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Comprehensive Viral Immunology of Multiple Sclerosis 
I. Clinical, Epidemiological, and CSF Studies 
Kenneth P. Johnson, MD; William H. Likosky, MD; Barbara J. Nelson, MS; George Fein, PhD 

0 EpldMldagkal, clinkal, and CSF 
data were collected on 87 patlenb wlth 
clinically definite multlple scleroris (MS) 
and 50 with probable MS. As part of a 
study of immundogk reactivity to vlral 
antigens, a control group separated into 
26 patients with probable inflammatory 
neural disease and 140 with noninflam- 
matory neural disease was similarly stub 
id.  Among the groups with MS, females 
predominated and both Oriental and 
Spanish surnamed patients were under- 
represented. The spinal cord, optic 
nerves, and brainstem were the mort 
common rites of initial disease and more 
than 20% of the patients had only cord 
symptoms alter several years of dlsease 
activity. Of several CSF assays used, 
determination of oligoclonal IgG band. by 
agarose electrophoresis WM most useful 
diagnostically. 

(Arch NeurOl37:537-541,1980) 

T h e  possibility that multiple sclero- 
sis (MS) is related to a past or 

persistent viral infection remains val- 
id even though almost two decades of 
intense investigative effort have 
failed to establish such a linkage.' All 
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of the repeatedly confirmed informa- 
tion supporting such a relationship is 
serologic,' providing only indirect evi- 
dence. Viral isolation attempts, ultra- 
structural study, and viral genome 
searches have failed to give convinc- 
ing, reproducible evidence of viral 
presence in tissues of patients with 
MS. 

FW editorial comment see p 535. 
- 
The viral serologic studies reported 

thus far have usually studied the host 
response to only one or a few anti- 
gens, often in a somewhat genetically 
restricted population, such as studies 
from Scandinavia." Many have as- 
sayed only serum and very few have 
used newly developed, highly sensitive 
methods, such as radioimmunoassay 
(RIA). Most have not correlated 
humoral with cellular immunologic 
abnormalities. 

The study presented in this commu- 
nication and in two reports to be 
published in the ARCHIVES'.5 was 
designed to investigate serologic ac- 
tivity to a number of viral antigens in 
a clinically well-characterized, geneti- 
cally heterogenous population. Ra- 
dioimmunoassay as well as standard 
serologic methods were used to assay 
antibodies in both serum and CSF. 
The serologic studies were correlated 
with a number of epidemiological, 
clinical, and CSF findings in an effort 
to find a unique combination of abnor- 
malities that could define the patient 
with MS and focus on causal possibili- 
ties. Future reports will describe cellu- 

lar immune reactivity to viral anti- 
gens in the same population. 

This article defines clinical and epi- 
demiological features of the popula- 
tion with MS and the control popula- 
tion and describes CSF changes. The 
following two will describe 
the serologic abnormalities noted in 
serum and CSF. Some preliminary 
information on CSF abnormalities".' 
and viral serologic changesR in this 
population has been published. 

SUBJECTS AND METHODS 

The study was designed to identify and 
study patients with clinically definite MS, 
probable MS, or selected neurologic control 
diseases from the diverse ethnic population 
of the San Francisco Bay Area. 

The conditions of all patients were com- 
pletely evaluated by a clinical neurologist 
at one of several hospitals in the San 
Francisco area: the Veterans Administra- 
tion Hospital (adults, primarily men), the 
University of California Hospital (a major 
regional referral hospital), the San Fran- 
cisco General Haspital (a public county 
hospital with a largely indigent popula- 
tion), the Kaiser Hospitals of Northern 
California (nine urban and suburban hospi- 
tals in a prepaid medical group), or one of 
two military hospitals (service persons, 
dependents, and retirees). Most patients 
were followed up for 18 to 36 months after 
lumbar pundure and were reassessed 
throughout this period for changes in diag- 
nosis. The diagnosis of clinically definite or 
probable MS was made by the attending 
neurologist with the use of published cr i te  
ria.* Control patients were between the 
ages of 15 and 70 years and had a neuro- 
logic disease other than MS and were 
undergoing lumbar puncture. The control 
p u p  was divided into those with a proba- 
* 
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ble inflammatory condition (Table 1) aRd 
those with noninflammatory CNS disease. 

Data were obtained on onset and dura- 
tion of disease, degree of disability, and 
pattern of symptom development in the 
groups with MS by chart review and physi- 
cian questionnaire. Prevalence of familial 
MS was ascertained as well as predominant 
racial background when possible. A special 
effort was made to identify Japanese 
patients.10 White patients with a Spanish 
surname were identified and were either 
Mexican or Filipino,When possible, the 
patient's birthplace and its latitude were 
determined. 

The degree of malignancy of disease, ie, 
the amount of disability in relation to 
duration of disease, was estimated by mul- 
tiplying the disability level by duration. 
Disability was rated as 1 for no residual 
disease, as 2 if patients had mild residual 
but could work at their regular occupation, 
as 3 if patients could perform activities of 
daily living but could not work regularly, 
and as 4 if severely incapacitated. Duration 
of disease was scored by arbitrary inter- 
vals, 0 to 3 years rated 5, four to six years 
rated 4, seven to nine years rated 3, ten to 
15 years rated 2, and over 15 years rated 1. 
Thus, the score indicating the most malig- 
nancy possible, ie, severely incapacitated 
within three years, was 20. 

Cerebrospinal fluid cell counts and total 
protein levels were measured by standard 
techniques and IgG was measured by rou- 
tine electrophoresis. Oligoclonal IgG bands 
were a-ssed in concentrated CSF by aga- 
rose electrophoresis with commercial rea- 
gents as previously described." In 197 
patients from the various diagnostic 
groups, serum and CSF albumin and IgG 
levels and ratios were determined by pre- 
viously described methods.' This number 
was considered to be a random sample of 
the entire study group. 

Complete clinical, epidemiologic, and 
CSF data was not obtainable on every 
patient; however, all available data were 
used in computing the results that follow. 
All patients gave a formal written consent 
form prior to entry into the study. 

RESULTS 
EpMemlologlc flndlngr 

The age distribution of the various 
diagnostic groups studied is given in 
Table 2. The mean age of the control 
populations is 43 years, whereas that 
of the combined group with MS is 39.8 
years (Pc .05). Although the Veter- 
ans Administration Hospital and the 
military hospitals might be expected 
to contribute primarily male patients 
to the study, nevertheless women pre- 
dominated in the combined MS defi- 
nite and probable groups (57.0% 
female), whereas in the combined con- 
trol groups, males were more frequent 
(43.7% female). This difference is sig- 
nificant at  the P < .05 level. 

Because of the significant differ- 
ences between the group with MS and 
the control p u p  by both age and sex, 

- 

Table 1 .-Diagnosis of Control Patlents Wlth Inflammatory-Conditions 

~ O f C s F  
tgG knd Form. - No. WHh Ikndr/TaW 

GuillainBarra syndroma 016 
Possible muro8yphills, reactive m u m  FTA-AS3 113 

Acute viral enceph@ltls. CPWB unknown 013 
Probable cerebral vaaculitk 212 
Subncute sclerosing panencephalitis 111 

Chronic progressive peripheral neuropathy, nonfamilkl 
Carcinomatosis meningitis 0/1 
Acute bacterial cerebritis 011 

Harada disease 011 
Hydrocephalus. previous mumps meningitis 011 
CNS sarcoidosis 011 
Coccidioidal meningitis 1 I 1  
Benign aseptic meningitis 0/1 

ataxia. cause unknown 1 /1 
Progressive multifocal leukoencephalopathy 0/1 

1 11 

Chronic encephalitis and retinitis, possible Vogt-Koyanagi 

Recurrent peripheral neuropathy. progressive cerebellar 

Varicella with acute cerebellar ataxia 
T W  7/26 

0/1 

k 

Table 2.-Diagnostic Groups by Age 

Age GWP, v 
M.gnos.tlc Qrwp (N) 10-29 30-40 2 50 Moan 

Multiple sdermis, definite (87) - 21 45 21 40.9 
Multiple sclerosis, probable (50) 14 28 8 37.9 
Control, inflammatory (26) 6 4 16 47.0 
Control, noninflammatory (140) 30 62 48 42.3 

~ 

Table 3.-Racial Composition of Groups Studied 

R- 

white - 
Spanlrh Surname 

flldno Wexican Other Black Orlental 
Multiple sclerosis; definite (81) 0 1 74 6 0 
MutUp(e sclerosis; probable (45) 2 0 43 0 0 
Control inflammatory (24) 1 0 21 1 1 
Control noninflammatory (1 29) 3 4 106 10 6 

a 5 2.. 17 7 

we examined sex and age by diagnos- 
tic group interactions in each analysis 
reported. This was done to ensure that 
differences between diagnostic 
groups were not an artifact of age and 
sex differences. No differences be- 
tween diagnostic groups in subse- 
quent analyses were due to such sex 
and age differences. 

No attempt was made to collect 
patients in conformance with the 
racial distribution of the San Francis- 
co Bay area. Table 3 indicates the 
racial distribution by diagnostic 
groups and also the land of origin of 
those with Spanish surnames. Ethnic 
background data were not available 
on 27 of the 303 patients in the entire 

study; however a review of their sur- 
names showed that none had Oriental 
names, whereas two control patients 
had a Spanish name. Thus, there were 
no major errors in the racial distribu- 
tion of the groups with MS. The one 
Mexican patient with MS was born in 
California of Mexican parents. The 
mean latitude of the birthplace of the 
groups with MS was significantly 
more northerly (38.6", n 115) than that 
of the mntrol groups (36.4O, n 123) 
(P < .E). 
The prevalence of familial MS in 

both immediate and distant relatives 
was determined by direct questioning 
and it was found that five of 73 (6.8%) 
patients with clinically definite MS 
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Table 6.--Multiple Sclerosis Groups by Temporal Pattern of lWnese 

P d ( w n d  
No.8(Ephod.. Mseass AcWIy 

c 

i 2 a > s -  In w11.d. Tow 
Definitemultiplesclerosis 0 3 12 30 11 31 87 - 
Probable multiple sclero8ki 10 22 1 0 8 9 59 

*Both episodic and progressive pattern. 

and three of 40 (7.5%) patients with 
probable MS knew of other family 
members with the disease. Three of 
103 (2.9%) control patients for whom 
information was available were re- 
lated to patients with MS. 

Cllnical Findings 

The group with definite MS, as 
expected, was much more severely 
involved than the group with probable 
MS. Of the 87 cases with clinically 
definite MS, seven had no disability 
whereas 18 were severely disabled. 
Among 50 patients with probable MS, 
13 were free of disability and none 
were severely disabled. The duration 
of illness was analyzed for both of 
groups with MS (Table 4). Using the 
malignancy score described in the 
"Methods" section, it was possible to 
rank the patients in the combined MS 
groups (N = 137) on a scale of 1 to 20, 
with 20 being the most involved. For- 
ty-nine patients had a score of 1 to 6, 
70 had a score of 6 through 10,15 had a 
score of 11 through 15 and 3 had a 
score of greater than 16. 

I t  was of interest to determine the 
anatomic site first affected by a clear- 
ly defined neurologic lesion in both 
groups with MS. In addition, they 
were analyzed for the sequential 
spread of CNS disease activity by the 
time of entry into the study. Table 5 
shows that the spinal cord, the optic 
nerves, and the brainstem were the 
most fmquent sites of initial disease. 

The pattern of development of 
lesions among the two groups with MS 
was determined and is given in Table 

%. Although episodic disease was the 
most common pattern among the 
group with definite MS, nevertheless, 
only progressive involvement was not- 
ed in 11 of 87. MOQ than one tbird of 
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the patients began with episodic dis- 
ease that later became insidiously pro- 
gressive. To determine how active the 
disease process was at study entry, 
the time of the most recent symptom 
was recorded. In the group with defi- 
nite MS, of 87 patients, 34 had an 
episode within one month (40%), 11 
had an episode within six months 
(12%), and 42 had noted no specific 
new symptom for more than six 
months (48%). Among 50 patients with 
probable MS, 17 had new disease with- 
in one month (%%), 12 within six 
months (24%), whereas 21 reported no 
new activity for over six months prior 
to study entry (42%). 

CSF Changes 

Routine CSF analysis for cells, total 
protein level, and IgG% was per- 
formed on most patients and is given 
in Table 7. The I&% level of 12 is 
perhaps slightly high, however it was 
used because of the minor variation in 
upper limits of normal reported by the 
various cooperating hospitals. 

The IgG and albumin levels and 
IgG/albumin ratio were determined 
on 197 CSF specimens by immunora- 
dialdiffusion. Table 8 shows that the 
CSF albumin levels were not signifi- 
cantly different between the various 
patient groups. In contrast, the CSF 
IgG and the IgG/albumin ratio both 
showed significant increases in IgG of 
the group with definite MS in compar- 
ison with the noninflammatory con- 
trol group. 

In addition, the IgG/albumin ratio 
was analyzed in 37 of the noninflam- 
matory control patients (benign dis- 
ease group), chosen because they prob 
ably had no CSF abnormality, ie, 
patients with chronic idiopathic epi- 
lepsy, psychological reactions, mild 

. . ,  .~. 

Table &-Frequency of 
. Locallzed Anatonic Sympboms 
at Onset of Multiple Scleroois 

?le. .t NO. ai 

onwr eAcr 
26 4 -- 
65 31 

7 
wd- 
Brain d.cn n 
Cerebellum 12 0 
HemlSphWiC 10 1 
Mixed 3 94 
Tobl la7 137 

m- (ibrdy 
~ -& 

' 

lumbar disk disease, etc. Their CSF 
IgG/albumin ratios were normally 
distributed with a mean of 0.15; only 
five (15%) of those subjects had ratios 
above 0.20. These normative results 
were in agreement with those sup- 
plied by Hyland Laboratories, Costa 
Mesa, Calif.Il Using a lower-limit 
ratio of 0.20, it was found that 73% of 
the group with MS, 33% of the group 
with probable MS, 46% of the inflam- 
matory control group, and 20% of the 
noninflammatory control group had 
elevated IgG/albumin ratios. The ab- 
normal IgG/albumin ratio was then 
compared with multiple other vari- 
ables in the group with MS, such as 
sex, age, age at onset of disease, dura- 
tion of disease, disability, and malig- 
nancy score. No strong statistical cor- 
relation was found between these 
variables and an elevated IgGIalbu- 
min ratio. The finding of a normal 
mean CSF albumin level in all groups 
indicates that there is probably no 
consistent breech of the blood-brain 
barrier in any of them. In contrast, 
the elevated IgG amount and the 
increased IgG/albumin ratio, especial- 
ly in the group with definite MS, is 
good evidence for local CNS synthesis 
of IgG. Other authors have also indi- 
cated that the relative increase of IgG 
i n p e  CSF is evidence of CNS synthe- 
sis of the IgG." 

All CSF and serum specimens were 
analyzed for oligoclonal IgG bands 
with the use of commercial reagents 
to concentrate and separate the CSF 
proteins by agarose electrophoresis. 
Table 9 gives the number of CSF and 
serum specimens with bands in each 
of the diagnostic groups. In addition 
to the large number of patients with 
MS and bands, seven (26%) of the 
inflammatory control patients also 
had this abnormality. The diagnosis of 
these patients is indicated in Table 1. 
Among the noninflammatory con- 
trols, 13 (9%) showed CSF bands; their 
diagnosis is noted in Table 10. Among 
this group, males predominate and 
they are older (mean age, 53 years) 
than any of the major diagnostic 
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Table T.-Patients With Abnormalities by Standard CSF Assays 

C I  ABMy, % 

C** TOM prob.lnt wa 
M.gnotlC Grow (nl 39 61 

33 
26 w m p t i v e  multiple sclerosis (39) 35 
42 61 

Inflammatory control (26) 33 14 
5 NoninflammatorY control (1 8) 

Multiple sckrods (78) 34 43 

- 
*More than 5/cu mm. 
tPatients with more than 40 mgldL. 

greater than 12% of total CSF protein level. 

I Table 8.-CSF Albumin, IgG Values, and Ratio in Patient Groups I * 
Moan Albumin. Mean w, 

mg/dL CSF mQldL Mean lgGlAlbumh 
(SO) CSF (So) Ratio (SD) 

0.31 (0.15)' Definite multiple sclerosis (39) 20.7 (9.1) 6.0 (3.2). 

4.7 (2.2)t 0.20 (0.08)z Probable multiple sclerosis (26) 26.1 (12.1) Control inflammatory (16) 20.9 (13.0) 4.7 (4.9) 0.23 (0.21). 

Control noninflammatory (92) 22.6 (13.2) 3.6 (2.2) 
Sobgroup of 4 (37)1 25.8 (16.01) 3.6 (2.5) 0.15 0.4 

*Significantly greater than nohinflammatov control group, @< .05. 

$Significantly greater than noninflammatory control group, P < ,001. 
gNoninflammatory control group with benign neurologic disease. 

Grow (N) 

0.16 (0.07) 

*Significantly greater than noninflammatory control group. P < .01. 

Table g.-presence of CSF and Serum Oligoclonal IgG Band Forms 
in Diagnostic Groups 

- 

Band Forms Band Forms In 
In CSF, sorum. 

Pmsellt/TOlsl(%+) pmsont/Totrl (%+I 
7/84 (8) 
1/44 (2) 

7/26 (26) 4/26 (15) 

4/127 (3) 

Multiple sclerosis 70/86 (81) 
Probable multiple sclerosis 29/48 (Bo) 

Inflammatory control 
Noninflammatory Control 131138 (9) 

b 

I Table 10.-Diagnosis of Noninflammatory Control Patients 
Showing Oligoclonal IgG Bands in CSF 

C..a/Age, yr/sCx M.gnOslS* 

1 /52/M 
2/53/M 
3/58/F 
4/62/F Progressive spastic paraparesis 
5/69/F No neurologic disease-positive FTA-ABS 
6/72/M No neurdogic disease--positive FTA-ABS 
7/45/F No neurologic disease-poSitive FTA-ABS 
8/28/M Transient right psrep0reS)s. 
9/69/M ALS vs benign fascicubtbns 

~ e t t  frontal lobe infarct by CT scan, seizures 
CA larynx, progressive cerebeilar ataxia 
Progressive left hemiparesis-CT scan negative 

10/55/M 
11154/M 
12/20/F Maachromatfc leukodystrophy 
13/60/M Progressive supranuclear palsy 

Multiple brainstem episodes. vascular dlsease? 
Right leg TIA. left carotid Stenosis 

. *CT indicates computerized tomographic; CA. carcinoma; ALS, amyotrophic lateral sclerOSk. 

and-TIA. transient Ischemic attack. 

groups in the study. Bands were noted 
in the serum in a few cases and were 
almost always in an identical electre 
phoretic position to those in the CSF. 
Certain qualitative observations could 
be made about the band patterns. 
They tended to be most distinct in the 
CSF of inflammatory control patients 

540 Arch NeuroCVol37, a p t  1980 

with known chronic infections, such as 
subacute sclerosing panencephalitis 
(SSPE) and meningeal coccidiomyco- 
sis. In oeeasional patients, very dense 
bands were sometimes noted, ie, one 
patient with probable cerebral vaseuli- 
tis and one patient with unknown 
neurologic disease characterized by 

_- 
recurrent periphera1 neuropathy and a 
progressive cerebellar disorder. The 
band pattern seemed to be unique for 
each patient, ie, the number, position, 
and density of bands were different 
for each individual. 

An analysis was made of the rela- 
tionship between presence of the 
bands and elevated IgG% in CSF. Of 
interest, 17 patients with clinically 
definite MS with normal IgG% still 
showed CSF bands, whereas four had 
IgG elevations without CSF bands. 
Seven patients with probable M S  had 
CSF bands but normal IgG% and two 
had an IgG elevation without bands. 

COMMENT 

This study was designed to identify 
multiple differences between patients 
with MS and controls, including 
immunological reactions to viruses. 
Information concerning viral immu- 
nologic abnormalities in these study 
populations are presented in the fol- 
lowing two articles'? and in other 
reports.s The epidemiological and clin- 
ical information, collected to verify 
the diagnosis, is also important how- 
ever, for it confirms or suggests 
trends that have become increasingl) 
important in the search for a cause of 
the disease. The onset of MS in young 
adult life is again confirmed as is thc 
preponderance of disease in women 
This is of interest for such referra 
sources as the Veterans Administra 
tion and military hospitals would haw 
been expected to contribute more me1 
to study. Men were, in fact, morc 
common in the control group. 

The racial composition is also i1 
conformance with emerging trends in 
MS. Oriental patients were absenl 
from both groups with MS ever 
though the San Francisco Bay are: 
contains one of the largest Orienta 
populations outside of Asia and thc 
collaborating referral hospitals can 
for a considerable number of Orienta 
patients. Increasingly, precise studie 
in Japan continue to document th 
infrequency of MS in that country,' 
the only one in Asia with adequat 
incidence data. Three patients wit 
Spanish surnames, one Mexican an 
two Filipinos are included in the con 
bined MS groups. The Mexican pi 
tient was, in fact, born and raised i 
northern California. The disease 
rare in Mexico; an informal study k 
J. Gomez PIascencia, MD (oral comml 
nication, Feb 5, 1979) noted appmx 
mately ten cases of SSPE for eve] 
case of MS in Guadalajara, Mexic 
Recent studies of MS among Spanis 
surnamed persons in Californ 
showed a low incidence overa 

Multiple Sclerosis-Johnson et 

rlthough the r; 
xrsons born 
parents but rz 
[or persons bo 
(primarily in I 
to California.' 
to suggest tha 
tor must play 
pathogenesis 4 

The clinical 
presents diffil 
practicing net 
sis was seriot 
the patients ii 
for periods o 
three years. si 
ate disability 
ingly be plac 
definite MS. 

4%) of the j 
id had sym 
?ars prior t 
'able 4). Tat 
robable pat 
oted two or 
Igic dysfuncl 
we course I 

attern of di 
iagnosis COI 
nade by the 

The onset c 
pinal cord in 
with MS (Tal 
)rising for f 
miinstem ar 
>act areas 4 

iem yelinatin 
to produce s: 
3f 137 patier 
the study, w 
symptoms fa 
time, still ha! 
ed to the SF 
lave also not 
,itis, especia 
be a speciali 

In light of 
at a convinc 
MS, the usc 
become incrc 
include var 
sponses, bul 
ies of CSF. 1 

CSF are of 
the additio~ 
determinat j 
dence of ri 
early and' a 
of this stud 
shown thal 
levels from 
with M S  'H 
methods f i  

and CSF 
used. Altha 
agarose e 
strate oligc 
and more 

Arch Neura 



The $4 
ie for :* 
,ition, 
erent . 

rela- 
f the 
;F. Of 
lieally 
6 still 

had 
bands. 
IS had 
id two 
bands. 

lentify 
atients 
Eluding 
riruses. 
immu- 

3 study 
the fol- 
I other 
.nd clin- 
t verify 
nt  how- 
uggests 
2asingly 
cause of 
n young 
as is the 
women. 
referral 

ninistra- 
mld have 
iore men 
ct, more 

I also in 
trends in 
e absent 
dS even 
Bay area 
Oriental 
and the 

tals care 
: Oriental 
je studies 
ment the 
country,'" 
adequate 

ents with 
Kican and 
1 the eom- 
xican pa- 
, raised in 
disease is 
I study by 
a1 commu- 
d approxi- 
for every 

a, Mexi- 
g Spanish- 
California 
e o v d ,  

,. 

3hfwDnstll 
5 

' i 
, 7 '... - 

although the rate was much higher for 
persons born of Spanish surnamed 
parents but raised in CaliforniA than 
for persons born and raised elsewhere 
(primarily in Mexico) prior to moving 
to Calif~rnia. '~ These studies continue 
to suggest that an environmental fac- 
tor must play an important role ia the 
pathogenesis of MS. 

The clinical diagnosis of MS stili 
presents difficulties to well-trained, 
practicing neurologists." The diagno- 
sis was seriously considered in all of 
the patients in the probable MS group 
for periods of observation of one to 
three years. Some patients had moder- 
ate disability yet could not convinc- 
ingly be placed in the group with 
definite MS. Likewise, nearly half 
(44%) of the group with probable MS 
had had symptoms for four or more 
years prior to entry into the study 
(Table 4). Table 6 indicates that of 50 
probable patients with @!, 23 had 
noted two or more episodes of neum- 
logic dysfunction, eight had a p r o p s -  
sive course and nine had a mixed 
pattern of disease yet a firm clinical 
diagnosis could not comfortably be 
made by the attending neurologist. 

The onset of symptoms of M S  in the 
spinal cord in nearly half of the groups 
with MS (Table 5)  is perhaps not sur- 
prising for the cord along with the 
brainstem and optic nerves are com- 
pact areas of white matter where 
demyelinating lesions are more likely 
to produce symptoms. Of interest, 31 
of 137 patients a t  time of entry into 
the study, when they often had had 
symptoms for considerable periods of 
time, still had clinical disease restrict- 
ed to the spinal cord. Other studies 
have also noted that progressive mye- 
litis, especially in older patients may 
be a specialized form of 

In light of the difficulty in arriving 
at a convincing clinical dfagnosis of 
MS, the use of laboratory tests has 
become increasingly important. These 
include various sensory evoked re- 
sponses, but more importantly, stud- 
ies of CSF. Although routine assays of 
CSF are of considerable aid (Table 3, 
the addition of oligoclonal IgG band 
determination" provides further evi- 
dence of MS (Table 9) especially in 
early and atypical cases. In a portion 
of this study reported earlier,' it was 
shown that more than 95% of CSF 
levels from clinically definite patients 
with MS were abnormal if sensitive 
methods for both oligoclonal bands 
and CSF IgG/albumin ratios were 
used. Although both tests are of value, 
agarose electrophoresis to demon- 
strate oligoclonal IgG bapds is simpler 
and more likely to show abnormab- 

thes. 
The biological importdnce of C S F  

digwlonal IgG bands in YS is still 
unknown. In cases of chronic neuro- 
logic infection, the band forms repre- 
sent primarily antibodies to antigens 
of the infectious agent.' Attempts to 
adsorb out bands from MS-CSF with 
common viral antigens has largely 
failed' indiesting that the bands are 
probably directed against other, un- 
known antigens. The demonstration 
of oligoclonal bands represents proba- 
bly the most sensitive laboratory 
assay for MS presently available, 
especially if chronic neurologic infec- 
tion can be ruled out. When multiple 
viral antibodies in CSF and serum 
were determined: i t  was found that 
no combination of viral antibody teste 
cwld improve on the diagnostic sensi- 
tivity of oligoclonal IgG bands' 
8988ys." 

The presence of CSF IgG bands in 
some patients with known inflamma- 
tory CNS disease is of interest. We 
have studied CSF from more than 30 
patients with SSPE and progressive 
rubella panencephalitis and all show 
distinct bands. Bands also appear in 
CSF of some proved cases of cerebral 
granulomatous angiitis with a biopsy 
specimen and are useful in monitoring 
immunosuppressive therapy. We have 
not been able to confirm the presence 
of bands in CSF of patients with the 
Guillain-Barre syndrome, however 
(Table l ) . ~ ~  

Bands were also noted in 13 (9%) 
noninflammatory control patients, 
however (Table 10). Some of these, for 
instance patients 3, 4, 8, and 10, could 
have atypical forms of MS; however, 
this was considered unlikely by the 
collaborative neurologist. Three, pa- 
tients 5,6, and 7, were free of neuro- 
logic disease but had a positive serum 
FTA-ABS test for syphilis. In another 
study,?" we noted that one third of the 
patients with a positive serum FTA- 
ABS test but free of neurologic s y m p  
toms or other CSF abnormalities, still 
had IgG bands in CSF. The impor- 
tance and usefulness of this finding in 
identifying patients with potential 
n e u d  syphilis is under study. The 
noninflammatory control patients 
with IgG bands were older than others 
in that group and were predominantly 
male. Perhaps, a more focused study 
of CSF changes in relation to age 
would be informative. 

(This is part 1 @a three-part series.) 
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