinations of blood and neuro-
logical condition being made. However, no patho-
logical manifestations were found and the experi-
ment was considered negative. Nevertheless, the
monkeys were kept under observation since it was
essential to watch for the possible occurrence of
tumours in them over a fairly lengthy period. In
May 1957, in a routine examination, some changes
were noted in the condition of Mys': slight hypo-
trophy of the muscles of the left forearm and hand,
an exaggeration of the tendon reflexes in the hind
limbs, and loss in weight. We attached no particular
importance to these findings, which were, however,
recorded on the case-history sheet. Eighteen months
later, i.e., two-and-a-half years after infection, the
pathological manifestations became more marked.
Substantial paresis of the left hind limb appeared,
with atrophy of the muscles and considerably brisker
reflexes. There was an intensification in the amyo-
trophy of the left fore-limb. During the next two
months paresis of the left hind limb was considerably
intensified and a weakness of the lumbar muscles and
paresis of the right hind extremity were noted. On
8 May 1959 the monkey was sacrificed and a homo-
genate of its spinal cord was injected into the brain
of two other monkeys, Pean and Pincet (Fig. 1).

FIG. 1
ANIMAL PASSAGES OF MATERIAL FROM PATIENTS WHO HAD DIED OF AMYOTROPHIC LATERAL SCLEROSIS (ALS)
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The monkey Sobol', to which the same material
had been administered as to Mys', remained in good
health during subsequent years. It gained con-
siderably in weight and an excess deposit of abdomi-
nal fat was noted. Three years after infection, a
flexor contracture of the third digit on the left fore-
limb was noted in this monkey. At the end of the
fifth year following infection the monkey began to
lose weight and in addition to the flexor contracture
of the third digit of the left fore-limb, hypotrophy of
the muscles of the hind limbs appeared, together
with exaggeration of the tendon reflexes in the fore-
limbs and a sharp heightening of the knee-jerk and
Achilles tendon reflexes. In the subsequent three
months the digits on both fore-limbs assumed a
position of extension (Fig. 2). Pareses of the feet and
atrophy of the crural and femoral muscles appeared
and the zones of the knee-jerk and Achilles tendon
reflexes became more extensive, these reflexes being
exaggerated on both sides. The monkey ceased to
bear its weight on the right leg and spent most of
the day on the floor. On 20 March 1962 the monkey
was sacrificed and seven monkeys, still under ob-
servation, were infected with the medullary tissue.
Of the two monkeys infected with medullary tissue

from Mys', one (Pincet) showed the first signs of
illness after only 8½ months-flaccid paresis of the
right fore-limb and both hind limbs. A sharp
worsening in general condition and disturbance of
motor co-ordination were also noted. Two months
later the cerebellar disturbances disappeared but
marked hypotrophy of the muscles of the right hind
limb appeared. The monkey was sacrificed on
29 September 1961, i.e., two years and four-and-
a-half months after infection. On 16 March 1960
cerebrospinal fluid from the monkey was injected
into the brain of another monkey, known as Brjukva,
which died in 1962 from an accidental cause.
However, in March 1962 considerable atrophy of
the right hind limb and heightened reflexes had
been noted in Brjukva. In Pean, the second of the
two monkeys infected with material from Mys' on
8 May 1959, muscular atrophy and an extension of
the reflexogenic zones were noted on examination in
May and November 1962.
The next series of experiments was carried out

with medullary material from a patient Z, who had
also died of the bulbar form of amyotrophic lateral
sclerosis. The supematant fluid from a homogenate
of spinal cord prepared as described above was
injected into the brain of the monkey Selkovyj
(Fig. 1) on 19 January 1960. Two years later the

FIG. 2
EXTENSION OF DIGITS OF FORE-LIMBS

OF THE MONKEY SOBOL'

first symptoms of disease appeared (paresis of the
right hind limb) followed by muscular atrophy and
exaggeration of reflexes. In the subsequent two
months a clear picture developed with marked
pareses of the limbs (Fig. 3). On 8 March 1962 the
monkey was sacrificed and medullary material from
it administered to six monkeys still under obser-
vation.

FIG. 3
PARESES OF THE LIMBS OF THE MONKEY SELKOVYJ
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FIG. 4. LOSS OF GANGLION CELLS OF ANTERIOR
HORNS OF SPINAL CORD IN THE MONKEY MYS'
Nissl's stain. Magnification: 40 x.

FIG. 5. NISSL'S DEGENERATION IN THE MONKEY
MYs'
Nissl's stain. Magnification: 280 x.

FIG. 6. SHRUNKEN CELLS OF THE ANTERIOR
HORN IN THE MONKEY SELKOVYJ
Nissi's stain. Magnification: 280 x.

FIG. 7. NEURONOPHAGIA IN THE MONKEY MYS'
Nissi's stain. Magnification: 400 x.

7

Finally, a third series of experiments is being
conducted with spinal cord from patient M, who
died of the cervico-thoracic form of amyotrophic
lateral sclerosis. A monkey, Manusi, was infected
with this material on 14 September 1959. In March
1962 slight changes (an exaggeration of knee-jerk
and Achilles-tendon reflexes, an extension of the
reflexogenic zones and a slight wasting of the
muscles in the hind limbs) were noted. Three
monkeys of other breeds are also under observation,
to which material has been administered from three
other persons who had died of amyotrophic lateral
sclerosis-an Anubis monkey infected on 28 May
1957 and two green monkeys (Cercopithecus
aethiops sabaeus), one of which was infected on
25 May 1957 and the other on 13 June 1958. The
latter was infected in the embryonal period in its

mother's womb. Up to date (May 1963), these
monkeys have remained healthy. Further observa-
tion will show whether this is due to insusceptibility
or to the length of the incubation period.

Medullary material from the Sobol' monkey
was administered intracerebrally to rabbits, guinea-
pigs and hamsters. In the course of 14 months'
observation not a single animal has fallen ill.

Morphological investigations

The brain of all the monkeys sacrificed was sub-
jected to detailed morphological examination. In
every case slight oedema of the dura mater and
pia mater of the brain and spinal cord was discovered,
together with uneven thickenings. In some sectors
the membranes were adhering to each other. Foci
of histiocytic and lymphoid infiltration were ob-
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served, mainly at the points of exit of the spinal
roots. The veins in the meninges and in the white
and grey substance were dilated and congested with
blood. Their walls were convoluted and folded.
There was marked swelling of the arterial walls with
proliferation of the endothelium and a perivascular
glial reaction.

Particularly marked changes were noted in the
anterior horns of the spinal cord: a clear-cut loss
of ganglion cells (Fig. 4) and various forms of
diseased ganglion cells. The cells that remained
were swollen and subject to chromatolysis and to
Nissl's degeneration (Fig. 5). In most cases
the cells were wrinkled and their cytoplasm had
become homogeneous and hyperchromic. The pro-
cesses of these shrunken cells were spirally coiled
(Fig. 6). In some of the cells lipoid granules had
accumulated. An examination of the preparations
enables all stages of degeneration to be seen in
the motor neurons right down to the formation of
shadow cells. Destruction of the cells is accom-
panied by a marked glial reaction, satellitosis and
neuronophagia (Fig. 7). Mann-Unna staining
revealed rounded inclusions in the cell cytoplasm
measuring 0.5-3.5 t, some of them single and some
arranged in groups of two or three per cell, sur-
rounded with a rim of lighter colour (Fig. 8). Similar
inclusions have been discovered in persons who have
died of amyotrophic lateral sclerosis. In the third
and fifth layers of the motor cortex, foci of disap-

FIG. 8
INCLUSION OF ANTERIOR HORN CELL IN CYTOPLASM

IN THE MONKEY SELKOVYJ

Mann's stain. Magnification: 630 x.

FIG. 9
DEMYELINIZATION IN THE LATERAL COLUMN

IN THE MONKEY SELKOVYJ

Spielmeyer's stain. Magnification: 40 x.

pearance of the large pyramids and Betz cells were
noted. Some of the cells were swollen and wrinkled,
and there was cytolysis accompanied by satellitosis
and neuronophagia.

In addition to the cellular lesions some changes
were also noted in the substantia alba of the spinal
cord. These changes were roughly identical in Mys',
Pincet and Selkovyj, and consisted of marginal
demyelinization of the anterolateral surface of the
spinal diameter and focal thinning and paleness of
the tissue in the lateral columns corresponding to
the localization of the pyramidal tracts (Fig. 9).
The same changes were discovered in the anterior
columns to a somewhat greater degree.

In Sobol' there was, in addition, marked demyeli-
nization also in the fasciculus gracilis. Along the
course of the changed nerve fibres accumulations
of Marchi balls were observed (Fig. 10). Staining
with scarlet revealed an accumulation of fat in the
glial cells in these areas.
The picture of morphological changes, which was

identical in all the monkeys sacrificed, points to a
clear lesion of the central nervous system. Similar
changes are observed in human beings who have
died of amyotrophic lateral sclerosis, the only
difference being that they are markedly more intense
in human patients. This difference is probably due
to the fact that we sacrificed the monkeys before
they died naturally (in attempting to ensure success
of the passages), whereas in study of human material
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FIG. 10
MARCHI BALLS ALONG THE COURSE

OF THE NERVE FIBRES OF THE FASCICULUS GRACILIS
IN THE MONKEY SOBOL'

Marchi's stain. Magnification: 70 x.

the pathologist is always dealing with fatal cases,

when the intensity of the changes has reached its
maximum.
The similarity between the clinical picture of the

morphological changes in the central nervous

system of animals and that observed in human
beings suffering from amyotrophic lateral sclerosis
leads to the conclusion that we succeeded in repro-

ducing the disease in Macaca rhesus monkeys.
All bacteriological tests of the medullary material

remained fruitless. The material from human beings
and from passages in monkeys was administered
with antibiotics. Thus the idea that the causative
agent is bacterial in nature may be excluded and we

may assert that a viral agent is concerned. It should
prove possible to maintain this viral agent in sub-

sequent passages since in the second and apparently
in the third passages no attenuation of its patho-
genicity has been observed.

Serological examinations

In the course of 10 years devoted to study of the
nature of amyotrophic lateral sclerosis, we have
attempted more than once to use serological methods.
Tests were set up for the flocculation and precipita-
tion reactions between sera and cerebrospinal fluid
(and also medullary extracts) from persons suffering
from amyotrophic lateral sclerosis. All these attempts
were fruitless. Sera were also prepared by immuniz-

ing rabbits with emulsions of medullary material
from persons who had died of amyotrophic lateral
sclerosis, which were then tested in various sero-
logical reactions. However, no specific results were
obtained. When the disease was reproduced in
monkeys, T. I. Birjulina and the senior author
performed a complement-fixation test with antigens
from the brain of sick persons and monkeys prepared
by the Casals method and sera taken at various
stages of the disease. In only a few cases did we
obtain slightly positive results.

Complement-fixation tests were also performed
between antigens from the medulla oblongata and
spinal cord of sick animals and the cerebrospinal
fluid of sick persons. By this method we obtained a
sharply positive reaction. However, it proved to be
non-specific since it was also obtained with cerebro-
spinal fluid from persons suffering from other
diseases.
Thus we have not so far succeeded in devising any

test for the serological recognition of amyotrophic
lateral sclerosis. We are now studying the pos-
sibility of using the haemagglutination test for this
purpose.

DISCUSSION OF THE RESULTS

The material set forth above shows that by infect-
ing Macaca rhesus monkeys with medullary tissue
from persons who have died of amyotrophic lateral
sclerosis a disease can be reproduced in them which
is very similar to the human disease in its clinical and
patho-morphological picture. The illness in monkeys
is marked by a long incubation period, which may
last as much as five or even more years. There is
every reason to assume that the disease in monkeys
is caused by an agent of viral character. Is this agent
the causal organism of amyotrophic lateral sclerosis?
A priori it might be assumed that the viral agent

isolated is a monkey virus and that the injection into
the monkey brain of human medullary extracts has
only activated the latent infection from which the
monkeys were already suffering.

This presumption, however, is improbable. Macaca
rhesus monkeys have long been used as the subject of
numerous experiments and have been studied in
detail from the virological point of view. The viruses
isolated from them cause diseases which differ from
that described by us both in clinical picture and in
the length of the incubation period. In the last few
years we have kept under regular observation the
state of health of all the monkeys at the Institute of
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Experimental Pathology and Therapy in Sukhumi
(over 1000 animals), noting carefully all cases of
disturbances of motor function recorded by the
technical and scientific staff. Not once was a picture
found similar to that observed in our monkeys. The
occurrence of the disease only in monkeys, the single
type of course it follows in those animals when they
are infected with material obtained from various
cases of amyotrophic lateral sclerosis, the similarity
in the clinical aspects of the disease in human beings
and monkeys, and the similarity of the microscopic
changes in the central nervous system taking place
in both, all point to the fact that the viral agent
isolated is the causal agent of amyotrophic lateral
sclerosis.

Serological and immunological data are, however,
needed before final conclusions can be drawn on this
question. The extreme difficulty of obtaining such
data should be noted but we hope that they will be
obtained within the next few years, since we now
have available a considerable number of monkeys
already infected with the agent being studied. How-
ever, we possibly have to deal with a viral agent that
causes no antibody formation during the develop-
ment of the infective process.

It was stated above that the familial incidence of
amyotrophic lateral sclerosis on Guam island and
other islands in the Marianas group is extremely high.
Indeed, according to Kurland & Mulder (1955a,
1955b) 10% of adults deaths on Guam are due to
amyotrophic lateral sclerosis. The illness occurs
there among the Chamorro tribe, which is not very
numerous. Chamorros who have emigrated to
California also often fall ill with this disease.
Kurland & Mulder believe that the familial incidence
is due to some factor which occurs only in the
Chamorros. This factor is genetic and it either
developed in that population or was introduced into
it at some earlier date.

In discussing the role of genetic factors in the
causation of amyotrophic lateral sclerosis it is
necessary to take into account the recently published
findings by Parry (1960, 1962), who for many years
studied a sheep disease, known under the name of
scrapie for more than 200 years. In. 1936 it was first
subjected to virological examination (Cuille & Chelle,
1936) and a virus was obtained with which this
disease can be artificially reproduced in other sheep
and also in goats and one line of mice, as has been
confirmed several times by various investigators

(Pattison et al., 1959; Pattison & Millson, 1960;
Stamp et al., 1959; Mackay et al., 1960). The scrapie
virus has proved to be extremely curious. Antibodies
to it did not develop in sick sheep whether they had
had the natural infection or had been infected ex-
perimentally. At the same time the virus proved to
be extremely stable and withstood heat of as much
as 95.5°C for 30 minutes.
Very careful observations by Parry have proved

that in this disease genetic factors are of great
significance. It occurs under natural conditions only
when the sheep concerned have a definite genetic con-
stitution and are homozygous in one recessive gene.
The author considered the viral agent discovered in
his experiments on the experimental infection of
sheep to be the precursor of the virus, which arises
and accumulates in the organism of sheep with that
type of genetic constitution and causes the disease.
This virus precursor, which the author calls a pro-
virus, is not transmitted under natural conditions and
does not possess some of the properties of natural
virus.

It is obvious that there are diseases of a viral
nature in the causation of which genetic factors are
determinant. Such facts are known in regard to
some tumour diseases (e.g., mammary-gland cancer
in mice). Obviously the range of such diseases is
much wider than was thought earlier. All these
circumstances should be taken into account in
further studies of amyotrophic lateral sclerosis.

CONCLUSIONS

Experimental data have been obtained which prove
the possibility of reproducing amyotrophic lateral
sclerosis in Macaca rhesus monkeys by administer-
ing extracts from the medulla oblongata and spinal
cord of persons who have died of the disease. The
illness caused in monkeys is characterized by the
unusual length of the incubation period, which lasts
from a year to five years and may even be longer.
The clinical and pathological pictures of the

disease in monkeys are very similar to those observed
in human beings. The virus-like agent discovered in
the spinal cord of persons suffering from amyo-
trophic lateral sclerosis was passaged twice in mon-
keys by intracerebral injection without any apparent
attenuation of its pathogenicity.
The viral agent is not pathogenic for mice and

other laboratory animals.
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R]ESUMt

L'etiologie de la sclerose lat6rale amyotrophique n'est
pas elucidee de fagon certaine et l'on en est reduit a des
hypotheses: infection toxi-infectieuse, virale, predispo-
sition genetique. Jusqu'ici toutes les experiences destinees
a confirmer l'hypothese virale ont ete suivies d'echecs.

L'experimentation des auteurs, commencee en 1956,
leur a permis d'obtenir apres injection intramusculaire
d'un extrait homogeneise de moelle epiniere de malades
decedes de sclerose laterale amyotrophique, la reproduc-
tion chez deux singes Macaca rhesus de nombreux
symptomes de la maladie humaine. L'apparition des
sympt6mes pour les deux animaux a demande de tres
longs delais, de un a cinq ans ou plus. A l'autopsie, les
lesions de la moelle etaient morphologiquement iden-
tiques A celles de la maladie humaine. Du tissu mddullaire
de ces deux animaux a ete injecte dans le cerveau de deux
autres singes qui apres un temps variable (8 mois ½/2 chez
l'un, plus de deux ans chez l'autre) ont pr6sent6 des
sympt6mes neurologiques evocateurs de sclerose laterale

amyotrophique. Plusieurs autres singes ont requ des
injections de tissu medullaire homogeneise provenant
soit d- sujets humains decedes soit des premiers animaux
d'experience. Ils sont en cours d'observation; mais ils
presentent tous, peu ou prou, des signes d'atteinte neu-
rologique.

Par contre, l'injection de ce materiel a la souris, au
lapin, au cobaye et au hamster n'a ete suivie d'aucune
manifestation pathologique cliniquement appreciable.
De meme, toutes les tentatives des auteurs sur le plan du
diagnostic serologique ont e't6 vaines jusqu'a present. A
l'heure actuelle des etudes en vue de l'etablissement d'un
test d'hemagglutination se poursuivent.

Discutant l'importance des facteurs genetiques dans la
constitution de la sclerose laterale amyotrophique (au
sein de la tribu des Chamorros, habitant l'ile de Guam,
cette affection est responsable de 10% des deces) les
auteurs pensent que la reconnaissance de leur r6le ne
s'oppose pas 'a l'acceptation de l'hypothese virale.
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