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SYNOPSIS

Two virus strains were isolated from the central nervous systems
of two fatal human cases during an epidemic of encephalomyelitis
in Austria. Monkeys, mice, and chick embryos proved susceptible;
rabbits and guinea-pigs were refractory. The experinental disease in
monkeys was characterized by acute meningo-encephalomyelitis,
which was localized particularly in the grey matter of the brain
stem, the cerebellum, the medulla, and the anterior horns of the
spinal cord. The virus produced discrete lesions on the chorio-
allantoic membrane of the chick embryo. In monkeys, viraemia was
demonstrated for a period of at least 6-8 days before the develop-
ment of the clinical illness.

The virus was shown to be closely related to that of Russian
spring-summer encephalitis. Neutralizing and complement-fixing
antibodies could be demonstrated in patients' sera.

An epidemic of encephalomyelitis, which was initially diagnosed as
atypical poliomyelitis, occurred in the summer of 1953 in the south-eastern
area of Austria, and, apparently, in adjoining countries. Several hundreds
of patients were reported to have been hospitalized.

* On leave of absence from the Prins Leopold Instituut voor Tropische Geneeskunde, Antwerp, Belgium
* On leave of absence from the Neurological Clinic, University of Zagreb, Yugoslavia
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lsolation of the virus

Pieces of central nervous system from five fatal cases were sent in
glycerine to the authors' laboratory by Dr. G. Grinschgl of the Neuro-
psychiatric Clinic, University of Graz, Austria, in sealed bottles in August,
November, and December 1953.

Ten per cent. suspensions in distilled water were prepared from various
fragments of the central nervous system immediately after arrival. Since
there was no certainty of absolute bacterial sterility of the autopsy material,
1,000 units of penicillin and 2.5 mg of streptomycin were added per ml
of suspension.
A pooled suspension of the cerebellum, the medulla, the spinal cord,

and the cerebral cortex of each of the cases was inoculated into stationary
tube cultures of monkey testicle fibroblasts, into rhesus and cynomolgus
monkeys, and into mice.

Virus was isolated from four cases, and one virus could be identified
as type 1 poliomyelitis virus by means of the neutralization test with type-
specific monkey hyperimmune sera in tissue culture. No virus could
be isolated from the central nervous system of the fifth case. The strains
isolated from the three remaining cases will be described in detail, and
they are referred to as the Graz I, II, and III strains.

The Graz I strain was isolated following intracerebral inoculation
of two rhesus monkeys and 12 mice with pooled pieces of human central
nervous system. A number of animals developed encephalomyelitis after
an incubation period of 9-14 days. The central nervous system proved
bacteriologically sterile, and subsequent passages were made as shown
in table I.

The Graz II strain was isolated by intracerebral inoculation of mice
and by inoculation onto the chorioallantoic membrane of chick embryo.
The embryos were 11-13 days old, and they were incubated for another
period of 3 days after inoculation. Various parts of the central nervous
system were inoculated separately, as presented in table II.

The Graz III strain was isolated by intracerebral inoculation of mice
and by chorioallantoic inoculation of pooled pieces of human central
nervous system.

The Graz II strain could be recovered from the brain stem, the cerebel-
lum, and the spinal cord, but not from a thoracic ganglion.

The incubation period in the monkeys was fairly constant in three
subsequent passages, varying from 9 to 13 days. In the first mouse passage,
only a relatively small percentage of the animals showed symptoms of
encephalomyelitis after an incubation period of 9-14 days. In subsequent
passages, however, a rapid adaptation of the virus was observed; and
from the third passage 100% of the mice died when inoculated intra-
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TABLE 1. ANIMAL PASSAGES OF THE GRAZ I STRAIN OF MENINGO-
ENCEPHALITIS VIRUS

cerebrally, and the incubation period was fixed at 5 -7 days. The LD50
titre, as calculated by the method of Reed & Muench,3 was approximately
10-45 in the third to the sixth mouse passages, and approximately 10-85
in the tenth.

TABLE I. ISOLATION OF GRAZ 11 STRAIN
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The Experimental Disease

Symptoms of encephalomyelitis developed in both monkeys and mice.
The monkeys became drowsy, but were readily excited upon touching.
Twitching of the muscles and convulsions of the neck and the limbs usually
preceded a period of ataxia, which was finally followed by either paresis
or paralysis -of one or more limbs. Paralysis of one or both legs, and some-
times paresis of one hand or arm were common symptoms.

Most of the monkeys were sacrificed in the terminal stage or died
after an illness of an average duration of three days. Some of the monkeys
survived the acute stage, and then showed a more or less marked syndrome
of ataxia for a longer period.

The clinical symptoms in mice were generally similar to those in
monkeys, but the course of the experimental disease was more progressive,
and most of them died within 24-48 hours of the onset of symptoms.

At autopsy no specific gross lesions were found. The meninges showed
oedema and hyperaemia, and the brain substance was also oedematous.

Microscopic examination of the central nervous system revealed lesions
of acute meningo-encephalomyelitis. The cerebral and spinal meninges
showed either a slight diffuse infiltration with lymphocytes and a few
leucocytes, or local infiltrations. The most extensive meningitis was found
round the cerebellum (fig. 1). Microscopic lesions were present in almost
all parts of the central nervous system, particularly in the medulla, the
pons, the cerebellum, the brain stem, and the spinal cord. The lesions
were essentially localized in the grey matter, and consisted of lymphocytic
perivascular infiltrations in which a few leucocytes were also present
(fig. 2), accumulation of glia cells (fig. 3), necrosis of nerve cells, and neuro-
nophagia, predominantly by glial elements (fig. 4-8). Occasionally, dis-
crete lesions of the same character were found in the white matter. The
perivascular infiltrations varied in width from one to several layers of cells,
the most extensive ones being found at the sites of predilection. The glial
reaction was usually limited to small nodules in both the grey and the
white matter (fig. 9), except at the places of predilection, where more
extensive foci of glial proliferation were found. All stages of necrosis of
nerve cells were observed in the regions involved, and neuronophagia
was a common feature (fig. 10 and 11). In the cerebellum, Purkinje's
cells, and in the spinal cord the anterior horn cells were particularly attacked
(fig. 12).

The chorioallantoic membrane of the chick embryo, after three days
of incubation, showed a large number of rosette-shaped, greyish-white
spots, hardly 2 mm in diameter, which were distributed over a large area
round the site of inoculation. Although such lesions were not absent
in the first egg passage, they showed their characteristic shape and became
clearly visible in the second and third passages. The embryos died after
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prolonged incubation (5-6 days) following inoculation either on the chorio-
allantoic membrane, or in the yolk sac. They were usually oedematous
and jaundiced, and several foci of necrosis were found in the liver and the
heart muscle.

Attempts to grow the virus in cultures of monkey testicle fibroblasts
were unsuccessful.

Routes of Inoculation and Spread of the Virus
in Experimental Animals

Intracerebral inoculation proved to be an excellent method of inducing
disease experimentally. Susceptible animals were also infected successfully
by the intraperitoneal, intramuscular, subcutaneous, and intranasal routes.

TABLE Ill. ROUTES OF INOCULATION OF GRAZ MENINGO-ENCEPHALITIS
VIRUS INTO LABORATORY ANIMALS

Number of
animals Incubation

Animal Inoculum Route positive/ period
number (days)

inoculated

Mouse 2nd mouse-passage intracerebral 6/6 5-6

Mouse 2nd mouse-passage intraperitoneal 6/6 7

Mou.se 3rd mouse-passage intracerebral 6/6 5

Mouse 3rd mouse-passage intraperitoneal 6/6 6

Mouse 3rd mouse-passage intramuscular 4/4 8

Mouse 3rd mouse-passage subcutaneous 4/4 9-11

Mouse 3rd mouse-passage intranasal 4/4 9

Cynomolgus 1 st monkey-passage intracerebral 2/2 9-14

Cynomolgus 1st monkey-passage intramuscular 0/2 -

Table III shows that mice can readily be infected by a variety of routes.
The incubation period, however, is longer when the virus is inoculated
peripherally. Two cynomolgus monkeys did not show any signs of illness
following intramuscular inoculation, but when sacrificed four weeks after
infection, lesions of encephalomyelitis, although not very extensive, were
found.

These two monkeys were used for the demonstration of virus in the
blood stream. Table IV shows that the blood from the intracerebrally
inoculated monkeys was infectious from the second to the ninth day after
inoculation, while that from the intramuscularly inoculated animals proved
infectious from the second to the sixth day. The first signs of illness in the
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intracerebrally inoculated animals appeared on the ninth day. Thus,
viraemia occurs during the incubation period until the onset of the disease.

TABLE IV. VIRAEMIA IN MONKEYS AS DEMONSTRATED BY INOCULATION
OF MICE WITH BLOOD OF MONKEYS

Rabbits and guinea-pigs failed to develop clinical signs of illness follow-
ing intracerebral inoculation. In the rabbits, however, viraemia was

demonstrated.

Identification of the Virus

The host range, the modes of experimental infection, and the clinical
and histological features of the experimental disease, were suggestive of
a virus of the group of arthropod-borne encephalitides. Because of the
geographical localization of the epidemic, particular attention was paid
to any possible relationship with the Russian spring-summer encephalitis
and louping-ill group.

The virus was identified by cross neutralization reactions, in which
the following strains and their immune sera were used

Graz I and Graz II strains;
A strain of Russian spring-summer encephalitis virus (RSSE), and a strain of

louping-ill virus, both obtained from Dr. P. Lepine, Paris;
The Nakayama strain of Japanese B encephalitis virus and the Hubbard strain of

St. Louis encephalitis virus, both obtained from Dr. W. M. D. Hammon, Pittsburgh;
A strain of eastern equine encephalomyelitis virus (EEE);
A strain of western equine encephalomyelitis virus (WEE);
Columbia SK virus;
The Slovenia strain of virus meningo-encephalitis (1953), obtained from

Dr. J. Vesenjak-Zmijanac, Zagreb; and
The Stilleroba strain of Czech encephalitis (1948), obtained from Dr. D. G. Edward,

Frant, England.

Number of mice positive/number inoculated

Monkey Route of days after inoculation

2 4 6 9

11441

1152~1 intracerebral 4/4 4/4 4/4 2/4

1156 i
intramuscular 4/4 4/4 4/4 0/4

1158
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Immune sera were prepared in either rabbits or monkeys by two intra-
muscular injections of equal amounts of a 20% suspension of mouse

brain and mineral oil adjuvant (Bayol F and Arlacel A), given at an interval
of two weeks. The animals were bled after the last injection. The animals
were immunized with virulent material, with the exception of eastern
and western equine encephalomyelitis viruses, which were used as virus
suspensions inactivated by formalin. Serum pools from at least two animals
immunized against the same virus were prepared.

The neutralization reactions were carried out by intraperitoneal inocula-
tion of virus-serum mixtures.

Equal amounts of undiluted serum, and tenfold dilutions of virus
were mixed and allowed to stand for 2 hours at room temperature before
inoculation. Each of the mixtures was inoculated into 4 mice, the dose
being 0.1 ml. The animals were observed for a period of 12 days.

The neutralization reactions are recorded in table V, which shows
that the two Graz strains can be regarded as identical. The Graz immune
sera neutralize not only the homologous strains, but also, to a greater
or lesser degree, the RSSE, Slovenia, and Stilleroba strains; the RSSE
strain is neutralized to a somewhat lesser extent than the Slovenia, and
the Stilleroba strain is only partially neutralized. When using Slovenia
or Stilleroba serum, Graz virus does not seem to be completely neutralized,

TABLE V. CROSS-NEUTRALIZATION REACTIONS WITH VARIOUS
ENCEPHALITIS SERA AND VIRUSES *

Virus strain
Hyperimmune
* serum

Graz Graz II Slovenia Srtolle - RSSE Jap. B

Graz (M) 2.8 2.9 2.4 1.5

Graz 11 (R) 4.5 4.8 5.8 2.2 4.0

Slovenia (R) 6.0 6.3 6.0

Stilleroba (R) 5.5 6.3 6.0

RSSE (R) <1.0 1.2 2.1 1.7

Louping-ill (R) <1.0 <1.0 2.0 1.0

Jap. B (R) <1.0 <1.0 1.7 4.0

St. Louis encephalitis (R) <1.0 <1.0 <1.0 1.8

EEE (R) <1.0 <1.0 <1.0 <1.0

WEE (R) <1.0 <1.0 <1.0 <1.0

Columbia SK (M) <1.0 <1.0 <1.0 <1.0

*The figures given are the logarithms of the neutralization indices.
M = Monkey
R = Rabbit
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and when using RSSE serum, which was not very potent, the Graz strains
are partially neutralized. It appears from these tests, that there might
be a slight immunological difference between the Graz strains on one
hand, and the RSSE and Stilleroba strains on the other hand, whereas
there is practically no difference between the Graz and the Slovenia strains.
However, practically no difference was found between the Slovenia and
Stilleroba strains when tested against Slovenia and Stilleroba sera. These
results suggest that minor immunological differences between the Graz,
Stilleroba, and RSSE strains tested might be detected by cross-neutra-
lization.

Serological Examination of Patients

Serum samples from patients with a recent history of involvement of
the central nervous system, and from healthy medical personnel who had
been in contact with the patients, were received from the Neuropsychiatric
Clinic at the University of Graz. The sera were examined for neutralizing
and complement-fixing antibodies against the Graz I strain and RSSE
virus.

The neutralization reactions were carried out as described for the
cross-neutralization tests. The mice, however, were inoculated intra-
cerebrally. Since the titres obtained by intracerebral neutralization were
far lower than those obtained by the intraperitoneal test, a neutralization
index of 10 or more could be considered significant. As a matter of fact,
immune serum against the Graz I strain, prepared in monkeys by the
adjuvant technique, had a neutralization index ranging from 631 to 794
in the intraperitoneal test, and an index ranging from 13 to 16 in the intra-
cerebral test.

The antigens for the complement-fixation reaction were prepared
according to a method described by DeBoer & Cox,' and in the complement-
fixation test sodium veronal buffer solution 2 was used as diluent.
A 25 % suspension of virulent mouse-brain in distilled water was

lyophilized, and the dried powder was extracted several times with benzene.
The extracted material was rehydrated in saline, and clarified by centrifuga-
tion for one hour at 13,000 revolutions per minute in a Spinco centrifuge.
The supernatant fluid was stored at 200C and used as antigen in a dilu-
tion of 1:12.

The sera were also stored at -200C and heated for 30 minutes at 560C
immediately before testing.

Complement-fixation tests were carried out with twofold dilutions of
serum, 2 minimal haemolytic doses (MHD) of complement, and antigen
in volumes of 0.2 ml. The tubes were kept overnight at 40C, and then
0.4 ml of sensitized sheep erythrocytes, i.e., equal volumes of haemolytic am-
boceptor containing 3 MHD, and a 20% suspension of washed sheep cells,
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FIG. 1. CEREBELLAR MENINGITIS IN
Magnification x 150

RHESUS MONKEY

FIG. 2. CEREBRAL CORTEX OF RHESUS MONKEY, WITH PERIVASCULAR INFIL-
TRATION, SLIGHT GLIAL PROLIFERATION, AND NECROSIS OF NERVE CELLS

Magnification x 150

FIG. 3. SUBCORTICAL PERIVASCULAR INFILTRATION AND GLIAL
PROLIFERATION IN MOUSE

Magnification x 150
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FIG. 4. CEREBRAL CORTEX OF MOUSE, WITH SLIGHT PERIVASCULAR
INFILTRATION, GLIAL PROLIFERATION, AND NECROSIS OF NERVE CELLS

Magnification x 300
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FIG. 5. NEURONOPHAGIA OF CEREBRAL CORTEX OF RHESUS MONKEY
Magnification x 500
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FIG. 6. NECROSIS OF NERVE CELLS OF PONS OF RHESUS MONKEY
Magnification x 150
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FIG. 7. NECROSIS OF NERVE CELLS OF MEDULLA OF RHESUS MONKEY
Magnification x 150

FIG. 8. NEURONOPHAGIA OF MEDULLA OF RHESUS MONKEY
Magnification x 500
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FIG. 9. GLIAL NODULE IN WHITE MATTER OF CEREBRUM
OF RHESUS MONKEY

Magnification x 300
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FIG. 10. NECROSIS OF ANTERIOR HORN CELLS AND NEURONOPHAGIA
OF SPINAL CORD OF RHESUS MONKEY

Magnification x 150
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FIG. 11. NEURONOPHAGIA OF ANTERIOR HORN CELL OF SPINAL CORD
OF RHESUS MONKEY

Magnification x 300
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FIG. 12. NECROSIS OF PURKINJE'S CELLS IN MOUSE
Magnification x 300
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TABLE VI. RESULTS OF NEUTRALIZATION AND COMPLEMENT-FIXATION
TESTS WITH HUMAN SERA

First serum sample Second serum sample

tnumber Graz RSSE number Graz RSSE Clinical typePatient of days comple- of days comple- comple-

fromcompe-mnt fonse mn- ment-onset neutral- consme- met- metet
of iztion ment- fixation fixation fixation

iness iznaden fixation titre of titre titretitre illness

1 53 0
2 73 100 0
3 28 0 1/16
4 8 200 1/2
5 78 100 1/16
6 59 100 1/32
7 58 500 1/4
8 40 0 0
9 37 500 1/32

11 73 0 0
12 73 100 0
13 174 80 0
14 49 10 1/64
15 39 63 1/16
17 36 0 0
18 19 0 0
19 87 <10 0
20 60 0 0
21 9 20 1/2
22 31 32 1/8
23 118 25 1/16
24 104 16 0
25 60 631 1/16
26 74 <10 0
27 42 16 1/4
28 25 <10 0
29 39 10 1/32
30 56 100 1/16
31 ? 100 1/32
32 13 200 1/4
33 43 63 1/8
34 47 100 1/16
35 48 0 1/4
36 50 1,000 1/16
37 26 <10 1/8
38 117 10 1/8
39 85 500 1/16
41 42 100 0
42 45 0 0
43 52 0 0
44 ? 0 0
45 48 1,000 1/16
46 0 0
47 0 0
48 0 0
49 0 0
50 33 10 0
51 14 0
52 19 1/2
53 21 0
54 19 0
55 46 0
56 37 0
57 17 0
58 8 0
59 1 4 200 1/128

60-72 0

1/8
1/2
1/32

1/2

1/16

1/8

0

1/2

1/16

0

1/2

1/8

78 0
98 1/16
3 0

33 0

62

98
199
76

1/32

0
0

1/32

33 1/32

84 1/8
98 0

63 1/16

37 1/4
67 1/8
71 1/8

141 0

1/16

1/8

1/4

1/4

1/8

50 1/32 1/16

bulbospinal syndrome
meningitis
meningitis
encephalitis
meningitis
meningitis
bulbar form (facial paresis)
facial paresis (rheumatic)
spinal paralytic form
meningitis
spinal paralytic form
spinal paralytic form
spinal paralytic form
meningitis
spinal paralytic form
polyarth ritis
facial paresis
meningitis
meningitis
spinal paralytic form
spinal paralytic form
radiculitis
meningitis
spinal paralytic form
meningitis
meningitis
spinal paralytic form
meningitis
meningitis
meningitis
meningitis
meningitis
meningitis
meningitis
meningitis
spinal paralytic form
spinal paralytic form
radiculomyelitis
tetraplegia, Landry type
facial paresis
facial paresis
abortive, influenza-like
healthy contact
healthy contact
healthy contact
influenza-like illneqs
encephalitis
meningitis
meningitis
spinal paralytic form
meningitis
encephalitis
spinal paralytic form
meningitis
meningitis
febrile illness with men-
ingismus, possible infec-
tion in a laboratory worker

13 healthy individuals inthe
Netherlands
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was added. The tubes were placed in a water-bath at 370C for 30 minutes.
The last tube showing 50% haemolysis or less was taken as the end-point.

The results of the neutralization and complement-fixation test with
the first set of sera are recorded in table VI. Two serum samples were
examined from each of 17 individuals.

Forty-three out of 47 sera which were given both the neutralization
and the complement-fixation tests were collected from patients. Thirteen
of them were negative in both tests, so that these patients are regarded
as not having suffered from virus meningo-encephalitis. Since polio-
myelitis virus was recovered from the central nervous system of one fatal
case, it may be expected that some patients were suffering from polio-
myelitis. Twenty-nine of the remaining sera had a neutralization index > 10,
and 24 (82.8 %) of these were also positive in the complement-fixation
test. Twenty-four (85.7%) of 28 sera with a positive complement-fixation
reaction had a neutralization index > 10. Hence, there is a fairly good
correlation between the neutralization and the complement-fixation
reactions.

No complement-fixing antibodies were demonstrated in 13 control
sera collected from normal individuals in the Netherlands-an area in
which this type of encephalitis has not been described.

Table VII might indicate that complement-fixing antibodies appear
and disappear earlier than neutralizing antibodies, since the former have
been shown in all sera collected during the first month, and in decreasing
numbers during the next few months. The number of sera with neutral-
izing antibodies, however, increases from the first to the second month,
and all sera examined in the next few months of observation are positive.
From a number of patients two serum samples collected at various periods
after onset of the illness were examined for the presence ofcomplement-
fixing antibodies; 8 of them showed a decrease of antibody titre, 3 remained
at the same level, and 2 showed an increase of titre.

TABLE VIl. NEUTRALIZATION AND COMPLEMENT-FIXATION REACTIONS
WITH SERA OF PATIENTS COLLECTED AT VARIOUS PERIODS

AFTER ONSET OF ILLNESS

Months after 1 Neutralization Complement fixation
onset of
illness positive negative positive negative

1 4 2 7 0

2 16 1 18 4

3 4 0 7 3

4 2 0 3 1

5-7 1 0 0 3
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Eighteen sera were examined in the complement-fixation test with both
Graz and RSSE antigen. It appeared that 16 of them reacted with both
antigens, one was positive with Graz antigen only, and one was negative
with both antigens. The complement-fixation test with Graz antigen
yielded a higher titre than that with RSSE antigen in 9 out of 16 sera,
4 sera had the same titre with both antigens, and 3 sera had a lower titre
with Graz antigen than with RSSE antigen. This indicates also the close
immunological relationship between Graz and RSSE virus.

REISUMI

Une epidemie d'encephalomyelite, diagnostiquee d'abord comme poliomyelite
atypique, est survenue au cours de I'ete 1953 dans le sud-est de l'Autriche, et, semble-t-il,
dans les regions avoisinantes. Plusieurs centaines de personnes ont e hospitalisees.

Quatre souches de virus ont ete isolees du systeme nerveux central de personnes ayant
succombe ia l'infection. L'une fut reconnue comme une souche de poliomyelite type 1.
Les autres souches (Graz I, II, III), inoculees au singe et a la souris, provoquerent chez ces
animaux des sympt6mes d'encephalomyelite. A l'autopsie, les m6ninges etaient oedema-
teuses et hyperemiees, et la substance cerebrale oedemateuse. L'examen microscopique
revela des lesions du systeme nerveux central typiques de la meningo-encephalomyelite
aigue. La membrane chorio-allantoidienne de 1'embryon de poulet inoculee, presentait,
apres trois jours, des taches en rosette autour du point d'inoculation. Les embryons
mouraient oedemateux et icteriques, avec des foyers necrotiques dans le foie et le muscle
cardiaque, 5-6 jours apres l'inoculation, que celle-ci ait e effectuee sur la membrane
chorio-allantoidienne ou dans le sac vitellin. L'animal d'experience est facilement infecte
par voie intracerebrale. Les animaux receptifs ont pu etre infectes egalement par voie
intraperitoneale, intramusculaire, sous-cutanee ou intranasale. Les h6tes receptifs, les
modes d'infection experimentale et les caracteres cliniques et histologiques de la maladie
experimentale ont fait penser a une maladie du groupe des encephalites transmises par
les arthropodes. La localisation geographique de 1'epidemie pouvait faire soupronner
une parente avec 1'encephalite verno-estivale russe (Russian spring-summer encephalitis,
RSSE) ou une souche de louping-ill (encephalomyelite infectieuse du mouton).

Des reactions de neutralisation du virus par les immunserums specifiques ont montr6
que les souches Graz I et Graz II etaient identiques. L'immunserum Graz neutralise outre
les souches homologues et, dans une mesure plus ou moins complete, la souche RSSE
ainsi qu'une souche de meningo-encephalite de Slovenie (1943) et la souche d'encephalite
tcheque Stilleroba (1948). Les tests de neutralisation crois&e ont permis de mettre en
evidence de faibles differences immunologiques entre les souches Graz, Stilleroba et
RSSE. Les epreuves effectuees sur les serums de malades ayant souffert recemment d'affec-
tions du systeme nerveux central ont montr6 une relation immunologique etroite entre
les virus Graz et RSSE.
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