
Acta Neuropathol. (Berl.) 45, 205-213 (1979) 
Acta 
Neuropathologica 
'9 Sprmger-Verlag 1979 

Demyelinating Encephalomyelitis Induced 
by a Long-term Corona Virus Infection in Rats* 

A Preliminary Report 

K. Nagashima 1' 2 H. Wege, R. Meyermann 3, and V. ter Meulen 

Institute for Virology and Immunobiology, University of Wfirzburg, Versbacher Strage 7, D-8700 Wtirzburg, 
Federal Republic of Germany 

Summary. About  30 ~ of weanling rats inoculated with 
J H M  virus developed a subacute demyelinating en- 
cephalomyelitis (SDE) 3 weeks after inoculation (a.i.). 
F rom the remaining animals, 5 ~  displayed overt 
neurological signs 3, 6, and 8 months a.i. Animals with 
and without clinical signs 6 - 8  months a.i. were 
morphologically examined. 

Fresh demyelinating lesions could be demonstrated 
in paralyzed animals. Viral antigen was demonstrated 
and infectious J H M  virus could be recovered f rom one 
animal which developed clinical signs at 3 months a.i. 
In one animal with clinical onset of 8 months a.i., 
completely remyelinated areas as well as recent de- 
myelinating lesions were observed, suggesting a re- 
currence of the disease process. Remyelinated areas 
were also found in 40 ~ of clinically silent animals. The 
morphology of the late onset of  the demyelination was 
similar to that occurring in SDE. Remyelination con- 
sisted of both CNS and PNS-type. This animal model 
offers the possibility to investigate the virus-host re- 
lationship which is responsible for the induction of a 
demyelinating process after a long incubation period. 

Key words: Corona virus rats - Late onset de- 
myelination - Remyelination - Multiple sclerosis 

Intracerebral inoculation of the murine corona virus 
J H M  in mice induces a disseminated encephalomyelitis 
with destruction of myelin sheaths (Bailey et al., 1949). 
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The condition caused by this virus is, however, essen- 
tially of  an acute type, usually monophasic and fatal 
(Weiner, 1973; Lampert ,  1973). In many  regards, 
therefore, this infection in mice does not provide an 
ideal model for the study of virus host relationship in 
demyelinating diseases characterised by a chronic pro- 
gressive pattern with relapse and remissions. In a 
previous report we have shown that changing the 
species, ages of  the animals and dosage of the virus 
administered, resulted in a subacute form of  a primary 
demyelinating disease in rats after an inoculation 
period of 2 -  3 weeks (Nagashima et al., 1978). In these 
experiments about  30 ~ of animals developed a sub- 
acute demyelinating encephalomyelitis (SDE) and the 
remaining animals showed no clinical symptoms at the 
time of our report. However, after 3 - 8 months some of 
these animals developed neurological signs and re- 
vealed neuropathologically fresh demyelinating lesions 
and numerous completely remyelinated areas in one 
animal. Areas of  relaayelination were also observed in 
several other animals which failed to display clinical 
signs. 

This report presents the histological and ultrastruc- 
tural characteristics of  a demyelinating encephalo- 
myelitis after a long incubation period in rats and 
discusses demyelination and remyelination with regard 
to other animal models. 

Material and Methods 

Animals  and Virus Inoculation 

One hundred ten weanling rats (20-25 days of age) strain CH 
BB/THOM specific pathogen-free, were intracerebrally injected with 
JHM strain of murine corona virus. The virus had been passed several 
times in suckling mice. A 20 ~ brain suspension of diseased suckling 
mice was used as inoculum for the experiments. Each animal obtained 
approximately 5x 104 TCD50 of JHM-virus. About 30~ of the 
inoculated animals developed SDE approximately 3weeks after 
inoculation (Nagashima et al., 1978). The remaining animals have 
been under observation for 3 - 8 months after inoculation. From 75 
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animals which did not develop SDE, 27 animals were killed for the 
present study, together with 14 control animals which received 
normal mouse brain suspension. 

Light and Electron Microscopy 

The nervous systems of these animals were examined by both light 
and electron microscopy (EM). Animals were anesthetized with ether 
and the whole body was perfused with fixative via a canula inserted 
into the left ventricle. The perfusate consisted of 200ml of 2 
paraformaldehyde and 2.5 ~ glutaraldehyde buffered to pH 7.4 with 
phosphate. After dissection, coronal sections of brain and spinal cord 
were taken alternatively for histology and EM. Optic nerve was also 
examined. The tissue for light microscopy was postfixed in 10 
formalin, processed and embedded in paraffine for subsequent 
staining for Hematoxylin-Eosin, the Kliiver-Barrera staining for 
myelin sheaths and the Glees-Marsland staining for axons. The 
material for EM was postfixed in I ~ osmium tetroxide buffered with 
phosphate. Prior to dehydration through graded alcohol and 
embedding in Epon, en bloc staining with 2.5~ uranyl acetate 
(Karnowsky, 1967) was performed. From all regions sampled, 1 
sections were obtained, stained with 1 ~o toluidine blue and examined 
by light microscopy. Selected areas were trimmed for thin sectioning, 
cut on a Reichert OMU 3 ultra-microtome, placed on formvar coated 
grids, and stained with lead citrate. These preparations were scanned 
in a Zeiss 10-B electron microscope. 

Immunofluorescent Studies 

Cryostat sections of 8 g thickness were fixed for 10 min in acetone and 
stained with the specific antiserum by applying the indirect immuno- 
fluorescence technique. Antiserum against JHM in mice was pre- 
pared by weekly intraperitoneal inoculation of brain suspension con- 
taining virus (0.5 ml/animal) over a period of 6 weeks. FITC labeled 
anti-mouse immunoglobulin was obtained from Microbiological 
Ass., Maryland, U.S.A. Anti-JHM serum and FITC labeled anti- 
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mouse immunoglobulin were used only after absorption with brain 
powder of control rat brain. 

Virus Isolation 

The animals were dissected under aseptic conditions. After several 
washings in cold PBS with antibiotics, specimens were homogenized 
in a glass douncer to give a 15~ (w/v) suspension. Crude homo- 
genates were absorbed on monolayers of Sac ( - )  cells, a murine 
rhabdosarcoma line (0.3 ml/petridish 20 ccm), for I h. The monolay- 
ers were washed and overlaid with 5 ml Eagle's minimal essential 
medium containing 5 ~ fetal calf serum and antibiotics. Cultures, 
which did not show a JHM-CPE after 48 h, were passaged twice 
before a negative result was accepted. 

Results 

F r o m  27 an ima l s  i n o c u l a t e d  wi th  J H M  virus  a t  the  age 

o f  2 0 - 2 5 d a y s ,  th ree  rats  d e v e l o p e d  af ter  a l o n g  

i n c u b a t i o n  p e r i o d  n e u r o l o g i c a l  signs. O n e  exh ib i t ed  a 

typ ica l  gene ra l i zed  para lys i s  3 m o n t h s  a f te r  in t race re -  

bra l  i n o c u l a t i o n  o f  v i rus  and  b e c a m e  m o r i b u n d  wi th in  

2 days  (case 1). F r o m  this a n i m a l  in fec t ious  v i rus  cou ld  

be  r ecovered .  I m m u n o f l u o r e s c e n t  s tudies  d i sc losed  t h a t  

v i ra l  an t igens  were  de tec tab le  on ly  in glial  cells o f  the  

wh i t e  m a t t e r  o f  the  p o n s  (Fig.  1 c) a n d  spinal  cord .  

N e u r o n s ,  e p e n d y m a l  cells and  pe r ivascu l a r  in f l am-  

m a t o r y  cells r e m a i n e d  nega t ive .  T h e  o t h e r  two  an ima l s  

exh ib i t ed  a h i n d  l i m b  para lys i s  6 m o n t h s  a f te r  in-  

o c u l a t i o n  (case 2) and  sl ight  i n c o o r d i n a t i o n  a n d  pa ra -  

lysis o f  one  l imb  8 m o n t h s  af ter  i n o c u l a t i o n  (case 3). 

These  t w o  an ima l s  were  ki l led by pe r fus ion .  T w e n t y -  

f o u r  an ima l s  w i t h o u t  c l inical ly  r e cogn i zab l e  signs a n d  

Fig. 1. Demyelinating lesions in case 1. 
a A large demyelinating lesion found in 
the lower part of capsula interna 
including the optic tract can be seen. 
Kliiver-Barrera x 36. 
b Higher magnification of the area 
marked by an arrow of a. Note the 
well-preserved neurons and 
inflammatory cell response around the 
vessel. Hematoxylin-eosin x 432. 
e Immunofluorescent staining of the 
pontine white matter reveals JHM viral 
antigen in glial cells, x 432 
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Fig.2a--d. Demyelinating lesions in case2, a Coronal section through mid-pontine level. Multiple fresh demyelinating lesions are located in 
bilateral spinal tracts of trigeminal nerves, pontine base and tegmentum. Note one plaque located in the ascending tract of facial nerve radix on 
the left side (case 2). Kl~iver-Barrera staining x 7. b Small plaque located in pontine raphe. Neurons in the plaque (arrow) are seen to be well 
preserved. Note the spongy state in the marginal area of the plaque. Small dark dots within the plaque are red blood corpuscles in capillaries. 
Klfiver-Barrera staining x 102. e Section following section 2b stained for axons. Preservation of axons in the plaque are remarkable except the 
spongy area around the plaque. Glees-Marsland staining x 102. d Perivascular cuffing consisting of mononuclear cells. Toluidine-blue staining 
• 600 

14 control  animals  were killed 6 - 8  months  after this 
infection. 

Fig. 3. Demyelinating lesion in case 3. Area of red nuclei sharply 
demarcated plaques are observed. Note the increase in small cells in 
the plaque. Kliiver-Barrera staining x 32 (case 3) 

Light Microscopy 

Case 1. Wide-spread demyel inat ing lesions were found  
in the deep cerebral white matter ,  brainstem, and  spinal 
cord. Corona l  section through mid-cerebrum revealed 
a large lesion in the lower par t  of  capsula in terna  
(Fig. 1 a), including par t  of  the optic tract. The nucleus 
interposing among  the postero-inferior par t  of  capsula 
in te rna  (Nucl. entopeduncular is)  was also involved, the 
neurons,  however, were well preserved (Fig. 1 b). In  the 
demyelinated areas macrophages  (gitter cells) and small 
mononuc lea r  cells were seen. A massive in f lammatory  
cell response consist ing of mostly lymphocytes and 
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Fig. 4a--e. A small-cell focus of case 3. a A larger focus found 
in the spinal tract of trigeminal nerve which is located at a distance 
from the root entry zone or peripheral nerves. Note the irregulary 
arranged increased number of small cells. Hematoxylin-eosin x 85. 
b Small cells are seen in the left upper part of the picture. Myelin sheaths 
around the cells are relatively thin, compared to the diameter of axons. 
This can more clearly be seen when this area is compared to that of 
normal animal, as seen in e. Toluidine-blue staining x 954. e An area of 
the spinal tract of trigeminal nerve of age matched control. Toluidine-blue 
staining x 954 

p la sma  cells was found  a r o u n d  the meningeal  vein near  
the lesion. The  lesions in the b ra ins t em and  spinal  cord  
were a lmos t  ident ical  to those in the cerebrum.  
Per iphera l  nerves were no t  affected. F o r  the purpose  o f  
virus isola t ion,  this an imal  was no t  examined  by 

e lect ron microscopy.  

Case 2. Fresh  demyel ina t ion  was found  in the bra in-  
stem. Co rona l  sect ion t h rough  mid -pon t ine  level re- 
vealed tha t  the mul t ip le  demyel ina t ing  lesions were 
d is t r ibu ted  in b i la tera l  spinal  t racts  o f  t r igemina l  

nerves, pont ine  base and central  po r t i on  of  t egmen tum 
(Fig. 2a).  One p laque  observed  was loca ted  at  the 
ascending t rac t  o f  facial  nerve radix  on the left side. 
Neu rons  in the p laque  were relat ively well preserved 
(Fig. 2b).  A section fol lowing the sect ion of  Fig. 2b  
which was s ta ined for  axons  revealed tha t  p reserva t ion  
o f  axons  in the p laque  were r emarkab le  except  the 
spongy area  a r o u n d  the p laque  (Fig.  2 c). H y p e r t r o p h i c  
as t rocytes  were found  near  the marg in  o f  the plaque,  
bu t  within the  p laque  glial cells were ha rd ly  discernible.  
Ins tead  mac rophages  were f requent ly  encountered .  
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Fig. 5a and b. Electron micrograph of a demyelinated area of case 2. a Three naked axons are seen (A). Note that the cytoplasmic processes of a 
macrophage are extended around a naked axon. x 11,330. b A degenerating cell with scanty cytoplasm. Note the variety of myelin degeneration. 
An axon spheroid containing numerous electron-dense and Iamellar bodies (left upper corner) and a macrophage (M) containing myelin debris is 
also seen. x 5,768 

Small and medium-sized veins near the plaques were 
cuffed by mononuclear cells (Fig. 2d). Nerve roots, 
spinal and trigeminal ganglia, and peripheral nerves 
were free f rom lesions. 

Case3. Sharply demarcated demyelinating plaques 
were present in the brainstem. The distribution of 
plaques was also multiple, as it has been seen in case 1 
and 2. Within the lesions neurons and axons were also 
preserved. However, an increased number of  small glial 
cells were found in plaques (Fig. 3). 

Perivascular inflammatory reactions with small 
mononuclear  cells were infrequently noticed in the 
neighborhood of lesions. 

Besides these demyelinating lesions, loci consisting 
of  an aggregation of  small cells and intact myelin 
sheaths were found in the white matter  of  the brainstem 
and spinal cord. In addition, larger foci were also 
detectable bilaterally in the spinal tract of  trigeminal 
nerve of the pons, which were located at a distance from 
the root-entry zone or peripheral nerves (Fig. 4a). The 
small cells of  these foci consisted of  a small nucleus with 
a scanty cytoplasm. Toluidine-blue stained preparation 
revealed that myelin sheaths in these foci were relatively 

thin, compared to the diameter of  axons (Fig. 4b). This 
is clearly seen when the area of  the spinal tract of  
trigeminal nerve of age-matched control and infected 
animals is compared (Fig. 4c). 

Animals Without Neurological Signs. No active lesions 
were found in those animals which did not display any 
clinical signs. However, in 10 rats out of  24 examined, 
small-cell foci and in two additional animals a slight 
hydrocephalus was observed. The other 12 animals 
were free from any pathological lesions on histological 
examinations. The small-cell foci consisting of an 
aggregation of small cells as found in case 3 were 
multiple and were found in the cerebral crus, pons, 
cerebellar peduncle, and spinal cord. The small cells in 
the foci of  the white matter  were usually found close to 
capillaries. The foci in the gray matter  showed small 
nuclear-rich areas with abundant  capillaries. Although 
the foci were usually small, they were easily distin- 
guished from the normal areas. 

In the animals which were inoculated with unin- 
fected brain, neither demyelination nor remyelination 
were observed except the artificial lesion caused by 
needle injection on the left cerebrum. 
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Electron Microscopy 

In the demyelinated areas, the most frequent finding 
was vesicular disruption (Dal Cant et al., 1975) of 
myelin sheaths. Naked axons were frequently en- 
countered. They usually contained an increased 
amount of neurofilament. Some of  denuded axons were 
partly enclosed within the cytoplasmic process of  
macrophages (Fig. 5a). Axon spheroids contained nu- 
merous mitochondria and electron dense or lamellar 
bodies (Fig. 5 b). Glial processes containing fibrils were 
often observed around the naked axons and degenerat- 
ing myelin sheaths. OligodendrocylLes appeared to be 
lost during the periods of demyelination. Some de- 
generating cell somata were found. The nuclei were 
round and homogeneously electron-dense, and the 
cytoplasmic organelles were scanty (Fig. 5b). A few 
plasma cells and lymphoid cells were also found in the 
plaque, although they were more frequently observed 
around the vessels. Virus partici[es could not be 
demonstrated. 

In the small-cell foci which were found in case 3 and 
in the 10 animals without any clinical signs, tightly 
packed axons were found with myelin sheaths which 
were disproportionally thin in comparison to axonal 
diameter (Fig. 6 a). Few axons without myelin sheaths 
were also observed (Fig. 6b). However, near the small 
cells a group of well-myelinated myelin sheaths ~vere 
observed. These well-developed sheaths were demar- 
cated from the surrounding matrix by a basement 
membrane (Fig. 6c). It is noteworthy that closely 
outside of the membrane the astrocytic processes 
containing glial fibrils were always observed to be 
contiguous with the basement membrane. These mor- 
phologically distinctive features of  myelin sheaths were 
quite similar to those of remyelinating myelin sheaths 
(Blakemore, 1974), suggesting that the small-cell foci 
represent areas of remyelination. The well-developed 
myelin sheaths surrounded by the basement membrane 
were considered to represent the PNS-type, whereas the 
poorly developed myelin sheaths without the basement 
membrane revealed the CNS-type of  remyelination. 
Electron microscopy confirmed that many cells detect- 
able in the small-cell foci by histological analysis were 
in fact myelinating cells. Corresponding to these two 
types of  myelin sheaths, two different glial cell for- 
mations, the myelinating PNS-type (Schwann cell) and 

CNS-type (Oligodendrocyte) were observed. Schwann 
cells were surrounded by a basement membrane, while 
oligodendrocytes were located outside of  these mem- 
branes. The nuclear morphology of these cell types were 
almost identical. The cytoplasm of oligodendrocyte 
was, however, more electron-dense and slightly larger 
than that of  Schwann cell. 

Discussion 

The experiments reported here show that intracerebral 
inoculation of JHM virus into weanling rats can lead, 
after an incubation period of  months to changes in the 
CNS, which occasionally are accompanied by overt 
neurological symptoms. The histopathological exam- 
inations revealed areas of  fresh demyelination. In one 
animal the simultaneous presence of both demyelin- 
ation and remyelination were observed. The absence of 
clinical signs when demyelination and subsequent re- 
myelination first occurred suggest that the lesions were 
either too small to cause neurological symptoms or 
were localized in areas of the brain which cannot be 
easily detected clinically in small laboratory animals. 
The latter interpretation is consistent with the obser- 
vation that the larger demyelinated areas appear to be 
restricted for the most part to pontine sensory path- 
ways such as spinal tract of trigeminal nerves. 

The interval of  time between the first lesions and the 
lesions which give rise to overt neurological signs can be 
estimated based on the morphology of remyelination. 
Prineas et al. (1969) reported, that in animals with EAE 
remyelination was first apparent in the CNS appro- 
ximately 3 months after the acute episode. In the 
experiments using gliotoxic compounds the vast ma- 
jority of axons were remyelinated after 4 weeks and 
both CNS and PSN-type remyelination was shown to 
be complete 3 months after degeneration (Blakemore, 
1974, 1975). Therefore, it is possible that the animals in 
our experiments which were examined 6 - 8  months 
after virus inoculation might have suffered from pri- 
mary lesions at least 3 months before the detection of  
clinical signs of a neurological disease. The distribution 
of plaques of fresh secondary lesions and the locali- 
zation of  remyelination are both consistent with the 
predilection of subacute demyelinating encephalo- 
myelitis (SDE). Moreover, the histological nature of 

Fig. 6a--e. Electron micrograph of a remyelinated area of Fig. 4 b of case 3. a Remyelinated axons by Schwann cells (PNS-type, P) are in close 
proximity to oligodendrocyte remyelinated axons (CNS-type). One Schwann cell myelinates one axon, both of which are surrounded by the 
basement membrane (arrows). Compared tc well-developed PNS-type myelin sheaths, those of CNS-type are thin and lack the basement 
membrane. Note that a few axons (A) are naked or incompletely myelinated (left upper corner and right lower corner). Oh oligodendrocyte. 
x 10,300. bHigher magnification of the right lower corner of a. A naked axon (A1) and an incompletely myelinated axon (A2) can be seen. 
x 20,600. c Both CNS- (left upper corner) and PNS-type remyelination are seen. Just outside the basement membrane (arrows), astrocytic 
processes (as) are seen to be contiguous with the basement membrane, x 25,750 
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fresh lesions corresponded to the findings in SDE 
(Nagashima et al., 1978). In SDE, infectious virus, 
intracellular viral structures and viral antigens were 
always detectable in affected areas. In the present study 
only in one animal virological studies were carried out. 
It is surprising that after an incubation period of 3 
months (case 1) infectious JHM virus could be isolated 
from brain material and viral antigen be localized in 
CNS tissue. So far no information is available about the 
state of  virus-cell interaction in this animal, especially 
about the mechanism which allowed the virus to persist 
in the brain tissue after inoculation. The morphological 
similarities between SDE and the animals examined in 
this study suggest that the mechanism leading to 
demyelination may be similar between these two 
groups. However, the long incubation period and the 
more chronic state of  the disease process would suggest 
a different virus-host relationship in the demyelinating 
encephalomyelitis with late onset. 

Remyelination in case3 showed both CNS and 
PNS-type. Hirano and Zimmermann (1969) reported in 
their studies of experimental cerebral cavities in rats 
caused by cyanide intoxication and triethyltin implan- 
tation that the Schwann cells found in the remyelinated 
area were thought to be derived from the peripheral 
nervous elements accompanying some subarachnoid 
blood vessels. Ghatak et al. (1973) described that 
peripheral type of myelin sheaths in multiple sclerosis 
could be traced to adjacent spinal nerves. However, the 
PNS type of remyelination in case 3 was located at a 
distance from any existing peripheral nerves or detect- 
able nerves containing blood vessels. It is conceivable 
that Schwann cells in these areas have arisen from 
multipotential primitive reticular cells as Ogata and 
Feigin (1975) have suggested in their studies on re- 
myelination in multiple sclerosis. The cells associated 
with the CNS type of remyelination may be newly 
generated oligodendroglia cells (Herndon et al., 1977). 

A similar type of recurrent demyelinating lesions 
was observed in mice infected with JHM (Herndon et 
al., 1975). However, in contrast to rats, these changes in 
mice were only detectable by electromicroscopy and 
not by histological staining procedures. In addition, 
these animals never came down with a clinically 
recognizable disease and the remyelination found in 
these animals consisted only of the CNS type. 

Another form of recurrent demyelination has been 
found in chronic relapsing EAE induced in guinea pigs 
(Raine and Stone, 1977; Wisniewski and Keith, 1977). 
In this model a high degree of morbidity is obtained and 
the disease is characterized by remission and relapses. 
Neuropathologically recent and old demyelinating 
plaques are found mainly as perivenous lesions ac- 
companied by mononuclear cell infiltrations. 

The observed late onset demyelinating encephalo- 
myelitis associated with a single injection of corona 
virus into weanling rats shows certain similarities to 
multiple sclerosis. As in the human disease only the 
CNS is affected, and the demyelinating lesions are 
multiple and recurrent and not always confined to the 
perivenous areas. Moreover, the inflammatory cells are 
mononuclear and only detectable in the neighborhood 
of fresh plaques. On the other hand, the distribution of 
lesions found in JHM infected rats are different from 
multiple sclerosis. The plaques in JHM infected rats 
occur consistently in brainstem, spinal cord and optic 
nerve, but are scarcely detectable in cerebral white 
matter which is the most commonly affected area in 
MS. The infrequency of cerebral white matter involve- 
ment in rats may be due to the underdevelopment of  the 
cerebral cortex and its fibre tract. As for the restoration 
of  demyelinating areas, both CNS and PNS-type 
remyelination was seen in JHM infected rats while in 
MS only the PNS type has been recognized (Feigin and 
Popoff, 1966; Ghata et al., 1973). 

At the present state of investigation JHM infection 
in rats cannot be considered an animal model for 
multiple sclerosis, but it offers the possibility to in- 
vestigate the virus-host relationship which is respon- 
sible for a demyelinating encephalomyelitis with a long 
incubation period. 
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