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ABSTRACT

The evaluation of a serclogical survey with statistical methods
was carried o;t‘td deterﬁine if there was a relationship between human
coronavirus (HCV/229E and persistent progeny VH) and ,multip}e
sclerosis (NS). |

MS is a demyelinating disease of the CNS. The cause of MS is
unclear, but in recent years both viruses and abnormal immune
responsgses were thought to be involved in the etiology. Coronaviruses ‘
are one of the possible candidates. Since Attempts to isolate viruses
from patients with MS have all failed, epidemiological and sero-
logical methods were adopted. -

From Qctober, 1982 to May, 1983, 584 sera from 39 MS patients and
control pairs were tested using an indirect immunoflhorescence assay
(IFA) method with HCV persistently infected cells (HV-1). The
re;ults showed no significant differences in the titres of serum
antibodies in the two groups. This might suggest that corcnaviruses
are not associated with the cause of Ms. However, our study indicated
a significanﬁ association between colds and exacerbations of Ms

symptoms and there were significantly more HCV-related colds in the MS

patients compared with their controls, This relevance of thesge
" 3

findings needs further investigation. ™~

A comparative antigenic analysis using plaque reduction and
kinetic neutralization tests as well as immunodiffusion tests served
to 1indicate that the.VH persistent virus was antigenically distinct
but related to the parental strain, 229 and Bupported-the reliability
and sensitivify of the IPA using HV-1 cells (VH vifue). The use of the
neutralization tests revealed that the antigenic differences were

. "~

associated with the virion peplomer glycoprotein, E2.

-
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CORONAVIRUS AND MULTIPLE SCLEROSIS

= BVALUATION OF A SEROLOGICAL STUDY -

Prologue

A viral agent has been proposed as a cause of multiple sclerosis
{(MS), a chronic demyelinating disease 6f tpe central nervous system
(cNS),  but 1little substantive evidence has accumulated (Johnson and
Herndon, 1974; Fraser, 1977; .Cook and Dowling, 1980). Now tﬂefe is
growing evidence that abnormalities in immunologic control are. operative
in patients with MS although whether these changes are cause or effect
of the disease is not clear (Lisak, 1980). Both mechanisms howeV;r, are
nét mutually exclusive; in fact, it would appear likely that they are
sequential, the second.being dependent on the first (Fischman, 1981;
Johnson, 1982; McLecd, 1982),

Coronavirus may be involved in the etiology of ‘HS and several
reports of the presence of coronavirus-like particles in the CNS of MS
patients have been published (Tanaka et al., 1976; Burks et al., 1980;
Gerdes et al., 198l1). Also, the JHEM strain of Mouse Hepatitis virus
(MHV), & coronavirus, produces experimentally a demyelinating disease in
mice similar to MS (Lucas et al., 1977; Nagashima et al., 1978). MHV
persistent infections in cultureddfouse cells have been reported (Lucas
et al., 1977; Stohlman and Weiner, 1978; Hirano et Al., 1981; wége et

al., 1982) and this in vitro murine system has been proposed as a suit-

able model for extrapolation to the human disease (Lucas et al., 1978}.

N~
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Recently, we have participated in a serological study and an

antigenic aﬁalysis of human corconavirus, strgln 2298 in association with

' MS, The aims of the study were:

1. To determine if an etioclogical relationship exists between
coronavirus and MS by serological survey.

2. To undertake a comparative antigenic study of HCV/229E and the

progeny’ VH coronavirus which is shed by the persistently infected HV-1

cell system established in our laboratory in 197% (Chaloner-Larsson and

Johnson-Lussenburg, 198la&b).
-

The preliminary serolﬁgical study was performed in 1980:}981 ‘and
followed by the cas;[contkol s£udy in 1982-1983.. My participation in
this study started at the time the serqlogical assays (IFA) uere' nearly
completed and my role in this work was to undertake the statistical
analyses of these resultse, in conaultap&gp wiﬁﬁ_members of the Depart-

ment of Epidemiology - and,Community Medicine, University of Ottawa.

These results led to thé next phase of my work which was to detect and
evaluate the antigenic differences between the parent strain HCV/229E
and its progeny persistent, VH virus.’ That these viruges differed
ahtigenically was }uggested as a result of’éhe serological survey and

other evidence which became apparent during this time.

The work deascribed in this thesis is presented in such a way as to

reflect the two perspectives of this stuﬁy: the first being concerned

with the statistical evaluation of the results, which 1nc1uded the test
used, and the second being concerned with the antigenic analysis of the

229E and VB viruses which was relevant to the interpretation of the
' /

results of the case/control study.

Y



Chapter I

INTRODUCTION
»

1, Multiple Sclerosis (MS).

MS is a demyéliqating digease which affects the central nervous
system (CNS)}). Por over a century , MS has intrigued workers in all the
neurological sciences,. but it still remains a diéease of unknown cause,
inadequate treatment, ;nd unpredictable outcome: .

Whatever the cause, MS short-circuits the electrical mésaades that
pass between the CNS and rest of the body by attackihg a fatty substance
called myélin, which 1insulates nerde fibers, and replacing it with
sclera, or scar tissue., This causes tremours, weakness or paralysis and
often impared vision and speech and ‘loss of urinary control. The
symptoms depend on the part of the ;e¥vous system affected. Por example,
MS in the spinal cord can cause weakness, numbneés, pricking, or
paralysis of the arms or legs. In the optit nerve, |t may' lead to
uncontrolled eye movements or double vision. MS is considered a leading
chronic disability among young adult;, usually striking healthy whites
between the ages of 20 and 40 (Garelik, 1985). It was réported that over
250,000 individuals in the United States alone suffer from MS (Waksman,
1981 a&b),

According to epidemiological investigations, MS has a unimodal age-

specific onset curve. It rarely begins before the age of 15 or after the
age of 50, although cases have been described in children as young as 2
(Waksman, 198la). Age-specific onset curves shqu a sharp peak at age 30

for both men and women, Pemales with MS outnumber males by 1.5 to 1

(Acheson, 1977; Johnson, 1982).

The geographic distribution of MS 1s perhaps the most consistent



.

. - 4
characteristic observed by epidemiologists. It is considered that the
worldwide distribution of Ms comprises three zones of frequency or risk

(Rurtzke, 1984). The high risk zone, with prevalence rates of 30 and

above per 100,000 population, includes northern and_central Burope into
the USSR, northern US and scuthern Canada, New Zealandz and south-
eastern Austraiia. These regions are bounded by areas of medium
frequency, with prevalence rates between 5 and 29 per 100,000, and
include the southern US, scuth-western Norway and noztherL Scandinavia,
and probably the USSR from the Ural Mountains into giberia as well as
the Ukraine, Except for Sicily which is reported to have a high rate,
the entire Mediterranean basin from Spain to Israel -~ and possibly
including Tunisia *in northern Africa -.are also regions of medium
prevalence, Also in these medium risk zones fall mo of Australia,
perhaps Hawail and the midportion of South America. :ii\}tequency risgk
with pievalence rate? below § per 100,000, characterizes all the other
knowp-a8reas of Asia and Africa, Alaska and Greenland, and the Caribbean
region including Mexico and probably northern Socuth America {Rurtzke,
1984).

These observations seem to suggest that MS prevalence is associated
with latitude, but this relationship is not‘yet well established. There
are wide 'variations in prevalenée rates at the same latitude. Por
example, the prevalence of MS is reported to be veryY high throughout the
British 1Isles and Scandinavia, but there are differences in reported
among the Shetland Islands, the Orkney Islands, and the Paroe Islands
and within sections of Denmark, Sweden, and Finland. 1In addition, re-
peated surveys for MS in Japan have failed to reveal a prevalence rele-
vant to Japan's latitude. The prevalence i3 less than 10% of that

expected when compared to northern Europe and North America. Further-
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more, there are no differences among regions of Japan, which extends
ovér an area of 15 northern latitudinal degrees. {Detels, 1978).

Several investigators have tried to correlate the prevalence of MS

with factors such as temperature, altitude, pets, major dietary’

compénent (e;g., rice/wheat, sheep/cattle, high proteins/low proteins,
etc,), solar irrhdiation, or trace metals. None of these correlations
have been confirmed (Detels, 1978; Ellison, 1984; Norman, 1983; Cook,
1985; Lauer, 1984).

All high and medium~risk areas comprise predominantly white popula-
tions: MS is the white man's burden [Kurtzke, 1583). In Americg, blacks
and Orientals, and possibly Indians, have much lower rates of MS than do
whites, but. each group still demonstrates the geographical gradiéﬂks

found for whites (Kurtzke, 1983),

Higfétiog studies indicate that, on the whole, migrants retain much
of the risk of their birthplace. MS death rates fo; migrants born in one
risk area and dying in another are intermediate between those
characteristic of their birthplace and their death residepce regardless
of the direction of the move. Prevalence studies for migrants from high

to low risk areas indicate the age of adolescence to be critical for

risk retention: those migrating beyond age 15 retain the MS risk of
. -
their birthplace; those migrants under 15 acquire the lower risk of

their new residence. Several low to high studies show that those

migrating in childhood or adolescence do in fact increase their risk of
MS (Kurtzke, 1983,1985; Ellison, 1984; Lauer, 1984). X

The migration data, plus the geographic distribution, serve to

define MS as an acquired, exogenous (environmental) disease whose acqui-

gition 1in ordinary circumstances takes place vyears befpre clinical
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onset. In the native population in the Faroe Islands previously free of
the disease, an outbreak of 24 cases of MS occurred between 1943. and

" -
1960 following the period of Britis occupation. This was the first

apparent point-source epidemic of the disease, and was explained by a
putative infectious agent. This indicated that MS seemed not only to be
acquired but als$ to be'traﬁsmisaible (Kurtzke and Bg}%ested, 1979;
Kurtzke, 1980,1983,1985).

The cause of MS is s8till unclear despite numerous studies since
the clinical disease was first described by Jean-Marie Charcot and an
infectious cause wasy postulated by Pierre Marile {1884) more than a
century ago (Johnson, 1975)., No one knows Qhat causes it., In recent
years sgpeculation has grown that the etiology of MS is viral. Another
hypothesia ascribes it to a malfunction of the immune system.

~ Based on_the virus theory, MS is caused by one or more slow-acting
miéroorganisms, the symptoms of which appear years after infection or by
a delayed reaction to a common virus. The exposure is believed to be at
or before the time of puberty, and an incubation period of 3 to .30 -
years elapgés before the onset of the disease. This lonqg period of
latency 1s consistent with other types of human demyelinating diseases
asaociatgd with viral infections, such as postinfecticus encephalomyeli-
tis and progressive multifocal leucoencephalopathy. The remissions and
exacerbations of the clinical signs 'and the multifocal areas of demyel-
ination typical of M5 are also consistent with a viral infection. The
pattern of myelin 1loss in MS showa a wider zone of 1loss of the
periaxonal myelin-associated glycoprotein than of the basic protein,
which 1is distributed throughout myelin. The same pattern is seen ’in
progre;aive multifocal leukoencephalopathy.

The viruses which have been suggested as etlological agents of MS§



include poxviruses (Johnson, 1982), herpesviruses {(Gudnadottir et al.
1964; wWrobleska et al., 1979), rhabdovf}uses (Johnson, 1982), paramyxo-
viruses (ter Meulen et al., 1975; FPield et al., 1972; Koprowski et al.,
1975; Lampert, 1975), orthSEyiﬁbirusea (Johnson, 1982), coronaviruses
{Burks et al,, 1980; Tanaka et al,, 1976), togaviruses (Johnson, 1982},
picornaviruses (Priedmann and Lorch, 1985) , and a variety of "uncharac-
terized viruses'_sﬁch as the Carp agent (Carp et al., 1972, 1977, 1978)
and the SMON (subacute myelo-optico-neuropathy) or IM (Inoue-Melnick)
agents (Inoue et al.,. 1984; 'Melnick, 1982; Melnick et al,, 1984)., They
have been implicated by serological studies, morphological demonstra-
tions of virus-like particles in tissue, and isolations of agents or
transmission of disease in animal models. The first serological sthdies
reported higher levels of antibody against measles virus in MS patients
than in control groups (Adam and Imagawa, 1962). These findings have
been confirmed ip over 30 subsequent studies (Norrby, 1978). In another
study, 23% of patients with M5 had disproportionately ratios of high
spinal fluid to serum antibody titres to two or more viruses, including
measles virus (Norrsy et al., 1974). This might suggest that either
multiple viruses can cause MS or that in MS, pre-programmed B cells are
non;specifically activated or released from immunoregulation after
entering the CNS (Creper et al,,1980)}. Thus the preponderance af measles
antibody <could simply reflect a larger population of peripheral B cells
sensitized to measles than to other viruses kJohnson, 1982).

The immunological theory holds that the body's system of defenses

may attack and destroy its own ﬁissue. This may occur by mistake how-

ever, since viruses take over and change body cells when they invade.

The immune system may thus destroy the cells which it now does not




recognize as self and in the process, hopefully eliminate  the virus.
Studies reporting abnormal cell- mediated iqmune) (CMI) responses to

virus are less-wéll documented. Although there are reports of altered
responses to a variety of viruses, the;e responses may coFrelate with
disability rather than specific Qisease (Cgok and Dowling, 1980). Also;
aSnormalities in immune responses are not found in every pati;nt with
MS, and they do not appear to be specific for MS because serum antibﬁay
increases, similar to thoke assoclated with measles virus antigens, have

been 'do%umented in syétemic lupus erythematosus ~ and chronic active
hepatitis (Johnson, 1982). A

There have been some reports on morpholeogical studies of particles
in autopsy _aﬂd biopéy tissue of patients with MS, and on attempts to
isolate the agents 1in animals. But scientists have been unable to
recover the game agent consistently, ahd in no case has isolation been
confirmed in multiple laboratories. At present, no-définitive evid;Bce
has i{ncriminated ;'specific virus or other c;uses in the etiology-of MS,
but an increasing body of circum;tantial and fragmentary data has accum-

ulated and theqpole of a viral-like agent is still generally accepted,

2. Human coronavirus 229E and persistent progeny VH virus.

(1) General properties of coronavirus.

In 1968, coronaviruses were recognized as the agents responsible
for a number of common diseases in a wide range of animals, 1including
the common cold in humans (Almeida et al., 1968). These diseases were
quite distinct} in some species the predominant illness was respiratory,
in others gastrointestinal and in still others neuroclogical. Lately,

4

the[e has been evidence that coronaviruses can cause chronic, unrecog-
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nized infections besides’ the acute diseases. It is believed that such
\ .

persistent infections of humans and animals may be involved in a numﬁgr

¢

of chronic and degenerative diéeases (Wege et al., 1982).

The coronaviruses are enveloped with a paréicle diameter of B0-130
nm. The name for the qroup was adopted to hed@?ibe the characteristic
fringe of crown-like projections seen around the viruses by electron
microascopy; these projections are much larger and rounded rather than
sharp or pointed as is the case with the myxoviruses.‘

The particles contain an unsegmented genome oﬁ single-stranded RNA

(MW 6-7x106). The helical nucleocapsid is 7-9 nm in diameter and matures
in the cytoplasm by budding into cytoplasmic vesicles. Thg 3 ;hief
proteins include a 60K phosphorylated nucleacapsid protein (NP}, a 90K
glycoprotein making up the petal—shapgd structure (E2, peplomer) and a
23K glycoprotein (El) embedded in the envelop 1lipid bilayer, During
replication1 viral antigens are feund only in the cytoplasm of infected
cells (Siddell et al., 1982).
‘ Each strain of coronavirus rest:iéts itself to its own animal
species, creating difficulties in growing them in the laboratory,
especiaily the ﬁuman strains, But now cell gystems have been developed
and we have an understanding of the replication strategy of the virus.
Some strains of human coronaviruses still require human embryonic
tracheal or nasal organ cultures (HCV/0C43) whereas .others will
replicate in " human embryonic lung, intestine or kidney cell cultures
(HCV/229E). The optimal temperature for growth of the human strains is
33-35°C, .

The Coronavirus FPamily includes two human' respiratory strains,

avian infectious bronchitis virus (IBV)}, mouse hepatitis virus (MHEV), an

enteritis virus of awine, and others. Antigenic cross reactions occur

——— e
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between some human and some animal strains, but avian IBV appears to be

unrelated to human agents. The avian and nonavian coronaviruses each
appear to all into two distinct and unrelated groups. In the case of
IBV, at Jleast eight different serotypes (Hopkins, 1974) have been
recognized and these again fall into two groups ( Darbyshire et al.;
1979). The relationqhips are shown in Table 1. The loéation of
antigenic sites on the coronavirion structural proteinas has been
investigated. Coroﬁaviruses_basically contain th;ee major antigens, as
has been ahoﬁn by immunodiffusion experiments (Bajer and Storz, 1978;
Yaseen and Johnson-Lussenburg, 1981), 1In human, porcine and murine
systems the antigenic sités responsible for the induction of
neutrdlizing antibodies_are assoclated with the surface ;2 glyébprbteina
(peplomers) (Garwes et al,, 1978; Macnaughton and Davies, 1981; Schmidt
ané’xenny, 1981; étorz and Rott, 198l1). The su;face glycoproteins are
also involved in coﬁplement fixation (CP) and hemagglutination
iphibition (HI) reactions, howevet, not all strains hemagglutinate. The
El and NP antigens are not involvedfin conferring protection and there-

1

foie, are- not involved in neutralization tests but can be detected by

-

CP, immunofluorescent (IF) and immunodiffusion (ID) tests using approp-

riate antibodies.

{ii) Human coronavirus 229E
*
2292 is the human coronavirus prototype strain. In Chicago during

the winter of 1962, five agents .were {solated in primary human kidney
cell cultures from specimens collected from medical students with a
common cold (Hamre and Procknow, 1966). The viruses were ultimately

adapted to WI38 cultures and exhibited a type of cytopathic effect (CPE)

not previously seen, A prototype strain, 229E, was selected for
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Table 1: Antigenic relationships of coronaviruses.*
—\

11

lian :
Group 1 . Group 2
HCV=-229E and other isolates HCV=0C43 and other isolates
TGEV one serotype MEV many serotypes, also
ccv one serotype related to RCV and SDAV
FIPV one serotype BCV one serotype
HEV one serotype
Avian
Group 3 Group 4
IBV at least B8 serotypes TCV one serotype
No cross-reactions with other No cross-reactions with other

strains strains

Unclassified isoclates

Several isclates of HCV (and HECV); Porcine coronavirus, cv-777 and
others; FECV; RTV; rabbit coronavirus; feline enteritis coronavirus.

. Key to Abbreviations,

BCV...vees...bovine coronavirus
CCVivsseereesCanine coronavirus
PECV.....+...f0a]l enteritis coronavirus
FIPV.........feline infectious peritonitis virus
HCV...ve.....human corcnavirus
HEV..........hemagglutinating encephalomyelitis virus
HECV.........human enteric coronavirus -
IBV.ssss2s+s.1nfectious bronchitis virus
MEV..........Mouse hepatitis virus
RTV..¢eoe.es.funde tick coronavirus
TCV.....s....tUrkey coronavirus
TGEV....sv...transmissible gastroenteritis virus

- Prom Wege et al.,1982

— et s e m



12

éharacte:ization ;nd'was found to be RNA-containing, egher-lgbile, and
8%nm - in diameter, but distinct serologically from any'.known myXxo- or
paramyxoviruses. Sera collected from the five medical students all‘
exhibited ; 4-fold rise in neutralizing antibody titer against 229E. The
229E strains were soon also demonstrated to have a similar structure on
eleétron microscopy and to develop in infected cells by budding into
cytoplasmic vesicles. As a result of the similarity of the human agents
to 1IBV and also to mouse hepatitis virus {MHV), they were collectively
considered to represent a group of vertebrate viruses antigeniéally and
structurally distinct from the myxoviruses (Hamre ~and Beem, 1972;

4

Tyrrell et al., 1975). . ~
BCV/2292 was originally isolated in cell culture and eventually
adapted to human diploid lung cells (WI38). However, these diploid cells
.were not entirely suitable for primary isolation of 229E-1ike agents
(Hontp, 1984). Another cell system, L132, a heteroploid human lung
line, has been reported to be more reliable for primary isclation of
229 (Bradburne and Tyrrell, 1969) and more recently, HFT (human fetal

tonsil) cells have been used {Schmidt and Kenny, 1981},

(iii) Persistent HV-1 Infection and the Immunofluorescence Asgsay.

A persistent infection by human coronavirus 229& {HCV/229E) was
established in the human continuous‘c;ll liné (L1§2) in our 1laboratory
in 197%. The L132 cells persistently infected with ‘and coﬁEinuully
shedding high titers of coronavirus have been maintained successfully
since their establishment (bhaloner-narsson and Johnson-Lussenburg,
198lasb}. To distinguish them from the standard HCV/229E:L132 system,
the péraiatently infected c%lls have been termed HV-1l cells and thér

virus derived therefrom, VH virus. It is the only in vitro persistent
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virus/host system of human coronaviruses.

The HV-1 cells have been continuously shedding virus through more
then 400 infected cell passages performed at intervals of 2 days at the
usual split ratio for normal uninfect#d cells of 1:3. Virus " titers
obtained by pl;que assay (Kennedy ;nd Johnégn-busaenburg, 1975/76}
reveal amounts of cell :eléased virus in the supernatant £luid (SNF)
varying between 104 pfu/mt”;ffér splitting to 103 pfu/ml when the cells
reach confluence. Total virus present in the whole cultures is
consistently l0-fold higher (105-106 pfu/ml). Stocks of the persistently
infected <cells can successfully be stored at -80°C and revived without
difficulty.

The mechanism of the establishment and maintenance of viral
persistence in this system has been studied. The persistently infected
cells are resistant to superinfection with standard HCV/229E but. peolio-
virus replication appears to be entirely unaffected when compared to
ipfectionrof'normal L132 cells. Defective interfering (DI) particles and
reverse transcriptasé could not be detected. Virulence appears to 'be
expressed more efficiently ip normal cells at 33°C but the persistent
virus shedding condition can only be maintained at 37°C (Chaloner-
Larsson and Johnscn-Lussenburg, 198la & b). It has recently been shown
that both lehh and beta interferoﬂ are involved in the maintenance oé

this persistent infection (Chudzio and Johnson-Lussenburg, unpublished

—~——

results).
A reliable and routine indirect immunoflﬁorescence agsay (IPFA)} has
been developed using the persistently infected cells HV-1. Monolayers

of the already infected HV-1 cells were grown on B8~chamber Labiek slides

and, after acetone fixation, stored at -20°C. The procedure of staining

/
was standard (Pedersen et al., 1978). These prepared slides can be used



}n' laboratory studies for determining antigenic. relationships of the
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coronaviruses and for the screening and titration of sera obtained trqm

]

MS patients and céntrols. The IPA LabTek chamber system has also been

used to study the mechanisms of persistence since the condition of cell
monolayers and viral antigens. can be readily evaluated by IPA and
compared with virus production and cell viability at ‘relevant intervals
during experiments. =

‘ The specificity of the IFA reaction has been confirmed using known
convalescent serum samples (pre- and post-exposure sera against boéh
2298 and 0C43 virus infections) which were provided by the Common Cold
Research Unit, Salisbury, Bngland, through the courtesy of br. s. Reed.

There was no ffererice in the appearance of monclayers stained with

absorbed, hypérimmune guinea piglserum (Yaseen and Jcohnson-Lussenburg,

" 1981) _or~“the anti-229E convalescent (post-exposure) sera., There were

very low titgzs associated with some of the OC43 sera, but since the
titres of gg;:paired sera were unchanged, it was assumed that there were:
a low leveIE of 229E antibody from a previous infection, Purther
confirmation of the specificity of the IFA reaction was obtained by
using convalescent and hyperimmune animal sera from cats, dogs and*pigs
which had been exposed to feline infectious peritdnitisr virus, canine
coronavirus and transmissible gastroenteritis virus respectively. Since
these viruses belong to the same antigenic group as 229E (Table 1),
positive JIPA reactions would identify specific _shared coronavirus
antigens, Purthérmore- tpese sera should not cross react with the.human
host cell antigens thus‘providing a control for the fluoreécen& foc!g
assay. These antisera, 1in addition té the standard guinea pig absorbedr

hyperimmune serum were included routinely on randomly selected slide

squares as quality controls for both the specificity of the IFA reaction

[

PET TN
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and the condition of the HV-1 cell monolayers. -
3. Multiple Sclerosis and Coronaviruses. . ’ ~
s"/”_ As previously mentioned, in recent years, epidemiological evidence

and some clinical evidence have supported thg viral hypothesais in the
-
etiology of MS. Human coronavirus is one of khe candidatés.

The JHM strain of mouse hepatitis virus, a murine coronavirus, is
known to cause a demyelinating-remyelinating diseéase in mice and rats
which m;hifests as a disease similar to MS (Lucas et al, 1977;
Nagashima et al, 1978; Wege et al, 1982; Johnson, 1984). Further
support of coronavirus as the candidate etiologic wgent 1in MS w;3
provided by several reporté Qf the presence of cqrén&virus-lﬁke
particles in and the isolation of coronavirus from.the CNS tissue of MS

patients (Tanaka et al., 1976; Burks et al,, 1980; Gerdes et al., 1981).

. 4
In 1976, Tanaka et al. reported the presence of partjcles motphologio{/

ally similar to coronaviruses in tissue removed at autopsy from an MS

.- patient. The particles were observed in the cigternae of the rough

.endoplashic reticuluf®bf brain cells, the common si;e of coronavirus
maturation, The particles were described as 'doughnut-spaped' with
electron lucent centers, an inner diameter of 25 to 35nm, and an outer
diameter of 55 to 65nm. The morphology of these particles most closely
resembled that of mouse coronaviruses. |

) In another investigation, Burks et al. (1980) ggported the
isolation of coronaviruses from two MS patients after repeated passage
of brain material in-mice or 17 Cl-1 mouse cell culture. Using rabbit
and guinea pig immune serum prepared against ﬁhe isclates, these invest-
igators reported that, in plaque neutralization experiments, neither

lsolate was related to human coronavirus (HCV) 229E, but that both were
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serologically felated_to the mouae.bqronavirus A59 nnd'the human O0C43.
These findings were later confirmd by the more sensitive technique of

Ammunoprecipitation (Gerdes et al. 198l1). Identical polypeptides were

identified from 1nfectgd 17 Cl-1 cell cultures with antisera specific
for either the MS isolates, A59 or HCV OC43. But qnfortunat;y} ‘these
results did not clarify whetﬁer the MS viruses are of murine or human
origin since the human O0C43 and the MHV strains are antigenically
.related {Table 1), and mouse cells, 1in which MHV may be latent, were
used for virus isclation.

Thus, 8o far, a viral cause for multiple sclerosis remains only an
attractive hypothesis, not an established fact. None of the proposed

candidate viruses have been shown to be unequivocally "associated with

the cause cof MS. \>

Y



Chabter II .
MS CASE/CONTROL SEROLOGICAL STUDY *-
1. Background.

The possibility of human coronavirus as an etiologicallagent of MS
has™ been considered because the disease it causes in humans fits the
criteria required (coimon diseage of childhood, Jcohnson, 1952) and
because of its role in experimental demyeliq}ting disease in rodents and
because there have been some reports of its association with M5 1in
humans. Coronavirus is one of the mdle common causes (16-20&; of "the
"common cold® in both adults apd children (Becadburne et al., 1971; Kaye
et al., 1971; McIntosh, 1974). In the case of these infections, it has
been suggested that a transient meningocencephalitis may occur during the
acute phase of the illness (Robb and Bond, 197%) providing the virus
with access-to those cells of CNS which are most likely iﬁvolved in Ms,
The implication, of a coronaviral agent in the etiology of MS by sero-
logical methods has been attempted by many Qorkers with_ equivocal
results (Cook and Dowling, 1980; Madéen et al., 198la & b; Leinikki et
al, 1982; Hovanec and Planagan, 1983). Using a sensitive enzyme-linked

'immunoassay {ELISA) these workers reported no significant difference 1in
the serum reactivity between M5 patients and control groups. The conplu—
sion by Madden et al, (1981b} that coronavifuses do not appear to be
associated with the cause of MS has been disputed by ’Eleming et al.
{1982). These workers and others {Bradburne and Somerset, 1972; Mac-
nagghton, 1982) however found generally high proportions of positive
gerum reactors in each group. It should be mentioned here that in these
studies, no attempts were made to document the prevalence of corcnavirus
infections in the communities and no information about seasonal factots'
was providéd{ Also,these sera were random, Iindividual samples and not

sequential repeats. Thus, there was no way to distinguish acute corona-
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virﬁ; infections from the putati é sistent viral inveclvement in MS.
In. erder to elucidate the etiological role of coronavirus in MS,
the present investigation was undertaken to seek further serological
eviaence of a role for coronavirus in MS by comparing serum antibody
titers among patients and controlg. In the preliminary study, sera were
obtained from 28 MS patients and 14 age/sex ' matched controls. The
results of the microimmunodiffusion test in cellulose acetate (Johnson
et "al, 1964) which was used to detect 229E antibody, indicated more

positive serum reactions in the MS group than in the contrels (Table 2.

Johnson-Lussenburg, unpublished results).

Table 2, Preliminary Immunodiffusion Study of Coronavirus
Antibodies in MS patients and matched controls.*

T+ - Total
MS Patients 25 (89%) 3 28
Controls 3 (21w%) 11 14

. * Groups significantly different, P < 0.0l.

The presence of.épecific anti-229¢ antibodies in the positive sera
was confirmed by the plaque reduction test on several selected . sera,
These sera were also tested by an immunofluqrescence assay (;PA) using
the persistently infected HV-1 célls. With this more sensitive assay,
all the sera, both control and MS were positive at titers of 1/20 or
greater, However, the titers of MS patients were higher; 60.7% of the MS
gera (17/28) and 42.9% of the ;ontrol sera (6/14) were positive at a
1/80 serum dilution. The geometric meanttiters (GMT) for both groups
were 65.01 for MS and 45.92 for controls and this gifference was fouﬁd
to be . of borderline gignkicance (p < 0.1 .by the Student's t-test;

White, 1973). Since in this study, only small numbers of sera had been
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obtained sporadically as they became available, it was not feasible to

control for seasonal or other environmental factors. Therefore, a
longitudinal, in depth serclogical study of MS patients was planned,
with controls selected to meet the criteria necessary for statistical
evaluation. Since coronavirqs is one of the agents which causes the
commen cold, 1its cyclicai pattern, seasonal incidence‘gpd other environ-
mental factors had to be considered. To cover the putative "cold season®
(late winter and early spring) a miniﬁum 8 month period was considered
essential. The case control study started in October of 1982 and ended
in May of 1983, The aim of this study was to try to demonstrate a

differénce in the immune response of persons with MS compared to their

controls as reflected by the levels of circulating HCV/229E antibody.

2. Materials aﬁd Methods.

(i) Subjects: Approval for the study was obtained from the Ethics

Committee of the Paculty of Health 5ciences,- University of Ottawa and
the Ottawa General Hospital. Through the Multiple Sclerosis Clinic at
the . Ottawa General Hospital and with the collaboration of its Dire&tor,
Dr. R.F. Nelson, area MS patients were invitedigb rticipate in the
study. They were requested to provide their own 'pal' controls; either
a spouse, relative or close associate (neighboué, friend, colleagque at
work) who would be willing to participate for the duration of the 8
month study. A total 39 MS patients and appropriate controls volunteered
making a total of ?8 1ndivf§591b which could be further sub-divided. on
the .basis control typées 1.e. spouse controls (20) who were age and
environmentally matched versus non-gpouse controls (19} who were age and

gex-matched and had a common community environment.

Two questionnaires (Appendix 2) were completed by all the partici-

-
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pantg; the first upon entry into the ptuéy, was designed to provide
information about their téspiratory infections, recent or otherwise, in
addition to other relevant details such as age, sex, ﬁuration of didease
(case), relationship to patient (control) etc, ﬁhile the second, at the
end of the study, was designed to- obtain a few details about childhood
and family backgroun?;'up to age 15 as well as further detqils of
previous respiratory infections. *

(ii) Ms and control sera: In thié study, a total of nearly 1200 human
sera was collected. These included 584 out of a possible 624 for the
MS/control group or 94% compliance by thg‘éarticipants. In addition, in
an attempt to monitor the levels of HCV/229E antibodies in the general
population to determine the prevalence of 229E respiratory infections,

gera from two different sources were obtained as community controls

Through the courtesy of Dr. .G. Rock of the Ottawa Red Cross Soclety,
gera were obtained from 325 blood donors in 13 weekly batches of 25 over
the late spring period, March to June, 1983. And threough the courtesy of
Dr. E. Rossier, Regional Virus Diagnostic Laboratoery, Children's Hospi-
tal of Eastern Ontario, some 260 serum samples were randomly sSelected
from several thousand available. Unfortunately these latter specimens
were taken during the 1980/81 arf@ 1981/82 seasons and were not therefore
temporally matched.

HCV/229E positive control sera included absorbed hyperimmune guinea
plg serum (Yaseen and Johnson-Lussenburg, 1981} and feline convalescent
FIP antiserum as described previously.

All sera were heat inactivated atv56°c for 60 min. before use,
Following initlal IPFA screening of 101 of the MS/contrcl group sera at
dilutions of 1/5 (24), then 1/10 (77), in which all specimens were

positive, the remaining sera were screened at 1/20. All the positive
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reactors were then titrated (1/20 - 1/160) using the IPA with corona-

virus persistently infected cells. The sera were all coded and tested
blind and the reactions were read by the same individual, The code was

nét broken until the end of the series, A limited number (il) of paired
case/control sera were selected for further serological characterization
using ELISA, neutralization and immunodiffusion analysis.

(iii) Immunofluorescence Assay (IFA): In this study, an indirect

immunofluorescence assay {(Pedersen et al., 1578) using the coronavirus
persistently infected cells (HvV-1) was used. Before cell culture, the
8-chamber LabTek (Plow Laboratories) slides were conditioned by addin§
0.5 ml minimal essential medium !HBH) with 108 fetal calf serum (fCS) to
each chamber and incubating at 37°C overnight. After removing the MEM
from each chamber, 0.5 m! of the EV-1 cell suspension (4-7.5x104
cells/ml), was added, the slide chambers were placed on wet fllter paper
in large glass petri dishes and incubated at 37°C in 5% CO2 until the
cells reached confluence (generally 24-30 hrs)., After removing the
mgdium and the upper élastic chamber, the slides, with the silicone
gaskets still in place, were washed in PBS, fixed with acetone for 15-
20 min,, allowed to air dry, and storéd at ~-20°C. These prepared slides
'have a mihimum shelf life of 3 months at this temperature.

Briefly, the procedure for immunoflucrescence staining was as
follows: 50 ul of the antiserum dilution was added to each monclayer
square (8 squares/slide = 8 different sera) and incubated in a moisture
chamber at 57°C for one hour. The slides were then washed three times in
PBS and allowed to dry. 50 ul/well of commercial preparations of
appropriate anti-globulins conjugated with fluorescein isothiocyanate
was then added and the slides again incubated at 37°C for one hoﬁr.

After incubation, they were washed in PBS, counter-stained with 0.002%
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Eva:k\ blue for 15 min. then blotted dry. The slides were examined by
epif;ﬂorescence using a Leitz Laborlux II microscope.

(iv) ELISA: These tests were performedl by C.M.Johnson-Lussenburg
through the courtesy of J. Fleming, University of Southern California,
Los Angeles, U.S.A. and were based on the method described by Sutter.eﬁ
al, (1980]).

Plat-bottomed polystyrene microtiter plates (96-well) were codteq
with suitable dilutions of 229E or VH antigen (infected cell lysates,
clarified at 3000 rpm x 30 min.) and incubated overnight at 4°C. After
incubation, the 79ntiggn was removed from the plates by "flicking®™ and
they were allowed to air dry. The wells were then washed twice with
ELISA medium {Appendix 1) and shaken tco dry. Test and control serum
dilutions were added to the wells and incubated for one hour at room
temperature, After incubation, the plates were washed again {6X) and
flicked dry, Staph A horse radish peroxidase conjugate (1/1500; 2Zymed,
CA.) was added and incubated for exactly 30 min, at room temperature.
Then, after 4-6X washes with ELISA medium, the freshly prep;red enzyme
substrate {O-phenylene diamine) was added to each well and incubated for

30 min. in the dark. The reaction was stopped by addinngM 8250 and then

4

absorbance values read at 490nm after 1 hour at room temperature using
an ELISA reader (Dynatech Minireader II).

(v) Virus Neutralization Aasay: Cell monolayers were inoculated with

virug-antiserum mixtures previously incubated in a 37°C waterbath for 60
min. These were allowed to adsorb for 1 h. at room temperature before
overlaying with agar medium (overlay #3, Appendix l1). Then they were
incubated at 33°C for 5 to 6 days to allow development of plaques. The
endpoint was expressed as the reciprocal of the dilution of serum which
reduced the number of plagues by 50% as determined from a 1log/probit

el
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plot {Child et al., 1983). -

Other neutralization procedures used in this study will. be

described in detail in the next chapter.

{vi) Immunodiffusion: The technique used in our experiments was

previously described by Johnson et al (1964). The cellulose acetate
strips were cut transversely inte pieces and soaked by immersing them in
Tris buffer (pH 7.2; Appendix 1). These strips were then placed on a
clean glass slide and the perspex template slipéed into a central
position along the wet surface eliminating the formation of air bubbles
in the process. The prepared slides wére placed in small moisture )
chambers {square petri dishes, containing damp filter paper) which were
in turn placed into a larger moisture chamber. ;fter £illing the wells

with the appropriate reactants, precipitation lines were allowed to

develop over 40-48 hours at 23°C. Following incubation, the templates
were removed under running tap water and the cellulose acetate strips
were removed and wasbea in PBS for a minimum of four hours followed by a
ten minute wash in distilled water. All immunodiffusion reactions were
stained with thiazine red R and direct enlargements of the clarifiéd ;nd
mounted reactions were made on P-3 Kodabromide paper using a Béseler
photographic enlarger.

The antigen and antiserum preparations will be described in detail
in the third chapter. Briefly, concentrated preparations of both
HCV/229E and VH viruses were used as antigen and, in addition to the

serum samples from the study participants, control hyperimmune and

prebleed guinea plg sera were used.

“(vii) sStatistical methods: The statistical analysis was based on

*statistics in Medicine® (Colton, 1974). Group differences were assessed

by the Student's-t test and analysis of variance methods (Appendix 1).
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The MS and control groups were sub-divided on the basis of their common
cold histories and other characteristics according to the information
'

provided in both questionnaires (Appendix 2). Records of the occurrence

of respiratory infections {colds) and/or MS exacerbations were obtained

monthlf throughout the study., Comparisons between cases and controls
were done using conventional unpaired analysis. Paired analyses were
used 1in comp;ring monthly changes in antibody titre. Coding of serum
titres using the logarithmic transformation and calculation of the
geometric mean titres (GMT) were performed according to wWhite (197?).
Computer analyses were performed using the maih computer of the
University of Ottawa through the courtesy of Dr. S. Narod, Dept. of

Epidemiology, University of Ottawa. BMDP statistical software {program

7D) was used for the selected tests.

-

3.Results

(1) Immunofluorescence Assay: It was important to maintain a

consistently high quality of slides used in the IFA and care was taken
to ensure the even distribution of the cell monolayers and the charac-
s
teristic appearance of the FA-labelled cells in addition to routine
monitoring of wvirus production by .the persistently infected HV-1
cultures. ' There was an unpredict;ble tendency for the cells to congre-
gate in the central areas of the sqﬁaéea and this was found to be due to
accumulated static charges in'the plastic chambers. Once the slides
‘
were placed on wet filter paper and keﬁt in a humid atmosphere, this
problem was eliminated. The characteristic appearance of the HV-1 cell
monolayers used 1in the routine IFA is _illuatrated in Fig.l. This

pattern of FA-labelled cells was cénsistent and there was no detectable



PIGURE 1A.

FIGURE 1B.

Immunofluorescence'assay using BV-1 persistently
infected cells. The virus-infected green fluor-
escing cells are easily visible among the brown-
igh red non-infected cells, (10X objective)

Immunofluorescence assay using HV~-1l persistently
infected cells. Much of the characteristic green
colour has been lost in the printing however, {t
can be seen that it is restricted to the single
infected cells which are the typical reaction
pattern, ) . (40X objective)
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difference between the control reactions using known positive antisera
(absorbed guinea plg anti-229E hyperimmune or FIP convalescent sé}a) and
positive human sera. Non-apecific immuﬁofluorescence was quenched using
the Evan‘s blue counterstain, however, there was no difficuléy in
recognizing the characteristic coronavirus-infected cell pattern and
distinguishing‘,excessive non-specific reactions. There were very few
borderline positive specimens when serum dilutions of 1/20 were used but
when they occurred, the samples were re-tested. The titration endpoints
were taken as the reciprocal of the highest dilution giving a 1+ virus-
typical PA é?actiqn using high power oculars (100X) with ;on-fluorescing

immersion oil (Wild/Leitz, Canada).

(ii) comparison of MS Cases and Controls. The characteristics of

both groups are summarized in Table 3. The information on whiqﬁ\\this
comparison is based was obtained from both gquesticnnaires. It\;}n e
seen th;t, except for MS, both groups are remarkably similar which
indicates that the control group was appropriate to the study. In the
final questionnaire an atteﬁpt was made to document information believed
at one time to be relevant to the development of MS; namely w@ether,
"during childhood and up to age 15, the participants had ljved in a

mainly rural or urban environment, had prolonged, close dontact with

animals such as family pets (dogs, cats) or farmsanimals §r knew of

schoolmates who subsequently developed MS. As can be seen in Table 3,

there was no difference between the cases and the controls.

“*
there was a highly significant difference between the gro

respect to a family history of Ms (P <0,01). This finding \is 1in

However,

s with

agreement with other reports of a genetic predisposition to the digease

(Kurtzke, 1980; Waksman, 1983).



Table 3. General Comparison o MS cases and controls

Cases Contreols
Number 39 39
Controls: Spouse 20 20
Non-spouse 19 19
Sex: male 10 (25.6%) 15 (38.5%)
female 29 (74.4%) 24 (61.5%)
Average age 38.8 years 39.4 years -
3.15 3.26
Family history of MS 20.5% 2,68 (P<0.01)
«ee...Childhood history to age 15..¢4:0..
Urban inhabitant 28 (71.8%) 23 (60.5%)
Family pets:
Dogs 59% 58%
Cats 56% 50%

27
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(iii) c°mp;rison§ of average titers: The IFA tltfes for 584 MS/pal
control sera are shown in Table 4 . The GMT for these two groups (all
months combined) is almost the.same (1.957£0.109 for the -MS patient
group and 1.950%0,127 for control ;roup). The P value is 0.90 which
indicates no statis;icatly siggificaht difference, Purther analysis of
the data obtained from the final gquestionnaire showed that the GMT was
also not affeétea by the frequency of colds, age, or sex; Thus, these

results suggest that there was no major difference in the frequency of

ceclds reported by all the individuals in this study.

{iv) Monthly comparison of the Geometric Mean Titres: The monthly

comparison of the GMT between the MS case/control groups 1is shown in
- .

Fig.2. The antibody levels for both groups peaked in December, then
gradually decreased, but there were no significant differences in the

seasonal patterns of these two groups; GMT of 2.42 for MS cases and

2.45 for the controls. The monthly average GMTs are summarized below in

Table 5,

Table 5. Monthly Average Geometric Mean Titres.

OCT NOV, DEC JAN FEB  MAR APR  MAY

Total * 1.93 2,08 2,49 2.11 2.13 2.02 1.B4 1.68

Controls 1.97 1.96 2.45 2.16 2.03 2.03 1.B5 1.75

" cases 1.89 2,18 2.42 2.05 2.24 2.00 £X.87° 1.62




Table 4. Comparisons of GMT of average IFA titers of
MS cases and controls

Average titer P value’

Casge . 1.957£0.109
Contrel 1,95040.127 0.90
Cold history*

Zero cold 1.83040.66

One cold 1.890+Q.107 ,

Two colds 2. 0.227 0.30

Three ceolds 1.9661?.203
Age**

< 44 1.94040.113

> 44 1.94420.123 0.90
Sex

Male 1.98410.153

Female 1.93940.1¢0 0.80

- pased on the information provided in the final
questionnaire, The participants were divided into groups
according to their reported frequencies of colds
experienced during the previous 12 months.

**+ pge at which individuals segregated equally for gtatist-
ical testing. S
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PIGURE 2. Monthly average geometric mean titres of MS case
and control sera

A. Total
B. Caées -

C. Controls
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(v) Relation of Colds to Geometric Mean Titres: The analysis of the

relationship between the GMT pf MS patients and controls based on the
colds which they experienced during the 8 month study period alsoc showed
no significant differences (Fig.3). The total number of colds in both
groups was 40, The lack of significant correlatidn between the average
* titer and frequency of cold by month 1is indicated by Pearson's
correlation coefficient of 0.733, The data in Table 6 showed that the
averaqe titres d}d not change with the occurrence of colds. The average
titt}élfzqr'"h-il months was 2.046£0.064; 2.114£0.115 for 'cold’ months and
2.0ﬁ8t0.068 Vfo: 'no cold' months. A 'cold' month is defined as that
month in which an individual experienced a cold versus a 'no cold' month
when no cold was reported. To further test for an association, we
examined MS patients®' GMTs grouped according to the months before and
_after as well'as the 'cold' month. As can be seen in Table 6, the
average titres of these three groups were not significantly different.

In summary, therefore, thegse results indicate that there was no group

correlation of cold symptoms to titers in either the MS cases or between

the cases and controls.

Table 6., Relatlonship between Colds and GMT of MS cases and controls.

Average GMT

All months 2.046 £ 0.064

'Cold' monthsa* 2.114 £ 0.115

'No cold' months . .
¢ n 2.028 + 0.068 MS Patients subgroup

Month prior to cold 2.020 % 0,109 2,00
Month of cold 2,114 £ 0,115 2.05
Month after cold ~ 2,070 t+ 0,122 2,28

N

* 'Cold' month is that month in which an individual'experienced a

cold as opposed to a 'no cold' month when no cold was reported.

s
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FIGURE 3., Number of colds experienced by month.

A. All participants.

B. Comparison of MS patients and Controls.
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(vi) The relation of MS exacerbations and colds: 1In a total 294

AN

33

months Of case observation, the'monthly cold fiequency was 13,.3%, almost . -

identical to that of 13,7% sgsn in the control population (40 colds/293

months}. There were 19 exacerbations of MS and 39 episodes of coldé

and of the 19 MS exacerbations, 6 occurred in assoclation with colds

(Table 7). The rate of exadcerbation was 3.38 times higher in ‘colad‘

-

months than in the 'no cold' months (p = 0.0284, Fisher's exact test,

one-tailed);'

Table 7. Relationship of Hs‘
Exacerbations and Colds.

cold
Yes No
Yes 6 13 19
MS o
Exacerbation
’ No 33 242 275
] - " 39 255 294

P < 0,05

The above ratios are similar to those obtained by Sibley et al.
(1985). 15% of ‘ﬁi: infections were associated with worsening of MS
whereas 32% of MS exacerbations coincided with colds during this period.

Although colds were most frequent1§ reported during the winter months,
]

there was little séasonality evident in the MS episodes. /

(vii) Association of HCV/229E colds with MS cases and controls.

Within the colds experienced by thé MS cases and controls it was
possible to correlate the-4~-fold or higher serological peaka identified
by the BMDP statistical program, Since these peaks reflected the

presence of HCV/229E antibodies, it was possible to determine the number
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of HCV/229E caused colds within " each g;uup. These results 45355
sumpatized in Fig.4. Of the total B80 colds (40 in each group), 46
(57.5%) were'identlfied as being associated with HCV/229E, 28 with the
’ cﬁses group and 18 with the controls. Statiatica; analysis showed that
there were significant differences between these groups (P < 0.05) and
we concluded that there is a positive assoclation of cqfonaviral

infection with MS (Table 8).

Table 8 . Cdmpa:ison of HCV/229E colds among
! MS cases and controls.

HCV Cold
+ -
Case _28 12 40
Control 18 22 40
A 46 4. 80 i

P < 0.05

To determine whether there might be any bias between the spouse and
non-spouse control groups (20 and 19 pairs respectively) which might
reflect transmission of viral infections due to closer confact between

spouses, we classified the subjects accordingly and again tested . for

‘coronavirus cold association, No significant differences were found in

-

the numbers of coronaviral infections jn either of these groups,
' 4
confirming that the controls, whether spouse or non-spouse, were
» , :“ B
.reliable and that the MS subjecta were not in fact “over-controlled® as

- had been previéusly suspected,
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PIGURE 4, Number of HCV/229E colds identified by four-fold rise
‘ in antibody titre,

- A. All pacticipants.

'
v ¥

B, Comparison of.MS patients and Controls.
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] (viit) Prevalence of HCV infection in the commuhigxi In a further

seriei oft IFA tests, we screened a number of sera from individuals in
--ths general population as represented by Red Cross blood $onors_ and
. persons whose sera had been sent to the Regional virus Diagnostic
Eﬁﬁgii;ory (query and diagnosis unknown}. The first group of “"community
controls® were c?nsldered to be from normal, healthy adults who were
unlikely to be suffering from a respiratory infection at the time of
donating blood, however, -clinical histories were not available. The 325
> .
Red Cross sera were obtained in 13 weekly batches of 25 each, collected
from the middle of March to mid June. They were screened at dilutiong‘
of 1/20 and the overall average rate of positivity wés 40‘. Tﬁe pPLoporL-
tion of poé;t}ve gera in the first week was 48%. puring the next 9
weeks, the percentage of positive sera ranged from 20-40 percent until
the end of May when the rate began to climb. In the last tﬁree weeks
there were 52%, 64% and 72% positives; respectively. Although'the total
period of time covered by this study was too sﬁort to draw any firm
conclusions, these results tend to indicate an increase in corcnavirus
activiéy in the late spring/early summer of 19?3.

The results of screening the serum samples which were' randomly
selected from among those sent to the Reglonal virus Diagnostic
Laboratory indicated that, during the 1980/81 apeéimen year, 41% of 100
sera; randomly selected from a toctal of 980, were positive, whereas for-
1981/82 only 16% of 160 sera randomly selected from a total of 15ka were
positive. Coronavirus infections are known to be cyclical in nature, and
these result would tend to confirm this (Monto, 1984). Also, it could be
that the 0C43 strain of corcnavirus was circulating and would not have

been identified in our procedure.

Taken together, these findings clearly indicate the presence of
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ECV/229§ in the general community howe;er, it was not possible to demon-
strate seasonal incidence; neitherv was it possible to correlate the
pfesence of angibodies with clinical respiratory disease. K;d, while
these results served as a valuable control for the IFA used In our
study since a good proportion of the sera were qund to be negative at
the 1/20 screening dilution, théy'did not provide the background inform-
ation on the incidence of HCV/229E inysthe community which might have
been relevant to the MS case/control study. We do not fully undet-
stand why both the cases and controls showed such a high rate of
positivity (95-98% during any study month) but speculate that there was
better opportunity for common exposures of and transmission between both
the spouse and non-spouse controlled participah&s; Also it has been
reported that the proportion of adults whose sera contained HCJl
antibodies approached 100% when sensitive immunological tests are uséa

{Hovi et al., 1979%9; Macnaughton, 1982). 'These results served to -

emphasize the importance of the control population in this type of

study.

»

(ix[_comparative serology of selected sera using different assays.

A comparison of the results of the preliminary serological survey
using the immunodiffusion reaction with those of the sequential
case/éontrol study using the indirect immunofluorescénce assay revealed
a wide discrepancy both.in the number of positive react;ons but.also in
the statistical correlaticn between the MS cases and the controls. In
order to determine the reliability of both tests, we compared the sero-
logigal acti@ity of a small number. of MS case/control serum pairs which

were selected to repregent the following criteria:
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IFA reactions - including clean redctors as well as those giving
high levels of non-specific'FA:

IPA titres = including high >1:1600, medium 1:800-1:1200, low <40
and negatives);

Cold history - including recent cold, cold within two years, no
cold within 10 years or dccurrence of cold during the study.

In totai, 11 pairs of MS case/control sera were tested., 1In
addition to the IFA, the assays included the immunodiffusion test (ID)
using VH and 229E antigens, ELISA using VH and 229E preparations and
neutralization (NT) using the plaque reduction test with 229E virus. The‘
results are shown in Table 9. ;he summary of these results which is
recorded in the bottom line of the table indicates that the highest
proportion of positive sera were detected by NT, IPA and ID tests but
although fewér were positive by ELISA, there were basically no
differences demonstrated between the cases and controls by any of the
tests. When we compared the results of three of the tests, as shown in
Table 10, 1t was concluded that again there was no difference between
the cases and controls,+ but-there was a slightly better correlation
b;tween the IFA and NT ¥esults than either the IPA or NT with ELISA.
The ID test results were excluded from this comparison because they were
esgsentially all positive,

Since the type of antibody (neutralizing or precipitafing) detected
by the different serological tests was different depending on the viral
antigens involved, the nexé step in evaluating these results was to
classify the reactlions according ;o the antigen detected.

It has been established tgat the viral antigen involved in neutral;
ization is the peplomer, B2 pg;tein onlf {Robb and Bond, 1979; Sturman
and Holmes, 1983}. The major antigen detected by IFA is the nucleo~-

pretein (NP} which is present in the cells in which virus replication is
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Table 10, Comparison of the results of three serology tests.

ICOmbined Results

MS
IPA/BLISA/NT Cases Controls Total )
All positive 5/11 5/11 10/22 45.5
2 of 3 positive 0/11 1/11 1/22 4.5
1 of 3 positive 6/11 5/11 11/22 50.0
All negative 0 0 0 1]
Correlatlions:
IFA with ELISA
Both + or - 6/11 6/11 12/22 54.5
Different 5/11 5/11 10/22 45.5
IFA with NT
Both + or - 8/11 9/11 17/22 77.3
Different 3/11 2/11 5/22 22.7
BLISA with NT
Both + or - 7/11 7/11 14/22 63.6
Different 4/11 4/11 8/22 36.4
N
L N
\\ \
—
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oécurring. E2 might also be seen undet these conditions however, it is
not so abundant. The ELISA reaction is believed to be more apecific for
B2 antigen, however, solid evidance for this is lacking. The immuno-
difquion reaction would be expected to detect all antigens, the
atrength of the reaction depending on the relevant proportions of
reactants in the system. Therefore, it is only with the NT and the IPA
tests that one can}gistinguish the antigens inveolved, The results of
the four different serology tests were therefore evaluated according to
the different viral antigens detected and further correlated to colds
experienced by— the su.bjects {Table 1l). lnce such colds would be
expected to influence the type of antigens detectable, these were then
examined in order to determine whether there was a relationship between
the occurrence of colds and the identity of the antigen as defined by
the serological test results. Because the colds reported by the subjects

were not necessarily caused by HCV/229E, and no virus isolation studies
- -

to identify the viruses were undertaken, the analysis of the serological‘é?ﬁ“

results was restricted to correlation between tests only, and:could not

be regarded as an evaluation of the reliability oﬁftthe test, The

—

reiationship between the cold histories and the antigens detected is .
shown in Table 12, : C '?*|
" Of the total 22 subjects, 13 (59%). experienced colds prior to the

month of sampling ‘and 9 did not. There were 5 MS case colds and §

4

control colds which gavé“tlsé to NT and IFA antibodies. Using BLISA,
similar positive reactions were found but there was an increase in
the number of negative reactors., The NT and IFA résults appeqfed te be
inconsigtent, however, since differént antigens were involved in the:

reactions, and since we have obtained evidence of sub-clinical



Table 1. Cold history and antigens detected by different serological tests,

Cold History Serological Test (Antigens detected)

Sample
. s:;::“ Month Month Earlier  NT IFA/VH ELISA 1D
Before in Study (E2) (NP/E2) E2&{NP) (AM1)
1. Case May Yas No + - (2]
Control . Yeas No + -~ +
. .
2 Case Xarch No Nov. + +.
tontrol - No Dac/Jan. + o
3. Case April -JNO O0ct/Mov. & + +
Control . Yes No + - -
4, Case March Ro Dec.(?) + + -
Contro!l . Ko Oct/Nov. + + -
5. Case Feb. No Mo + ++ -
Control . Yas No + + +
6. Case Oct. ,:ﬁo No + - &
Control . No Ko . + - -
7. Case Nov. No No +
Control .. No- o *
8. Case Oct, 1] Ko - + -
-Control . Ne No - i -
9. Case Nov, Yeas* No +
Control . Yes No &
10. Case April No No + + -+
Control - No Fab. - + +
11. Case Nov. Yos ¢ No - + -
.~ Control . No + ' -

No

b}

* MS "exacerbation and cold.

o



Table 12. Relationship between cold history and antigens detected

three different serological tests..

43

by

Cold History ) MS Case Control Total
Cold in month before sample 3/11 4/11 7/22 |13
Cold earlier in the study 3/11 . 3/11 6/22 .

No colds reported 5/11 4/11 9/22
Correlations:

Cold with NT (E2 antigen of 229E virus)

Both positive 5/13 6/13
Both negative 1/9 1/9
Different - 5 4

Cold with IFA (NP and <E2 antigen of VH virus)

Both positive 5/13 6/13
Both negative 1/9 0
Different ) 5 5

- Cold with BLISA (E2 predominantly, VH and 229E)

Both positive 5/13 5/13
Both negative . 2/9 3/9
Different 2 3
\
~ t
?
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ié was

concluded that these two tests together, were, in fact, mo:e,sensitivé-

infections- in our previous analysis of colds and rising titre

than the ELISA. -There also.ue:e quant;tative as well as*_daalitative
differences in the antibodies detected by the different tests but, the
numbers were too few for statigtical evaluation. It uas_.clear from
these results however, that there were no -;ignificant differences

between the MS cases and controls no matter which tests or antigenic

preparations were used,

4, Discuasion.

The aim of this study was ta try to provide qvlink between ﬁs and
humar coronavirus by demonstrating a difference in the immune response,
of persons with MS cdmggréd to their controls és reflected Q;'the levels
of circulating HCV/229E antibody. A preliminary study, using the micro
immuno-diffusion test had revealed significant differenceg between a
small number of MS patients and controls and it was necessary to provide
more stringent evidence. Therefore, an in depth, sequential
case/control study_was designed to compensate for thg fact that éorona—

I
infections in both adults and children.

virus 2298 is a very common respiratory pathogen which causes repeated

In order to comtrol for virus exposure, 1t was decided that indivi-
duals who shared the houaeholé (spouse,‘ friend or relative) and/or
community {workplace, neighbours, friend) environment were required. The
number of volunééers for this study was not- large, however, in a
gequential study of this kina, where each individual uould_p:ovide a
serum sample once a monthlover a period of 8 months, the number df'
specimens were cdnsidered adequate. This was supported by the high rate

» , < .
of compliance by all the participants, both thé& MS patients and their
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>~ .

‘pal’ controls througho@t the entire 8 months of the study. In addition,
when the individuai group characteristics were éxamined,'they were found
to have very close s}milarity indicating that thé éontrols were
appropridte to the design of the study.

The indirect immunofluorescencé assay instead” of the immuno
diffusion test was selected as the serological test beéause it offered
the advantage of recognizing the specificity of the antigen/antibody
reactions both in terms of the pattern of viral replication in the hosﬁ
cells, but also; the potential to distinguish between viral antigens.
At the time this study was initiatéd,.a simplified IP procedure had been
developed which was based upon cells persistently infected 2 with
HCV/229E. At thgi time, the evidence indicated that both VH, the
persistent virus and 2298, the laboratory strain from which it was
derived, were antigenically similar. Therefore, the IFA uéing the
persistently infected cells was adopted as the routine seroloqibal test.

The results of this study showed no statistically significant
differences in the serolegical reactions between MS patienté and
controls with respect to the persistent VH virus in the 1IFA. Several
possible reasons for this negative findlng might be suggested,

FPirst and foremost, the sample size was too small to resclve
potentiél differences between the patients and their—zontrols. This is
particuldrly the case with such a high level of positive reactors in
both groups and the circulation of coronaviruses in the qommunity. I1f
there w;s indeed any difference to be detected by serology, far greater

numbers would be required to compensate for normal serum fluctuations in

addition to responses to repeated virus exposures,

Secondly, the IFA using the persistently infected cells might not



be the €st for this type of study, This is especially

antigeric differences between the parental 229 and the VH virus used in
the AIFA. These will be discussed in the next chapter, -but pecauae of
the antigenic‘differences, VH virus appears to be more reactive with
NP/antibodies than with E2 antibodies. This conclusion is supported by
th :esulgg of the comparative aﬁfylogf of the few selected sera in
which it appeared that the neutralization test complemented éhe IPA with
respect to the serological response to colds. Ho:e.neutralization tests
are required however, to confirm this observation.

on the basis of the éomparitive tests, it appeared that the EiISA
tesulté did ﬁot provide any additional information about the validity of
the. IFA. Thig was mainly because the identity of the viral antigens
could not_distinguished Sut also because, ’ by the nature of the test,
non—coroﬁhvirali'reactions Vsuch as those mgainst hﬁst cell antigens or
contaminants might occur éid&ng-:ise to false positives.

The difference between the results of the preliminary survey using
the immgnosiffusion reaction with 229E antigsp and the :ésults of the
case/control study using the IFA with VH virus may be associated with

.
antigéqic differences in the two viruses, Although the-limited compara-
tive study using both VH and 229E antigens did not reveal any major
differences, this also requires further investigation.

Finally, it might be concluded that there is no aségéiation between
Hs'and corona#irus 229E. It is consldered that, to date, the ;psﬁ}ts
are not clear cut Enougﬂ/:; rule'out coronaviruses. The two £indings
which support this opinion are the significant association of colds 4ith

exacerbation of M$ and the equally significant association of corona-

virus 229 infection with MS patients 1in, comparison J&o contrels,

S
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Although these latter findings are not strong evidence of a definite,
eticlogical link between coronavirus and MS, they do provide tenuous

support for a positive association between 229E infection and MS which

requires further‘elucidation.

B}
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Chapter III.

ARTIGENIC RELATIONSHIPS OF 229E AND VH HUMAN CORONAVIRUSES

1. Background. - ’ .

The persiétept infection of a human cell line, L1332 with the human
coronavirus (HCV) strain 2298 was successfully established  in 1979.
*(Chaloner-Larsson and Johnson-Lusaenburgf’Jﬁsla) and to distinguish it
from the standard.ECV/229B:L132 gystem, the persistently irfected cells
have been termed HV-1 cells and the persistent virus derived therefrom
was called VH. Preliminary tests to characterize these viruses showed
that both the 229E standard virﬁs and the VB persistent virus were
neutralized by hyperimmune anti-229E guinea pig serum. Based on this
persistent HV-1 cell line, a sensitive and reliable indireft immuno-
fluorescence assay {IFA} was developed and adopted as the ro&pine test
for serological studieq. |

Using this IPFA technique with its VH virus, the MS case/control
seroloéical study described in Chapter 2 was carried out in 1982-1983
with the objective of determining wheéher human cgépﬁgvirus 2298 could
be implicated as an etiological agent in multiple sclerosig. The resqlts
of the study were not equivocal; showing no significant difference
between antibody titres of MS patlents and controls. This result was in
contrast® to the preliminary serological study using both the immuno-
diffusion test and the IPA, in which 229E antigen preparations were
used fér the éreliminary screening. There were significantly higher
titres (;D Eesqi- p<0.01; IFA, p<0.1l) in ﬁhe MS group as compired to the

contrpols,

One explanation for this discrepancy would be that the two viruses,
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229E and VH were not as similar antigenically as was previously thought.

Recent ihformation has been obtained which supports the existence of
such antigenic differences,

First, in molecular hybridization studies comparing &£he Rﬁh genomes
of the two viruses, it has been establishedr that the VH genome is larger
than the 229 genome, by about 30% (MclLeod, D.,A., M.Sc. Thesis,
University of Ottawa, 1985). It might be expected that such differences
would be reflected gn the viral structural protein antigens.

Secondly, the results of IFA studies using HCV- monpclonal anti-
bodies obtained through the courtesy of J. Fleming, University of
Southern California, demonstrated that the internal NP antigens were
shared by both viruses but the E2 pepiomer (surface} antigens were
different (Johnson-Lusse;burg, unpublished results),

Finally, 1in neutralization tests to measure antibody titres of the

control anti-229E guinea pig sera used in the IFA, it was found that

serum neutralization titres obtained with 229E virus were  considerably

lower that those obtained with VH virus.

The aim of the present study therefore, was to further explo}e the
nature of these differences especially where relevant to the interpreta-
tion of the results ;f the serological survey. In order to und;ratand
the antigenic relationships two types of neutraliéation tests were used,
both of which were specific for antigenic determinants of the E2
peplomer antigen and could be measured in terms of characteristic bio-
logical activiéy'by plaque assay.

Virus neutralization tests measure the loss of virus infectivity
due‘ to the binding of antibody molecules to specific antigenic
determinants ({epitopes) on the surface of the infectious virien. 1In

these tests, gerial dilutions of serum are mixed with constant, known
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amounts of virus. After an appropriate incubation period, the-mixt;res
are inoculated into cell gultures and monitored for develoément of
characteristic viral cytopathology. The serunm antibody titre is defined
as the reciprocal of the highest dilution of serum to inhibit virus
multiplication. In general, the neutralization test is one of the more
specific of all the virug-antibody reactions since it is associgted with
the biological activity of the virus {Mandel, 1979; van Regenmortel,
1981),

There are several types of neutralization tests; thé Vmefabolic
inhibition 'Eéét, the plaque reduction test and the kinetic neutraliza-

tion test to name a few. Plagque reduction tests may be used for

detecting cross reactions between the antigenic components of viruses—"

which may be indistiguishable by standard neutrali;&ftqﬁ' tests which
rely on the development of virus cytopathic effec%jin (o] il-cultures. ?he
sensitive kinetic neutralization test which measures—£he speed of virus
neutralization by antibodies is particulérly suitable for determining.
smal} antigenic differences between closely _5e1ated virus strains
(Childs et al., 1983).

In order to understand the antigenic relationship between the
HCV/229E and persistent progeny-VH viruses,> and to determine if they
were antigenically distinct, both were examined for cfosa-reactivity by
the plaque reduction and the kinetic neutralization tesés using immune
sera prepargd against each strain. Immunodiffusion and&ysés were also
used first to characterize and gken to compare the virai antigenic

éomponents as well as to evaluate the reacting antibodies present in thg

immune sera.
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2. Materials and methods: -

(i) Cells and Viruses: ﬂiaz cells, a human embryonic lung cell line,
were used throughout this study for virus production and assay according
to procedures previously described (Kennedy aﬂd Johnson-Lussenburg,
1975/76; Chaloner-Larsson.and Johnson-Lussenburg, 198laib). The cells
were passaged at split ratios of 153 every 2 to 3 days and used between
passage numbers 25 and 52, -HCV/229R was originally obtained from Dr.
A.Z.Rapikian at thé U.S. National Institutes of Health, Bethesda, MD. It

’

was reported that -it had been passed in W1-~38 cells and, after an
initial‘two passages 1in W1-38 cells in this laboratory, has been culti-
vated only in L132 cells, The VH virus is the persistent céronavirus
shed by BHV-1 ‘cells which were originally L132 cells infected with
HCV/229E virus. The HV~-1 persistently infected cells are maintained at
37°C and were passageé regularly at 1:3 split ratios every 2 - 3 days.
These cells served as the source of VH virus,

{1i) élague Assay: Both 229E and VH viruses were plaque assayed on
L132 cells following standard procedgres which have been described

previously (Kennedy and Johnson-Lussenburg, 1975/76).

(1ii) virus production: A diagram showing batch preoduction of HCV/229E

and VH viruses 1is shown in Pig, 5 and will be described briefly.
Monolayers of L132 cells which were 70-80% confluent within 2 days of
splitting wefe used, 54 hours before infection, the monclayers were
washed with PBS, the standard growth medium (MEM with 10% fetal calf
serum ({FCS)) was replaced with serum free M-199 and {ncubation was

continued at 37°cC. 0.33ml of virus inoculum having a titer of 106 to
108 pfu/ml (MOI of 1.0 to 0.01 approx,} was added and allowed to adsorb

for 60 minutes at room temperature. Then, 10-12 ml of M199 without PCS
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PIGURE 5.
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PIGURE 5. Plow diagram showing virus preparation protocol.™

PIGURE 6. Plow dtagram to illustrate antigen preparation.

-
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FIGURE 5,
VIRUS PREPARATION.

MONOLAYERS OF L132

37°C, 2 pays
CHANGE GROWTH MEDIUM TO M199, NO SERUM
37°C, 24 M,

INOCULATE VIRUS SUSPENSION (107-8 pru/mL)

ADSORB 60 MIN, RM,TEMP,
ADD M139, NO SERUM,

_ 33°C, 36-40 H.
FREEZE/THAW X 3, POOL, CLARIFY AND STORE AT ~80°C,
»

FIGURE 6.,

-

ANTIGEN PREPARATION,

T e

POOLED YIRUS PREPARATION

CLARIFY BY LOW SPEED CENTRIFUGATION

(3000 rPM, 15 MIN, 4°)
PELLET VIRUS IN ULTRACENTRIFUGE

(5K x 6, 1 H, 4°)

RESUSPEND PELLET IN M199
(1/10 ORIGINAL vOL)
STORE AT -80°C.
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was added and incubation continued‘at 33°C for 36-40 hours. Then the

cells were subjected to 3 cycles of freezing and thawing to release the
virus from the cells, the suspensions were pooled, clarified by low
speed centrifugation (3000 rpm for 30 min.), aliquoted into small lots

and atored at -80°C. This preparation was used in the neutralization

-

studies or for antigen preparation.

(iv) Preparation of Antigens: After the three freeze-thaw cycles and

clafification by centrifugation at low speed at 4°C to remove cell
» debris, virus was pelleted by centrifugaticn at 50,000 x g for 60 min,
at 4°C (Pig. 6). The pelleted virus was resuspended in 1/10 the ariginal
volume of serum-free M199 and stored at -80°C. This aemi-purified
preparatiohﬁwas used for immunizing guinea pigs,

More :oncent:ated antigen was needed for the immunodiffusion
reaction, thereggre two cycles of low and high speed centrifugation
(differential centrifugation) were performed, the final‘semi-purified
prepératfbn being concentqgted 100-fold. 1In order Eo ensure that all
“viral components were available to participate in the immunodiffusion
reaction, the virus in the concentrate was disrupted by adding sodium
deoxycholate (1% final concentration}) and incubating the mixure for two
hours at room-temperature (Yaseen and Johnson-Lussenburg, 1981).

(v) Preparation of antisera: 250-350 gm female guinea pigs were used,

. -
and immunized with eiéher 229E or VH virus preparations according to

standard procedures (Yaseen and Johnson-Lussenburg, 19B8l). After test

bleeds to evaluate that antibody production was satisfactory, the

animals were exsanguinated. The Béra were pocled and stored at -20°C,
229B~specific immunoglobulins were prepared by ammonium sulfate precipi-

tation according to standard procedures {(Campbell et al., 1963).

*
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{vi) The Plague Reduction (PR) test: The procedures for both the

-

plagque reduction and kinetic neutralization tests used in this_ study

were based on the qsthod described by Habel {1969). They are illustrated

diagrammatically in Fig. 7A and 7B. ¢ - )

In the PR test, two-fold serial dilutions of antiserum were ﬁ?e—

pared in serum-free M199, These were mixed with equal volumes of a

suspension of 229E or VH viruses diluted to , contain about 200-400

p.f.u./ml. . After one hour incuﬁ?tiQQ:\\?.33ml of the mixture was added
L )

to an L132 cell monolayer. After one hour of adsorption at room tempera-

ture, the agar overlay was added to the cells which were then incubated

at 33°C for 5-6 days to develop plaques. The serum titre was taken as

A

the reciprocal of the highest serum.dilution which reduced the number of
plagués by 50%. Virus and cell controls were included in the assays.

(vii) The Kinetic Neutralization (KN} test: This test meagures the

2N

speed of virus neutralization by antibodies anza{a\i?nsidered to be very
sensitive for detecting small anﬁigenic crossireactions (Childs et al,,
1983). In the KN test, stock virus was diluted in serum-free M199 to

contain approximately 105 to 106 p.f.u./ml. The antiserum was diluted

to that concentration found by preliminary PR neutralization tests to

permit survival of 10-1 to 102 of the homologous wvirus preparation.'
Bdual volumes of the diluted virus and the properly diluted aﬁtiseruy
were then mixed and incubated at 37°C. At 0, S5, 15, 30, 60, and 90;
minutes after mixing, 0.2 ml samples were removed by pipet and
inmediatly expelled into 1.8 ml cold serum-free M199, mixed thoroughly
and then diluted in two serial 10-fold steps to 1/100 and 1/1000. 0.33
ml of these dilutions were inoculated onto cell monlayers and incubated

under agar for plaque development (Fig., 7B).

L
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PiGURB 7A. Flow diggram to illustrate the plaque redugtion
test procedure. .

-

.PIGORE 7B. Plow diagram iilustrating the kinetic neutralization
test procedure, o

«t

[



FIGURE 7
A, PLAQUE REDUCTION TEST.

ANTISERUM VIRUS SUSPENSION

(2-FOLD SERIAL DILUTIONS) (APPROX. 300 PFU/M.)
1 EQUAL VOLUMES ]
MIX‘IIURE
] 37°C, 1 K.
[NOCULATE MONOLAYERS
| Rg.verp., 1,
AGAR OVERLAY

l 33°C, 5-6 DA!.S)
" FIX, STAIN AND COUNT,

B. KINETIC NEUTRALIZATION TEST,

ANTISERUM DILUTION VIRUS SUSPENSION
(RASED oN 80% PR TITRE) _ (106-7 pru/m) -
| EQUAL VOLUMES | '
I
' MIXTURE

, i
SAMPLING AT-0', 5, 15', 30", 60’ Anp 90’
- INoCULATE céu. MONOLAYERS
: IRM. Tew, 1 H,

AGAR OVERLAY
| l INCUBATE 33°C, 5-6 DAYS
FIX, STAIN AND COUNT

[y

N
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3. Results,

(i) Plaque reduction neutralization test: The results of a typical

PR test of 229 and VH viruses neutralized by anti—229E serum are shown

in Table 13, It can be seen that the titre of anti-229E in the homo-
logous system was Pearly 28,000 when estimated dsing:a log probit plot

as described by Childs et al.(1983), On the other hand, essentially no
VH virus could be detected at all serum dilutions indicating that VH
virus was, neutralized more efficiently Egjﬁ\\;he hogologous 229E.
Unfortunately the quantity of this anti-229E preparation was limited‘and

r

tife suppiy was exhausted before wetwere able to determine the exact PR

f
titre for the heterclogous system, \;;b the basis of our tests however,
. - {
it must be at least in the 50,000 rfnge. R Lﬁ\

When the anti-VH serum was used, VH virus was' again more

efficiengly neutralized although the PR titres were not as high for
either of the viruses (Table 14), From the log prgbit plot, the 50% PR

titre of anti-VH serum against the homologous VH virus was estimated to

-be nearly 21,000 whereas when the heteroloéous 229E virus was used, the

50% PR titre was slightly less than 9,060 (rig.8).

When the -immunoglobulin fraction of the newly prepared anti-229g

guinea plg serum was tested, once again, it was found that the VH vifﬁﬁ"
to

‘was more efficlently neutralized. In this experiment, in order

compare the persistent virus shed by the HV-1 cells with the .VH virus

v

which had been propagated through 2-3 acute ihfections in the process of

-

preparing large batches, supernatant £luid from the HV-1 cultures,

containing around.105 p.f.u./ml was included., In this experiment it was

termed RV virus. When the results were' plotted (Fig., 9), there was

still a marked d;fference between the-50% PR titres of the heterologous



Table 13. Plaque reduction neutralization test

of 229E and VE

using quinea pig @nti-229E serum
-
Plaques
Serum -
Dilution 229E (%) VH
1/3200 0 (0) 0
1/6400 9 (13,24) 1 ~
1/12800 © 11 (16.18) 0
1/25600 31 (45.59) 1 \
»
Control. 68 (100) 125
\\\ .,

Original virus titer: 229e 2,7X106pfu/m1

VH  B.4X104pfu/ml

FIRN



Table 14, Plaque reduction neutralization test of 2298 and VH
viruses using gquinea pig anti~VH serum.

Serum . Plaques »
Dilution 229B* (%) Vﬂ’f (%)
1/1600 2 (0.62) |\1 (0.13)
1/3200 ' " 19 (5.86) 10 (1.3) <
1/6400 94 (29.01) 103 (13.4)
1/12800 244 (75.3) 255 (33.2)
control 324 (100) 768 (100)

-

* Original 2298 titer: 2.18X105pfu/ml
** Original VH titer: 1.54X107pfu/ml

;I
)
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FIGURE 8.

Log-probit plot of the results of the plagque

reduction test of¢229E and VH viruses neutra-
lized by anti-VH serum.
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PIGURE 9.
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PIGURE 9.

Log-probit plot of the results of the plagque
reduction test of 229E and VH viruses neutra-
lized by anti-2298 immunoglobulin..
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compared to the homologous viruses (13,800, 13,000, ‘4,600 for VE, HV and

2298 viruses respectively). It was also evident that there was

essentially no difference between the VA dnd the HV viruses. These

results have been summarized in Table 15, below, )
) BN 'y
Table 15: Summary of Plaque Reduction neutralization results
comparing 229E, VH and HV coronaviruses.

Antiserum
Virus 2298 2298/1g* va :
229E o 28,000 4,600 9,000
VE >50,000¢* 13,800 21,000

HV L 4 NT*** 13,000 NT

* The 229E/Ig was prepared from a different antise:um than -the
229E used in thegse experiments.

** Lowest estimate based on PR result {Table /3),
*+** Not tested. .

M L ]
(i1) Kinetic Neutralization Tests: As can be seen in Table “11 and

]

Fig., 10, the RN test confirmed the results of the PR test and revealed

that the infectivity of VH virus was almost entirely eliminated within
the first 15 minutes, On the other hand, in the homologous test, 50%
neutralization of 229E infectivity required 30 minutes and even after

90 minuteg,'infectious virus was still present,

The results of the RN test using anti-VH sera are presented in

Table 12 and Pig. 11. Again the homologous virus was neutralized faster

than the heterologous 229E, and the VH antiserum effectively

neutralized the heterclogous 229E virus.
'Y
(i1i) Effect of thermal inactivation of virus during KN tests. In

these KN experiments, the procedure called for incubation of the virus-



t

Table 16. Kinetic neutralization of -229E and VE viruses
by guinea pig anti-229E serum (1/6400}.

N Time
(minutes) 229E (%) VH (%)
0' 335 (100) 2240 (100)
5 198 (59.1) - 34;(1.5)
15" 262 (78.2) 2 10.09)
. 30! 163 (48.7) 15 (0.67)
- 60° 12 (3.6) 1 (0.04)
90° 3 (0.9) 0
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»
FIGURE iO. Kinetic neutralization of 229 and VH viruses
. using anti-229E serum. ’ S
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Table 17, Kinetic neutralization test of 2298 and.VH
viruses by guinea piq anti-VH serum.

. Plaques
Time’ i
(minutes) 2298 (%) VH (%)
0’ 69 (100) . am (100)
51 45‘(65.22) 119 (31.23)
15° 25 (36.23) 46 (12.07)
30" 13 (18.84) 12 (3.15)
60" 3 (4.35) 1 (0.26)
- 90"

4 (5.79) 0
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PIGURE 11.

Kinetic neutralization of 2298 and VH viruses
using anti-VE serum.
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antibody mixtures' at 37°C. Coronaviruses are easily inactivated on

storage, even at refrigerator temperatdrgs, and it is for this reason

. that the virus adsorption step in infecting cells is always at room

temperature. Therefore}\}t was considered pesassary to determine if the
differences in eptigggy]sensitivity of these viruses might‘bé due to
df;;é;zﬁbes_giﬁ/’susceptibility to.the:mal 1nact#vation at éhe higher
i\incubation temperature. As can be seen in Table 13, the results of the
;reliminnry experiment showed that in fact, VH virus did not sugviée as
well as 229E at 37°C but it did fare better than when antibody was
present, At 23°C,, both viruses were equally inactivated b& nearly 40%
after 90 minutes. } |

The results of the KN test using the newly prepared ant172298
immuncglobulin are sh;wn in Table 19 and Pig. 12. élearly neutraiization
of both viruses was much slower but, after 60 minutes, it was apparent
that 20% more VH virus was neutralized than 229E. These results showed
therefore, that there were differences in the séﬁsitivity to
neutralization of these - viruses. which were enhanced by thermal
inactivation of the virus,

The neutralization of virus infectivity occurs throygh an
interaction with antibodies and the outer virion surface components. In
the case of coronaviruses these are the E2 peplomer glycoproteins and
the reirlts of both the pn,and KN neutralization studies indicate that,

in the éane of 229E and VH, the E2 antigens are antigenically distinct

but interrelated.

(iv) Homologous and Heterologous Immunodiffusion Reactions. Further

antigenic characterization of the two viruses was carried out using the
immunodiffusion reaction in cellulose acetate which was described in the

Material and Methods section of Chapter II. In addition to providing

. o ‘ 66
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Table 18. Thermal inactivation of 229E and VB viruses.

67 -

"

: virus titre _ ,
Temperature Virus surviving ‘ -
o' ‘\} 90! virus
37eC . 229E " 10x105 5.5 55 )
vH 3x107 - 33,3 )
23°C 2298 3x106  1.8x10 60
VH 2x107 1,3x107 65

‘Table 19. Kinetic neutralization of 229E and VH viruses

by 2298 Immunoglobulin 23°C.

Number of Plaques

Time -
{minutes) 229E (%) o VE (W)
0 109 (100) 246 (100)
51 60 (55.05) . 217 (88.21)
t 15! 71 (65.14) 153 (62.19) ’
30" 66 {60.55) 141 (57.31)
60 67 (61.47) 109 (44.31)
90" 48 (44.04) 54 (21.95)
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PIGURE 12. Kinetic neutralization of 229E.and VA viruses
using anti-229E immunoglobulin at 23°C.
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information on the antigenic relationships between 2298 and VH, these
reactions were useful for the evaluation of the antigserum preparations.

The results of several‘reﬁ:esentutive-reactions are shown in Pigs, 13,

14 and 15. It can be seen in Pig. 13B ‘that the immunoglobulin prepara-

ions (Ig) have not detected as many antigenic components compared to
the untreated antiserum (Fig. 13A), and that host antigens (L132) are

present in the virus preparations and are detected and identified by
host antiser;m (Llaé/As) components, There are slight differences. in
the intensities of the precipitin lines in the homologous reactions,
howéver, since- they showicomplete reactions of identity, there are no
differences in the antigenic characteristics of this majorrvrﬂpl compo-
nent, Thé reactions with the VH/Ig reveal an extra antigenic component
preseni_.}n both VH and 229E preparations, .The reactions shown in Pig.
13a confirm the existence of the extra VE component (arrowed) which 1is
only slightly detectable by the 229E As.

Furthér reactions were then carried out to evaluate the specificity
of the immunodiffusion teast when used to identify coronavirus antibodies
in the sera obtained in the M5 case/control study. Selected reactions
are presented in Fig. 14 and 15. Thg control reggFions, included in
each slide, consistently confirmed the p:eéence of the extra VH compo-
nent. In Pig, 14A and B, éhe major precipi;ating components dejected in
the control antiserum reactions are not detected by the étudy sera, and
are believed to be due to host antigens present in the 229 twice
concentrated antigen. In these reactions, serum numbers SS, 330 (Fig.
14A) and 33 (Fig. 14B) would be classified as negative,

When the VH antigen was used in the ID test, aqa;n, positive lines
developed due to serum antibodies in the study sera and these were

ldentified as being VH specific (Pig. 15A; Sera 462, 119 and TC).



PIGURE 13.
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PIGURE 13, Homologous and'hetérologous {mmunodiffusion reactions
of 2298 and VH antigens and antisera.

A. In the upper wells, there are 3 reacting

components of VH Ag, all linking to heterologous

VE Ag/ 2298 As. But homologous 229E Ag/229B As

does not link clearly with the heterologous

reaction (partial identity ?). There is a 4th

" vB homologous component not found with the 229E
reaction {arrowed).

8, The reaction patterns are similar to A. using
immunoglobulin (Ig) instead of whole serum (As).
The homologous VB Ag/VE Ig line 1 is very faint
and line 4 is not visible. VH I1g detects an
extra component in the 229E Ag preparation and
Host Ag is detected by 229E Ig.






PIGURE 14.
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PIGURE 14.

Immunodiffusion test of seldcted MS patient and
control sera with 229E antigen.

Serum numbers 25 and 441 are pasitive and
jdentified as 229E because they line with the
heterologous VH As/229B Kﬁ line. The 229E 1Ig
virus component line closest to the serum well
is very weak, Serum numbers SS and 330 would be
classified as negative in a screening test.

A reaction similar to A, in which 33 is negative
and the other three, 29, 116 and 12 are positive
and again there is no reaction of identity with
the host antigenic component identified by both
antisera (A and B).
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PIGURE 15, Immuncdiffusion tést of selected sera with VH and
: 229E antligen .

A. Imﬁunodiffusion reaction lines present in sera
462, 119, 105 and TC link in a reacfion of
{dentity with the VE As precipitin lines.

4 1 .

‘8.  Immunodiffusion -reaction illustrating similar
: positive reactions as in A also reveals .the
dilution of viral reacting component in 229B Ig.

+

c. Reaction}";ﬁowing the decreased intensity of
preci n lines reflecting loss of xeacting
compohents from VH Ig compared to VH As due to
the dilution of the serum during preparation of
immunoglébuling. All the test sera in  this
reaction-are positive and clearly link with the

. virus precipitin line,
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These reactions were confirmed using the concentzated 2298 antigen
and the reactions were more definite as shown in Piq. 158. In this

reaction, it~ can also be seen that the 229E Ig preparation is not as

effective as the 229B untreated antiserum for detecting the viral compo-

' nents, In the reaction shown in FPig. 15B, the untreated VH antiserum

(VE As) was also more effective in detecting a 2298 viral component

which was also detected by all four of the study sera,

In summary, it would seem that the immunodiffusion reaction for
g »

the detéction and identification of cofonaviral antibodies in human sera

‘is refiable, but thaé further work to identify the antigenic component

-

involved is required.

4. biscussion.
¢

The aim of this study on the antigenic relaticnships between the
229E and VH ;iruses was to try Lo characterize the qntigenic differences
which had been suggested in othgr experimental work, It was also hoped
that this might help us to hndeéstan& the difference between the :;sults
of the pre%iminary 1%munodi{fuaion study using 229E concentrated antigen
apd the later MS caﬁe/cdntrol IFA study using VH virus in the HV-1

persistently infected cells.

The two different types of neutralization tests (PR and XN} have

'demonstrated. that the neutralizing antigens of the two viruses are

" distinct but related. These antigens are aaéocinted with the B2 surface

peplomer glycoprotein :?d they were also found to be different in the
IFA tests using ménoclona} antibody. 1In oﬁr experiments, VH virus wvas
more efficlently neutralized than 229E by both anti-229E and anti-VH.
This ‘would imply that bJEh viruges have similar_ epitopes which are

recognized@ by the neutralizing antibodies and these results might
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suggest that the neutralizing epitopes on the VE virus are more exposed,
or available to the antibody molecules thus making the VE virus more

readily inactivated ;r that there is5 simply a quantitative difference in
the amounts of reacting epitope on each virion.

Since the VH antiserum neutralized 229E virus to almost the same
extent as the homologous antiserum (Figs. 10 & 11}, we do not feel that
differences in relative amounts of E2.antigen are involved. Instead, it
is suggested that there might be structurpl differences between the E2
glycoproteins and that those present on the 229 virion may be masked by
surface host material, glycosaminoglycan (GAG; Pig., 16) which is not
present on the VH virion. |

Gizfgfgminoglycans are sBecreted by host cells and have been co-

-~

purified with several different coronaviruses, e.g. TGEV, MHV-A59, They

‘e

are known to be on the external surfaces of the viral énvelope since
they can be removed By protease treatment of intact virions (Sturman and
Holmes, 1983). They tend to aggregate spontaneously with like molecules
to form large compléxea. These complexes may maak the-surface receptors
of .the virion and.interfere not only with neutralization but élso with
virus infectiv1£y. Since VH virus replicates more efficiently in L132
cells that 2298, producing considerably greste;'amounta of virus (titres
2 1logs higher) in a shorter period of time (4 days instead of 6;
(éh&léner-Larsson and Johnson-Lussenburg, 198la & b)), it is suggested
‘that GAG iB not present on the surface of t?gTVH virions. Therefore, we
can further suggest that the neutralizing aht;bodies, not being impeded
by GAG substances, attach more quickly to the receptors of the surface
of VH virion eliminating the.infectivlty of VH virué. In‘ the case of
2298 virus GAG ‘acts as a mask of the neutralizing epitopes on the

4

gurface of the virion interfering with their recognition by neutralizing

'
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FIGURE 1l6.

Structural model of a coronavirion. This model is
based on the structure of MHEV and 1is excerpted
from Sturman and Holmes, (1983).

A.

B.

The envelope of the intact virion contains two
envelope glycoproteins, Bl and B2, in a lipid
. bilayer. The helical nucleocapsid is made up
of a single, long, +RNA with the nucleocapsid
protein, NP. Glycosaminoglycan is associated

with the viral envelope and is diagrammatically

{llustrated.

Treatment with proteases removes most of the
virion membrane projections, leaving the

components within the 1ipid bilayer and the’

nucleocapsid intact.

virions released from cells treated with
tunicamycin lack E2 but contain normal amounts
of glycosylated El and nucleocapsid., They are
not infectlous. '
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antibodies thus requiring more antibody molecules to neutralize the
infectivity of 229E virus. These suggestions are clearly speculative and

further evidence is required for their support. However, such informa-

tion should facilitate studies designed to understand the molecular

basis of the diverse acute, chronic and latent pathogenic processes
induced by coronaviruses.

The results obtained in the immunodiffusion experiments did not
demonstrate any major differences between the VE and 229B viruses which
could explain the differences between the two serological survey
" gtudies. Therefore, we are of the opinion, that éhe differences reflect
the different seasons and emphasize the importance of releva;t controls
and samfle size, Overall, the immunodiffusion results are supported by'
the more stringent IPA study but the support is more tenuous. We also
- conclude that, while the IPA teat using the VH antigen is both reliable
and sensitive, it 1is advisable to include the neutralization test to

identify E2 antibodies which are regarded as evidence of recent corona-

viral infection.
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Chapter 1IV.

GENERAL CONCLUSIONS

The objective of this study was to determine if theje is an etio-

logical relationship between human coronavirus 2298 (HCV/229E)} and MS.

M5 1is one of the major diseases of the CNS affecting man and its
etiology is unknown. There are considered to be twe possibilities; one
is a continuing viral infection of cells in CNS and the other is asso-
ciated with an abnormal immune response with an autoimmune attack on-
the CNS. A yiral infection may set the stage for the autoimmune response
and may trigger the abnormal immune.reaction. A number of types of
éo:onavi:uses are known to establish persistent infections in their
natural hosts and Qeveral murine strains can cause dymyelinating disease
experimentally. Also, coronaviruses are very- common pathogens in all
their Aatural hosts and in humans usually cause relatively mild upper
respiratory infections {common cold). These characterisitics make human
coronavirus a good candidate to be considered as a factor in the
developmeht of MS, Since it was not feasible to undertake léolation
studies, the indirect serclogical approach was used to try to demon-
strate en assoclation between HCV/229E and patients with Ms. ;

There were two major components to this study. One was an evalua-
tion on a MS case/control seroiogical study; the other was a comparative ~
analysis of " the antigens of HCV/229E and peraslstent progeny virus VH
which were relevant to‘the interpretation of the survey results.

The B-month longitudinal serological survey followed a preliminary
one, in which the results showed a significantly higher positive percen-
tage of immunodiffusion reactors with 229 antigen in the MS group (89%)
compared with the ceontrol group (21%). The total num%er of sera

N
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c&&lected for this wbrk was 42, 28 MS and 14 controls. The latter were
matched for age and sex but not for season. Nor was there any clinical
history avaiiabie for the control subjects,

Por the comparative antigenic investigation, two types of neutrali-
zation tests as well as immunodiffusion reactions were used to charac-
terize the :elitionahips between both the viruses. Although it was
clearly demonstrated that these viruses were antigenically d::tinct bup
related there was no evidence that these differences should invalidate
the use of IFA with the persisteﬂtly infected cells (VH-virus),

In the B-monéﬁ study, a total 584 sera obtained at monthly inter-
vals from the same 39 M5 case/pal subjects were tested by IFh using HV=-1
persistently infected cells. And great care was taken to select conﬁrols
who were most likely to be exposed to the same environmental conditions
as " the patients. The results of this study showed no significant
differences in the titres of coronavirus antibodieg in the sera from
patients with multiple sclerosis and matched controls. The GMT of both
groups was almost thehsame. This suggested that there were no signifi-
cant link between MS and HCV (229F and VH coronaviruses). .

But, examination of the data on colds experienced by the partici-
pants during the periocd of the sludy revegled peveral interesting facts.
It was found that there was a statistically significant association
between the occurrence of colds and exacerbation of MS symptoms in the
patients., Purthermore, when four-fold rising titres associated with the:
reported cold was used to identify HCV/229E-VH as the infecting virus,
there weré ‘Bignificantly more colds assocliated with 229BE-VH in the MS
patients than among the controls. The significance of these findings in

relation to a coronavirus etiology in Ms 1is certainly__inconcluadve.

However, they are suggestive and support the need for flrther investiga-

»
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LS

tions aimed at providing more direct evidence such as detection and
identification of wviral components in pagient specimens. Sensitive
techniques using genetic probes to detect viral genome sequences would
be highly relevang-in this regard.

A furthg: study suggested by these results and related to the role
of viral persistence in MS is concerned with the fac£ that the
Aechanisms of maintenance of the HV-1 persistently ipfected cells
involves the presence of both interferon alpha and bet;f. It would be of
great interest to extend our studies to sée whether abnormal levels of
serum~ IFNs are associated with either colds or MS patients or both.
Further studies aimed at elucidating the rolg of the interférons and
temperature in the establishment of the HCV persistent state. This is of
even dgreater impertance because the virus whicp is1continua11y shed by
the persistently facted cells appears to be horelv;rulent tﬁan“';ta
original parent strain. It is also important to know whether IFN was
responsible for this change especially-since IFN is being considered for

use as . a cure for the common cold.

Vi 0
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. . ’ APPENDIX 1

Special formulations used in this investigation.

1. OVeélay 43

medium 199 (5x) 120 ml

water sterile 240 ml

sodium bicarbonate (5.6%) . 2.4 ml

Budr (1%) Im
DEAE-dextrose (4%) I oml

Fetal Calf Serum . 12 ml
antibiotics (P.S.N.) 0.6 ml ~

2. Immuncdiffusion buffer:

Trie {(hydroxymethyl) Aminomethane’ 9.3 g -~
Nacl 7.0 49

Distilled water 1000 ml

Sodium azide 0.2%

Adjust pH with 1N HCI to 7.4-7.6
3. Thiazine Red R (stain for immunodiffusion
reactions in cellulose acetate):

Thiazine Red R 0.1%
Acetic acid (Glacial) 1.0%

Thiazine red is dissolved in boiling water (distilled). The mixture is
allowed to cool before acetic acid is added to a final concentration of
1.08. The stain is then filtered to remove undissolved stain crystals,



APPENDIX 2

A. Tests used in Statistical Analysis

1. chi-square teat:

The Chi~square test can be used for the comparison of two pPropor-
tions in paired or independent samples.

The general formula for the chi-square is :
2af) - (o-m)? s
Where O = observed count in a category
E = ex ted - count in that category if

the Ynull hypotheais is true
rées of freedbm {(for fourfold table, df=1)

df

Por example, the dAta ab

> the relationghip of M$S exacerbation and
cold are calculated as foll H

cold
yYes “‘no' -
yes 6 . 13 19
MS
exacerbation no 33 242 275
39 255 294

The E values for these four categories are:

19 x 39 19 X 255

3 " 2,52 ~5%1 - 16.48

39 X 275 | 46 4 255 X 275 _ ,a4 s
294 294 '

L Y
In the case of E<5, the continuity correction of the chi-square
formula called Yates' correction should be used,

X2 (ag) = £ (|o-e| -0.5)% /&

(]6-2.52]-0.5)% + (]13-16.48]-0.5)>

« (1 af) -
- 2.52 16.48
. (]33—36.48[-0.5)2 R (1242-233.52[~o.5)2
36.48 238,52
= 3,52 + 0.54 + 0.24 + 0,04 - 4.34
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%% (1) 0.01 = 6.63 ' x% (1) 0.05 = 3.84

The* calculated chi-square figure (4,34) falls between these two
values, . 6.63>x2 >3.84 0,.01<P<0.05

This indicated> that there is a significant relation between MS

exacerbation and cold. £

For detail see Statistics in Medicine (Colton, 1974).

\
A

t=test
The t-test can be used for comparison of meapis of two samples,
The formula is: — -

X X
*nl+nz-2 = 1- 2

J Sz(l/n1+1/n2
Where il a The mean of sample I

ié = The mean of sample II

nl = The numbers in sample I

n2 = The numbers in sample II

df = nl + n{(2 - 2)

5% = an estimate of the standard deviation based
on both samples. It can be calculated. by
equation:

- = .2 - = .2
2 s(xl-xl) + 2(x2-x2)

nl + n2 - 2



MS/CORONAVIRUS STUDY QUESTIONNAIRE s/

L]

-

DATE . ccceenssocoanannn
NAME T - - e ee et eescasosancesonnnsssescscccssacnsccsacassnass DATE OF BIRTH. v cveeaucuaons
ADDRESS eoeevenncnannn

* B B S S S AL AL A b PE RSP PERPEE SRR RS EE

P R LR R I I T A A N R I N R L I B A I

TELEPHONE (home).e..c.--. ceeseveces (WOXK)eeueuaannn

How long have you had MS?.........cceccu... OR If you are a Conlfol member of this
‘ study, who is your partner? .

- ' AR AT AN D AR TR TR R A AN R AN A A ANk

1f NO, can you remember the last time you had a cold?

7 - ' ‘YES NO
1. Have you had a cold recently, (iie.'within the last month)?
If YES, which of the following smymptoms did you have?
&
Stuffy nose :
Headache .
" Sore throat
Sneezing
Coughing
‘ - Fever
) Muscle aches & pains
Upset stomach
Diarrhoea *
How long did your cold last? 2 - 3 days
3 days to a week
- “ longer than a week

Please give the appropriate date

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

2. Do you get colds often?

If YES, how often? - -Monthly
’ -every 2 or 3 months
:, -once or twice a year

3. Is there a season when you Seem more likely to catch a cold?

|

[T

1f YES, which one(s)? - Spring
' - Summer

- Fall
- Winter

If you have any questions about this guestionnaire, or any other
aspect of this Study, Dr. Johnson-Lussenburg will be glad to discuss
them with you, nowif you have time, or later by telephone .....
737-6528 (work) or 824-1642 (home).

N
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Ms/C GAVIRUS STUDY FI AL QUESTIONNAIRE

DATE. . vns eiveeeann
NAME:..... Gectcsecscssenstactacrerre st atana teeaboncssencas . e
PRESEWT ADDRESS: ceuvenrvnennnannnnnn ceeeiaen ceeenes Cereeneans cees
PLACE OF BIRTH:............ e e semsrractaastesereccctoneananaan tee e tetetea e
Was your home mainly RURAL........... Or URBAN....vcuaunas ?
How lcng did you live there?.........vivnnvcnnnnnes year.
If you moved before age 15, how often......ccciuiinncunnnn E

Please list the places you lived up to age 15/16 with approximate dates:

FAMILY; How many BROTHERS:.......... and/or SISTERS:.......... do you have?
Did you have PETS at home:.......... ? DOGS:...... LATS: . .... . OTHER:........
Do any other members of your family have MS?.............
Brother;......... Sister:....... Uncles:....... Aunt....... Cousin:......
Did you all live in the SamMe LOWN OF ATEAT. . erseenrerrrnnsaeranonennenns
FRIENDS: Have any of your childhood friends developed MS?.......cveverccnnnnnnnn. ..
How many?......... Were they neighbours?......... and/cr Classmates..........

The following questions relate to upper respiratory infections

(colds, sore throat, flu) and multiple sclerosis.

1) How many colds have you had this past winter?

0, 1, 2, 3, more than 3

2) Do you have more colds then your spouse, children or friends?

yes no

3) Since you developed M.S. have you had more colds? . fewer colds?

or no change ?

4) Since you developed M.S. does it take longer to get over a cold?

yes no

5) Have you had cold or flu shots this past year?

Please mail this gquesticnnaire back to Dr. Johmson-Lussenburg using the attached
stamped envelope.

If you have any gquestions about this gquestionnaire please call Dr. Johnson-Lussenburg
at 737-6528 (work) or 824-1642 {(home). ' .

{ francais au verso )
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3 N : PATIENT CONSERF.FORM o ' /
\
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N

HAME OF STUDY:  CORONAVIRUS / MS STUDY . - e o

. INVESTIGATOR(S): _C.M. Johnson-Lussenburg. Ph.D. and R. Nelson, M.D.,F.R.C.P. (C) -

. L - .
PATIENT'S NAME: { >
: il .
1, : ' . agree to part1c1pate in the above s;uqy'
"and hereby’ authorize Dr(s) Nelson and Johnson- Lussenburg o the phys1c1an(g)and

1nvest1gator(4) to proceed w1th the fo1lowing.exam4aaL4oas_and4o:_;g_54m+n+5;e;_%he5e
treatments:

L e—

- taking one blood sample by venipuncture each month for a period

of B months.

7 —
\‘ 1/ S—

1 have received a detailed explanation of the éfaminations to be conauctealaaé—%Fee%meai
y .

4cta-civen and 1 understand their nature and rpose.

1 have had a detailed descr1p 3 of all the known side effecfs and risksqre1$ted to the

examinations and treat . 1 have also received escription of any béhefits that

catments. Alternative Torms of examinatic

" way be expectedf1om these examinations and

and treziménts have been disclosed

I have been given an opportunity to ask questions oneeraRg the—axaninations—and
—treateents$avolved and the questions which I have asked have been adequately ansveered.

] have been told that 1 am able to withdraw my consent and to stop my part1c1pat10n 1n
tﬁ§\§£ggy at any time and for any reason.

—
-

With full knowledge of this, 1 voluntzrily consent to participate in the study.

DATE: PATIENT'S SIGNATURE:
WIThESS: ' WITHESS:
{investigator)

o






