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Coronaviruses are associated with a wide variety of diseases of man and 
other animals. The importance of this group of viruses in both medical and 
economic terms has become increasingly evident since the First International 
Congress was held in Germany in 1980. The application of modern molecular 
biology and immunology has contributed to new insights into understanding the 
biology of the viruses and the pathogenesis of the diseases they produce. The 
number of investigators has also increased over the past several years as 
evidenced by this Congress which is thus far the largest ever held. 

The attraction for veterinary, medical and basic scientists from the very 
first days of Coronavirology has probably revolved around the marked tropism 
these viruses have had for specific tissues, particularly the gastrointestinal 
tract, respiratory system and the nervous system. The first scientific 
observations were probably made by Baudette and Hudson in 1933 when they 
described "gasping disease" of chickens and then transmitted the disease to 
embryos (1,2). Gasping disease was observed to be a devastatingly lethal 
respiratory disease. The infected embryos were dwarfed and in classical clinical 
terms were described as being "curled in balls". Subsequently, this virus was 
identified as infectious bronchitis virus CIBV) which became the prototype of this 
family of viruses. This description of IBV infected animals being "curled in balls" 
was brought to my attention about 15 years ago when I was interested in a 
neurogenic disease of humans, Arthrogryposis multiplex. Arthrogryposis involved 
fusion of the joints during development and has been attributed to both motor 
neuron and primary muscle disease. I examined these "curled balls" and indeed 
found fusion of the embryo joints following infection of IBV, but could not 
determine pathogenic mechanisms. 

In contrast to the IBV, turkey coronavirus or Bluecomb disease and the 
isolation of "a hepatitis of mice" were gastrointestinal diseases rather than a 
respiratory infection. Gledhill and Andrewes' isolation of mouse hepatitis virus 
propelled the field forward (3). The circumstances of their finding focuses on 
the mysterious ways which prepared minds work. They begin their paper as 
follows: 

"During the autumn of 1950 considerable losses were experienced in 
breeding stock of a strain of white mice (Parkes (P) strain) maintained at the 
National Institute for Medical Research. Owing to structural repairs to the 
animal house, the P mice had been confined to half the space normally allotted 
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to them, and central heating was temporarily unavailable ••••••• " Thus, if it 
were not for the failure of the usually reliable British heating system, the 
infective agent they termed mouse hepatitis virus (MHV) would not have produce 
such widespread devastation. Several important questions were raised with the 
discovery of MHV. For instance, combined infection with an otherwise harmless 
murine protozoan, Eperythrozoon coccides, led to a fatal hepatitis. This 
introduced the idea of activation of latent virus by various forms of stress as 
important in the pathogenesis of disease (4,5). This activation of MHV had also 
been suggested to occur when simultaneous infection with murine leukemia 
viruses was present (6). 

Several years prior to the isolation of MHV a virus causing 
encephalomyelitis with extensive destruction of myelin was isolated from 
paralyzed mice (7,8). They named the virus JHM after the distinguished 
Professor at Harvard J.H. Mueller. Subsequently, it was found to be related to 
MHV (9). It became evident that MHV could be used as a model for both human 
hepatitis and human demyelinating encephalitides. 

The relationship of these murine agents to human hepatitis could not be 
demonstrated, but it was found that random populations of humans did have cross 
reacting antibodies (0). It awaited the work of Tyrrell and Bynoe to find that 
the catarrh from common cold did not yield virus by the means of study available 
to them at that time, but could still produce colds in volunteers. It remained a 
mystery until organ cultures of human embryonic trachea or nasal epithelium 
became available (1). The organ culture (OC) isolates 43 and 38 were isolated. 
It should be pointed out that the cytopathic effect in such assays was the 
cessation of the beating cilia in the cultures. 

The isolate 229E was found in medical students and cultivated on the 
human diploid cell line Wi-38 (2). The isolation of the OC agents and 229E 
allowed for an epidemiological survey showing these agents to be an important 
human pathogen (13). However, the studies focused on a critical and continuing 
question of the role of antibody in coronavirus pathogenesis. Antibody levels in 
serum and secretions had no correlation with resistance to infection. This still 
remains an enigma. 

The recognition that the human respiratory viruses, mouse hepatitis viruses 
and the prototype infectious bronchitis virus of chickens had a similar 
appearance resulted in a classic publication in 1968 labeling these viruses 
coronavirus (4). The paper authored by Almedia, Berry, Cunningham, Hamre, 
Hofstad, Mallucci, McIntosh and Tyrrell used Tyrrell's description in that the 
viruses displayed "a characteristic fringe of large, distinctive, petal shaped 
spikes which resembled a crown like the corona spinarum in religious art" (5). 
In 1975, the International Committee on the Taxonomy of Viruses name a new 
family, Coronaviridae, with one genus coronavirus. Additional species have been 
added including canine coronavirus, feline infectious peritonitis virus, human 
enteric coronaviruses, transmissible gastroenteritis virus of pigs (TGEV), 
neonatal calf diarrhea coronavirus (BCV) and rat coronavirus (RCV) (15). These 
are important pathogens of man and domestic animals as well as important 
experimental models for the study of cell tropism, genetic resistance and 
susceptibility of viruses and the important question of latency. 

My own exposure to coronaviruses was quite simple. I was thumbing 
through a volume of the Pathology of Mice and was drawn to the photos of the 
white matter lesions induced by JHM virus. Encouragement by Neal Nathanson 
and later by Fred Bang induced me to ask if this model could be used to study the 
fundamental questions raised in the human disease, multiple sclerosis. These 
included the following. 

1) Are there genetic factors in M.S. which are functionally related to viral 
clearance, persistent infection and immune cell regulation? 
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M.S.? 

2) 
3) 
4) 

Is the disease M.S. directly related to oligodendrocyte function? 
What role does the immune response play in the pathogenesis in M.S.? 

Why isn't there significant remyelination following demyelination in 

After reading Pappenheimer's review I knew this was indeed an important 
model (16). In regard to JHM virus, he wrote, "We have noted in our sections a 
striking hydropic swelling of the oligodendroglia nuclei, and since these cells are 
regarded as the functional equivalent of the Schwann cells in their trophic 
influence upon the integrity of the myelin sheaths, we have toyed with the idea 
that the virus may localize selectively in these elements of the central nervous 
system, a:1d that their injury may bring about a secondary distintegration of the 
myelin. Bailey, who has continued to pursue cytologic studies of the JHM virus, 
writes that he has reached the same conclusion, viz., the primary effect is upon 
oligodendroglia, but direct proof of such an effect is lacking." 

It was Peter Lampert's work on the ultrastructural level and our own 
pathogenesis studies which proved that indeed this was an infection of 
oligodendrocytes (17,18,19,20,21). Lampert and his colleagues showed 
demyelination involves vesicular breakdown of the myelin sheath and that there 
was active phagocytosis of myelin by invading cell processes. The fundamental 
nature of this demyelinating model attracted an increasing number of 
investigators who addressed not only the neurobiological aspects but the question 
of persistence both in animals (22) and in tissue culture systems (23,24). The 
study of both latency and persistence was furthered by the development of 
mutant viruses. Robb et. al. found temperature sensitive mutants which altered 
the pathogenesis (25). Ts 8 mutant produced demyelination with much higher 
frequency than wild type JHM (26). Studies were further aided by the 
development of the murine glial cell line (DBT) which allowed for higher titers 
and a more accurate assay system than had been previously available (27). The 
questions of genetic susceptibility, initially raised by Bang and Warwick after 
they showed that macrophage susceptibility in vitro reflected a genetic 
determinant for susceptibility in the mouse (28), has become more focused on 
cellular vulnerability (29) and host immune response genes (30). JHM virus 
susceptibility locus appears to be on the proximal end of mouse chromosome 7 
(30). However, controversy still exists as to whether resistance is inherited by 
one gene as an autosomal recessive or two genes one dominant and one recessive 
(31). The pathogenesis of the model was extended when lesions were produced in 
the rat (32,33,34,35) and particularly when adoptive transfer of an experimental 
allergic encephalomeylitis - like disease from rats with JHM - induced 
demyelination (36). 

There are still fundamental questions which are now being attacked by 
hybridoma technology and the methods of recombinant DNA. The immune 
response genes in resistance have yet to be defined at the single cell genetic 
level. The characterization of cellular restriction of coronavirus replication 
which results in persistence is still unanswered. The questions of neurovirulence 
on a molecular level are still to be addressed although in roads have been made. 
The multiple size classes of virus specific RNA, subgenomic RNA, the role of 
leader mRNA and the differential expression of mRNA is being defined in 
relation to cell tropism and persistence of virus. The question of how viruses 
cause cell malfunction go beyond cell death by lysis and involves questions of 
neurobiology such as viral influence on the structural genes involved in myelin 
production such as proteolipid protein, myelin basic protein (MBP) and myelin 
associated glycoprotein. The mechanism of remyelination appears to be related 
to oligodendrocyte DNA synthesis and probably mitosis (37). The induction of 
this phenomenon is not clear but it probably involved membrane changes induced 
by phagocytic cells. MBP is expressed during JHM induced demyelination, 
probably as an initial step in remyelination (38). 
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In 1980, Mahy entitled a review of the first International Congress on 
Coronaviruses, "Coronavirus come of age" (39). This symposium takes the field 
of animal virology one step further and brings the state of knowledge of 
molecular biology of coronavirus to levels which will be emulated by those 
studying the pathogenesis of all virus diseases in man and animals. 
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