Article abstract—Although the ultimate diagnosis of multiple sclerosis (MS) still remains clinical, confirmatory
laboratory aids can be of marked assistance, especially in early-and atypical cases. Whereas numerous tests have
been described, the only ones to withstand scrutiny in numerous laboratories have been various immunoglobulin
assays and myelin basic protein measurements in the cerebrospinal fluid (CSF). Of the newer assays that are
commercially available and readily adapted to routine clinical laboratory use, the most discriminating are the
production of a CSF IgG:albumin ratio, using an electroimmunodiffusion method, and agarose electrophoresis of
concentrated CSF to demonstrate oligoclonal IgG bands. Together, these assays can be performed on less than 3 ml of
CSF, and will show relatively specific abnormalities in over 95% of clinically definite MS patients. They both detect
abnormalities that frequently occur in the course of disease, and thus add considerable weight to the clinical
impression of MS.
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The diagnosis of multiple sclerosis (MS) is fre-
quently difficult, and some authorities indicate
that it can be made with certainty only at au-
topsy.! Not surprisingly, numerous attempts have
been made to develop a sensitive and reliable di-
agnostic test, and many claims of such a feat have
been published, some of which are quite extrava-
gant. Although many of these tests have failed to
achieve wide acceptance, some may be of diagnos-
tic value with further evaluation. An example of
delayed acceptance of a useful procedure is agarose
electrophoresis of cerebrospinal fluid (CSF) (see
below), which has been widely used in Europe for
over a decade but is just now receiving acceptance
in the United States. Nevertheless, several consis-
tent abnormalities have been detected in MS body
fluids. These have been confirmed repeatedly in
numerous laboratories and can now provide useful
back-up to the clinical diagnosis. Several recent
reviews address this subject, of which the ones by
Tourtellotte,2 Thompson,® and Johnson and Nel-
son® provide a comprehensive overview. This
paper will consider spinal fluid abnormalities

first, and then consider recently described altera-
tions in blood. The CSF changes occur within the
immunoglobulins (quantitative, qualitative, and
antibody abnormalities) or in the abnormal ap-
pearance of myelin basic protein (MBP) and its
fragments.

Cerebrospinal fluid assays. Several widely .,

available CSF measurements indicate abnor-
malities often noted in MS patients. Mgdest in-

creases in the number of leukocytes per cubic mil-
limeter are often observed; however, less than

one-third of patients show this abnormality at any,

ime, and the number of cells is rarely greater
than 50. Between one-third and one-half of pa-
tients with apparently active disease will also
show mild increases in total protein content of
CSF. The most widely used diagnostic indicator
presently available is a relative increase in the
gamma globulin or immunoglobulin (IgG) compo-
nent of proteins, which is usually expressed as a
percentage of total CSF protein. Approximately
two-thirds of patients studied in large series show
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increases above the normal level of 11, although
the percentage rarely exceeds 20. Several routine
methods of measuring gamma or immunoglobu-
lins are available, and they have been compared by
Ansari, Wells, and Vatassery.®? Routine elec-
trophoresis, electroimmunodiffusion, and radial
immunodiffusion methods were found to be
roughly comparable in a series of 44 MS patients
and closely matched controls. Of the three
methods, the most sensitive and most easily per-
formed was radial immunodiffusion, which was
recommended as the method of choice for most
clinical laboratories.

Several investigators have attempted to im-
prove sensitivity by measuring both IgG and al-
bumin to develop an IgG:albumin ratio in CSF or,
in some studies, an index for measuring IgG:al-
bumin ratios in both CSF and serum. Such studies
are of considerable value, for they indicate that the
IgG is frequently elevated out of proportion to the
albumin in the CSF, thus strongly suggesting that
IgG is synthesized within the central nervous sys-
tem (CNS) in the majority of MS patients.3 In sev-
eral large series, such studies provide evidence of
CSF abnormalities in 90% of MS spinal fluids. The
electroimmunodiffusion method described under
various names both by Tourtellotte et al® and
Laurell” allows easy measurement of both IgG and
albumin in a single antibody-impregnated plate.
Reagents for this test are commercially available
in the United States (Antibodies, Inc., Davis, CA),
and it has found acceptance as a diagnostic MS
test. Analyses of ratios between IgG and other
specific CSF proteins have been less widely ac-
cepted, and measurements of single proteins other
than IgG groups have not been useful in the diag-
nosis of MS.

Diagnostically useful qualitative abnormalities
in MS CSF immunoglobulins have been recog-
nized by numerous European investigators includ-
ing Lowenthal, van Sande, and Karcher,? Laterre
et al,® Link and Muller,!® and Vandvik and
Skrede!! for some time. Using either agar or, more
recently, agarose gels and concentrated CSF for
high-resolution electrophoresis, all these authors
have studied an extremely interesting migration
pattern of IgG in which antibody populations
segregate into discrete bands known as oligoclonal
IgG bands. This type of abnormality is evident in
between 85 and 95% of CSF's obtained from clini-
cally definite MS patients.

The pattern is not unique to MS, however, and is
seen in similarly treated CSF from most cases of
chronic CNS infection: neurosyphilis, subacute
sclerosing panencephalitis, progressive rubella
panencephalitis, and many cases of chronic fungal
meningitis. Oligoclonal IgG bands also occur in
CSF in the persistent CNS viral infection of sheep
visna, and have been noted in human CNS
granulomatous angiitis (K. P. Johnson; unpub-

lished data). The demonstration of this abnormal-
ity in the vast majority of MS patients and in a
large percentage of patients with chronic CNS in-
fection has, of course, stimulated intense interest
in such bands as possible clues to the etiology of
MS. Johnson et al'2 have recently described a sim-
ple, commercially available method (Panagel,
Worthington Laboratories, Freehold, NJ) for de-
fining oligoclonal IgG bands in CSF, which is suit-
able for the routine clinical laboratory. It is highly
sensitive and shows distinct abnormalities in ap-
proximately 90% of clinically definite MS patients.
For those wishing more control of the test, the
technique for agarose electrophoresis is relatively
simple, and most clinical laboratories can proba-
bly produce high-quality gels without difficulty.
Commercial protein concentrators are likewise
available and easy to use, allowing rapid 50 to 85 x
concentration of CSF so that the protein content is
approximately that of serum.

Several laboratories have reported successful
application of isoelectric focusing techniques of
concentrated CSF proteins in both polyacrylamide
and agarose gels.!3 Abnormal populations of IgG
can be separated by this technique, and the bands
are usually extremely alkaline, migrating further
toward the cathode than most normal CSF immu-
noglobulins. The number of patients showing this
abnormality is approximately the same as with
agarose electrophoresis; however, there are fewer
atypical or dubious protein banding patterns with
isoelectric focusing techniques. The degree of diffi-
culty and sensitivity of this assay is such that it
probably will not replace agarose electrophoresis
as a basic diagnostic test of MS, but it may be quite
useful when an unequivocal answer cannot be ob-
tained by the other technique. Commercially pre-
pared gels and apparatus for performing isoelec-
tric focusing of CSF are available.14

The combined use of sensitive quantitative
techniques such as electroimmunodiffusion and
qualitative techniques like agarose elec-
trophoresis of concentrated CSF will confidently
show distinct abnormalities in over 95% of clini-
cally definite MS patients. Such abnormalities
are frequently present very early in the disease;
thus, in incipient and atypical cases, they are of
major benefit. Such tests have been highly useful
in sorting out those cases of MS characterized as
chronic progressive myelitis, which occasionally
appear in somewhat older populations.!5

During the last 15 years, it has been repeatedly
shown that titers of viral antibodies are frequently
elevated in MS CSF.18 Although the first an-
tibodies to be detected were to measles, and al-
though most studies detect elevations of measles
antibodies in a larger proportion of patients than
with any other viral antibody, it is possible to
detect elevated titers to rubella, vaccinia, and, at
times, varicella zoster as well.1? This finding has
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excited much interest and study without, unfortu-
nately, leading to a clear-cut understanding of
why such antibodies are there. These studies have
thus far failed to provide a strong link between a
past or persistent viral infection and MS. It was
hoped that the measurement of viral antibodies
would be of diagnostic usefulness in MS; however,
this has not been the case. In an extensive, re-
cently completed serologic study of MS CSF and
serum, we found that antibodies to several viruses
were present in increased titer in MS CSF com-
pared with the CSF of matched controls.!® Never-
theless, when all the viral antibody abnormalities
were combined, they failed to segregate the MS
CSF from control CSF as well as from the presence
of oligoclonal IgG bands.

After the observation by Herndon and Johnson!?
of myelin fragments in the CSF of MS patients
during acute attacks, a search has been made for
more quantitative methods of detecting MBP in
MS CSF. Several investigators2®22 have succeeded
in adapting radioimmunoassays to this task. Such
assays are now relatively well standardized and
are capable of detecting minute amounts of MBP
fragments. The assays require highly specific
antisera and have not been developed to the point
of widespread use in the clinical laboratory. Nev-
ertheless, they show promise of clinical usefulness
in determining recent demyelination or acute new
disease activity in the MS patient. They have not
been used as a basic diagnostic test for the disease,
however.

Blood. All the preceding assays have required
CSF, and a continuing search is being made for a
valid blood test that would allow the diagnosis of
MS to be made without lumbar puncture. Levy,
Auerbach, and Hayes?? have described a rosetting
test in which the increased adherence of
peripheral blood }ym hocytes to measles virus-
infected cells was oun% to be more common in MS
patients than in controls. Since the original report,
others have been unable to confirm the findings or
have found that the test is quite difficult and not
suitable for routine diagnostic application.2425 An
explanation for these conflicting results may pos-
sibly be found in recent work showing that normal
lymphocytes treated with prostaglandin Ei:
showed increased ability to form rosettes with
measles-infected cells,26 whereas treatment of MS
patients with aspirin, which inhibits prostaglan-
din effects, reduces their ability to form rosettes.2?
Although this interesting series of experiments
shows continued promise, the use of peripheral
blood lymphocytes in rosetting tests has not yet
been standardized for clinical application.

Quite recently, Angers et al?8 described a leuko-
cyte adherence inhibition assay as a possible diag-
nostic test for MS. This assay “measures a decrease
in the ability of leukocytes to adhere to a glass
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surface when exposed to antigens to which the
leukocytes have been sensitized.” The test is spe-
cific for MS according to the initial report; how-
ever, larger numbers of controls with various
neurologic diseases must be tested, and confirma-
tion by independent laboratories will be necessary
before it can be evaluated adequately.
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