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Infection of rats with the murine coronavirus JHM led to acute 
or subacute encephalitis. Viral and host factors greatly influenc
ed the outcome of the infection. A number of temperature-sensitive 
(ts) mutants was obtained which differed widely in their capacity to 
induce lesions of the central nervous system (CNS) in rats. Under 
defined conditions a subacute demyelinating encephalomyelitis (SDE) 
with pronounced clinical signs was observed 14-160 days post infec
tion (p.i.). A number of rats, which showed a remission of SDE later 
developed a relapse of the disease accompanied by neurological symp
toms. Neuropathological examination of such animals revealed lesions 
of active demyelination and extended remyelinated areas. The pre
sence of viral antigen or infectious virus in the CNS of these rats 
demonstrated that they were persistently infected. Further investi
gations indicated that this virus infection triggers a cell mediat
ed immune response against basic myelin protein which may contribute 
to the development of subacute to chronic encephalomyelitides. 

I NTRODUCTI ON 

Several important diseases of the human central nervous system 
(CNS) are associated with inflammatory demyelinating lesions. An 
impairment of cell functions by a virus infection, an immunopatholo
gical reaction or a combination of both are possible mechanisms 
which lead to myelin destruction (9,10,21). Among the experimental 
animal models, which allow us to study such events, infections with 
murine coronaviruses are of particular interest. Most studies have 
been carried out with the murine coronavirus JHM, a neurotropic 
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strain which can induce demyelination in the CNS of mice and rats 
(1,7,20). In mice, acute disease and clinically silent demyelinating 
lesions have been described which were associated with a persistent 
infection (3,4,5,6,18). In rats similar CNS lesions can be observed 
after JHM infection, but in these animals, these changes,particular
ly demyelination,can lead to clinically recognizable diseases which 
develop after long incubation times. As has been previously describ
ed the infection of rats with wild type JHM virus was followed by 
different courses of encephalomyelitis (13,14,17). Clinical disease 
was observed either after a short incubation time of 3 to 11 days 
(acute encephalomyelitis [AE]) or developed several weeks to months 
p.i. (subacute demyelinating encephalomyelitis [SDE]). AE represen
ted a rapidly progressing fatal disease course with marked paraly
sis. Necrotic lesions were found in all parts of the CNS, with 
inv.olvement of neurons and glial cells. The clinical signs of SDE 
started with slight hindleg paresis and ataxic gait. Lesions of 
primary demyelination with relative sparing ofaxons were restricted 
to selected areas of the white matter, and in contrast to AE glial 
cells were preferentially infected. The outcome of SDE was not al
ways fatal, and areas of extended remye 1 i nat i on were detectable 
after recovery. A high rate of SDE was readily obtained by infection 
of rats with certain ts mutants (19). These preliminary studies in 
rats indicate that viral and host factors play an important patho
genic role in the development of the different CNS diseases. In the 
following communication we summarize our recent findings on these 
parameters. 

RESULTS 

Influence of host-age and viral properties on the type of CNS disease 

Infection of 21-25 day old rats by wild type JHM virus was 
followed by both AE and SDE with variable frequencies. Randomly 
selected clones of tissue culture adapted JHM virus (by plaque 
passages) caused predominantly AE (Table 1) and not SDE regardless 
of the dose inoculated. To select virus mutants with altered neuro
virulence a collection of ts-mutants was produced by growth in the 
presence of fluoruracil. These mutants differed widely in their bio
logical properties including neurovirulence (19). Most of these 
mutants were of low neurovirulence if inoculated into 21-25 days old 
rats. However, if rats 1 ess than 3 weeks old were i nocu 1 ated with 
certain mutants a high rate of SDE developed after an incubation time 
of several weeks to months. Table 2 gives an example of an age 
dependent development of SDE following infection with ts43. In rats, 
which showed clinical symptoms, viral antigens were detectable by 
immune histology and infectious virus could be reisolated. These 
reisolates were still temperature sensitive, even after months of 
persistence as shown in Table 3. 
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TABLE 1 CORONAVIRUS JHM INFECTION IN RATS 

VIRUS INOCULATED AGE OF ANIMALS AT INFECTION 
SUCKLING WEANLING 

( < 20 DAYS) ( >20 DAYS) 

WILD TYPE VIRUS AE* AE AND SDE** 
PASSAGED IN MICE 

PLAQUE PURIFIED AE AE 
VIRUS (CELL 
ADAPTED) 

TS-MUTANTS DEPENDING ON MUTANT SDE 
AND AGE OF RATS 
AE AND/OR SDE 

* AE = ACUTE ENCEPHALOMYELITIS 
** SDE = SUBACUTE DEMYELINATING ENCEPHALOMYELITIS 

TABLE 2 COMPARISON OF NEUROVIRULENCE OF JHM wt and JHM ts 43 

AGE AT TIME VIRUS* DISEASED INCUBATION RECOVERY TYPE 
OF INFECTION TOTAL TIME (DAYS) FROM OF 
(~ 1 DAY) DISEASE DISEASE 

4 wt ** 7/10 3-5 None AE 
ts 43 26/26 10-17 4/26 AE > SDE 

10 wt 8/10 3-6 None AE 
ts 43 23/43 14-158 11/23 SDE 

15 wt 7/12 4-11 None AE 
ts 43 1/12 92 SDE 

* 4x103 PFU/RAT were inoculated into outbred rats, strain CHBB/Thom. 
** JHM wild type virus cloned by plaque passages in Sac(-) cells 
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TABLE 3 TEMPERATURE SENSITIVITY OF REISOLATED VIRUS FROM 
RATS INFECTED WITH ts43* 

* 
** 

DESIGNATION 
OF ISOLATE 

ONSET OF 
CLINICAL 
DISEASE 
DAYS p.i. 

**) TEMPERATURE SENSITIVITY 
OF REISOLATED VIRUS 

ts43-1 45 1.3 x 10-: 
ts43-2 48 1.5 x 10-3 
ts43-3 50 6.7 x 10-4 
ts43-4 50 5.0 x 10-3 
ts43-5 65 5.0 x 10-2 
ts43-6 76 2.0 x 10-3 
ts43-7 90 4.0 x 10-

4 X 103 PFU WERE INOCULATED INTO RATS AT AN AGE OF 9-11 BAYS 
EFFICIENCY OF PLAQUING (EOP) = PFU AT 39.50~5: PFU AT 34 C. 
EOP OF ts43 USED FOR INOCULATION = 1.3 x 10 

Relapse of SDE 

The course of the CNS disease after infection with ts-mutants 
was highly variable. Many rats with clinical symptoms of SDE showed a 
partial or complete remission. Among 43 rats with complete remission 
9 rats developed a second attack of SDE 2-18 weeks after recovery 
from the first attack (Table 4). These rats revealed hindleg paresis 
and severe ataxic gait 14-33 days after virus inoculation. These 
symptoms gradually disappeared, but returned with the second attack. 
The neuropathological changes clearly indicated a chronic disease 
process as documented in Fig. 1. In all animals fresh demyelinating 
lesions with infiltrations of mononuclear cells were detectable in 
pons, thalamus or spinal cord, and remyelination ofaxons by Schwann 
cells (PNS-type) or oligodendroglia (CNS-type) was also observed. 
The spinal cord section shown in Fig. 1 examplifies active demyeli
nation (Fig. 1a and c), remyelination of the CNS-type (Fig. 1d) and 
remyelination by Schwann cells (Fig. 1b, e). All rats investigated 
revealed viral antigens in glia cells in and near to the demyelinat
ing plaques and infectious virus could be isolated from brain tissue 
or spinal cord. 
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TABLE 4 CORONAVIRUS JHM INDUCED RELAPSING OF SDE 

CASE MUTANT RAT ONSET OF DURATION OF RELAPSE OF 
NO. I NOCU- STRAIN SYMPTOMS SYMPTOMS SDE 

LATED* DAYS P.I. DAYS DAYS P.I. 

1 ts6 Thomae 14 9 70 
2 ts6 Thomae 14 15 47 
3 ts6 Lewis 14 8 41 
4 ts42 Thomae 19 18 56 
5 ts43 Thomae 21 23 71 
6 ts43 Lewis 22 15 50 
7 ts43 Lewis 33 22 95 
8 ts43 Lewis 33 12 138 
9 ts43 Thomae 20 25 173 

* Rats were inoculated at an age of 10-15 days with 4x103 PFU of 
virus (i.c.) 

Cell-mediated immune reactions against myelin basic protein 

The observation of a chronic relapsing disease course after JHM 
infection of Lewis rats with lymphocyte infiltrations has certain 
similarities with experimental allergic encephalomyelitis (EAE). 
This disease results from sensitation of animals with mixtures of 
basic myelin protein (BMP) or CNS-tissue extracts in combination 
with complete Freund's adjuvants (CFA). It is known that this mas
sive immunisation leads to sensitisation of lymphocytes which are 
mainly responsible for the course of disease. Animals which recover 
from EAE are no longer susceptible to repeated sensitations with CFA 
and BMP. 
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Fig. 1 Relapse of SDE 138 days p.i. 

a) Fresh demyelination in the anterior and lateral area of 
white matter (upper half) and remyelinating area in the 
dorsal column (arrow heads) of the spinal cord. The rat 
was perfused with buffered glutaraldehyde-paraformal
dehyde solution. Hematoxilin-eosin and luxol-fast blue 
stain, x76. 

b) Higher magnification (x312) of remyelinating area. 
Increased number of Schwann cells and darker staining 
(thin arrows) compared to CNS type myelin (thick arrow) 
indicated PNS-type remyelination. 

c) Naked axons (arrow heads) and macrophage infiltration 
(arrow) in fresh demyelination. 1 fum section from same 
area as a) embedded in epon and sta'ined with toluidin 
blue, x662. 

d) Remyelination of the CNS type in same spinal cord. Note 
very thin myelin sheaths around many axons. Stained 
with toluidine blue, x800. 

e) Electron microscopy from same level as a) showing 
remyelination of the PNS type. Basement membrane and 
cytoplasm of Schwann cell around axon, x32000. 
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TABLE 5 SUSCEPTIBILITY TO EAE IN RATS RECOVERING FROM SDE 

GROUP OF ANIMALS 

I CONTROL 
II RECOVERED FROM SDE 
III ACTIVELY SUPPRESSED 

(BMP /IFA) 

INCUBATION TIME 
FOR EAE (DAYS) 

11.7 + 1.2 
12.8 +" 2.2 
11 

CLINICAL SCORE 
AVERAGE 

4.7 
1.6 
0.5 

The following experiments were performed to determine whether 
an immunopathological reaction could playa pathogenic role as shown 
for EAE during the course of SDE. Firstly, rats which recovered from 
SDE were challenged with BMP plus CFA. As shown in Table 5 normal 
rats developed a clinical EAE within 12 days, whereas SDE rats re
vealed a reduced susceptibility to BMP. A further control consisted 
of rats, which were repeatedly pretreated with BMP and incomplete 
Freund's adjuvants, a procedure which is known to result in sup
pression of susceptibility to induction of EAE. Rats from this group 
rarely developed EAE upon sensitation. 

Secondly, we measured the stimulation of lymphocytes derived 
from SDE animals with BMP and JHM virus antigen (purified, inacti
vated virus). Lymphocytes were collected from spleen, thymus and 
peripheral blood and cultured with or without antigens (Table 6). 
The stimulation index was determined by incorporation of 3-H-thymi
dine. As can be seen in Table 6, lymphocytes from diseased rats were 
not only stimulated by virus antigen but also by BMP. Similar stimu
lation values were observed for lymphocytes derived from rats with 
EAE. No stimulation was found if histone, a protein with similar 
physicochemical properties as BMP, was used as antigen. 

Thirdly, we transferred these BMP restimulated cells into heal
thy rats by intravenous inoculation. These lymphocytes induced 
slight clinical symptoms and perivascular cell infiltrations in the 
recipients within 5-10 days (Table 7). These perivascular infi 1-
trations were located mainly in the dorsal area of the white matter 
of the spinal cord, the pons, the cerebellar white matter and thala
mus. No extended demyelination was found near to the perivascular 
cuffs. These lesions are unlikely to be the result of transferred 
virus. No virus was detectable by immunohistology in transferred 
rats. Intravenous infection with high doses of JHM-virus or virus
lymphocyte mixtures did not lead to any CNS changes in recipients. 
Furthermore, no virus could be isolated from lymphocytes of rats 
with SDE. These experiments suggest that during JHM virus infection 
in Lewis rats a cellular immune response against neuroantigens deve
lops which can influence the course of disease. 
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TABLE 6 STIMULATION OF LYMPHOCYTE CULTURES BY ANTIGENS* 

GROUP OF RATS ANTIGEN ADDED TO CULTURE MEDIUM 

(strain Lewis) BASIC MYELIN JHM VIRUS HISTONE 
PROTEIN. 

SDE x 4.3 + 2.7 x 6.6 + 4.8 x 1.0 + 0.1 
Uninfected Controls x 0.9 + 0.2 x 1.0 + 0.1 x 0.8 
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*Figures indicate the stimulation index measured by incorporation 
of 3-H-thymidine relative to cultures without antigen. Lymphoid 
cells from spleen, thymus and peripheral blood were cultured for 
72 hours in microplates as described by Richert et al. (1979). 
Before incubation, 1 Lug/well of the required antigen was added. 
After 48 hours, 1 uC~/well 3-H-thymidine was added and the 
incorporated radio'ctivity was measured 24 hours later. 

TABLE 7 ADOPTIVE TRANSFER OF LYMPH CELLS RESTIMULATED BY BMP* 

SOURCE OF TRANSFERRED CELLS EAE-LIKE LESIONS IN RECIPIENTS 

DONOR RATS ANTIGEN CLINICAL HISTOLOGICAL 
(Lewis) 
SDE BMP 6/26 13/26 

SDE None 0/5 0/5 
Control BMP 0/8 0/8 

*Lymphocytes from spleen, thymus and peripheral blood were cUltureg 
for 3 days with or without antigen (Richert et al., 1979). 1x10 
viable lymph cells were then inoculated intravenously into Lewis
rats. Recipient rats without clinical symptoms were dissected about 
10 days after transfer for histology. 

COMMENTS 

The CNS disease processes observed in rats in the course of JHM 
infections provide a model to study the pathogenic mechanisms which 
are responsible for the different CNS changes. In particular, the 
observation of lymphocyte stimulation by basic myelin protein in SDE 
rats represents an interesting finding since generally brain damage 
involving the release of myelin does not evoke an autoimmune re
sponse. Moreover, experimental studies have proven that EAE can only 
be induced if brain antigen in combination with Freund's complete 
adjuvants is given. Obviously, in SDE rats the viral infection of the 
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central nervous system substitutes for the Freund's complete adju
vants effect which is followed by a specific lymphocyte response 
against myelin basic protein. 

It has been shown in JHM infections of mice and rats that the 
virus replicated preferentially in oligodendroglia cells (5,13). Re
plication in these cells may either lead to cell destruction result
ing in an acute disease or to a persistent infection of glial cells. 
This infection could then result in an interference with cell func
tions followed by myelin breakdown. Cellular dysfunctions associated 
with persistent viral infections have been recently demonstrated in 
studies of neuronal cells ·in culture. It has been shown that inter
ference with special neural cell functions such as a production of 
acetylcholine, acetyl transferase or acetylcholine esterase occurs in 
persistent virus infections with lymphocytic choriomeningitis, mea
sles or rabies and do not always effect cell morphology, growth rate 
or protein synthesis (8,11,12,15). In the case of measles virus 
persistence in a neural cell line the presence of antiviral antibo
dies could overcome a specific virus-induced cellular defect (2). In 
C6 rat glioma cells, measles virus persistence interferes with 
B-adrenergic receptor stimulated cAMP synthesis. This function was 
restored when viral proteins were removed from the cell membrane by 
the action of antiviral antibodies. It is possible that immune re
sponses could limit the damage caused by JHM virus infection of rats 
until a disease with clinical signs develops after a long incubation 
period. On the other hand the occurrence of lymphoid cells which are 
sensitized against basic myelin protein during the course of JHM-in
fection in rats suggests that viral replication in oligodendroglia 
cells triggers an autoimmune reaction. It is possible that either 
JHM virus structural proteins which are formed in CNS cells cross
react with myelin or the infection leads to changes of the oligoden
droglia membrane. This may then result in the development of immuno
genic structures which are also recognized on uninfected glia cells. 
Furthermore, infected oligodendroglia cells could release myelin 
material which is itself immunogenic. 

At the present time none of these different mechanisms have 
been proven but the rat model allows us to analyze these suggested 
different pathogenic mechanisms. Moreover, further experiments may 
provide valuable information which could be of help in the study of 
human demyelinating disease processes associated with viral infec
tions. 
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