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Sera collected from 90 multiple sclerosis patients and 148 age-matched normal
subjects were examined for the presence of antibodies against human coronavi-
ruses (HCV) 229E and OC43 by enzyme immunoassay (EIA). The results
demonstrated no significant difference between the MS patients and the normal
subjects in their antibody titer to HCV 229E and HCV OC43. Further analysis of
these 238 sera indicated that a stronger EIA reaction was generally observed
against HCV OC43 (mean EIA value at an optical density of 492 nm = 0.896) than
against HCV 229E (mean EIA value at an optical density of 492 nm = 0.346).

Multiple sclerosis (MS) is a demyelinating
disease of unknown etiology which affects the
central nervous system. Over 250,000 individ-
uals in the United States alone suffer from MS
(15). The epidemiological, clinical, and patho-
logical features ofMS are consistent with certain
known viral infections (8). Many different virus-
es have been suggested as etiological agents of
MS, including poxviruses, herpesviruses, rhab-
doviruses, orthomyxoviruses, paramyxovi-
ruses, and picornaviruses (1, 8, 14). Recently,
the possibility of coronaviruses as etiological
agents has been considered because of their role
in demyelinating disease in rodents and some
reports of association with MS in humans.
The JHM strain of mouse hepatitis virus, a

murine coronavirus, is known to cause a demye-
linating-remyelinating disease in mice and rats
(2, 7, 12). Pathological examination of mice
shows widespread demyelination of the brain
and spinal cord characterized by the destruction
of myelin with sparing of nerve fibers.

In 1976, Tanaka et al. (13) reported the pres-
ence of particles morphologically similar to cor-
onaviruses in tissue removed at autopsy from an
MS patient. The particles were observed in the
cisterns of the rough endoplasmic reticulum of
brain cells, the common site of coronavirus
maturation. The particles were described as
"doughnut shaped" with electron lucent cen-
ters, an inner diameter of 25 to 35 nm, and an
outer diameter of 55 to 65 nm. The morphology
of these particles most closely resembled that of
mouse coronaviruses.

t Present address: Department of Microbiology, University
of Alabama at Birmingham, Birmingham, AL 35294.

In another investigation, Burks et al. (4) re-
ported the isolation of coronaviruses from two
separate MS patients after repeated passage of
brain material in mice or 17 Cl-1 cell cultures.
Using immune serum prepared to the isolates in
rabbits and guinea pigs in plaque neutralization
experiments, these investigators reported that
neither isolate was related to human coronavirus
(HCV) 229E, but that both were serologically
related to the mouse coronavirus A59 and HCV
OC43. These- findings were later confirmed by
the more sensitive technique of immunoprecipi-
tation (6). Identical polypeptides were precip-
itated from infected 17 Cl-1 cell cultures with
antisera specific for either MS isolate, A59, and
HCV OC43. The present investigation was un-
dertaken to seek further serological evidence of
a role for coronaviruses in MS by comparing
serum antibody titers and incidence among pa-
tients and controls.
A diploid fibroblast cell line of human embry-

onic lung origin (M-7) was obtained from Micro-
biological Associates, Walkersville, Md. and
grown in Eagle minimal essential medium with
Earle salts (EMEM) supplemented with 4%
newborn calf serum and 100 ,ug of streptomycin
per ml and 100 U of penicillin per ml.
HCVs 229E (American Type Culture Collec-

tion) and OC43 (courtesy of G. Gerna, Pavia,
Italy) were propagated in M-7 cells with serum-
free EMEM with 100 ,ug of streptomycin per ml
and 100 U of penicillin per ml. Virus infectivity
was determined by plaque assay in M-7 cells.

Sera from patients with MS and other neuro-
logical diseases were supplied by F. Milgrom
(State University ofNew York at Buffalo, Buffa-
lo, N.Y.), W. Olszewski (Buffalo General Hos-
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FIG. 1. Relationship between EIA measurements
(OD492) and plaque reduction neutralization (509o
plaque reduction) titers of 12 human sera against HCV
OC43 (A) and HCV 229E (B).

pital, Buffalo, N.Y.), and L. D. Jacobs (Millard
Fillmore Hospital, Buffalo, N.Y.). Sera from 148
age-matched normal subjects were obtained
from the American Red Cross, Buffalo, N.Y.
The sera were diluted 1:500 and absorbed by
overnight incubation at 4°C on M-7 monolayers
before use in enzyme immunoassay (EIA) or
plaque neutralization.

Plaque neutralization assays were conducted
with M-7 fibroblast monolayers in 24-well plates
(Rochester Scientific co., Rochester, N.Y.). The
method was similar to that described by Kenne-
dy and Johnson-Lussenburg (10). The test serum
was heat inactivated and absorbed by overnight
incubation with washed M-7 cells. Serial four-
fold dilutions of absorbed sera were made with
phosphate-buffered saline (PBS; pH 7.2) as the
diluent. The virus was diluted in serum-free
EMEM with antibiotics, added to an equal vol-
ume of each serum dilution, and incubated for 1
h at 4°C. The final concentration of virus was
100 PFU/0.5 ml. After incubation, 0.1 ml of each
sample per well (four wells per dilution) was
added. The virus was allowed to adsorb for 1 h
at 33°C followed by the addition of 1 ml of
overlay medium consisting of EMEM, 0.6%
Noble agar, 2% calf serum, 100 ,ug of bromo-

deoxyuridine, 200 ,ug of DEAE-dextran per ml,
and antibiotics. Monolayers infected with 229E
virus were fixed with 10%o buffered Formalin
after 3 days of incubation at 33°C and stained
with 0.1% crystal violet. Fibroblasts infected
with OC43 virus were fixed and stained after 5
days of incubation at 33°C.
To prepare antigens for EIA, we washed

confluent monolayers of M-7 cells to remove
serum and inoculated them with HCV OC43 or
229E at a multiplicity of infection of 0.01 PFU/
cell. After adsorption at 37°C for 1 h, serum-free

D EMEM with antibiotics was added. The infected
monolayers were incubated at 33°C for 48 h, and
total virus was harvested by freezing and thaw-
ing the infected cells three times. Cellular debris
was removed by centrifugation at 2,000 rpm for
20 min at 4°C, and the clarified lysates were used
as antigen in the EIA procedure. The protein
content of the antigen pools was determined by
the Bradford (3) protein assay procedure (Bio-
Rad Laboratories, Richmond, Calif.). The virus
titer of the pools ranged from 1.3 x 105 to 2.2 x
106 PFU/ml with a mean titer of 1.4 x 106
PFU/ml. A control antigen was prepared in a
manner similar to that described above from
uninfected M-7 cells.
The EIA method used was an indirect assay

for the detection of antibodies to HCV 229E and
HCV OC43. Test serum and peroxidase-conju-
gated goat anti-human immunoglobulin G (IgG)
antisera, H and L chain specific (Northeast
Biomedical Laboratories, South Windham,
Maine), were diluted with PBS (pH 7.2) contain-
ing 0.05% Tween 20 and 1% bovine serum
albumin (BSA). The plates were washed five
times after each incubation period with PBS-
BSA (PBS [pH 7.2], 0.05% Tween 20, 0.2%
BSA).

Portions (300 ,ul) of viral antigen (10 p.g/ml) in
carbonate-bicarbonate buffer (pH 9.6) were add-
ed to one-half of the inner 60 wells of Microelisa
substrate plates (Dynatech Laboratories, Inc.,
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FIG. 2. EIA values (OD492) of sera from 90 MS
patients and 148 normal subjects reacted with HCV
OC43 antigen.
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TABLE 1. Detection of coronavirus antibody in human sera by EIA
No. (%) with antibodies to 229E and OC43, respectively, of:

Serum from:
+a_ _ + + + _ _

Normal subjects 0 (0) 58 (39.2) 85 (57.4) 5 (3.4)
(n = 148)

MS patients 1 (1.1) 40 (44.4) 44 (48.9) 5 (5.5)
(n = 90)

Neurological patientsc 0 (0) 6 (54.5) 3 (27.3) 2 (18.2)
(n = 11)
a EIA valves (OD492) > 0.242.
b EIA valves (OD492) > 0.298.
Diagnoses included Guillain-Barre syndrome, acute sciatica (2), acute-stage Bell's palsy, amyotropic lateral

sclerosis, peripheral neuropathy, and unspecified neuritis (5).

Alexandria, Va.). A control antigen of M-7 ly-
sate diluted to the same concentration was add-
ed to the remaining wells. The plates were
incubated at 4°C overnight and then treated with
carbonate-bicarbonate buffer (pH 9.6) contain-
ing 0.5% BSA for 1 h at 37°C. After the plates
were washed, absorbed test serum (1:1,000) was
added to duplicate wells (300 p1/well) and incu-
bated at 37°C for 1 h. After being washed, 300 ,ul
of conjugate diluted 1:8,000 was added to each
well and incubated for 1 h at 37°C. Conjugate
controls were included on each plate. A 300-pu
amount of diluted substrate (o-phenylenedi-
amine dihydrochloride; Sigma Chemical Co., St.
Louis, Mo.) was added to each well and incubat-
ed at 37°C for 30 min. The reaction was stopped
by the addition of 50 ,ul of 2.5 M H2SO4. The
optical density at 492 nm (OD492) was read. The
EIA values for each serum assayed were deter-
mined by the formula EIA value (OD492) = mean
(X) OD492 with viral antigen - X OD492 with M-7
cell lysate antigen. Day-to-day variations in the
EIA (± 1 standard deviation) were corrected by
adjusting the EIA values (OD492) by the value
produced by a positive control serum included in
each assay.

Fourteen sera from normal subjects were test-
ed by EIA and plaque neutralization for the
detection of antibodies to HCV 229E and HCV
OC43. The correlation coefficient for compari-
son with HCV OC43 was 0.80 (Fig. 1A), and for
HCV 229E it was 0.85 (Fig. 1B). The cut-off
value for antibody activity against OC43 was an
OD492 of 0.298. This value was based on the
comparison ofEIA and neutralization data. Sim-
ilarly, anti-229E antibody was indicated by
OD492 values greater than 0.242.
Serum samples taken from 90 MS patients and

148 age-matched normal subjects were then as-
sayed for antibodies to HCV 229E and HCV
OC43 by EIA. The results obtained when these
two populations were tested by EIA for anti-
OC43 activity are shown in Fig. 2. The data
demonstrate that the MS and normal popula-

tions reacted similarly to HCV OC43. A total of
84 (93%) MS patients had antibodies to HCV
OC43 in their sera (Table 1). A similar analysis
of 148 normal subjects indicated the presence of
anti-OC43 activity in the sera of 143 (96%)
normal subjects.
The results given in Fig. 3 and summarized in

Table 1 were obtained when these same sera
were tested by EIA for activity to HCV 229E.
The results obtained also indicate no significant
difference in the antibody response to HCV
229E between MS patients and the normal con-
trol population. Table 1 shows that 45 (50%) MS
patients had antibodies to HCV 229E in their
sera. Antibody activity to HCV 229E was de-
tected in 85 (57%) normal subjects. Chi-square
analysis demonstrated no difference between the
two populations with respect to OC43 (X2 =

1.37, a = 0.01) or 229 E (X2 = 1.25, a = 0.01).
A comparison of Fig. 2 and 3 suggested a

difference in response to HCV 229E and HCV
OC43. The results with HCV 229E were skewed
toward lower OD492 values (Fig. 3). The maxi-
mum EIA value (OD492) produced with HCV
229E was 1.600 with sera from normal individ-
uals or MS patients. The mean EIA value
(OD492) with HCV 229E was 0.346. EIA values
(OD492) observed with HCV OC43 virus ranged
from 0 to 3.4 with a mean EIA value (OD492) of
0.8%. The antibody response elicited against
HCV OC43 displayed a bimodal distribution
(Fig. 2). Chi-square analysis of the data shown in
Table 1 indicates that the antibody response to
HCV OC43 differed from that to HCV 229E in
both the MS patients (X2 = 41.61) and the normal
subjects (X2 = 64.22) assayed by the EIA in this
survey (a = 0.01). The linear correlation coeffi-
cient of EIA values (OD492) between the OC43
and 229E reactivities of 238 sera was 0.221. This
value indicates very little, if any, cross-reactiv-
ity between the antigens.

Sera taken from 11 patients with neurological
diseases other than MS were also examined by
EIA for antibodies to HCV 229E or HCV OC43.
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FIG. 3. EIA values (OD492) of sera from 90 MS
patients and 148 normal subjects reacted with HCV
229E antigen.

The results obtained in these assays are summa-
rized in Table 1. These patients responded to the
virus strains in a manner similar to that of both
MS patients and normal subjects.
The EIA assays indicated a difference in re-

sponse to HCV 229E and HCV OC43. An ex-
amination of 238 sera (90 MS patients and 148
normal controls) by the EIA showed that a
stronger reaction was generally produced to
HCV OC43 than to HCV 229E. The apparent
difference in antibody titers could be a result of a
difference in the sensitivity of the EIA tests for
OC43 and 229E. However, an examination of
plaque neutralization data showed that the geo-
metric mean neutralizing titer for HCV OC43
was 94.2 compared with a titer of 66.6 for HCV
229E when 12 random sera were tested against
the viruses. Hendley et al. (7) had reported
similar data for an 8-year serological investiga-
tion conducted between 1962 and 1970. Kaye
and his associates (9) have reported a 33%
reinfection rate with HCV OC43. These reports
suggested that a disparity in antibody reactivity
to these viruses exists in adults as a result of
differences in the frequency of antigenic expo-
sure. Nonetheless, some of the difference noted
in the present study may be due to a lower
sensitivity of the test for 229E antibody.
An examination of EIA values (OD492) indi-

cated that MS patients had antibody levels com-
parable to those in normal individuals and pa-
tients with neurological diseases other than MS.
These results agree with the data obtained by
Leinikki et al. (11), who have recently reported
finding no significant difference in serum reac-
tivity between MS patients and control groups in
regard to HCV 229E, HCV OC43, and mouse
coronavirus A59.
The results reported here do not support the

hypothesis of a role for HCV OC43 or HCV

229E in MS. Although EIA procedures theoreti-
cally should detect antibodies to a multiplicity of
viral antigens (not just surface glycoproteins), it
is still possible that a difference in response may
exist in MS with respect to some other antigen of
coronaviruses which was not detected by the
EIA procedure used.

The work described in this report was supported by grant
no. T32AI07088 from the National Institutes of Health.

LITERATURE CITED

1. Adams, J. M., and D. T. Imapwa. 1962. Measles antibod-
ies in multiple sclerosis. Proc. Soc. Exp. Biol. Med.
3:562-566.

2. Bailey, 0. T., A. M. Pappenheimer, F. Cheever, and J. B.
Daniels. 1949. A murine virus (JHM) causing disseminated
encephalomyelitis with extensive destruction of myelin:
II. Pathology. J. Exp. Med. 90:195-212.

3. Bradford, M. M. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein-dye
binding. Anal. Biochem. 72:248-254.

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

5. Cheever, F. S., J. B. Daniels, A. M. Pappenheimer, and
0. T. Bailey. 1949. A murine virus (JHM) causing dissemi-
nated encephalomyelitis with extensive destruction of
myelin. I. Isolation and biological properties of the virus.
J. Exp. Med. 90:181-194.

6. Gerdes, J. C., I. Klein, B. L. DeVald, and J. S. Burks.
1981. Coronavirus isolates SK and SD from multiple
sclerosis patients are serologically related to murine cor-
onaviruses A59 and JHM and human coronavirus OC43,
but not to human coronavirus 229E. J. Virol. 38:231-238.

7. Hendley, J. O., H. B. Flbburne, and J. M. Gwaltney, Jr.
1972. Coronavirus infections in working adults, eight-year
study with 229E and OC43. Am. Rev. Respir. Dis.
105:805-811.

8. Johnson, R. T. 1975. Virological data supporting the viral
hypothesis in multiple sclerosis research, p. 155-183. In
A. N. Davison, J. H. Humphrey, A. L. Liversedge, W. I.
McDonald, and J. S. Porterfield (ed.), Multiple sclerosis
research. Elsevier Scientific Publishing Co., Amsterdam.

9. Kaye, H. W., H. B. Marsh, and W. R. Dowdle. 1971.
Seroepidemiologic survey of coronavirus (strain OC43)
related infections in a children's population. Am. J. Epi-
demiol. 94:43-49.

10. Kennedy, D. A., and C. M. Johnson-Lussenburg. 1976.
Isolation and morphology of the internal component of
human coronavirus strain 229E. Intervirology 6:197-206.

11. Leiniklk, P. O., K. V. Holmes, I. Shekarchl, M. lvan-
ainen, D. Madden, and J. L. Sever. 1981. Coronavirus
antibodies in patients with multiple sclerosis. Adv. Exp.
Med. Biol. 142:323-326.

12. Nagashima, K., H. Wege, R. Meyermann, and V. ter
Meulen. 1978. Coronavirus induced subacute demyelinat-
ing encephalomyelitis in rats: a morphological analysis.
Acta Neuropathol. 44:63-70.

13. Tanaka, R., Y. Iwasaki, and H. Koprowskl. 1976. Intracis-
ternal virus-like particles in brain of a multiple sclerosis
patient. J. Neurol. Sci. 28:121-126.

14. ter Meulen, V., H. Koprowski, Y. Iwasaki, Y. M. Kackell,
and D. Mueller. 1972. Fusion of cultured multiple-sclero-
sis brain cells with indicator cells: presence of nucleocap-
sids and virions and isolation of parainfluenza-type virus.
Lancet iH:1-5.

15. Waksman, B. H. 1981. Current trends in multiple sclero-
sis. Immunol. Today May:87-93.

VOL. 41, 1983


