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Iin the last years many different automated systems
for the measurement of proteins in serum, urine and
cerebrospinal fluid have been introduced by various
manufacturers. The methods which were mainly based
on immunonephelometric and immunoturbidimetric
techniques gave rather different results, especially be-
cause the reagents, protein standards and controls
used in the assays were not properly standardized [1].
International reference materials for plasma proteins
are “theoretically” available through the World

. Health Organization, but the calibrants produced by

diagnostic manufacturers differed significantly in their
assigned values [2].

Recently. the situation concerning the measure-
ment of plasma proteins and the possibility of a better
clinical use has improved substantially because of the
preparation of a new reference material for plasma

i proteins by the Committee on Plasma Protein Stan-

dardization of the International Federation of Clinical
Chemistry (IFCC) [3].

After the release in 1993 in Europe by the Commu-
nity Bureau of Reference of the European Commissi-

1 Behringwerke AG, Marburg

2 Correspondence to: Dr. Francesco Dati, Behrlngwerke AG, Post-
* fach 11 40, D-35001 Marburg. Fax: +49-6421-39-3116

’

“ Presented at the European CSF-Symposium on Recent Pro-
gress in Cerebrospinal Fluid (CSF) and Protein Diagnosis in the
Laboratory Diagnosis of Diseases of the Human Nervous System,

' Topic II, Marburg an der Lahn, September 29 and 30, 1995

| Nonstandard abbreviations: BCR, Community Bureau of Refe-

rence of the European Commission; CAP, College of American
Pathologists; CRM, certified reference.material;IFCC, international
Federation of Clinical Chemistry; RPPHS, Reference Preparation
for Proteins in Human Serum.

©1996 Blackwell Wissenschafts-Verlag, Berlin

on (BCR) of a “Certified Reference Material for Im-
munochemical Measurements of 14 Human Serum
Proteins” (CRM 470) and in 1994 in USA by the Col-
lege of American Pathologists (CAP) of the same ma-
terial as “Reference Preparation for Proteins in Hu-
man Serum” (RPPHS Lot No. 5) an optically clear re-
ference material for 14 proteins in serum is now avai-
lable for world-wide use by manufacturers, professio-
nal organizations and laboratories [4, 5, 6]. In the
meantime, Japanese and Australian institutions have
also accepted this material as reference preparation
for their respective countries. CRM 470 is intended to
be used as a matrix-based reference material for 14
proteins (al-acid-glycoprotein, albumin. al-antitryp-
sin, C3, C4, C-reactive protein, coeruloplasmin, hapto-
globin, IgA, IgG, 1gM, o2-macroglobulin, prealbumin
and transferrin) for transfer of the certified values to
tertiary materials (calibrants and controls) for
immunoassays of proteins in various body fluids via a
well-defined protocol [4].

The serum used for the reference materials was ob-
tained by pooling blood of healthy donors from 5

different countries. The processing of the serum pool

(preservation, stabilization, depilidization, filling and
lyophilization) was carried out by Behringwerke AG
in its manufacturing facilities in Marburg/Germany
[7]. Protocols for value transfer for 14 proteins were
established for immunonephelometry on the Behring
Nephelometer Analyzer (BNA) and for immunoturbi-
dimetry on the Cobas-Bio/Cobas-Fara and Hitachi
704/717 by different reference laboratories in Europe
and USA using international reference preparations
as well as purified proteins. Because a reference me-
thod is lacking, the radial immunodiffusion has been

. used as “consensus method” since it is less influenced

by the matrix and by certain interferring substances.
Preliminary consensus reference ranges for 14 pro-

teins in serum on the basis of the standardization

against the IFCC/BCR/CAP Reference Material
(CRM 470) have been in the meantime established
and accepted by several professional societies and dia-
gnostic companies [8, 9].
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A

satisfactory quality assurance system is essential
in all analytical methods, including CSF analysis.

" Quality must be maintained through the whole series

of events, from the decision to do a lumbar puncture
to the evaluation of the result. Not only a high analy-
tical quality should be maintained but a professional
approach to quality assurance in all these events.

Sampling

- A good sampling technique is important for main-
" taining a high quality. Especially for CSF-IgM, con-
; tamination with serum may yield erroneous results.

Erythrocyte count has commonly been used as an in-
dicator of blood contamination but recent findings
question this statement. Most proteins have a concen-
tration gradient within the spinal canal and therefore
a defined amount of CSF (e. g. 10 ml) should be
collected.

Storage and transport .

CSF should be collected and stored in polypropylene
or siliconized glass tubes in order to avoid adsorption
of proteins to the surface. Cells (i.e. erythrocytes and
leukocytes) rapidly change their shapes after samp-
i ling, and they should be counted not later than 2 h
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after sampling. Malignant cells are more sturdy and
can be sent to special laboratories.

At temperatures below 30 °C IgA and IgM may
form aggregates that can sedimentate and may react
dissimilarly in the assay than free protein. Freezing
and thawing may damage proteins and should therefo-
re be performed rapidly.

Analytical procedure

This part of quality assurance, called Quality Control,
should be applied to all quantitative and qualitative
methods. Every run should contain at least one inter-
nal cortrol. External control samples should be analy-
zed periodically.

Cytological methods. Because of rapid change in
cell morphology after sampling, no satisfactory quality
control method has been developed so far. Efforts
should be made to establish such a program.

Qualitative methods. A qualitative method (e. g. de-
termination of oligoclonal IgG bands) has only two
possible results: “presence” and “absence”. Each run
needs two internal controls, one with a known oligo-
clonal pattern (positive control) and one containing
only polyclonal IgG (negative control).

Quantitative methods. Quality control should detect
both systematic and random errors. Quantitative me-
thods should be calibrated against a reference method,
which in turn is calibrated against a definitive method.
For proteins this means that they should be tracable to
international standards such as CRM 470. Any sys-
tematic deviation from this standard should be known.

Formulae. Formulae are equations where the re-
sults of two or more CSF and serum analyses are com-

. bined. The analytical errors add to each other in a way

that can be deduced mathematically. Different appro-
aches should be considered if the formula includes: (1)
transformations and constants, (2) differences, (3)
quotients, or (4) more than two analytical results. Such
additive effects of analytical errors should be conside-
red when evaluating quality control for formulae.
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Mechanized systems for the measurement of immu-
noglobulin concentrations in cerebrospinal fluid
(CSF) have been introduced by several companies,
however most of them yield varying values of IgG,
IgA, and IgM in CSF and serum samples. Therefore,
different results are expected when an intrathecal
immunoglobulin production is calculated by formulae.
One main cause is that diagnostic manufacturers used
so far calibrants differing significantly in their assigned
values (1,2).

Here exemplary results are compared which have
been obtained by two immunonephelometric systems:
i. Array Protein System (Beckman Instruments
GmbH Miinchen) measuring the rate of increase in
light scatter using Beckman reagents and control
samples;
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ii. Laser Nephelometer BN 100 (Behringwerke AG,
Marburg) measuring its forward-scattered light in a
fixed time mode with reagents (latex-particle-ampli-
fied for IgA and IgM) and control samples from Beh-
ringwerke.

When comparing the results in CSF samples accor-

ding to the procedure of Passing & Bablok [3] no con- .

cordance was found despite of low inaccuracy (< 9%):
Compared with BN 100 data Beckman Array yielded
in average higher IgG values (= 8%). but albumin.

IgA, and IgM ones were lower (= 7%, = 31%, = 45%, |

respectively).

Therefore, both systems were standardized with the
new calibrant CRM 470. 112 paired CSF/serum sam- |

ples were analysed: With BN 100 IgG, IgA, IgM (but
not albumin) contents decreased between 15 and 34%;

with Beckman Array the values deviated around 1 to ;

6%. The variations of immunoglobulin and albumin °
values corresponded to the magnitude of assigned -
conversion factors. for BN 100 and Beckman Array -
(data in parentheses): IgG: 0.85 (0.96); IgA: 0.83 -

(0.99); IgM: 0.67 (0.95); albumin: 1.00 (1.04).
Comparing the CRM 470 corrected values obtained
with both systems in CSF samples, those for albumin.

IgG and IgA ,varied around +10% as can be expected

from the CVs of the two methods. In the correspon-
ding serum samples, however, differences were grea-
ter ranging between 10 and 20%. IgM concentrations
in the same CSF samples measured by Beckman Ar-
ray were distinctly higher than the BN 100 values
(>40%), also in‘the corresponding serum samples up
to 20%. This points to methodical differences.

Intrathecal immunglobulin (Ig) production was cal- ;

culated by two common formulae with non-corrected

and CRM 470 corrected Ig and albumin values of the
112 paired CSF and serum samples: the linear “index”
formula (CSF-Ig/serum-Ig)/(CSF-albumin/serum-al-
bumin) [4, 5] and Reiber’s hyperbolic formula [6] cor-
rected in 1994 [7, 8]: As expected, index values measu-
red by both systems were similar with non-corrected
and CRM 470 corrected values of IgG, IgA, IgM; but

with the hyperbolic formula [7, 8] results with CRM |

©1996 Blackwell Wissenschafts-Verlag, Beriin |
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* 470 corrected values of BN 100 decreased in the mag-
nitude of assigned conversion factors indicated above
when compared with those obtained with non-corr-

* ected values. '

For comparison between BN 100 and Beckman Ar-

ray, the fraction of positive results (intrathecal Ig pro- .

duction) of both formulae, only calculated with CRM
470 corrected values of the 112 paired CSF/serum
samples, are presented here:

IgG index > 0.6: 5 for BN 100; 10 for Beckman Array; -

1gG index > 0.7: 2 for BN 100; 2 for Beckman Array;
1gA index > 0.4: 34 for BN 100; 17 for Beckman Array;
IgM index > 0.2: 7 for BN 100; 69 for Beckman Array.
(Index cut-off values according to [9]).

With the hyperbolic formula (7, 8]:

for IgG >0: 2 for BN 100; 1 for Beckman Array; .
for IgA > 0:19 for BN 100; 15 for Beckman Array;
for IgM > 0: 3 for BN 100; 56 for Beckman Array.

The data indicate distinct differences in the number
of positive results calculated with data from BN 100
and Beckman Array, especially for IgA and IgM.
Range of differences between the 112 BN 100 results
and Beckman Array results calculated by the hyperbo-
lic formula [7, 8] varied from 66.7 to 0.0 mg/l (median:
"+l 5.2) for IgG, from 65.1 to 0.0 mg/l (median: 2.4) for

-1 IgA, from 14.6 to 0.0 mg/l (median: 1.5) for IgM.
.+ Our data indicate different results for the hyperbo-

" lic formula [7, 8] with BN 100 and Beckman Array
probably caused by methodical variations which could
not be eliminated with the new calibrant CRM 470.

Moreover, CSF/serum quotient diagrams also de-
-. monstrate some differences between Qgga, Qigm and
2+ Qugg values calculated with CRM 470 corrected values
..+ from BN 100 and Beckman Array which were greater
-- . than Qajpumin Values (for example, see Fig. 1). Our da-
* ta obtained by two standardized systems with different
: methods do not confirm that CSF/serum quotients

t yield method-independent values [11]. Rather they
<! imply the importance of well defined cut-off values for
both formulae for the decision of an positive intrathe-
cal immunglobulin production as has been discussed
earlier [12]. ) .

In conclusion, the observed differences between im-
munoglobulin and albumin values in CSF and serum
obtained with the Beckman Array system or with the
Behring BN 100 system cannot be completely elimina-
ted by calibration of the immunoassays with the new

methodical variations. Different data lead to variati-
ons in the statistical establishment of cut-off values for
formulae and CSF/serum quotient diagrams to estima-
te an intrathecal immunoglobulin production. Moreo-
ver, uncertainty may increase by imprecisions of the
immunoglobulin and albumin measurements (CV
<10%) which add to each other in both formulae to
CV <£25% which are higher than reported [10]. There-

Nonstandard abbreviations: CSF, cerebrospinal fluid; CRM, cer-
tified reference material.
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Fig 1 CSF/serum quotient diagrams with hyperbolic functions 7.
8] for the ratios between Qigg, Qiga, Qigm, and Qap calculated with
immunoglobulin (Ig) and albumin (Alb) contents of CSF and serum
samples measured by the Array Protein System Beckman (o) and
the BN 100 system Behringwerke (¢) after calibration with CRM
470. Although no analytical errors are indicated (cf. [10] Fig. 1,
area 5) Qiga, Qigm (and Qugc) values differed between both systems
to a higher extent than Qay, ones probably caused by methodical
variations. The deviations cannot be compensated by cut-off
values of an intrathecal Ig fraction £10% [10]. Thus CSF/serum
quotient diagrams, statistically established [6, 7], do not yield

_method-independent result.
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fore, new reference values for IgG, IgA, IgM, and al-
bumin have to be established for CSF (as in serum
[13]) as well as new cut-off values for the formulae and
CSF/serum quotient diagrams when CRM 470 is used
as the calibrant.

Acknowledgement

This work was supported by the Bundesminister fiir
Bildung, Wissenschaft, Forschung und Technologie
(BMFT) with MEDWIS-Vorhaben Az: 103/1.

References

1. Baudner S. Stand und Perspectiven der Standardisierung der
immunchemischen Plasma-Protein-Bestimmung - Kritikpunkte /
Anspriiche. Lab med 1991:15:461-9.

2. Baudner S. Etablierung einer neuen Referenz-Priparation fiir
Plasmaproteine. Interim Serum Reference Preparation for Plasma-
proteins (ISRP, Lot No.91/0619 - IFCC-Projekt). Mitt Dt Ges Klin
Chem 1991;22:253-61.

3. Passing H, Bablok W. A new biometrical procedure for testing
the equality of measurements from two different analytical me-
thods. J Clin Chem Clin Biochem 1983:21:709-20.

4. Delpech B. Lichtblau E. Etude quantitative des 1mmunoglobu—

308 _ J Lab Med 1996; 20 (5) : 306-308

lins G et de I'albumine du liquide cephalo-rachidien. Clin Chim Ac-
ta 1972;37,15-23.

§. Link H, Tibbling T. Principles of albumin and IgG analysis in
neurological disorders. II. Evaluation of IgG synthesis within the
central nervous system. Scand J Clin Invest 1977;37:397-401.

6. Reiber HO. Felgenhauer K. Protein transfer at the blood cere-
brospinal fluid barrier and the quantitation of the humoral immune
response within the central nervous system. Clin Chim Acta
1987;163:319-28.

7. Reiber HO. Flow rate of cerebrospinal fluid (CSF) - a concept
common to normal blood-CSF barrier function and to dysfunction
in neurological diseases. J Neurol Sci 1994;122:189-203.

8. Reiber HO. The hyperbolic function: a mathematical solution
of the protein flux/CSF flow model for blood-CSF barrier function.
A reply to the letter by S. Ohman (J. Neurol. Sci.
126(1994)240-242). J Neurol Sci 1994;126:243-45.

9. Kleine TO. Nervensystem. In: Greiling H, Gressner AM, edi-

tors. Lehrbuch der Klinischen Chemie und Pathobiochemie. Stutt-
gart, New York: Schattauer 1989:860-93.

10. Reiber HO. Die diagnostische Bedeutung neuroimmunologi-
scher Reaktionsmuster im Liquor cerebrospinalis. Lab med
1995;19:444-62.

11. Reiber HO. External quality assessment in clinical neurochemi-
stry: survey of analysis for cerebrospinal fluid (CSF) proteins based
on CSF/serum quotients. Clin Chem 1995;41:256-63.

12. Kleine TO, Hackler R, Schlenska GK, Hase HL, Rytlewski D.
Zur Evaluierung der intrathekalen Immunglobulin-Produktion. Lab
med 1991;15:193-203.

13. Thomas L. Neue Normalbereiche fiir 14 Serumproteine. Dtsch
Arztebl 1995;92:B-1742.




, ,

European CSF Symposium

Qualitative versus Quantitative Analysis in the Detection
of Intrathecal Synthesis of Immunoglobulins*

Qualitative versus quantitative Analyse bei der Bestlmmung einer intrathekalen

Immunglobulinsynthese*

E. J. Thompson1.2

Keywords: Antibody Affinity; Cerebrospinal Fluid
Proteins/analysis; ~ Immunoglobulins/cerebrospinal
fluid; Nervous System Diseases/cerebrospinal fluid.

Schliisselworter: Antikdrperaffinitdt; Liquorprotei-
ne/Analytik; Immunglobuline/Liquor cerebrospinalis;
Neurologische Erkrankungen/Liquor cerebrospinalis.

here is now a clear international consensus that

isoelectric focusing followed by immunofixation
for IgG is the preferred method for detection of local
synthesis and thus aid the diagnosis of multiple sclero-
sis [1]. Qualitative analysis of CSF and serum IgG/al-
bumin is more relevant in following the effects of va-
rious therapies or in studies of prognosis. Various ma-
thematical formulations have been proposed but the
best expressions are clearly non-linear. This is especi-
ally true for the larger molecules of IgA and mostly
IgM. Some investigators have fractionated dimeric
IgA electrophoresed IgM and/or sieved free light
chains to derive additional information about their lo-
cal synthes:s

This mini-review will deal more with the principles
which should guide comparisons, rather than indulge
in the various disagreements which have divided this
area. The comparison of qualitative versus quantitati-
ve analysis of CSF is analogous to the comparison of
diagnosis versus follow-up_of various neurological di-
seases.

The qualitative analysis of the IgG patterns revea-
led after separation by isoelectric focusing and visuali-
sation by immunostaining of the heavy chains with
IgG, has revealed a consensus of 5 patterns.
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The ability to recognise the systemic immune re-
sponse has important relevance to the question of dif-
ferential diagnosis, especially in the case of the “grea-
ter than™ pattern, which can be a useful indicator for
infection, although it is also seen in patients with mul-
tiple sclerosis (where it may be related as a “trigger”
phenomenon and/or intercurrent infection). On the
other hand. the “mirror” pattern has a much wider dis-
tribution, as seen in Table 1 [2].

There is an important area in which the combinati-
on of qualitative analysis and quantitative analysis can
once again provide initial information and that is in
the question of affinity of antigens or their antibodies,
namely is it specific or non-specific [3]. This technique
involves the use of the chaotropic ion sodium thio-
cyanate in increasing concentrations, which effectively
dissociates antigen bonds in ELISA plates. We have
also applied the thiocyanate technique to nitrocellul-
ose antigen blots. Although it has been well described
that patients with multiple sclerosis have antibodies
against measles and rubella, herpes zoster and other
antigens (e.g. mumps and herpes simplex), we found
‘that these antibodies are easily dissociated by low con-
centrations of sodium thiocyanate, and thus represent
non-specific, low-affinity binding. In patients with in-
fections of the nervous system, on the other hand, the

Table 1 Isoelectric focusing patterns among patients
with various neurological diseases: Percentage of “mirror”
(*) and “greater than” (>) patterns.

* Diagnosis >
14 Infection 29
18 Autoimmune 9
16 Neoplastic 2
5 Paraneoplastic 4
16 Guillain-Barré Syndrome 0
18 Peripheral Neuropathy 0
2 MS ; 57
5 Vascular 0
5 Degenerative 0

= same no. of bands in CSF and serum;
> = more bands in CSF than in serum.

J Lab Med 1996; 20 (5) : 309-310 309
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specific antibodies to the infective agent in question
require much higher concentrations of sodium thio-
cyanate to be dissociated, and indeed some antibodies
persist even in the highest concentration of 5 mol/l so-
dium thiocyanate. It is also relevant that the antibo-
dies against an unrelated antigen, (e.g. measles antibo-
dy in the case of herpes simplex encephalitis) are also
of low affinity, as in the multiple sclerosis patients.
This may thus reflect part of the primitive “anamne-
stic” response, which is initially displayed when a for-
eign antigen invades the body.

In conclusion, qualitative analysis and quantitative
analysis can be complementary, but it is important not
to confuse the purpose for which they are applied, nor

310 _ J Lab Med 1996; 20 (5) : 309-310

indeed the mathematical manner in which they have
been manipulated.
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Isoelectric focusing (1EF) and IgG-specific antibody
staining is the most sensitive test for cerebrospinal
fluid (CSF) IgG oligoclonal bands detection. Unfortu-
nately, sometimes very weak bands appear and results
are doubtful. Light chain immunostaining increases
sensitivity reducing background. Two different techni-
ques have been proposed to make the procedure ea-
sier: (A) multiple PVDF blotting on the same agarose
gel; (B) different antibody staining on the same blot-
ted PVDF using chemiluminescence. We tested 30
IEF runs (about 300 CSF and serum samples) with
both techniques and compared the results. Multiple
blotting consisted in two consecutive 3 and 20 min
blottings and IgG staining on the first paper and x or A
staining on the second one. Multiple staining on 1 h

. blotted paper consisted in a first IgG peroxidase-che-
- miluminescent staining on X-ray film and, after enzy-

me inactivation, a second k or A chemiluminescent
staining. Our results point out that multiple blotting
give changeable outcome as sometimes one of two pa-
pers appear “foggy” or difficult to stain, probably due
to incomplete PVDF binding. Multiple staining, war-
ranted by 1 h blotting, give results and absence of
carry over. In our experience mainly IgG-\ bands are
hidden by IgG-k background. So we suggest in case of
doubtful routine 1gG results a second \ immunostai-
ning. —
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In this study we performed a CSF analysis in 44 HIV-
1 infected patients (29 males, 15 females) belonging
to Group IV of the Center for Disease Control Classi-
fication of Atlanta: Group IVA: 1; Group IVB: 10;
Group IVC1: 31; Group IVC2: 2. CSF cell pleocytosis
was found in 25% of the patients, increase of CSF
protein and IgG concentrations in 55% resp. 82%,
blood-brain barrier damage in 64% (induced by op-
portunistic infections), and a high IgG index in 43%.
CSF oligoclonal bands (OB) were detected by agaro-
se isoelectric focusing (IEF) with silver staining or
with IgG specific immunoblotting (IB) and peroxida-
se staining in 41%, resp. 73% of the patients, while se-
rum OB was demonstrated in 16%, resp. 41%. A
“mirror” pattern was found in 7%, resp. 20% of the
patients and a “local synthesis” plus “mixed” patterns
in 32%, resp. 48%. The data indicate IEF with immu-
noblotting to be more sensitive (and specific) than
IEF with silver stainig. Our results regard only HIV-1
infected patients at the late state of the disease mainly

‘with primary and secondary neurological manifestati-

ons and a decline of the syst¢émic humoral response;
they are in accordance with the literature data.
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Nach isoelektrischer Fokussierung in Polyacrylamid-
gelen und Silberfarbung wurden 2151 Serum/Liquor-
Paare auf oligoklonale Banden untersucht. Es fanden
sich (n=714) Banden nur im Liquor, (n=43) mehr Ban-
den im Liquor, (n=63) gleiche Anzahl von Serum- und
Liquorbanden, mehr Banden im Serum (n=4) und nur
Serumbanden (n=2). Eine Korrelation von Banden im
Serum mit einer bestimmten Krankheit konnte nicht
nachgewiesen werden. Bei gleich vielen Banden im Li-
quor und Serum fand sich nur ein Patient mit Multip-
ler Sklerose, bei mehr Banden im Liquor handelte es
sich in 63% der Fille um eine Multiple Sklerose (MS).
- MS-Patienten mit hauptsichlich Liquorbanden hat-
ten meistens eine intrathekale IgG-Produktion bei in-
takter Schrankenfunktion. Bei Patienten mit gleich
vielen Banden im Liquor und Serum war fast nie eine
intrathekale 1gG-Produktion nachweisbar und die
Schrankenfunktion in der Hilfte der Fille normal. -
Bei der MS ist zu vermuten, daf eine hohe intratheka-
le 1gG-Produktion mit dem Ubertritt von Banden ins
Blutserum einhergeht. Diese sind mdglicherweise mit
verbesserten immunologischen Firbungen hé4ufiger
nachweisbar als bisher. Wenn gleich viele Banden im
Liquor und Serum auftreten, handelt es sich um ande-
re Krankheiten als die MS; auch der Bandenursprung
scheint ein anderer zu sein, zumal fast nie eine in-
trathekale IgG-Produktion nachweisbar und héaufig
die Schrankenfunktion nicht gestort ist.
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The demonstration of the presence of intrathecal syn-
thesis of immunoglobulins as oligoclonal bands (OB)
in cerebrospinal fluid (CSF) is considered to be impor-
tant as an aid to diagnose multiple sclerosis (MS) and
other neurological diseases. We used the
PhastSystem™ equipment for detection of OB in the
CSF. Separation was performed by isoelectric focusing
(IEF) on polyacrylamide gels, pH 3-9. After separati-
on proteins were visualized with silver staining accor-
ding to the manufacturer’s instructions or transferred
electrophoretically (25 mA, 100V, 1h) to nitrocellulo-
se membranes (pore size 0.45 ym) with PhastTransfer
equipment. After immobilisation of the proteins and
blocking with Tween 20, membranes were incubated
with antibody against B-chains of immunoglobulins
conjugated with horseradish peroxidase and detected
with DAB (diaminobenzidine). For silver staining we
used concentrated CSF (15 mg/l IgG) and unconcen-
trated CSF for immunoblotting. We tested CSF of
patients with clinically defined MS (n=29) according
to the Poser criteria. In all cases IgG index was normal
(<0.7). OB were present in 24 patients (83%) with sil-
ver staining and in 27 patients (93%) when we used
the immunoblotting technique.

Conclusions:

i. Detection of OB in the CSF PhastSystem is easily
performed in routine diagnosis process of CSF.

ii. Immunoblotting method with PhastTransfer equip-
ment increases sensitivity of detection of OB and
allows the characterization of antigens as well as anti-
bodies.

iii. Phast Transfer is a microtechnique which needs
small amounts of CSF, antibodies, and other chemicals
and takes relatively shorter time for complete analyses
than conventional methods.




