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Sera and CSFs of 85 patients with 
multiple sclerosis (MS), 49 patients with 
probable MS, and 165 control patients 
with other neurologic diseases were 
assayed for antibodies to rubella, mumps, 
measles, parainfluenza I (strain 6/94), 
herpes simplex, cytomegalovirus, varicel- 
la-zoster, and vaccinia viruses. Methods 
included complement fixation (CF). hem- 
agglutination inhibition (HI), and comple- 
ment-dependent plaque reductlon (CPR). 
Significant differences between the 
groups with MS and the control groups 
were higher serum antibody titers to mea- 
sles virus in the groups with MS, higher 
proportion of patlents with MS with CSF 
antibodies to measles, rubella, and vac- 
cinia viruses, and greater percentage of 
patients with MS with more than one CSF 
viral antibody. Duration and severity of 
disease in the patients with MS were 
associated with presence of multiple CSF 
antibodies. Presence of CSF antibody was 
positively correlated with the height of the 
corresponding serum titer, yet a high 
serum titer did not ensure the presence of 
CSF antibody. Oilgoclonal bands were 
present in the CSFs of equal proportions 
of patients with MS with and without CSF 
viral antibody. Our data support the hy- 
pothesis of local antibody synthesis with- 
in the CNS. However, we favor the view 
that preprogrammed antibody-forming 
lymphocytes enter the CNS and then pro- 
duce antibody either because of nonspe- 
cific polyclonai activation In tltu or 
because of failure of normal regulation. 

(Arch Neurol37:610-615, 1980) 
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he presence of various viral anti- 
Tbodies in the CSF of patients with 
multiple sclerosis (MS) is an ambi- 
guous finding in the search for the  
cause of MS. In persistent infections 
of the CNS, such as subacute scleros- 
ing panencephalitis (SSPE) or pro- 
gressive rubella panencephalitis, the 
presence of high CSF titers of measles 
antibody or rubella antibody, respec- 
tively, correlates with the isolation of 
the virus from brain tissue.',? In MS, 
however, with the exception of several 
controversial reports:-" virus has not 
been isolated nor has viral antigen 
been detected in CNS tissue of 
patients. This report is one of a series 
aimed at determining the importance 
of CSF and serum antibodies in 
patients with MS. Findings were com- 
pared with those noted in control 
patients with other inflammatory and 
noninflammatory neurologic disor- 
ders. A preliminary report on a sub- 
sample of these patients was previous- 
ly reported.' 
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SUBJECTS AND METHODS 

The criteria for selection of patients 
with MS and control patients, their ethnic 
background, age, and other pertinent epi- 
demiologic and clinical details have been 
presented in the first article of this se- 
r iesR 

Serum specimens and CSF were drawn 
from groups of control patients anti 
patients with MS at the same time and 
were received in the laboratory in sets of 30 
to 40 specimens. Antibody assays were 
done on individual sets of control and MS 
specimens in the same run. All specimens 
were coded. 

Antibodies were checked to measles, 
rubella, mumps, parainfluenza 1 (Sendai) 
(strain 6/94)," cytomegalovirus, herpes 
simplex, and varicella-zoster viruses by 
standardized microcomplement fixation 
test (CF); to measles, rubella, mumps, ant1 
parainfluenza 1 (Sendai) viruses by stan- 
dardized microhemagglutination inhihi- 
tion (HI) tests.Lo; and to vaccinia virus by a 
complement-dependent plaque reduction 
test (CPR) modified' from that of Taka- 
bayashi and McIntosh." Not all tests could 
be performed on all specimens because of 
anticomplementary or other nonspecific 
reactions with certain specimens. This fact 
will be reflected in the total number of 
specimens cited in various tables. Heparin 
manganous chloride, used for removal of 
nonspecific serum inhibitors to the rubella 
viral hemagglutinin,Io could not be used 
with CSF. Therefore, CSFs were untreated 
except for absorption with chicken erythrw 
cytes of those specimens showing aggluti- 
nation in control wells. All CSFs positive 
for rubella antibody by HI were also 
checked by the indirect fluorescent anti- 
body test (IFA) using fluorescein-labeled 
antihuman IgG as described.'* Seventy- 
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five percent of CSFs positive by HI were 
also positive by IFA. 

Immunoglobulin class of viral antibodies 
was determined in 23 serums selected for 
study because of high measles HI titers 
(2 1256). Twelve of the serums were from 
patients with MS, five from patients with 
probable MS, and six from control patients. 
The sera were centrifuged on a 10% to 40% 
linear sucrose gradiedt for 18 hours at 
31,OOO rpm. Fractions collected from the 
tmttom of the gradients were checked by 
Duchterlony test for immunoglobulin class 
using antisera specific for heavy chains of 
IgG, IgM, and IgA and by HI and CPR for 
~iral  antibodies known to be in the whole 
<erum. 

RESULTS 
Serum Antibody Titers 

Geometric mean serum titers 
!GMTs) of the four patient groups are 
given in Table 1 for all the standard 
serologic assays performed. In the 
computation of the GMTs, subjects 
who were negative for the specific 
virus at a dilution of 1% were assigned 
a titer of 1:4, the next lowest dilution. 
This may lead to overestimation of the 
GMT. For this reason, median titers 
for each group were also calculated. 
Differences between groups were 
tested using regression analysis with 
dummy variable coding for group (for 
mean differences) and the Mann- 
Whitney U-test. The nonparametric 
analysis closely mirrored the differ- 
ences between means. The group with 
definite MS as compared with the 
noninflammatory control group had a 
higher GMT for CF and HI antibodies 
to measles virus and a significantly 
lower GMT for CF antibodies to 
herpes simplex and cytomegalovirus. 
The group with probable MS as com- 
pared with the noninflammatory con- 
trol group had a higher GMT for CF 
antibody to measles virus, but showed 
only a trend toward a higher GMT for 
HI antibody to measles virus 
( P  < .08). There were no other signifi- 
cant differences that were consistent 
across the mean and median with the 
other serum assays between the non- 
inflammatory control group and any 
of the other groups. 

CSF Antibodies 

Table 2 gives data on CSF antibody 
titers in the four patient groups. Cere- 
brospinal fluid antibody to rubella 
virus (HI assay) was present in 
approximately equal proportions of 
patients with MS and those with prob- 
able MS, and inflammatory control 
patients, and in a substantially lower 
proportion of noninflammatory con- 
trol patients. Higher proportions of 
patients with MS and probable MS 
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Table 1 .-Geometric Mean Serum Titers* 

Controlr 
Multlple Sclerosis 

Non- 
Deflnlte Probable Innammalory Inflammatory 

Moan SD Mean SD Moan SD Mean SD 

(N = 81-65) (N 4748) (N = 26-27) (N = 137-139) . - ,  
Rubella 

HI 111.8 1.71 91.1 2.02 70.9 1.83 80.1 2.11 
CF 6.9 .91 7.2 1.16 5.9 .70 6.8 .95 

Mumps 
HI 17.2 1.41 14.2 1.55 12.7 1.44 16.2 1.47 I CF 10.0 .89 9.2 .91 7.6 .68 8.8 .89 

Measles 
HI 139.1$ 2.10 115.9 2.24 69.1 2.75 80.1 2.18 
CF 19.31 1.36 19.011 1.59 12.7 1.75 12.5 1.34 

Parainfluenza 1 
(Sendai) 
6/94 
HI 81.5 1.44 62.2 1.73 56.3 1.92 722 1.56 
CF 12.8 1.10 lO.O! .92 9.6 l.O? 12.4 1.07 

I Cytomegalo- I ‘  virus. CF 12.1 # 1.59 15.3 2.29 21.2 1.58 21.9 1.84 
Herpes sim- 

plex. CF 12.9# 1.52 18.7 1.55 15.2;. 1.41 23.4 1.62 
Varicella. CF 10.4 1.11 9.5 1.04 9.1 1.36 9.4 1.25 
Vaccinia, CPR 59.8 1.42 42.1 1.40 34.7 1.70 49.2 1.49 

‘Expressed as reciprocal of dilution; SD as f number of doubling dilutions from mean. Groups 

tCF indicates complement fixation; HI, hemagglutination inhibition; and CPR, complement- 

$Higher than noninflammatory control group, P < .01. 
BHigher than noninflammatory control group, P < ,001. 
/\Higher than noninflammatory control group, P < .05. 
1 Lower than noninflammatory control group, P < .01. 
# Lower than noninflammatory control group, P < ,001, 
**Lower than noninflammatory control group, P < .05. 

were compared using Mann-Whitney U-test. 

dependent plaque neutralization. 

had CSF antibodies to measles virus 
(HI assay) and to vaccinia virus (CPR 
assay) than did the patients in the 
noninflammatory control group. The 
group with probable MS also had a 
higher proportion of patients with 
CSF CF antibody to measles virus as 
compared with the noninflammatory 
control patients. The higher incidence 
of CSF antibodies to these viruses 
resulted in higher proportions of 
patients with MS and probable MS 
who had antibodies to more than one 
virus in their CSF (Table 3). 

The presence of CSF antibody to 
measles, rubella, or vaccinia viruses 
was examined for association with the 
presence of CSF antibody to either of 
the other two viruses. As given in 
Table 4, there were no strong tenden- 
cies for  these antibodies to appear 
together in patients with M S  or prob- 
able MS. 

Antibody findings in CSF were cor- 
related with clinical information on 
the patients8 Presence of CSF HI 
antibody to measles virus or CSF CPR 
antibody to vaccinia virus showed only 
a trend toward a positive relationship 
with duration of symptoms in patients 
with MS (Mann-Whitney U-test, 

P < .06 and P < .08, respectively). 
Presence of CSF CF  antibodies (but 
not HI antibodies) to measles virus 
and CSF CPR antibody to vaccinia 
virus were positively related to severi- 
ty of symptoms in patients with MS 
(Mann-Whitney U-test, P < .01 and 
P < .001, respectively). Presence of 
CSF HI antibody to rubella virus or to 
parainfluenza 1 (Sendai) virus (strain 
6/94) was related neither to duration 
nor severity of symptoms. Both dura- 
tion and severity of symptoms were 
related to presence of multiple anti- 
bodies in the CSF ( P  < .01). 

The patients were divided (sepa- 
rately within the combined MS groups 
and within the combined control 
groups) into those with positive CSF 
antibody assays vs those with nega- 
tive CSF antibody assays for each of 
the four assays having the largest 
number of positive cases (HI assays 
for antibody to rubella, strain 6/94 
and measles viruses, and CPR assay 
for antibody to vaccinia virus). For 
each of these CSF assays, the patient 
groups were then compared for the 
following measures: percent of pa- 
tients with CSF oligoclonal IgG 
bands, IgG and albumin concentration 
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I Table 2.-Antibodies in CSF* 

Mufflpie Sclerosis Conholr 

Doflnlt. Probable inflammatory Noninflammatory 

Tlkr nter ntn Tlkr 
No.& I . N o . d  I 3 NO. Of * . NO.Of I 

P b  Maxi- Pa- Maxi- Pa- Mark Pa- Maxi- 
T=tt Umts Median mum thnts Median mum tknts Modlan mum tknta Median mum 

(n = 138) (n = 83) (n = 48) (n = 27) 
Measles, CF 6 2.1 4 5$ 3.2 4 1 32.0 32 3 2.0 2 
Rubella. CF 0 0 0 

Herpes, CF 1 2.0 2 1 2.0 2 1 8.0 8 4 2.0 2 
Varicella, CF 5 2.2 4 0 1 2 .o 2 1 2.0 2 
Cytomegalo- 

virus, CF 0 1 4.0 4 4 2.2 4 3 2.0 2 

Measles. HI 18% 4.9 16 lo$ 2.8 8 2 16.0 32 11 2.3 16 
Rubella, HI 2511 2.4 0 12$ 2.2 128 0 2.2 8 14 2.1 16 
Mumps, HI 2 2 .o 2 1 2.0 2 2 2.8 4 3 4.0 4 
Parainfluenza 

1 (Sendai). 
6/94 13 2.1 4 4 2.0 2 6 2.4 4 11 2.2 4 

Vaccinia. CPR 2111 2.7 64 7 3.4 8 2 2.8 4 10 2.1 4 

(n = 85) (n = 48) (n = 27) (n=l38) 

(n = 81) (n-49) (n = 26) (n = 137) 

'Titers expressed as reciprocals of the dilution. 
tCF indicates complement fixation; HI, hemagglutination inhibition; and CPR, complement-enhanced plaque reduction. 
$Proportion of patients with positive CSF titer > proportion in noninflammatory controls, P < .05. 
!Proportion of patients with positive CSF titer > proportion in noninflammatory controls. P < .01. 
Proportion of patients with positive CSF titer > proportion in noninflammatory controls, P < ,005. 

I Table 3.-Viral Antibodies in CSF I 
No. of Antibodies . %With at % W i t h  at 

Patient Group 0 1 2 3 4 5 S Least 1 Least2 
Definite multiple scle- 

rosis 34. 24 22 4 0 1 0 60t 31t 
Probable multiple 

sclerosis 28 12 4 3 1 0 0 42$ 17 
Inflammatory controls 13 8 2 3 1 0 0 52 26 
Noninflammatory 

controls 103 25 5 1 1 1 1 25 7 I 
*Number of patients with indicated number of antibodies. 
tProportion of patients with MS > noninflammatory controls, P < .001. 
tProportion of patients with MS > noninflammatory controls, P < .01. 

in the CSF, CSF IgGIalbumin ratio, 
and serum antibody titers for the 
analogous assay. Table 5 gives me- 
dians for these measures. Compari- 
sons between groups were computed 
using the Mann-Whitney U-test. For 
all assays, patients with positive CSF 
antibody assays had higher serum ti- 
ters as compared with patients with 
negative CSF antibody assays. This 
was true across diagnostic groups. 
There was no relationship between 
presence of CSF antibody and pres- 
ence of IgG oligoclonal bands in the 
CSF. However, patients with CSF 
antibody had higher IgG CSF levels 
than those without such antibody. 
This was true for all groups except the 
combined MS groups with CSF HI 
antibody to measles virus (trend only, 

612 Arch Neurol-Vol 37, Oct 1980 

PC .08) and the combined control 
groups with antibody to vaccinia virus 
(no effect). Patients with positive 
CSF antibody assays in the control 
groups (but not in the groups with 
MS) had higher CSF albumin values as 
compared with patients with negative 
CSF assays for antibody to rubella, 
strain 6/94 and measles viruses 
(P c .Ol), and 'vaccinia virus (trend, 
PC  .07). Ratios of IgG: albumin fol- 
lowed from the IgG and albumin 
effects described, that is, highest CSF 
IgG-albumin ratios were seen in the 
group with MS with CSF viral anti- 
bodies. 

S6nrm-CSF Antibody Ratios 

The majority of serum-CSF ratios 
for all patients was less than or equal 

to 128, with the exception of ratios to 
measles virus HI antibody in the com- 
bined control groups and in the group 
with probable MS (Table 6). Analyses 
by the Mann-Whitney U-test on the 
three most prevalent CSF antibodies 
(measles, rubella, and vaccinia anti- 
bodies) in the groups with MS showed 
that only the geometric mean ratio for 
antibody to vaccinia virus of the 
groups with MS was significantly low- 
e r  than that of the combined control 
groups (two-tailed P < .05, Table 7). 

Class of Serum Antibodies 

Antibody to measles virus was 
found only in the IgG fractions from 
sucrose gradients. Twenty-one of 
these sera also had antibody to rubella 
virus, 23 sera had antibody to vaccinia, 
and 20 sera had antibody to mumps 
virus. Antibodies to these viruses 
were also confined to the IgG frac- 
tions. 

COMMENT 

Preoccupation of MS research with 
analyses of serum and CSF antibodies 
to viruses stems from the observa- 
tions of Adams and ImagawaI3 on 
elevated serum and CSF antibody ti- 
ters to measles virus in patients with 
M S  as compared with titers in control 
patients. This finding has been 
observed in practically every study of 
patients with MS of this kind.".'% In  
our study also, Serum antibody titers 
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to measles virus were slightly higher 
in the group with MS as compared 
with titers in the control groups (Ta- 
ble l). This result was the only impor- 
tant finding relative to increased 
serum antibody titers in patients with 
MS. Demonstration of serum IgM 
antibody to a specific virus is taken as 
evidence for a current infection with 
that virus. Haire et all6 and Pille et all' 
reported IgM antibody to measles 
virus in the serum but not in the CSF 
of some patients with MS. The pres- 
ence of rheumatoid factor in sera can 
cause false-positive IgM reactions for 
viral antibodies." However, Haire e t  
al considered this problem eliminated 
in their studies1= by use of unfixed 
infected cells in IFA assays for IgM 
antibody. Our analysis of MS and con- 
trol sera, selected because of high 
antibody titers to measles virus 
(2 1:256), showed that HI antibody to 
measles virus, as well as other viral HI 
antibodies present in the sera, were of 
the IgG class. 

Since the original observations of 

Adams and Imagawa, other viral anti- 
bodies have been detected in the 
CSF.I3 In our study, CSF antibodies tci 
rubella, measles (HI antibody), and 
vaccinia viruses (CPR antibody) were 
more prevalent in groups with MS 
than in the noninflammatory control 
group (Table 2). These three viruses 
have the capacity of invading the CNS 
and precipitating disease, and, thus, 
the potential for involvement in MS 
pathogenesis. 

Comparison of presence of CSF 
antibodies with clinical findings indi- 
cated there was no strong relationship 
between duration of symptoms and 
any of these antibodies, a finding also 
noted by Miyamoto e t  who stud- 
ied measles and vaccinia virus CSF 
antibodies. Severity of symptoms was 
positively related to CPR CSF anti- 
body to vaccinia virus and to CF  CSF 
antibody to measles virus, but not to 
HI CSF antibody to either measles or 
rubella viruses. Miyamoto et all8 
reported CSF antibody to measles and 
vaccinia viruses most often in the 

Table 4.-Association of CSF Antibodies of 
Different Viral Specificities* 

No. of Palents 

Negatlve Positive ,$ P 
HI Antlbody to Measles Virus 

HI antibody to rubella virus Negative 81 ' 16 3.2 .07 
Positive 25 12 . . .  . . .  

HI antibody to vaccinia virus Negative - 84 18 1 .o NS 
Positive 20 8 . . .  . . .  ~~ 

CPR Antibody lo Vacclnla Vlnrs 
HI antibody to rubella virus Negative 80 16 4.11 .05 

*HI indicates hemagglutination inhibition; CPR, complement-enhanced plaque reduction. This is 
for individual patients with multiple sclerosis (MS) and patients with probable MS. 

chronic progressive form of MS as 
compared with the relapsing-remit- 
ting form of the disease. Similarly, 
Cendrowski et all" found higher CSF 
antibody titers to measles virus in 
patients with a malignant course of 
the disease. 

One reason for performing these 
serologic studies was that identifica- 
tion of antibody synthesis in the CNS 
might provide a clue to persistent 
virus(es) with pathogenetic impor- 
tance in MS. Clarke et a12" suggested 
evaluation of serum/CSF antibody 
ratios for determination of local anti- 
body synthesis. With an intact blood- 
brain barrier (BBB), ratios of 300 or 
greater are reported." Norrby et al" 
considered less than 160 to be subnor- 
mal. We have used a ratio of less than 
or equal to 128 as subnormal. By that 
criterion, the majority of patients 
with CSF antibody in both the MS and 
control groups had reduced ratios with 
all the viral antibodies tested. Excep 
tions were the ratios to measles virus 
of the group with probable MS and the 
combined control groups (Table 6). 
The geometric mean serum/CSF anti- 
body ratio to vaccinia virus was the 
only ratio that was significantly lower 
in groups with MS than in control 
groups (Table 7) and was the only one 
that was reduced in close to lOO?k of 
the patients with MS and such anti- 
body (Table 6). This is an unexpected 
finding. Both measles and rubella are 
prevalent, wild diseases in our society, 
whereas the main source of stimula- 
tion of antibody to vaccinia virus 
would be through vaccination, a prac- 
tice in general use until recently. Oth- 
ers have also reported CSF antibody 
to vaccinia virus in patients with MS 
in the United States,2z but not from 

I Table 5.-Comparison of Medians of Various CSF Measures With Presence or Absence of CSF Antibody* I 
Presence oi CSF Antibody, mg ProtelnldL 

K Ralo Median U Ralo Medlan 
Podtlve I&/ Serum Posltlve 1gGl Serum 

Absence ot CSF Antlbody, mg ProtelnldL 

-Yt N Bands IgG Albumln Albumln Tlt.Tf N Bands IgG Albumln Albumln Tltar 
Rubella. HI MS 37 74 7.2$ 22.5 0.385 245 101 74 4.6 20.0 0.21 91 

Controls 14 21 5.311 26.9 0.18 36211 126 8 2.8 18.5 0.1 5 74 
Parainfluenza 
(Sendai). 
6/94. HI Ms 17 88 8.111 23.8 0.27 315 121 72 4.7 19.0 0.22 63 

Controls 11 18 6.2% 24.55 0.19 322 129 9 2.8 18.5 0.16 58 
Measles, HI MS 28 81 6.4 17.2 0.32 512 110 72 5.0 20.0 022  83 

Controls 11 18 7.611 42.511 0.16 645 129 9 2.8 17.6 0.15 68 
Vaccinia, CPR MS 28 93 6.511 17.3 0.3611 148 110 69 4.6 21.0 0.21 43 

Controls 10 20 3.7 29.3 0.13 181 130 9 2.8 18.5 0.16 48 

*Antibody titers expressed as reciprocals of dilution. 
?HI indicates hemagglutination inhibition; MS. multiple sclerosis; and CPR. complement-enhanced plaque reduction. 
$Patients with antibody in CSF higher than patients without antibody in CSF (Mann-Whitney U-test). P c ,001. 
#Patients with antibody in CSF higher than patients without antibody in CSF (Mann-Whitney U-test). P e .05. 
IlPatients with antibody in CSF higher than patients without antibody in CSF (Mann-Whitney U-test). P e .Ol. 
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FranceZ3 where vaccination on individ- 
uals beyond the age of 12 years is not 
generally practiced but where MS is 
quite common. If vaccinia virus plays 
a role in the pathogenesis of MS, a 
decrease should become apparent with 
time, since vaccination has been dis- 
continued for the most part in the 
United States as well as in most other 
countries. 

A disquieting observation to the 
theory of local CSF antibody synthe- 
s.sli.L' was the close correlation be- 
tween the height of the serum titers 
and the presence of the corresponding 
antibodies in the CSF (Table 5). This 
observation has been made by other 
investigators.16.21 25.z6 To further ex- 
amine the relationship between serum 
antibody titers and presence of anti- 
body in the CSF, we determined the 
number of patients with serum anti- 
body titers in the top fifth of their 
respective distribution for rubella, 
strain 6/94 and measles viruses (HI 
assays), and for vaccinia virus (CPR 
assay). Fifty-one percent, 42%, 42%, 
and 37% of these patients had anti- 
body present in their CSF for each 
virus. This was at least double the 
percentages in the entire study, indi- 
cating that CSF antibody does tend to 
mirror high serum antibody titers but 

that patients with high serum titers 
do not necessarily have antibody pres- 
ent in their CSF. 

I t  would be expected that the higher 
the serum titer, the more likely the 
passage of the antibody into the CSF, 
particularly in the presence of any 
damage to the BBB. On the other 
hand, higher serum titers indicate 
more active antibody production by 
systemic lymphoid tissue. Antibody 
per se need ,not necessarily be passing 
the BBB in increased amounts, but 
rather programmed antibody forming 
cells could be passing an intact BBB, 
attracted there by chemotactic sub- 
stances produced by the CNS tissue of 
patients with MS. Since these cells are 
already producing antibody, they may 
continue to do so in the CNS. By 
repeated recruitment of such antibody 
producing cells from the periphery, 
levels of CSF antibody would remain 
elevated. 

An assay for the condition of the 
BBB is the determination of the CSF 
IgG/albumin ratio. In our patient 
sample, 73% of the MS group and 33% 
of the group with probable MS had 
elevated CSF IgGlalbumin ratios, 
whereas the concentration of CSF 
albumin was within normal limits. 
These results suggest that in these 

Table 6.-lncidence of Reduced Serum/CSF Ratios' 

Multlple Sclerosis (MS) Combined 
(%) M S  Comblned 

. Gmum Control 
Virus TOW M n l t e t  Probable (%j Gmup.(%) 

Rubella HI 17/25(68) 9/12 (75) 26/37 (70) 14/22 (64) 
Vaccinia CPR 19/21 1901 7/7 (100) 26/28 (93) 10/12 (83) 

, I  . I  ~. I .~ ~, 
Measles HI 11/17 (65) 4/10 (40) 15/27 (56) 6/13 (46) 
Parainfluenza 1 (Sendai). 
6/94 HI 7/12 (58) 214 (50) 9/16 (56) 12/17 (71) 

Cytomegalovirus CF . . . (0) 011 (0) . . . (0)  617 (86) 

'Ratio of 5 128 considered to be a reduced ratio. With two exceptions, ratios for all other viral 

tHI indicates hemagglutination inhibition; CPR. complement-enhanced plaque reduction; and CF. 

$Number of patients with ratio 5 128/total number of patients with indicated CSF antibody (% of 

antibodies in Table 2 were 5 128. 

complement fixation. 

ratios s 128). 

patients the BBB was intacLz' Since 
the only source of albumin is the liver, 
CSF albumin must be from the blood. 
With a damaged BBB, both serum 
IgG and albumin would be expected to 
pass, and the CSF concentration of 
albumin should also be elevated, as 
was the case with the majority of 
control patients having CSF antibody 
(Table 5). The only other explanation 
for the relative increase in CSF IgG 
would be selective transport from the 
blood, a mechanism that has not as yet 
been documented. 

The finding that most distinguished 
patients with MS from control pa- 
tients in this portion of our study was 
the presence of one or more viral 
antibodies in the CSF regardless of 
their specificity (Table 3). Presence of 
multiple antibodies was related to 
both duration and severity of s y m p  
toms. Analysis of the likelihood of a 
patient with MS having certain com- 
binations of viral antibodies showed 
no strong relationship between HI 
antibodies to measles and rubella 
viruses or between CPR antibody to 
vaccinia virus and HI antibody to 
rubella virus or to measles virus (Ta- 
ble 4). Miyamoto et a l "  also reported 
that the frequency of CSF antibody to 
both measles and vaccinia viruses was 
not significantly different from the 
expected chance coincidence. If multi- 
ple CSF antibodies are present in indi- 
vidual patients because of high serum 
titers and nonselective passage of 
antibodies and/or antibody producing 
cells to the CNS through a damaged 
BBB, the pattern of CSF antibodies 
should be the same as the serum anti- 
body pattern. This, in fact, did not 
occur in the present study. A patient 
might have high serum antibody ti- 
ters to three or four different viruses 
and have CSF antibody to none of the 
viruses or to one or more of them. 

An interesting development in MS 
research has been the recognition of 
the oligoclonal nature of the IgG in 
the CSF of patients with MS." Nordal 

Table 7.-Serum/CSF Geometric Mean Ratios* 

Multlpla SClMosls (MS) Coniroi Comblned Groupa 

T W  M n n e  Probable Inflammatory Nonlnfiammatory M S  Controls 
Rubella, HI 87 f 1.47 (25a 64 1.88 (12) 41 * 2.3 (8) 111 f 1.89 (14) 79 * 1.6 77 f 2.12 

Vaccinia, CPR 43 f 1.50 (21) 29 f 1.35 (7) 91 f .71 (2) 97 k .84 (10) 39 f 1.475 96 * .8 
Measles, HI 118 f 1.65(17) 137 * l.W(l0) 64 * 1.41 (2) 187 * 1.2(11) 125 2 1.81 159 f 1.32 

Parainfluenza 1 (Sendai), 
strain 6/94. HI 121 It 1.44(12) 181 f 1.29(4) 64 f .89(6) 136 * 1.45(11) 133 * 1.39 105k 1.36 

'Number of patients wlth CSF antlbOdy. Geometrlc mean ratio 2 SD (SD = f indicated doubling dilutions from mean). 
tHI indicates hemagglutinatlon inhibition and CPR. complement-enhanced plaque reduction. 
$Numbers in parenthesis lndlcate number of patients. 
$Multiple aclerosis c control, two-talled Mann-Whitney U-test. P < .Ol9. 
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et al*' using imprint electroimmuno- 
fixation showed that CSF viral anti- 
bodies were in part oligoclonal. How- 
ever, the oligoclonal bands demon- 
strated by electrophoresis did not 
always coincide with the viral anti- 
body oligoclonal bands identified by 
imprint electroimmunofixation. Some 
antibody bands occurred in positions 
where no IgG bands were seen. The 
conclusion was reached that the major 
part of CSF IgG was not viral anti- 
body of known specificity. Our results 
are in agreement with this conclusion. 
Oligoclonal bands were present in 
about equal proportions of patients 
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with or without CSF-specific viral 
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view that antibody-forming cells from 
the periphery enter the CNS and there 
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memory B lymphocytes enter the CNS 
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some CNS product to produce the anti- 
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