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We previously reported the isolation of coronavirusep while working 
with autopsy tissue from patients with multiple sclerosis and have been 
investigating the pathogenesis of these viruses in mice. Inoculation of 
three to four week old C57BL/6 mice with corona virus SD induces a 
syndrome characterized by h~dlimb anesthesia, paresis, or both between 4 
and 9 days post-infection. We now report the finding of an unusual 
immunologic derangement in these mice • 
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4 Infectious virus was recoverabl~ in high titer from the brain (3.7 x 
10 pfu) and spinal cord (1.4 x 10 pfu), only rarely and in very low 
titer from the spleen and liver for the first four days post-infection 
(Figure 1). Virus could not be isolated at any time from the blood, 
heart, lung, thymus, kidney, or duodenum (data not shown). Infectious 
virus was not detected in the liver by day 5, the spleen by day 6, and 
the brain and spinal cord by day 7 (Figure 1). Virus was detectable by 
co-culti vation of minced brain tissue on 3T3 (17CL-l) cells as late as 
day 12 post-infection, after which all methods of isolation (tissue 
homogenate, co-cultivation, and cell fusion) proved unsuccessful. An 
extensive search for viral particles by electron microscopy revealed only 
an occasional viral particle in necrotic cell debris of the temporal 
cortex on days 4 through 6 post-infection. 

Despite the relatively brief time when infectious virus was recover
able from various tissues, viral antigen persisted for a long period of 
time (Figure 2). 
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Fig. 1. Infectious virus detected in 10% homogenates of brain (squares), 
spinal cord (triangles), and spleen (circles) by plaque assay on 
delayed brain tumor cells after intracerebral inoculation of SD 
virus in weanling C57BL/6 mice. PI indicates post-inoculation; 
pfu, plaque forming units. 
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Fig. 2. 
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Serum antibody titers are given as the reciprocal of the serum 
dilution which gave 50% reduction in the number of plaques using 
SD virus. Viral antigen was detected by autoradiography with 
antisera to coronavirus SD out to day 30 PI and then inter
mittently to day 473 PI. 



To determine whether disturbances in immune function accompany 
infection, the proliferative response of spleen cells from mice infected 
11 days earlier with coronavirus to the T cell mitogen concanavalin (Con 
A) and B cell mitogen lipopolysaccharide (LPS) was assessed and compared 
to that of untreated mice and from mice injected with heat-inactivated 
virus. Spleen cells from mice injected with live virus were found to 
proliferate poorly in response to both Con A (Figure 3) and LPS relative 
to those from untreated mice or from mice given heat-inactivated virus 
(Figure 4). The inability to proliferate in response to these mitogens 
was evident even 42 days post-infection (Figure 5), a time at which 
infectious virus cannot be recovered from tissues (Figure 1). 
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Fig. 3. Spleen cells (1 x 105) from untreated (NSC), mice given heat-inac
tivated (HI) or live (I) virus 11 days earlier were optimally 
stimulated with Con A (0.5 ug) and DNA synthesis as~essed daily 
for 3 days using tritiated thymidine incorporation ( HTdR). CPM, 
counts per minute. 
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Fig. 4. Spleen cells (1 x 105) from untreated (NSC), mice given heat-inac
ti va ted (HI) or live (I) virus 11 days earlier were optimally 
stimulated with LPS (10 ug) and DNA synthesis ~sessed daily for 
3 days using tritiated thymidine incorporation ( HTdR). 
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Fig. 5. Spleen cells (1 x 105) from mice were cultured at the indicated 
times following virus administration and stimulated with Con A 
(0.5 ug) or LPS (10 ug) and DNA synthesis assesse~ at the 
indicated times using tritiated thymidine incorporation ( HTdR). 

An examination of the cellular basis for this defect revealed no 
differences between virus-infected and control groups with respect to 
total spleen cell numbers or to percentages of T and B (Lytl+ and Ig+ 
respectively) cells (Table 1). Interleukin 2 (IL2) production (Table 2) 
and IL2 receptor expression after stimulation with Con A (Table 3) were 
normal as was Con A-induced immune interferon synthesis (data not shown). 

DISCUSSION 

One current hypothesis about the etiology of multiple sclerosis in 
humans is that it is a viral-induced autoimmune disorder confined to the 
central nervous system. Many viruses have been ~uggested as having a role 
in mUltiple sclerosis, including corona viruses. Although the human data 
at this time has not supported the above hypothesis, recent animal 
studies have shown a link between primary corona virus-induced 
demyelinating encephalomyelitis and secondary development of an auto
immune3 demyelinating disease, experimental autoimmune encephalomyelitis 
(EAE). The profound immunoregulatory disturbances seen in the present 
study are not seen either in multiple sclerosis in humans or EAE in 
animals; however, a similar "immunodepression" has 4b-sen described in 
other coronavirus virus-induced experimental disorders. ' 
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Table 1. Splenic Size and Cell Composition 

Total Cell Count/Spleen Percent Positive Staining 

Untreated 

Heat Inactivated 

Live Virus 

---------------

5.23 

5.90 

5.26 

II!; 

31.3 

34.6 

25.0 

Lyt 1 

45.3 

58.6 

63.6 

Spleen cells from untreated mice or mice given heat-inactivated or live 
'rir-us 11 days earlier were counted for total number of lymphoj d cells and 
stained with an optimal concentration of fluorescein-conjugated anti
mouse IgM or anti-mouse Lyt1 and then analyzed on the fluorescence
activated cell sorter (FACS). 
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Table 2. ILL Production 

CPM 

Untreated 34,000 

Heat Inactivated 30,000 

Live Virus 26,000 

Rat Factor 32,000 

Spleen cells from untreated mice or 
mice given heat-inactivated or live 
vjrus 11 da:y~' earlier were stimulated 
with Con A and the supernatants were 
a~sessed for IL2 activity up to 7 
days of culture on the Ii2 dependent 
CTLL line. Shown are the peak proli
ferative responses of CTLL cells at a 
1: 10 dilution of the sample 
calculated by linear regression. 



Table 3. IL2 Receptor Expression 

Untreated 

Heat Inactivated 

Live Virus 

Percent Positive Staining 

68.7 

64.5 

81.2 

Spleen cells from untreated mice or mice given 
heat-inactivated or live virus 11 days earlier 
were stimulated with Con A for 36 hours. These 
cells were stained with a monoclonal antibody to 
the murine IL2 receptor (7D4), and then analyzed 
on the FACS. 

The immunologic derangement observed in the present study may be 
related to disease pathogenesis or may merely reflect the response of the 
immune system to a viral infection, or a combination of both. It is 
unlikely, however, that infectious virus is causing these immunoregula
tory disturbances, since none could be isolated at a time when these 
disturbances were present. However, the persistence of viral antigen with 
resultant persistent immunostimulation may cause the immunodepression. 
This effect may be mediated by persistent elevated levels of circulating 
inter{eron, an observation previously noted in MHV-3 induced immunodepres
sion. The underlying cause of this unusual immunologic derangement and 
its relation to latent infection is under investigation. 

REFERENCES 

1. J. S. Burks, B. L. DeVald, L. D. Jankovsky, and J. C. Gerdes: Two 
coronaviruses isolated from central nervous system tissue of two 
multiple sclerosis patients. Science 209:933-934, 1980. 

7.. P. M. Mendelman, L. D. Jankovsky, R. S. Murray, P. Licari, B. 
DeVald, J. C. Gerdes, and J. S. Burks: Pathogenesis of coronavirus 
SD in mice. I. Prominent demyelination in the absence of infectious 
virus production. Arch. Neurol. 40:493-498, 1983. 

3. R. Watanabe, H. Wege, and V. ter Meulen: Adoptive transfer of 
EAE-like lesions from rats with coronavirus-induced demyelinating 
encephalomyelitis. Nature 305:150-153, 1983. 

4. J-L Virelizier, A-M Virelizier, and A. C. Allison: The role of 
circulating interferon in the modifications of immune responsiveness 
by mouse hepatitis virus (MHV-3). J. Immunol. 117:748-753, 1976. 

5. D. Leray, C. Dupuy, and J. M. Dupuy: Immunopathology of mouse hepati
tis virus type 3 infections. IV. MHV3-induced immunodepression. 
Clin. Immunol. Immunopathol. 23:539-547, 1982. 

447 


