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Abstract

The diagnosis of multiple sclerosis is based on dissemination in time and space. Before
2010 lack of evidence for dissemination in space could be substituted by a paraclini-
cal test, cerebrospinal fluid (CSF) oligoclonal bands (OCB). The present meta-analysis
(13,467 patients) shows that the diagnostic specificity of OCB drops from 94% to 61% if
inflammatory etiologies are considered. Importantly, this was not caused by poor labo-
ratory practice. This review on CSF OCB further illustrates the conceptional problem
of substituting dissemination in space with a biomarker. The potential prognostic value
of intrathecal OCB will need to be tested prospectively.
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1. Introduction

Evidence of intrathecally-produced immunoglobulin G (IgG) was used from around
1954 as an additional diagnostic test for multiple sclerosis (MS).5® Stringent brain imag-
ing criteria can demonstrate dissemination in space (DIS) with such accuracy that an
additional CSF examination is not necessary.”* A debate followed on the value of cere-
brospinal fluid (CSF) analysis in general.?>748893 Two aspects of this debate have to
be considered, one is focused on the potential utility of CSF analysis in general and
the other on the specific value of OCB for a set of diagnostic criteria aimed to optimise
early sensitivity and specificity. The relevance of a state-of-the-art general CSF analysis
for the differential diagnosis of MS has been extensively reviewed.®%?3 In contrast, the
present review and meta-analysis is solely focused on intrathecal oligoclonal IgG synthe-
sis in MS. The review starts with a discussion of the basic biology and pathophysiology
of intrathecal oligoclonal IgG synthesis. This short and pragmatic neuroimmunological
review prepares the ground for a meta-analysis on the diagnostic value of CSF oligoclonal
bands (OCB) in MS. The review closes with a revision of the potential prognostic value
of the test.

2. Methods

Search strategy and selection criteria. A systematic review of the literature was con-
ducted on all CSF studies in MS since publication of the first consensus report recom-
mending the use of IEF for qualitative analysis of intrathecally-produced IgG in MS? be-
tween 1994 and October 2011, including manuscripts published ahead of print and confer-
ence abstracts irrespective of language using Pubmed, EMBASE, Medline, Web of Science
and the Cochrane Register of Diagnostic Test Accuracy Studies using the search terms:
multiple sclerosis, MS, cerebrospinal fluid and CSF. From 2164 studies identified, 2115
were excluded either because they were reviews, did not include a control group, were
not performed in adult humans, did not perform analyses of oligoclonal bands or IEF as
recommended in the original consensus guidelines,? did not specify how a diagnosis of MS

was made or because missing data could not be obtained from the authors by email con-
tact. A total of 49 studies were included.3:5:8:10-12,17,19-22,26,29-31,34,38,41,42,44-46,49,51,52,55,56,61,63,64,66,69,71,76,81,82,8-

Statistical analysis. The data analysis used the Cochrane Collaboration’s Review Man-
ager software package (RevMan5) following the guidance of the Diagnostic Test Accuracy
(DTA) Working Group. The meta-analysis of the diagnostic accuracy was performed us-
ing a hierarchical summary receiver-operating characteristic (HSROC) model in SAS
(version 9.3).89

3. What is intrathecal oligoclonal IgG synthesis?

The immune system requires B-cells to produce IgG. In the central nervous system
(CNS) B-cells reside in the meninges and parenchyma.?®%3 Importantly, only a small
number of B-cell clones are present in the CNS.”” Therefore any intrathecally-produced
IgG can only ever be oligoclonal. Clonally-expanded B-cells from the CSF were shown to
be the source of matching CSF IgG.2:%5 Readily distinguishable IgG bands seen on IEF
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are called “oligoclonal bands” (OCB).>* The practical points to remember about OCB
are summarised in Synopsis 1.
SYNOPSIS 1 — Five keys to intrathecally-produced IgG

e In normal CSF all IgG comes from the blood by passive diffusion

In normal CSF and serum IgG is polyclonal

Oligoclonal bands in blood give a mirror pattern in CSF

Intrathecal (local) IgG synthesis is present when there are bands in the
CSF that are not visible in the serum

Oligoclonal bands are (generally) a sign of pathology

4. What are the target antigens for intrathecally-produced IgG?

Intrathecally-produced IgG has been used in an attempt to identify aetiologically
relevant antigens, but to date this has not been successful in MS.

Of the many candidate antigens studied, myelin-associated lipids have been found
to be present most consistently?”?® (and references therein). Analysis of recombinant
IgG1 antibodies from single CSF plasma blast clones suggests that about 27% of the
antibodies are directed against lipid complexes which frequently contain sulfatide.® The
pathological significance of this finding remains speculative.

5. Is the pattern of intrathecally-produced oligoclonal IgG preserved in MS?

Most studies report that the OCB pattern in MS, once established, remains stable
over time!%15:50:103 (and references therein). Only a minority of studies reported se-
quential changes of the OCB pattern such as more bands, less bands or change of band
intensity during the course of MS.427:57:90 A very recent report demonstrated that OCB
disappeared in 12/73 (16%, p<0.003) of patients between a baseline lumbar puncture
and a later lumbar puncture after treatment with natazilumab was started.33

6. How specific is intrathecal oligoclonal IgG for MS?

Any process triggering a B-cell response may lead to the presence of IgG in the CSF.
Diseases known to produce an intrathecal oligoclonal IgG response are summarised in
Table 1.

7. Poor analytical quality triggers the development of international guidelines

It was suggested that one problem arising from the worldwide introduction of in-
trathecal IgG analysis for MS diagnostics was a loss of analytical quality.*’ The reported
frequencies of CSF OCB in MS ranged from 45% to 77%. A diagnostic sensitivity of
45% is clearly not acceptable, therefore panel recommendations for CSF analysis were
developed.?? These consensus criteria also spell out the relevance of standardised general
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Table 1: Diseases in which intrathecal oligoclonal IgG has been re-
ported.?5811,19-22,26,54,49,64,71,76,81,84,99-102  RRMS = remitting relapsing MS, SPMS = secondary
progressive MS, CIS = clinically isolated syndrome, CNS = central nervous system, NMO = neu-
romyelitis optica, ADEM = acute demyelinating encephalomyelitis, LETM = longitudinal extensive
transverse myelitis, SLE = systemic lupus erythematosus, BIH = benign intracranial hypertension,
GBS = Guillain-Barré Syndrome.

MS type Autoimmune Inflammation Other
RRMS SLE Neurosyphilis Paraneoplastic disorders
SPMS Behcet’s disease Neuroborreliosis Aseptic meningitis
PPMS Neurosarcoidosis HIV infection Cerebral tumors
CIS Sjogren’s syndrome Herpes viridae Cerebral lymphoma
NMO Morvan syndrome Chlamydia Vertigo
ADEM Anti-NMDA encephalitis Neurotuberculosis Alzheimer’s
LETM Anticardiolipin syndrome HTLV myelopathy Prion disease
Autoimmune encephalopathy  Schistosomiasis Migraine
Stiff-man syndrome Cerebral cysticercosis Syncope
GBS CNS vasculitis BIH

CSF analyses as a basis for the interpretation of the IEF findings (Synopsis 2). Good
clinical selection and a standardised CSF analysis help to minimise pre-analytical pitfalls
leading to false-positive or false-negative CSF OCB results.

SYNOPSIS 2 — General CSF examination

e CSF cytology:

— A high red blood cell count (5 x 10/L to 7 x 10%/L) in the absence
of bilirubin (assessed by spectrophotometry%®) suggests a traumatic
tap. This may render other quantitative tests uninterpretable

— A slightly raised white cell count (> 5 x 10°/L) may be found in up
to 34% of patients with MStourtellotte1985779

— A high white cell count (> 50 x 10°/L) is unusual in MS

e CSF total protein: a very high CSF total protein content (> 1 g/L)
suggests an infectious or neoplastic process.

e CSF/serum albumin quotient: allows assessment of the integrity of the
blood-CSF barrier and is the basis for quantitative models of intrathecal
immunoglobulins

e CSF glucose: the CSF /serum ratio should be >0.4; a lower ratio suggests
an infectious process??

o CSF lactate: an increase in CSF lactate (> 2.4 nmol/L) is unusual in MS
and may suggest mitochondrial pathology, ischaemia or infections



Buffer A

Figure 1: The physics of IgG IEF. More negatively-charged IgG molecules (composed of more negatively-
charged amino-acids) migrate further to the anode (®) and less negatively-charged IgG remains closer
to the cathode (©). For high quality resolution a smooth pl gradient is essential.

8. Analytical aspects

Analytically, electrophoresis was the first technique which permitted to accurately
distinguish different proteins in the human CSF. An important limitation of the method
was the poor sensitivity requiring large amounts (about 70 mL) of CSF.3” Major ad-
vancements were made with the introduction of isoelectric focusing (IEF, see Figure 1)
on agarose gels followed by immunoblotting.?® At present only about 2-4 uL of CSF are
required for detection of OCB.%3

Until recently, many laboratories relied on in-house developed tests which carried a
number of analyticaal challenges, ranging from the preparation of the gels and buffers
to the immunoblotting. With the availability of commercial tests following consensus
guidelines standardisation became easier. Some of the key pitfalls remaining are line-
artifacts due to pl gradient which is not smooth, which can give the false impression of
matched bands between CSF and serum. Typically these artifacts are seen across the
entire gel. Likewise, a very high concentration of IgG in one sample may “leak” across the
gel into the adjacent samples. As a general rule the use of positive and negative quality
control samples and participation in a quality control program will help to identify some
of these problems.

9. Quality control

For optimal results, standardised protocols are mandatory. These protocols should
specify the key steps from sample acquisition, sample handling and analysis to sample
storage.78’88

In the United Kingdom an external national quality assessment service (UK NEQAS)
documented the analytical accuracy of reporting of OCBs since 1996. At time of writing
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Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity

UK NEQAS 2008 245 12 9 241 0.96[0.93, 0.98] 0.95 [0.92, 0.98] L] -
UK NEQAS 2009 243 7 22 254 0.92[0.88, 0.95] 0.97[0.95, 0.99] - L
UK NEQAS 2010 271 S5 6 275 0.98[0.95,0.99] 0.98 [0.96, 0.99] L] L]
UK NEQAS 2011 177 4 14 182 0.93[0.88, 0.96] 0.98[0.95, 0.99] a2 .

bttt 1
0020406081 0020406081

Figure 2: Forest plot of the analytical accuracy of reporting CSF OCB from 114 laboratories participating
in an external quality control scheme (data kindly provided by UK NEQAS, 12.10.2011).

there are 114 participating laboratories and electronic records were available from 2008.
Most frequently the Sebia assay was used, followed by the Helena assay and in-house
methods,? with only a minority using the Phadia, Webb Scientific or Diasorin meth-
ods. Taken together, the analytical sensitivity ranged from 92-98% and the analytical
specificity from 95-98% (Figure 2). In conclusion, an almost perfect inter-laboratory
agreement can be expected.

Likewise, a Spanish study on the reporting of OCBs found the inter-laboratory agree-
ment between the 19 participating laboratories to be almost perfect (kappa >0.8).!

10. What are the OCB patterns?

For a qualitative technique such as IEF, pattern recognition is crucial. An example
of typical IEF OCB patterns on agarose gels with immunoblotting is shown in Figure 3.
It was suggested that the observed patterns be designated as “Type 1”7 to “Type 57.23
For didactic reasons, mnemonics are used in Synopsis 3 to summarise these patterns.
SYNOPSIS 3 — Classification of CSF OCB patterns.

e Normal: no bands in CSF and serum (type 1%%)

e Local: oligoclonal bands in CSF but not in the serum, indicative of
isolated intrathecal oligoclonal IgG synthesis (type 223)

e Mirror: identical oligoclonal bands in CSF and serum, indicating a sys-
temic rather than an intrathecal immune reaction where oligoclonal bands
are passively transferred into the CSF (type 4%3)

e Mirror plus: oligoclonal bands in the CSF and additional identical oligo-
clonal bands in CSF and serum samples, the space between bands is
irregular (type 322)

e Mirror steps: monoclonal bands in the CSF and serum sample seen
in the presence of a paraprotein (monoclonal IgG component), spaced in
symmetric steps (type 52%)

e Artifact: bands caused by pre-analytical or analytical problems

10.1. Interpretation of the OCB pattern

A normal test result (Type 1) does not always exclude pathology and may be found
very early in the disease course, as illustrated in Figure 4. At the first lumbar puncture
6



this patient fulfilled the diagnostic criteria for a CIS and at the second lumbar puncture
for clinically definite MS.

Local synthesis: oligoclonal bands are present in the CSF but not in the serum (Type
2). This pattern is observed in patients with MS. As mentioned above, OCBs are also
seen in a number of other diseases, with Table 1 likely to be incomplete.

The interpretation of the mirror patterns (Types 3, 4 and 5) is more complex and
relies on additional information from the general CSF examination (Synopsis 2). One
needs to consider systemic inflammation with or without additional local IgG synthesis.??
Mirror steps (Type 5) indicates the presence of a monoclonal gammopathy.

(A) serum |
CSF pmm—
(B) serum |
S CSF ] |
C
© Serum IR |11
csr NIRRT | | 111]
(D) Serum I ||| |

() e serum NN
s csr NN

(F) Serum
’ csF NN

Figure 3: The OCB patterns shown are (A) normal (no evidence for intrathecally-produced oligoclonal
IgG, Type 1), (B) local synthesis (Type 2), (C) a mirror plus pattern (more bands in the CSF compared
to the serum, Type 4), (D) a mirror pattern (equal number of matched bands in CSF and serum, Type
3), (E) mirror steps (monoclonal bands, Type 5), (F) an artifact?> Shown is the original photograph to
the left and an illustrative, high contrast sketch to the right of the image.

11. What happens to CSF monoclonal bands?

Monoclonal CSF bands are rare. The differential diagnosis includes clinically-definite
MS, probable MS, CIS, SLE, paraneoplastic syndrome, vascular disease, encephalitis, pe-
ripheral neuropathies, superficial siderosis, torsion dystonia, lymphoma and lymphoma-
toid granulomatosis within or adjacent to the nervous system.%'6°? In one study, a
repeat lumbar puncture demonstrated that all patients who developed clinically-definite
MS also showed evidence of intrathecal IgG synthesis in the second CSF sample.6
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Figure 4: The CSF in a patient presenting with CIS who showed no evidence of intrathecal IgG in 2004
but developed oligoclonal IgG bands in 2005.

12. CSF bands: to count or not to count?

The hypothesis behind counting bands is that a higher number of bands may be of
prognostic or diagnostic value. Some investigators found more than 10 bands in the CSF
to be of high diagnostic specificity for MS.8 Others found that the absence of OCBs in
the CSF of patient with MS was a good prognostic sign*®105 (and references therein). In
contrast, two studies did not find any relationship between the presence and number (or
absence) of CSF OCB bands and either disease progression or MS subgroups (RR, SP,
PP disease).3%43

There are conceptional and methodological problems to be considered in counting
bands. Firstly, the number of bands may not be a true reflection of the number of
relevant B-cell clones. In order to address the biological relevance of OCBs, the number
of clones producing the bands may turn out to be more relevant than the number of
bands present. Secondly, clonally-expanded intrathecal B cells can appear before OCBs.
This may explain why some patients only develop OCBs during the course of their disease
(see reference!®® and Figure 4).

13. What information can CSF light chains add?

A single B-cell clone can only express either kappa or lambda light chains. Because
kappa is rearranged first, it is quantitatively the dominant light chain in the human body.
Therefore the kappa light chain (free and bound) is found more frequently in the CSF
than lambda. In practice, immunoblotting for kappa/lambda light chains is helpful in
the following situations:

e to decide whether IgG is monoclonal when “mirror steps” are seen. Monoclonal
IgG only stains for one light chain.

e if it is uncertain whether or not very faint bands are present.

e in cases of “negative staining” (looking very white) at the beginning of the blot
(towards the cathode). This may be due to IgM which is not picked up by the IgG
staining, and kappa/lambda can be of help.



14. What information can CSF IgM add?

As in any immune-response, IgM levels increase in the serum and CSF before IgG
develops. Detection of CSF oligoclonal IgM bands is possible using IEF.?> An analytical
drawback is that the pentameric IgM antibodies need to be dissociated for IEF and the
association to single-cell clones is therefore lost. As with IgG, IgM is not specific for
MS but is also found in other inflammatory CNS diseases.”® It has been suggested that
oligoclonal CSF IgM is of prognostic relevance in MS.?”

15. What is the diagnostic value of intrathecally-produced IgG in MS?

15.1. Meta-analysis — part 1

The diagnostic sensitivity of CSF OCB using state-of-the-art methods is reported by
pioneering experts in the field to be above 95%.23:°° This estimate is consistent with the
present meta-analysis of 49 studies?5:810-12,17,19-22,26,29-31,34,38,41,42,44-46,49,51,52,55,56,61,63,64,66,69,71,76,81,82,84-86,89
(11,136 patients) which calculates a pooled diagnostic sensitivity for MS of 93% with a
specificity of 94% (Figure 7A).57 The forest plot (Figure 5) illustrates that the sensitivity
of individual studies ranges from 1.0 (95%CI 0.88-1.00)'°2 to 0.53 (95%CI 0.44-0.63).197
Of note, the majority of studies included healthy controls, patients without neurolog-
ical diseases or patients with non-inflammatory neurological conditions. In reality, MS
is frequently in the clinical differential diagnosis of those conditions listed in Table 1.

15.2. Meta-analysis — part 11

What is the influence of other inflammatory conditions on the diagnostic value of CSF
OCB?. A repeat meta-analysis only considering those patients with MS or other inflam-
matory conditions®?811,19-22,26,34,49,64,71,76,81,84,99-102 (9 3371 patients) shows a reduced
diagnostic specificity of 61% (Figure 6). The change of the specificity level is best appre-
ciated by the rightward shift of the red dot in the HSROC plots (Figure 7 A & B).

15.8. Potential sources of bias

A number of potential biases need to be considered which will influence the accuracy
of a test. An index test bias may be introduced if subjects were solely to be included
depending on the result of an index (reference) test.” This is to be distinguished from a
double gold standard bias were different reference standards are used based on the results
of the index test. Next, there is the scenario of an inclusion bias if the reference standard
and index test are dependent.

Finally, a selection bias may suggest impressive levels of the sensitivity and specificity
of a particular test, but be based on the comparison of a hyper-normal control group with
a clearly diseased group. This would for example be the comparison of CSF samples from
patients with definite MS with CSF samples from a healthy, non-inflammatory control
group. The results of the meta-analysis suggest that the high diagnostic sensitivity and
specificity levels of CSF OCB for MS may, at least in part, be caused by a selection bias.
Future studies in the field would need to be careful to consider potential sources of bias.
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Figure 5: Forest plot of the sensitivity and specificity of CSF OCB in patients diagnosed with MS accord-
ing to consensus criteria.%%77 The controls comprise healthy patients, patients with non-inflammatory
and inflammatory CNS disorders and patients with non-neurological conditions.
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Figure 7: The HSROC plots illustrate the bias introduced through selection of the control group. The
high diagnostic specificity of CSF OCB for MS (93%) (A) is clearly reduced by comparing patients with

MS to (B) those with other inflammatory neurological diseases (61%).
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15.4. What is the influence of ethnicity on the diagnostic value of CSF OCB?

Most studies reporting a diagnostic sensitivity above 95% were performed on pa-
tients with a predominantly Caucasian background. A much lower diagnostic sensitivity
(7%-63%) was reported for Asian patients from China, Japan, and Taiwan!'324% and
Brazilian patients.?® In addition, there was an association between latitude (thought
to be related to ethnic distribution) and the proportion of MS patients with evidence
of intrathecally-produced IgG in a large (n=4481) multicenter study.*® Together, this
data suggests that the diagnostic sensitivity of CSF OCB may be less in non-Caucasian
patients.

16. What is the prognostic value of intrathecally-produced IgG in predicting
conversion from CIS to MS?

At first presentation, patients fulfilling radiological DIS but not DIT are classified as
clinically-isolated syndrome (CIS), and some will go on to develop MS. The question is
whether presence of intrathecally-produced IgG at this time gives any added prognostic
information?

16.1. Optic neuritis

A meta-analysis on the prognostic value of intrathecally-produced IgG in patients
presenting with monocular optic neuritis identified 10 studies including 646 patients.57
Within a mean follow-up time of 5.4 years (range 10 days to 20 years), 36% had converted
to MS based on different diagnostic criteria. CSF was taken from 601 of these patients
and tested using either agarose gel electrophoresis, IEF, agarose IEF combined with
immunoblotting and avidin-biotin amplified double-antibody peroxidase staining, ITEF
and immunodetection with anti-human IgG labelled with alkaline phosphatase, or high-
resolution immunofixation electrophoresis.®”

Not surprisingly, given the variation of follow-up time, diagnostic criteria and labo-
ratory methods employed, the odds-ratio for predicting conversion to MS ranged from
2.75 to 171.87

16.2. Other CIS

A prospective study by Tintoré et al pooled CIS patients with brainstem symptoms,
spinal cord syndrome, optic neuritis, hemispheric, polyregional, or undetermined topo-
graphic presentation.”’ In the pooled analyses the odds-ratio for developing clinically-
definite MS according to the Poser criteria™ was 1.7 (95%CI 1.1-2.7).91 Of the 113 CIS
patients with normal MRI, 30 evidence of intrathecal oligoclonal IgG and 7 of these de-
veloped CDMS within an average of 53 months.?! In a prospective Brazilian cohort the
odds-ratio for developing clinically definite MS according to the Poser criteria™ was 5.3
(95%CI 1.6-9.5).°1 In another prospective, longitudinal cohort 53% of CSF OCB-positive
CIS patients with MRI not showing DIS (45% of 118 patients) were shown to develop
clinically-definite MS within an average of 3.8 years.'” In contrast, a French study did
not find intrathecally-produced IgG to be of statistical significance if used in isolation
(odds-ratio 1.15, 95%CI 0.58-1.97, p=0.5).28 Furthermore, the prognostic value of CSF
OCB positivity was statistically annihilated by MRI evidence of DIS.2%36:79 In two stud-
ies the combined results of CSF OCB and MRI were a better and highly significant
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predictor for conversion to clinically-definite MS than either test alone.?®! A finding
supported by a meta-analysis.'®

There is a need for prospective, multi-center studies to test the potential prognostic
value of CSF OCB and other biomarkers. Such studies will require to be clear about the
definition of prognosis. First, prognosis as discussed in the review refers to conversion to
MS of a patient who has a history very suggestive of MS, was CSF OCB positive, but did
not show radiological DIS and DIT. Second, prognosis may also refer to clinical disability
which implies the ability to recover from a disabling event, for which biomarkers other
then OCB may be more appropriate.”?:38

17. Conclusion

Over the past 50 years multiple sclerosis has been considered to be a disease in which
DIS and DIT needed to be demonstrated in order to make a diagnosis.’® 77583 Brain
imaging is an ideal tool to show DIS and DIT and consequently became the cornerstone
of MS diagnosis with the introduction of the McDonald criteria in 1998.50 In the face
of clinical assessment and brain imaging it seems rather challenging to demonstrate DIS
and DIT based on evidence for intrathecally-produced oligoclonal IgG. Having said this,
in the past CSF OCBs were regarded as a diagnostic test which could substitute for
radiological DIS.6%73

Overall a state-of-the-art CSF examination should be used as an extension of clinical
reasoning to make optimal use of the added value of the tests requested.”>#® An unse-
lected request of CSF OCB on all patients will reduce the diagnostic specificity. Taken
together, there are four potential scenarios. First, if the clinical picture and MRI are
non-specific, likelihood is that CSF OCB may not be particularly helpful. Second, if the
clinical picture is highly suggestive for MS, but there is no evidence for radiological DIS
or DIT, CSF OCB may be of potential prognostic value. Third, if the clinical presenta-
tion is unspecific, but radiological DIS and DIT are present as are CSF OCB, one would
be very suspicious about a diagnosis of MS. Finally, given the high sensitivity of CSF
OCB in patients with MS, one might be careful about making a diagnosis of MS in a
patient with a doubtful clinical history in whom CSF OCB are absent.

Importantly, the present meta-analysis provides class I evidence that CSF OCB can
only be of low diagnostic specificity when other inflammatory conditions come into the
differential diagnosis. This may be regarded as an additional argument for no longer
considering CSF OCB as a substitute for non-specific MRI lesions, which fail the radio-
logical criteria for DIS. In summary, one non-specific test result should not be used to
substitute for another non-specific test result.
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