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This paper reports cerebrospinal fluid 
measles antibody levels, as measured by five 
different assay techniques, on 61 patients 
with multiple sclerosis (MS) and 59 patients 
with a wide variety of other neurological dis- 
eases. CSF from an additional 58 MS and 53 
control patients were examined by three or 
four assay methods. CSF antibody titers were 
compared with serum titers in 50 MS and 
control patients, and in 100 patients enough 
spinal fluid was available to permit testing 
for antibodies to other myxoviruses. 

A number of earlier studies have reported 
on measles antibodies in the sera of MS pa- 
tients (1-16), and most authors have found 
significantly increased antibody titers in MS 
patients as compared to patients with other 
neurological diseases or to healthy adults. 
Spinal fluid antibodies have also been exam- 
ined by four of these authors, and although 
their results have shown a trend towards a 
higher incidence of measles antibodies in MS 
patients than controls, individual series have 
been too small to achieve statistical signifi- 
cance (1-4, 7). Furthermore, no more than 
three and usually only one or two types of 
measles antibody have been measured in each 
study, and, except in the original study ( 1 ) ,  
antibody titers in positive CSF specimens 
have not been reported. 

Materials and Methods. Patients. Cerebro- 
spinal fluids were obtained from patients ad- 
mitted to the neurology service of the Assis- 
tance Publique de Paris hospitals between 
1966 and 1970. Both MS and control speci- 
mens were collected concurrently throughout 
this period. Most patients were seen a t  least 

1 Guest scientist at  the National Insthtes  of 
Health, ChargCe de Recherches, Institut National de 
la SantC et de la Recherches MCdicale, Paris. 

once by one of the authors (F.C.), a neurolo- 
gist, who also reviewed records from all pa- 
tients. 

Multiple sclerosis. Each of these 119 care- 
fully selected patients showed a characteristic 
clinical picture of multifocal CNS damage 
with one or more relapses, and spinal fluids 
were collected in all cases during a relapse. 
The group comprised 2 7  males and 92 fe- 
males, with a mean age of 40 years (range, 
19-65 years), and a mean duration of illness 
of 7.5 years (range, 1-40 years). 

Controls. I n  this group of 112 patients, 
there were 61 males and 51 females, with a 
mean age of 44 years (range, 8-82 years). 
Approximately one-half of the patients 
suffered from a tumor, infection, neuropathy, 
cerebrovascular accident, or trauma, with the 
remainder having a miscellaneous assort- 
ment of either primary or secondary diseases 
of the nervous system.2 

Antibody assay methods. Cerebrospinal 
fluids (and sera) were stored at -20" until 
tested. The entire group of 231 cerebrospinal 
fluids was divided into three conveniently 
sized lots for testing of measles antibodies, 
each lot including specimens from both MS 
and control patients. 

Standard methods were employed for each 

2 Medullary compression ( 5 )  , idiopathic epiIepsy 
(4) , myelopathy (41, discopathy (41, encephalopathy 
( 3 ) ,  psychosis (31, metabolic disease (3 ) ,  amyo- 
trophic lateral sclerosis (3 ) ,  dementia ( 2 ) ,  cerebellar 
atrophy ( 2 ) ,  ophthalmic migraine ( 2 ) ,  and one pa- 
tient with each of the following d i a g n o s :  
Carrentiel syndrome, Mills' ascending hemiplegia, 
Schilder's disease, polyarteritis nodosa, Arnold-Chiari 
syndrome, sarcoidosis, labyrinthitis, Freidreich's 
ataxia, syringomyelia, ophthalmic zoster, Behcet's 
syndrome, fever of unknown origin, and diagnosis 
unknown. 
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type of antibody test, and are fully described 
in the references accompanying the follow- 
ing brief descriptions. Measles neutralizing 
(N)  antibody was tested in Biologics Stan- 
dards Cercopithecus ( BSC- 1 ) monkey-kidney 
tissue culture using Edmonston strain mea- 
sles virus ( 17). Complement-fixing (CF) 
and hemagglutination-inhibiting (HI)  anti- 
bodies were measured by the macrotechnique 
using commercially prepared antigens3 (HI  
antigen was Tween-ether treated) (18). Flu- 
orescent antibody (FA) was determined by 
the antiglobulin method, using measles- 
infected human embryonic kidney tissue cul- 
tured on cover slips and a rabbit antihuman 
gamma globulin conjugate (19). Mixed- 
hemadsorbing (HAd) antibody was tested in 
measles-infected BSC-1 tissue culture tubes, 
which, after incubation with the CSF speci- 
mens, were washed and layered with human 
0 RH (+) red blood cells freshly coated with 
human anti-D serum and rabbit antihuman 
IgG globulin (20).4 Serial dilutions of each 
specimen were tested, using the following ini- 
tial dilutions: undiluted CSF for N and CF 
tests, 1:s for H I  and FA tests, and 1:lO for 
the HAd test. 

Testing of antibodies to myxoviruses other 
than measles was performed on 1:lO dilu- 
tions of CSF only. Neutralizing antibody was 
tested in primary rhesus monkey kidney tis- 
sue culture against influenza viruses (A/PR/ 
8 1.3 4, A 1 /AAJ 1 / 5  7, A2 /TW/ 1 / 5 7 , B /Lee/-/ 
40, and B/GL/1739/54) , parainfluenza vi- 
ruses (types 1-4), and respiratory syncitial 
virus (Long strain) (21). HI antibody was 
tested by the macrotechnique for rubella and 
mumps viruses ( 2 2 ) .5 

3 Microbiological Associates, Bebhmesda, Maryland. 
*1The specificity for measles antibody in this ex- 

traordinarily sensitive test was verified by the 
finding that no HAd measles ant ibdy could be de- 
tected at  an initial dilution of 1:  10 (or at higher 
dilutions) in control sera from 15 children living on 
isolated Pacific islands, known on epidemiological 
grounds never to have been exposed to measles 
virus, and with no detectable N or HI  antibody in 
undiluted sera. 

6 Tween-ether treated rubella antigen was kindly 
furnished by Mrs. Eva Brown, and egg-grown soni- 

CSF and serum specimens were inactivated 
a t  516" for 30 min for the C F  test, but 
neither heat inactivation nor absorptions 
were done on CSF aliquots used for other 
tests (earlier experiments had shown no diff- 
erence between tests of treated and untreated 
specimens). Sera tested for measles HI anti- 
body were absorbed in standard fashion with 
kaolin and rhesus monkey red blood cells 
before testing. 
CSP proteins. Total protein content was 

measured chemically with the Folin-phenol 
reagent according to the method of Lowry 
( 2 3 ) ,  adapted for use with an autoanalyzer 
(24). After determination of the total pro- 
tein, gamma globulin was precipitated by 
zinc sulfate at pH 7.3 in the cold, and the 
amount of precipitate again determined by 
the Lowry method. Results of several thou- 
sand examinations, performed in the labora- 
tories of the Hapita1 de la Salpetrihre, have 
established the value of 40 (6) mg of total 
protein/100 ml of normal spinal fluid. Gam- 
ma globulin constitutes 5 (1.6) @ of the total 
protein in normal spinal fluid, and any value 
above 9% is considered abnormal. 

Results. In  the group of 61 MS patients on 
whose CSF all five tests were done, 27  
(44%) had measles antibody detected by one 
or more conventional tests (N, CF, HI, FA). 
All but three of these 27 patients also had 
HAd antibody. In  another 18 patients (30@), 
antibody was detectable only by the HAd 
test. In  the remaining 16 patients (26%),  no 
antibody was detected by any of the five tests 
used. Thus, more than half of the MS pa- 
tients had no conventional measles antibody, 
and one-half of these had no antibody detec- 
table even by the unusually sensitive HAd 
test. 

In the group of 59 control patients studied 
by all five tests, only 10 (17%) had conven- 
tional measles antibody, and all 10 also had 
HAd antibody. In  another 19 patients (32 % ) , 
antibody was detectable only by the HAd 
test, and the remaining 30 patients (51%) 

cated mumps antigen by Dr. James Simsarian, both 
of the Division of Biologics Standards, National 
Institutes of Health. 
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TABLE I. Percentage of Cerebrospinal Fluid 
Slminiens Positive for Measles Antibodies i n  Mul- 

tiple Sclerosis and  Control Groups. 

Antibody tests" 

Multiplesclerosis N C F  H I  F A  H A d  
Number tested 116 61 119 89 119 
h-umber positive 15 24 13 11 94 
Percent positive 13 39 11 12 79 

Numbertested 109 61 112 95 112 
Number positive 11 G 5 4 51 

Controls 

Percent positive 10  10  4 4 47 
~~ ~ 

Init ial  dilutions of CSF as follows: Undiluted 
for  N and  CF,  1 : 5 forr H I  and  FA, and 1 : 10 for  
HAd. Individual significance levels for  comparisons 
of MS a n d  control groups: P < 0.05 for  HI and  
F A  tests, P < 0.001 f o r  C F  and  €€Ad tests, a n d  (by  
a permutation test) P < 0.001 for  combined anti- 
body tests. 

had no detectable antibody by any test.6 
Percentages of CSF specimens containing 

measles antibody detected by each of the five 
tests are shown in Table I. Each type of 
antibody was found significantly more often 
in the group of MS patients than in the 
control group, except neutralizing antibody, 
which occurred about as often in MS (13%) 
as control (10%) patients. HI and fluorescent 
antibodies were found almost as frequently 
as neutralizing antibody in MS patients, but 
occurred less often (476) in control patients. 
CF antibody was more frequent in MS pa- 
tients (39%) and appeared in 10% of con- 
trols. 

In contrast to these relatively low frequen- 
cies, HAd antibody occurred in 79% of the 
MS patients, and 47% of the controls. Com- 
parison of HAd antibody frequency in MS 
and control males, or MS and control fe- 
males, yielded values nearly identical to 
those cited in comparison of the total MS 
with control groups. Except for HAd anti- 
body, the titers were of a low order, as shown 

(f If all of the 119 MS and 112 control patients 
tested for three or more types of antibody are in- 
cluded for analysis, the following values are ob- 
tained: 32% MS and 13% control patients were 
positive for conventional antibody, 50% MS and 35% 
control patients were positive only for HAd 
antibody, and 18% MS and 52% control patients 
were negative for all antibodies. 

in Table 11. For HAd antibody, calculation 
of geometric mean titers on the positive spec- 
imens yielded significantly different values 
of 1:34 and 1:25 for the MS and control 
groups, respectively ( p < O . O S ) .  

Antibody levels in all specimens in which a 
titer of a t  least 1: 10 was obtained in one or 
more of the conventional antibody tests are 
presented in Table 111, together with their 
CSF protein levels. These comprise 10 MS 
and three control subjects. When these 10 
MS patients with the highest antibody titers 
were compared to 22 MS patients without any 
detectable antibody, the difference in the aver- 
age gamma globulin contents of 16.3 and 3.9 
mg %, respectively, was highly significant 
( p  < 0.00 1 ) .7 A lesser degree of overall cor- 
relation was found between HAd antibody 
titer and CSF gamma globulin content in 
both the MS ( R  = 0.436, ~ I < O . O S ) . ~  

In the 50 patients (33 MS and 17 con- 
trols) for whom matching CSF and serum 
specimens were available, the highest CSF 
titers were associated with high serum titers 
for those antibodies measured (CF, HI, 
HAd). However, it should be noted that 
many other patients with equally high serum 
titers had little CSF antibody, and that re- 
sults of the HAd test, which permitted statis- 
tical analysis, did not show a significant over- 
all correlation between CSF and serum anti- 
body levels ( R  = 0.201) .s 

Finally, the frequency of antibodies to 

7 Comparable figures for ithe three high titer con- 
trol subjects and 51 control subjects without anti- 
bady are 18.3 and 8.7 mg %, but the small number 
of high-titer subjects renders statistical analysis 
meaningless. Furthermore, of the three, one had 
SSPE, and in the other two (one with polyradiculi- 
tis and one with a subdural neurinoma) the very 
high CSF protein levels suggest serum leakage 
through the affected meningeal surfaces. Also, 10 of 
the 5 1 control patients without antibody had gamma 
globulin levels actually higher than the mean 
value in the high titer group of MS patinets. -4 
lesser degree of overall correlation was found between 
H.4d antibody titer and ESF gamma globulin con- 
tent in both the MS (R = 0.436, p < 0.05) and con- 
trol groups (R = 0.484, p < 0.05). 

8 Sample correlation coefficients based on Fisher's z 
transformation, which provides only an approx- 
imate significance level, owing t o  the discrete nature 
of the data. 
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TABLE 11. Distribution of Measles Antibody Titers in Positive CSF Specimens. 

Titer Patients Number of specimens with reciprocal antibody titerr of :  

N MS 
Control 

CmF MS 
Control 

HI MS 
Control 

F A  MS 
Control 

HAd MS 
Control 

1 2 4 5 10  210 40 80 2 160 
12 1 0 1 1 0 0 0 0  
8 0 0 1 2 0 0 0 0  

9" 11 4 0 0 0 0 0 0  
1" 3 2 0 0 0 0 0 0  

NDb ND ND 5 4 3 1 0 0  
ND ND ND 1 2 1 1 0 0  

ND ND ND 8 3 0 0 0 0  
ND ND ND 2 1 0 1 0 0  

ND ND ND ND 22 27 17 14  14 
ND ND ND ND 20 14  1 0  . 4 3 

a Titer 2 1. 
Not done. 

myxoviruses other than measles did not differ 
significantly in the 65 MS and 35 control 
patients whose CSF was tested (1: 10 dilution 
only). In  the MS group, five patients had 
antibody to influenza type A2, one to influen- 
za type B, three to parainfluenza type 4, one 
to RSV, and two to rubella. In the control 
group, three patients had antibody to influen- 
za type A2, and one to RSV. All specimens 
with influenza type A2 antibody were collect- 
ed after a type A2 epidemic in the Winter of 
19 6 7-1 9168. 

Discussion. Adams, whoi first reported that 
the CSF of MS patients contained increased 
amounts of measles antibody compared to 
controls ( l ) ,  subsequently found no differ- 
ence between MS and control CSF ( 7 ) ,  when 
the MS patients were not selected because 
of unusually high serum antibody titers, as 
was true of his first series. The three other 
series also failed to show statistically signifi- 
cant differences between MS and control 
groups (2-4). 

In our series of CSF specimens, measles 

TABLE 111. Patients with Highest" CSF Measles Antibody Titers. 
~~~ ~ 

CSF protein 

Total protein y globulin 
Reciprocal antibody titer 

Diagnosis ( m g % )  ( m g % )  N CF HI F A  HAd 

Multiple sclerosis 
Multiple sclerosis 
Multiple sclerosis 
Multiple sclero&s 
Multiple sclerosis 
Multiple sclerosis 
Multiple scleroeis 
Multiple sclerosis 
Multiple sclerolsis 
Multiple sclerosis 
Polyradiculoneuritis 
Cervical subdural 

neurinoma 
Subacute sclerosing 

panencephalitis 

38 
43 
71 
78 
74 
51 
65 
96 
92 
36 

130 
119 

128 

3 
10  

9 
21  
24 
23 
23 
27 
16 

7 
18 
17 

35 

10  4 
1 2 

<I 4 
<I 4 

1 2 
<1 <4 

5 <4 
1 <4 
2 <4  

<I <4 
10 <4 
5 <4 

10 2 

10 
10 

<5 
10 
10 

<5 
20 
20 
40 
20 
40 
20 

10 

< 5  80 
<5 40 
10  40 

<5 160 
5 640 

10 20 
5 80 
5 320 
5 320 
5 20 
5 640 

10  320 

40 40 

~~ ~ 

a Titer 2 1: 10 f o r  any conventional (N, CsF, €€I, FA) antibody. 
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antibodies were present significantly more of- 
ten in MS than control patients. Presence of 
conventional measles anti bodies in high titer 
correlated well with the presence of high-titer 
HAd antibody, and whether or not we ac- 
cept the HAd test as indicating only specific 
measles-induced antibody (no nonspecific 
reactant has yet been demonstrated), there 
still remains the highly significant difference 
between HAd activity in MS and control 
groups. In a few patients, antibody titers 
reached levels seen in SSPE (25);  however, 
almost one-third of the MS patients had anti- 
body detectable only by the HAd test, and 
one-fourth had no antibody detectable by 
any test. 

The importance of the difference in 
measles antibody levels between our MS and 
control patients is also supported by CSF 
protein data. High levels of measles anti- 
bodies in MS patients were significantly asso- 
ciated with high levels of CSF gamma globu- 
lin, whereas in neurological diseases other 
than MS, measles antibodies were often ab- 
sent despite extraordinarily high levels of 
gamma globulin. Moreover, an association be- 
tween gamma globulin levels and antibodies 
to myxoviruses other than measles was not 
observed. 

If our positive results do mean that 
measles virus itself is involved in the path- 
ogenesis of MS, we may well speculate as 
to the reason for the inconstant Occurrence of 
an tibody. 

The data suggest that in a t  least half of 
MS patients there is no evidence for the type 
of measles virus involvement in a slowly 
progressive, presumably defective, and partly 
antibody-blocked infection such as is occur- 
ring in SSPE. However, one may hypothesize 
that in MS a similar process is underway, 
but with the virus genetic information further 
repressed, with replication occurring at  an 
asynchronous, imperfect, and incomplete 
level, with no, or incomplete, virion assem- 
bly, or perhaps even with only a very defec- 
tive virus genome present. 

It might then be possible that only occa- 
sional patients have sufficient measles antigen 
released to produce specific measles sensiti- 

ties of antigen released could well vary from 
patient to patient. However, i t  is also possible 
that different latent agents might cause the 
same MS syndrome, and that the positive 
results occurred only in those MS cases 
wherein measles virus slow infection was in- 
volved. 

Summary. Measles antibodies were mea- 
sured in the cerebrospinal fluids of 119 pa- 
tients with multiple sclerosis and 112 patients 
with other neurological diseases. The fre- 
quency of measles antibody was significantly 
greater in the MS group than in the control 
group, and, in the sensitive mixed- 
hemadsorbing antibody test, the geometric 
mean antibody titer was also significantly 
higher in the MS than control group. 

A few MS patients had antibody levels in 
the range of patients with SSPE. On the 
other hand, one-fourth of the MS patients 
had no measles antibody by any of five diff- 
erent assays employed, and nearly one-third 
more had none but hemadsorbing antibody. 
If measles virus is involved in the path- 
ogenesis of multiple sclerosis, it must be 
present in an unusually latent, masked, or 
defective condition. 

We thank Dr. John Hooks, Miss Sarah Anderson, 
Miss Marcia Applegate, and Mr. Donald Nelson for 
laboratory assistance ; Dr. Peter Shaughnessy for 
statistical analaysis; and Dr. Lim Kok Ann for 
critical appraisal of the manuscript. 
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