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Virus-induced Autoimmune Demyelinating 
Disease of the Central Nervous System 
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Acute perivenular demyelinating disease of the brain and spinal cord can 
complicate a number of human viral infections. It has been most frequent 
late in the course of the exanthematous viral infections, particularly measles 
and vaccinia, and, to a lesser extent, varicella and rubella. The discontin
uation of vaccination against smallpox and the successful immunization 
against measles and rubella in the United States have decreased the incidences 
of these infections and their parainfectious complications. Currently, post
infectious encephalomyelitis in the United States is most frequent after var
icella, where mortality and morbidity rates are low, and after upper respi
ratory infections, where the etiologic agent is usually undetermined [I]. 

Nevertheless, measles is not controlled in most of the world; 1.5 million 
children still die annually from measles. Although most measles-associated 
deaths result from virus dissemination and secondary infections, enceph
alomyelitis occurs in about I: I 000 children [2] and remains a significant cause 
of mortality and the major cause of permanent neurological morbidity. En
cephalomyelitis after vaccinia virus inoculation was highly variable; incidence 
rates ranged from I to 63 in one Dutch experience to I in 300,000 in a national 
survey in the United States. The reason for this variability has never been 
explained. Although postvaccinal encephalomyelitis appeared of only his
torical interest after the worldwide eradication of smallpox, this complicatio_ll 
has assumed new importance. One of the most promising strategies for future 
vaccines is the use of recombinant vaccinia virus carrying sequences coding 
for multiple virus antigens [3]. A better understanding of the determinants 
of the postvaccinal encephalomyelitis will be critical before clinical trials of 
these vaccines are initiated. 

Unfortunately, there is no animal model for acute postinfectious enceph
alomyelitis. The experimental disease that best simulates the acute periven-
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ular demyelination is experimental allergic encephalomyelitis. Subacute or 
chronic coronavirus infections of rat nervous system do lead to probable 
autoimmune-mediated demyelination [4]; however, studies of measles en
cephalomyelitis in humans indicate that neurotropism or direct infection of 
the nervous system may not be prerequisites to the development of acute 
demyelinating disease [5]. 

Similarities of Postinfectious Encephalomyelitis to 
Experimental Allergic Encephalitis 

Postinfectious encephalomyelitis is remarkably similar clinically and path
ologically to the neuroparalytic complications observed after multiple injec
tions of rabies virus vaccine prepared in adult animal brains. This similarity 
led Rivers and Schwentker [6] to inoculate monkeys with homogenates of 
normal brain in an attempt to reproduce this disease. This resulted in the 
first induction of experimental allergic encephalomyelitis, the prototype au
toimmune disease. Extensive studies of experimental allergic encephalo
myelitis have shown that the encephalitogenic antigen is the basic protein 
of central nervous system myelin, and that the disease can be passively 
transferred by sensitized lymphocytes of the T-helper subset [7]. 

The parallels between the three diseases are remarkable (Table 24.1). In 
experimental allergic encephalomyelitis and post-rabies-vaccine encephalo
myelitis, lymphocytes show lymphoproliferative responses to myelin basic 
protein. Similar responses have been observed in lymphocytes from patients 
with postinfectious encephalomyelitis following measles, varicella, and upper 
respiratory infections [5 ,8]. 

The inexplicable factor in these comparisons is how viruses can induce 
sensitization to neural proteins. Certainly, normal individuals have immune 
cells capable of reacting against myelin proteins. Expresssion of this reactivity 
is normally actively suppressed, but this suppression can be overcome by 
injection of excess antigen, as in experimental allergic encephalomyelitis and 
postrabies encephalomyelitis. Possibly, viral infections overcome this 
suppression by modification of myelin, by release of myelin products into 
the general circulation, or by disruption of immune regulation. 

Coronavirus-induced Autoimmune Demyelination in Mice 

One potential mechanism for autoimmune demyelinating disease induced by 
viruses comes from studies of a corona virus, the JHM strain of mouse hep
atitis virus. This virus was originally isolated from a spontaneous paralytic 
disease of mice. The virus causes acute demyelinating encephalitis by se
lective infection of oligodendrocytes [9]. The virus persists in the nervous 
system of mice, and late subclinical inflammatory demyelinating foci develop. 
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Table 24.1. Comparisons of experimental allergic encephalomyelitis with 
encephalomyelitis after rabies vaccine or viral infections. 

205 

Experimental Post-rabies- Postinfectious 
allergic vaccine encephalomyelitis 

encephalomyelitis encephalomyelitis 

Inducing event 

Latency 

Clinical features 
Acute onset 
Monophasic 
Occasional 
Chronic or relapsing 

Pathologic findings 
Peri venular 

lympohocytic 
infiltrates 

Peri venular 
demyelination 

Immunologic studies 
Lymphocytes stimulated 

in vitro by myelin 
basic protein 

In vitro demyelination 
by lymphocytes 

Inoculation with 
CNS tissue or 
myelin basic 
protein 

10--21 days 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
• From beginning of incubation period 
Source: Modified from ref. 20. 

Inoculation with 
CNS tissue 

10--41 days 

+ 
+ 

+ 

+ 

+ 

+ 

Infection with 
enveloped 
viruses 

10--40 days• 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

Wantanabe and co-workers [4] inoculated rats with this murine virus and 
described a subacute demyelinating encephalomyelitis that developed several 
weeks to two months later. Viral antigen was found primarily in glial cells 
in the neighborhood of demyelinating plaques. Most rats subsequently re
covered despite the persistence of virus. Lymphocytes from sick rats were 
cultivated in vitro in the presence of myelin basic protein, and these lym
phocytes were transferred passively to syngeneic rats. In four to five days, 
mild clinical disease was seen in many recipients, and the white matter lesions 
resembled experimental allergic encephalomyelitis. Thus, viral infection of 
the oligodendrocytes appears capable of inducing an autoimmune response 
against myelin proteins produced by the oligodendrocytes. This might occur 
by incorporation of the oligodendrocyte membranes into the virus envelope, 
by release of myelin from damaged cells, or by modification of myelin pro
teins. 
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Postmeasles Encephalomyelitis in Humans 

Alternate mechanisms have been suggested in human studies of postmeasles 
encephalomyelitis. Measles is seldom isolated from the nervous system, and 
the cerebrospinal fluid shows no evidence of intrathecal immunoglobulin 
synthesis, as seen in most viral encephalitides associated with direct virus 
invasion of the nervous system [5]. Finally, immunocytochemical studies 
have failed to demonstrate viral antigen in the brains of patients with acute 
measles encephalomyelitis [10]. Measles virus infections are known for their 
striking immunosuppressive effects [11]. Thus, there is a paradox in that the 
secondary infections causing pneumonia and gastrointestinal disease are 
thought to be secondary to the immunosuppressive effect, whereas the en
cephalomyelitis is presumed to be a hypersensitivity response. 

Studies of a number of immune parameters during measles and measles 
encephalomyelitis show a variety of abnorm<~l immune responses with 
suppression of some responses on one hand and release of normal inhibition 
on the other (Table 24.2). Most patients with measles show prolonged 
suppression of lymphoproliferative responses to mitogens, which is similar 
in uncomplicated measles, measles pneumonia, and encephalomyelitis. Many 
patients who are exposed to measles nevertheless show normal lymphocyte 
responses to mitogens. Despite the normal ratio of lymphoctyes bearing T 
helper-inducer and T suppressor-cytotoxic surface markers, functional 
studies show an increase in spontaneous suppressor cell activity [12]. C
reactive proteins are elevated during acute measles and show an apparent 
secondary elevation during postmeasles encephalomyelitis [13]. In patients 
with measles, and particularly with encephalomyelitis, serum lgE is elevated; 
this immunoglobulin is normally down-regulated by suppressor cells [ 14]. 
Significantly, lymphocytes cultivated from patients with measles may show 
proliferative responses to normal human myelin basic protein, and this re
sponse is more frequent in lymphocytes from patients with encephalomyelitis 
[5]. A variety of abnormalities in immune regulation occur, rather than simply 
"immunosuppression.'' 

Because there is no evidence that virus regularly invades the nervous sys
tem and because there is abnormal immune regulation, the hypothesis arises 
that a deregulation of autoreactive cells may occur secondary to viral infection 
of lymphoid cells. 

Unanswered Issues 

Attempts to devise an animal model for postinfectious encephalomyelitis to 
facilitate studies of pathogenesis have remained unsuccessful. Therefore, 
studies require human investigation. 

Two interrelated questions remain unanswered: Why are only a small 
number of individuals affected, and why is the central nervous system the 
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sole target organ? If the disease is mediated by viral invasion of the central 
nervous system, then the answer to both may be that virus infects the brain 
only infrequently and then triggers the disease. To date, in measles it has 
been difficult to find virus in the brain, but more sensitive techniques or 
examinations of tissue taken at earlier times in the disease may be necessary. 
If this disease is autoimmune, then genetic susceptibility of the host to au
toimmune disease may be important. Multiple sclerosis, for instance, is as
sociated with the presence of the DR2 or DW2 allotypes [15]. In a limited 
study, we found no evidence for an increase in these or other HLA types 
in postmeasles encephalitis. Such an association could be revealed with the 
study of larger numbers of patients or it may be that other unstudied back
ground genes are important for susceptibility, as they are in determining the 
susceptibility of mice to experimental allergic encephalomyelitis [16] or de
myelination following Theiler's virus infection ([ 17]; see also Lipton et al., 
Chapter 29, this volume). The central nervous Sj'"tem could be targeted be
cause of antigenic similarities between myelin proteins and viral proteins. 
Sequence data suggest regions of homology between myelin basic protein 
and numerous polypeptides from viruses that are or are not associated with 
postinfectious encephalomyelitis, so the biological significance of this finding 
is not yet clear ([18, 19]; see Oldstone and Notkins, Chapter 23, this volume). 
Because the CNS is relatively isolated, alterations in access to the systemic 
immune response may occur during infection. Virus may increase permea
bility by infecting vascular endothelium or the infectious process with at
tendant immune responses may indirectly damage the normal blood-brain 
barrier by release of lymphokines, vasoactive amines, or other factors af
fecting permeability. 
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