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An animal model with different central nervous 
system (CNS) disease processes associated with demyeli
nation is described which provides a basis to analyse 
the pathogenetic mechanisms leading to these disorders. 
Intracerebral infection of rats with the murine corona
virus strain JHM can result in an acute encephalomyeli
tis with a short incubation per iod or in subacute to 
chronic encephalomyelitis occurring after prolonged in
cubation. The most prominent finding of the latter two 
diseases consists of typical demyelinated lesions dis
tributed in selected areas of the CNS. The induction of 
high rates of animals with demyelination depends both on 
properties of the virus used for infection and host fac
tors such as age and immune status. A high number of 
rats with demyelination was obtained by intracerebral 
inoculation of temperature sensitive mutants into suck
ling rats with maternal JHM antibodies. 

INTRODUCTION 
Subacute and chronic diseases of the central ner

vous system (CNS) in animal and man are often associated 
with a persistent virus infection (6). In such disorders 
a selective demyelination may occur which is a prominent 
neuropathological finding. The detection of virus par
ticles in brain tissue has led to the assumption that 
the destruction of oligodendroglia cells by viruses may 
possibly be the underlying mechanism of demyelination. 
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However, available laboratory evidence suggest that the 
events leading to virus induced demyelination are pro
bably of a more complex nature. Beside the genetic basis 
of the diseases as well as host reactions to the infec
tions, the specific virus cell interactions which allow 
the agents to persist are of great interest in the stu
dies to unreveal the pathogenesis of these diseases. 

One model for virus induced demyelination is the 
infection of mice and rats with the neurotropic murine 
coronavirus strain JHM (1,2,3,4,5,13). In both animals 
an acute disseminated encephalomyelitis with areas of 
demyelination in brain and spinal cord can be induced. 
However, in contrast to mice, where it is difficult to 
obtain experimentally a subacute CNS disease, rats deve
lop under defined conditions a high rate of marked demy
elination without signs of an acute infection after pro
longed incubation period (1,7,8,9). 

The present communication describes the diffe
rent CNS disease types observed in rats after JHM virus 
infection and the virological findings observed in these 
disorders. 

TYPES OF CNS-DISEASES OBSERVED AFTER JHM VIRUS INFECTION 

Acute Panencephalitis (APE). Intracerebral inoculation 
of suckling rats (outbred strain CHBB!Thom) leads after 
an incubation period of 2 - 8 days to an acute CNS dis
ease which is neuropathologically characterized by 
widespread necrotic lesions and partly demyelination 
especially in the cerebral cortex, brainstem and spinal 
grey matter (7). Virus particles are easily detected in 
both neurons and glia cells. Inflammatory lesions are 
also found in the liver. 

After intracerebral infection of weanling rats 
(age 20 -25 days) three different types of CNS-diseases 
can occur, which we designated as acute encephalomyeli
tis, pubacute demyelinating encephalomyelitis and late 
demyelinating encephalomyelitis (8,9). 

Acute Encephalomyelitis (AE). This disease develops af
ter an incubation period of 7 - 12 days. The animals 
show incoordination, become motionless and die rapidly. 
Necrotic lesions are predominantly disseminated in the 
grey matter of the hippocampus, brainstem and spinal 
cord. Cell infiltrations are typical for acute inflam
mations consisting of granulocytes, lymphocytes and 
macrophages. By immunofluorescence, viral antigen can 
be found both in neurons and glia cells. Viral particles 
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are detected only in degenerating oligodendroglia 
cells. 

Subacute Demyelinating Encephalomyelitis (SDE) .• Diseased 
animals develop hind leg paralysis after an incubation 
period of 14 - 30 days (8). Similar observations were 
recently reported (11). The most prominent finding con
sists of demyelinating plaques distributed in the white 
matter of the optic nerve, midbrain, pons, cerebellum 
and spinal cord. As an example a section from the spinal 
cord of a rat which developed SDE 30 days p.i. is shown 
in Fig. 1. wi thin the demyelinated plaques axons and 
neurons are well preserved (Fig. 2). By immunofluores
cence, no viral antigen can be detected in neurons. Cell 
infiltrations are consisting of lymphocytes, plasma 
cells and macrophages. 

Fig.l: Demyelinated plaques in the spinal cord of a rat 
diseased with SDE 30 days p.i. 

Fig.2: Preservation of neurons and axons within a demye
linated plaque (pons, 30 days, p.i.) a) stained 
with KB for myelin b) stained with GM for axons 
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Late Demyelinating Encephalomyelitis (LDE). After an 
incubation period of 2 - 8 months animals develop para
lysis. The neuropathological lesions are typical plaq
ues of p~imary demyelination as described for SDE. In 
addition, remyelination is detectable by electron mi
croscopy (9). Infectious virus can be reisolated from 
diseased rats by conventional methods. Virus particles 
are detectable by electron microscopy in degenerating 
oligodendroglia cells. 

VIROLOGICAL ASPECTS. 
The above described disease types were only ob

served after intracerebral inoculation of JHM virus. 
Other murine coronaviruses are much less neurovirulent 
for weanling rats (12). Both weanling and suckling rats 
are relatively resistant against intraperitoneal infec
tion. Furthermore, the type of clinical disease was not 
dependent on the amount of JHM virus injected but 
strongly influenced by the properties of the virus pre
paration inoculated as will be shown by the following 
experiments. 

Comparison of uncloned and cloned JHM virus. Uncloned 
JHM-virus propagated in suckling mice induces in wean
ling rats the different types of disease as described 
above. From a virological point of view, the observation 
suggests that uncloned virus consists of a heterologous 
virus population. In order to investigate the course of 
AE and SDE, a time kinetic study was performed (Fig. 3). 
Beginning three days after infection with uncloned vi
rus, groups of four clinically healthy rats were dissec
ted for neuropathology, virus isolation and antibody de
termination at intervals of three days. Almost all cli
nically healthy animals revealed 6 - 14 days p.i. a la
tent AE. Infectious virus was easily recovered from 
brain and spinal cord during this acute stage. Later af
ter infection, no infectious virus could be isolated, 
the latent AE disappeared, and in parallel to the raise 
of neutralizing antibodies clinically silent demyelina
ting lesions were found. 

with the intention to obtain viruses with diffe
rent neurovirulence, the JHM virus was cloned in tissue
culture and tested for its capacity to induce demyelina
ting diseases. As shown in table 1, the cloned tissue 
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Fig.3: Time kinetics of clinically silent and overt en
cephalomyelitis, virus growth and development of 
neutralizing antibodies after infection of wean
ling rats with uncloned JHM virus. 

culture adapted virus has lost its capacity to induce 
SDE or LDE in rats. Inoculation of uncloned virus re
sulted in about 15 % AE, 11 % of survivors developed SDE 
and 5 % of the remaining animals came down with LDE. 
Rats inoculated with the cloned, tissue culture adapted 
virus however, developed in 65 % AE. Survivors remained 
healthy without showing any clinical signs of a eNS dis
ease. 
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Table 1. CNS-Diseases Induced by Uncloned and Clone 
Cloned JHM-Virus in Weanling Rats 

V I RU S (1. C . ) 
4 X 103 TCID50/RAT 

UNCLONED VI RUS 
(flj() USE BRA IN) 

CLONED VI RUS 
(SAC(-)-CELLS) 

* DISEASED 1 TOTAL 

CLINICAL DISEASE 
AE* SDE** LDE*** 

11/74 5146 2/41 

29/45 0116 0/16 

** DISEASED 1 UNDER FURTHER OBSERVATION 
DISEASED 1 SURVIVORS OF SDE *** 

As illustrated by Fig. 4, the survival rate of 
animals inoculated with cloned virus is dose dependent, 
whereas the type of clinical diseases is dose indepen
dent. All animals which died revealed neuropathologic
ally a typical AE. Infectious virus could easily be iso
lated from diseased brain material with standard tech
niques or within two weeks p.i. from clinically healthy 
animals which revealed silent lesions. 

Infection with temperature sensitive mutants. The fai
lure to isolate from diseased animals a virus clone by 
tissue culture adaptation which induced SDE or LDE only, 
led to experiments in which the neurovirulence of cloned 
virus by selection of temperature sensitive mutants was 
changed. Mutants were induced by growth in presence of 
fluoruracil at 34,5 °c and selection of temperature sen
sitive mutants from the surviving fraction were carried 
out at 39,5 °C. A collection of mutants was obtained and 
biolog ically character ized by eff iciency of plating, 
thermolability and leakiness. 
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Fig.4: Dose dependent survival of weanling rats after 
i.e. injection of cloned JHM virus 

Intracerebral inoculation of these mutants into 
weanling rats resulted either in no detectable disease 
at all or in SDE and LDE. A representative experiment 
with some of our mutants is summarized in table 2. The 
dose used for inoculation depended on the virus titre 
which was obtained in tissue culture. As can be seen in 
table 2 no AE was induced with this temperature sensi
tive mutants. Only different low rates of SDE and LDE 
developed. In addition, 10 - 30 % of clinical healthy 
animals revealed neuropathologically demyelinating 
lesions, an observation which demonstrates the property 
of these mutants to induce demyelination. However, in
oculation of these mutants into suckling rats leads al
ways to an acute encephalitis, suggesting that host fac
tors such as the immune system in weanling rats contri
butes to the development of SDE. 
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Table 2. CNS-Diseases Induced by TS-Mutants Derived 
From Cloned JHM-Virus 

TCID50 CLINICAL DISEASE 
DOSE/RAT AE* SDE** 

TS1 L4 X 106 0/37 0/28 
TS6 8~0 X 103 0/57 4/34 
TS42 LO X 104 0/31 0/26 
TS43 4~0 X 104 0/33 3/18 

* DISEASED / TOTAL 
** DISEASED / UNDER FURTHER OBSERVATION 

*** DISEASED / SURVIVORS OF SDE 

LDE*** 

1/28 
2/30 
2/26 
2/15 

Infection of rats immunized by maternal antibodies. 
Adult, female rats were immunized by four intraperito
neal injections of cloned JHM-virus and thereafter 
mated. Litters of suckling rats born from these animals 
revealed neutralizing antibodies which were still pre
sent 30 days after birth. These litters were challenged 
by intracerebral injection of either cloned virus or 
temperature sensitive mutants at an age of 4 -6 days. 
The results obtained after intracerebral injection with 
ts mutants are shown in table 3 and summarized in table 
4. Intracerebral infection of non immune suckling rats 
led to high rates of APE within 8 days p.i., whereas im
mune animals stayed healthy for 20 - 32 days after in
fection.Thereafter, these immune rats developed at a 
high rate paralysis and neuropathologically signs of 
SDE. In contrast, maternal JHM antibodies did not change 
the outcome of the disease in animals inoculated with 
cloned JHM virus. 
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Table 3. JHM Infection of Suckling Rats Possessing 
Maternal JHM Antibodies 

CONTOOL ANIMALS 

IDSE INCUBATION PERIOD (DAYS) 
PFU/RAT 8 16 24 32 40 

2 x 104 ~ lOLll 10/11 10/11 10/11 
2 x 103 ....9Lll... lOLll 10/11 10/11 10/11 
2 x 102 ..uJ.Q ..uJ.Q 2110 2110 2110 

PREIMMUNIZED ANIMALS 
(MATERNAL ANTIBODIES) 

DOSE INCUBATION PERIOD (DAYS) 
PFUfRAT 8 16 24 32 40 

2 x 104 0/11- 0/11 llil llil e(CLIN.SIL.4/6) 
2 x 103 0/12 0/12 2112 2Ll2 5/12 

2 x 102 0/9 0/9 2L9 2L9 2/9 

NEUTRALIZING ANT IlK>DY TITRE 4 - 6 DAYS AFTER BI RTH: 1 : 32 

PREIMMUNIZATION OF MOtHERS: CLONED VIRUS 
CHALLENGE VIRUS (I.C.) : TS 6 
-DISEASED ANIMALSITOTAL 

335 
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Table 4. JHM Infection of. Suckling Rats Possessing 
Maternal JH1-1 (wt) Antibodies 

CHALLENGE SUCKLING RATS OCCURRENCE OF TYPE OF 
VIRUS (AGE 4 - 6 DAYS) CLINICAL DISEASE CLINICAL DISEASE 

CLONED MINUS JHM MATERNAL 
VIRUS ANTIBODIES 4 - 8 DAYS APE 

PLUS JHM MATERNAL 
ANTIBODIES 4 - 8 DAYS APE 

TS 6 MINUS JHM MATERNAL 
ANTIBODIES 4 - 8 DAYS APE 

PLUS JHM MATERNAL SDE WITH SCAR 
ANTIBODIES 23 ,- 40 DAYS OF APE 

DISCUSSION 
The experiments carried out in this study reveal 

that after intracerebral inoculation of rats with JHM 
virus different CNS disorders of acute to chronic nature 
can be induced. Obviously, the development of these di
seases depend on many parameters including biolog ical 
properties of the virus preparation, age of the animals 
at the time of infection as well as the status of immu
nity of the host as summarized in table 5. In general, 
seronegative suckling rats always come down with an 
acute fatal eNS disease shortly after infection irre
spective of the virus preparation used. Obviously, at 
this age virus spread cannot be limited either by the 
unmaturated immune system or by non-immune defence me
chanisms. 

However, already at the age of 20 days the dis
ease type is determined by the virus preparation inocu
lated. Wild JHM virus induces acute, subacute or late 
diseases suggesting that different populations within 
this virus preparation are responsible for these dis
eases. In contrast, cloned JHM virus causes only an 
acute encephalomyelitis, whereas ts mutants predomi
nantly lead to subacute or late disorders. In this case, 



T
a
b

le
 

5
. 

C
o

ro
n

a
v

ir
u

s 
JH

M
 

In
fe

c
ti

o
n

 
in

 
R

a
ts

 

VI
RU

S 

UN
CL

ON
ED

 W
ILD

TY
PE

 
PA

SS
AG

ED
 I

N 
SU

CK
LIN

G 
MI

CE
 (

W
I 

5M
B)

 

CL
ON

ED
 C

EL
L 

AD
AP

TE
D 

(W
T 

SA
C 

CL
ON

ED
) 

TS
-M

UT
AN

TS
 

TS
-M

UT
AN

TS
 

(IN
OC

UL
AT

ED
 I

N 
IM

MU
NI

ZE
D 

AN
IM

AL
S) 

A
G

E 
0 

F
A

N
 I

 M
A

L 
S

U
P

 0
 N

 
I 

N
 F

 E
 C

 T
 I

O
N

 

SU
CK

LIN
G 

-
AC

UT
E 

PA
NE

NC
EP

HA
LI

TI
S 

(4
 -

8 
DA

YS
) *

 

-
AC

UT
E 

PA
NE

NC
EP

HA
LI

TI
S 

(4
 -

8 
DA

YS
) 

-A
CU

TE
 P

AN
EN

CE
PH

AL
IT

IS 
(4

 -
8 

DA
YS

) 

~S
UB

AC
UT

E 
DE

MY
EL

IN
AT

IN
G 

EN
CE

PH
AL

OM
YE

LI
TI

S 
(2

0 
-

40
 D

AY
S) 

WE
AN

LIN
G 

-A
CU

TE
 E

NC
EP

HA
LO

MY
EL

IT
IS 

(7
 -

12
 D

AY
S) 

-
SU

BA
CU

TE
 D

EM
YE

LI
NA

TI
NG

 
EN

CE
PH

AL
OM

YE
LI

TI
S 

(1
4 

-
30

 D
AY

S) 
-

LA
TE

 D
EM

YE
LI

NA
TI

NG
 

E
N
C
E
P
H
A
~
Y
E
L
I
T
I
S
 

(2
 

-
8 

MO
NT

HS
) 

-A
CU

TE
 E

NC
EP

HA
LO

M
YE

LI
TI

S 
(7

 
-

12
 D

AY
S) 

-
SU

BA
CU

TE
 D

EM
YE

LI
NA

TI
NG

 
EN

CE
PH

AL
OM

YE
LI

TI
S 

(1
4 

-
30

 D
AY

S) 
-

LA
TE

 D
EM

YE
LI

NA
TI

NG
 

EN
CE

PH
AU

OM
YE

LI
TI

S 
(2

 
-

8 
MO

NT
HS

) 

N
.T

. * I
nc

ub
at

io
n 

ti
m

e 
p.

i 

3:
 

o o m
 

r " o ::
0

 

o m
 

3:
 

-< m
 c: z ~ Z

 
G

'l Q
 

en
 

m
 ~
 

m
 

C
o)

 

~
 



338 H. WEGE ET AL. 

the majority of animals do not develop clinical signs of 
illness, but reveal silent neuropathological lesions. 
It is of interest to note, that the neuropathological 
changes observed in animals with a subacute encephalo
myelitis are proceeded by small clinically silent les
ions of acute nature, consisting of focal necrosis and 
massive infiltration. Obviously in these instances vi
rus spread is confined and an acute stage of the disease 
is prevented. However, the host fails to eliminate this 
infection which gradually proceeds developing into a 
subacute or late disorder with a prolonged incubation 
period of weeks or months. 

The virus host relationship is certainly very 
complex in these diseases and at the present time poor
ly understood. Virolog ical investigations have shown 
that after the initial infection in weanling rats infec
tious virus is easily isolatable from brain or spinal 
cord material even in those animals which look clinical
ly healthy. However, after 12 - 14 days p. i., when JHM 
antibodies are present, no infectious virus can be re
covered with standard techniques. Yet, in animals with 
clinical SDE or LDE infectious JHM virus is present. 
These findings indicate that a persistent JHM infection 
is established after inoculation which is probably acti
vated at a later time before onset of clinical disease. 

It is well established that humoral and cell-me
diated immune reactions play a major role in a success
ful encounter with the virus infection. This defence sy
stem is still immature in newborn rats and it is there
fore not surprising that in general these animals cannot 
overcome the JHM infection. However, maternal JHM anti
bodies influence the development of the disease proces
ses. Whereas an acute fatal encephalomyelitis of unpro
tected control animals was observed in suckling rats, 
presence of JHM antibodies lead to a high rate of SDE 
after a prolonged incubation period when ts mutants of 
JHM virus were inoculated. Obviously, JHM antibody in
terferred with a spread of virus, prevented the acute 
disease and may have influenced replication of JHM virus 
as has been suggested for measles virus in the presence 
of antibodies (10). On the other hand, this protection 
was not sufficient in the case of infection with cloned 
JHM virus since these animals came down with an acute 
disease. 

The described animal model of virus induced acute 
or subacute demyelinating encephalomyelitis reveals the 
complex virus host interaction underlying the different 
eNS diseases. Moreover, it offers the possibility to in-
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vestigate the pathogenetic mechanisms of these diseases 
and provides the basis to understand the cell -virus in
teractions which lead to these disease processes. Espe
cially the subacute and late demyelinating encephalomy
elitis, caused by JHM virus in rats is of great interest 
in analogy to chronic CNS diseases of man associated 
with a virus infection. 
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