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Introduction

The presence of cerebrospinal fluid-specific oligoclonal 
bands (CSF-OCBs) reflects intrathecal immunoglobulin 
G (IgG) synthesis, which has been considered important 
in the diagnosis of multiple sclerosis (MS). In this review, 
we summarized the history of development of oligoclonal 
bands (OCBs), and interpreted the clinical implications 

of different types of OCBs in neuroimmune and other 
diseases of central nervous system (CNS), especially in 
MS, extending the scope of clinical application of OCB as 
a diagnostic indicator. We present the following article 
in accordance with the Narrative Review reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-3073/rc).
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Methods

The search engine PubMed (https://www.ncbi.nlm.nih.
gov/pmc/) was used to research the keywords: “blood brain 
barrier”, “blood brain barrier permeability”, “detection 
methods”, “multiple sclerosis” and “oligoclonal bands”. 
A narrative review was conducted to review findings 
of published literatures in English from 1937 to 2021 
including case reports, case series, cohort studies, reviews, 
experiment studies and so on. We used a table to present 
detailed search strategy (Table 1).

The history of oligoclonal bands

In 1937, the Swedish scientist Tiselius (1) established 
electrophoresis technology, and for the first time it was 
proved that the serum was composed of albumin (Alb) 
and α, β, and γ globulins. Tiselius won the 1948 Nobel 
Prize in Chemistry for this work. In 1942, Kabat et al. (2) 
performed electrophoresis of cerebrospinal fluid (CSF) and 
reported increased gamma globulins in multiple sclerosis 
(MS). Afterwards, in 1950, they reported that 80% of MS 
patients had elevated γ globulin levels in the CSF (3). Many 
researchers thereafter successively reported increased γ 
globulins in the CSF of MS patients, with a prevalence 
ranging from 57–83% (4,5).

In 1948, Kabat performed quantitative immunochemical 
precipitation of albumin and IgG on CSF analysis (6). 
During the 1950s and 1970s, with the development of 
electrophoresis technology, CSF protein electrophoresis 
technique also improved rapidly. Lowenthal et al. (7) 
found some specific bands in the γ globulin zone of the 
CSF of multiple sclerosis (MS) and subacute sclerosing 
panencephalitis (SSPE) patients, which could not be 

detected in serum. In 1967, Link et al. (8,9) confirmed that 
these bands have the property of IgG when he isolated the 
immunoglobulins from the CSF of MS patients. Meanwhile, 
Tourtellotte et al. (10,11) found that there was a positive 
correlation between the IgG level in the demyelinating 
plaques and CSF of MS patients. And the concentration of 
γ globulin increased apparently in MS brains than normal 
brains. Therefore, they put forward the theory of local 
synthesis of IgG in the brain of MS patients. Subsequently, 
Felgenhauer (12) demonstrated the absence of high 
molecular weight haptoglobin oligomers in normal CSF. 
Laterre et al. (13) detected and analyzed the electrophoretic 
pattern of CSF γ globulins in MS and some other CNS 
inflammatory diseases, and confirmed the diagnostic value 
of this pattern of discrete bands within the γ globulins, 
which had been designated as “oligoclonal aspect”. Finally, 
these specific bands were named as oligoclonal bands (OCB) 
(14). The term OCB was coined based on the assumption 
that, in inflammatory neurological illnesses like MS, a 
highly restricted number of B-cell clones were triggered in 
the CNS and CSF compartments and transformed into Ig-
secreting plasma cells, each clone producing Ig of highly 
restricted mobility on electrophoresis.

Detection techniques

Conventional electrophoresis techniques using agarose gel 
or polyacrylamide gel as a separation medium. There are 
two techniques: agarose gel electrophoresis/Coomassie blue 
staining and polyacrylamide gel electrophoresis (PAGE)/
silver ammonia staining. Both techniques can only separate 
albumin and α1, α2, β and γ globulin and some OCBs 
depending on the difference in molecular weight. The 

Table 1 The search strategy summary

Items Specification

Date of search 2021.6.1

Databases and other sources searched PubMed

Search terms used “Blood brain barrier” [MeSH], “blood brain barrier permeability” [MeSH], “detection methods” 
[MeSH], “multiple sclerosis” [MeSH], “oligoclonal bands” [MeSH]

Timeframe 1937–2021

Inclusion and exclusion criteria Focus was placed on original papers and reviews in English about the history of oligoclonal 
bands, biomarker of multiple sclerosis, blood-brain barrier permeability and intrathecal 
synthesis of immunoglobulin. We excluded articles without information about oligoclonal bands

Selection process The literature searches were conducted by Haiqiang Jin, Qianshuo Lu, and Feng Gao

https://www.ncbi.nlm.nih.gov/pmc/
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resolution of OCBs detection is limited. 
With the development of electrophoresis technology, 

isoelectric focusing electrophoresis (IFE) can further 
improve the resolution of protein separation according to 
the difference of isoelectric point (15). Currently, it is widely 
used in the detection of OCB. More specifically, IFE is 
based on an equal state of the isoelectric point of the protein 
molecule itself and the pH of the amphoteric dielectric 
of the separation medium of PAGE, hence, the protein 
separation is more sensitive and diverse. Furthermore, 
immunofixation or western blotting are added using 
enzyme-labeled anti-IgG (or IgA/IgM) antibodies to identify 
components and subclass of antibody of the bands (16). IgG 
band is much more common compared with IgA and IgM 
bands. Moreover, polyclonal background staining was largely 
reduced with anti-immunoglobulin staining (16). 

For both conventional electrophoresis techniques and 
IFE, the oligoclonal bands represent two or more bands 
on the electrophoresis because the oligoclonal antibodies 
are thought to be derived from several B cell lineages. 
The IFE method with specificity on immunoglobulin IgG 
is generally recommended for its higher sensitivity and 
specificity, and is currently recommended as the "gold 
standard" for OCB detection (17). Furthermore, double 
staining of freeκandλlight chains expand the identification 

of immunoglobulin constituents, which is helpful in the 
diagnosis of MS (18). 

OCBs interpretation and clinical implications

In the 1950s and 1960s, positive OCBs were defined as the 
presence of more than two bands in the gamma globulin 
region in the conventional protein electrophoresis. However, 
with the IFE, it is emphasized that the bands should 
appear within the range of pH 3.0–10.0. For more focused 
detection, the range of pH 6.0–9.0 is recommended (19).

There are five typical OCB patterns for CSF and serum 
by IFE and immunofixation assays, as shown in Figure 1. 

Type 1: OCB was not detected in CSF and serum. 
Polyclonal bands might exist, but they are not stained by 
immunofixation or western blotting assays. Type 1 pattern 
is always reported as both negative in CSF and serum. This 
pattern is seen in normal individuals or various neurological 
disorders without immune reactions within the CNS. 

Type 2: OCB appears in the CSF but not in the serum. 
This pattern is reported as CSF specific OCB and is 
commonly seen in MS and is a biomarker to support the 
diagnosis of MS. However, this pattern is not unique to MS. 
It can be seen in autoimmune encephalitis, connective tissue 
disease, optic neuromyelitis and some specific infection, 
including tuberculosis, syphilis, human immunodeficiency 
virus (HIV) and viral encephalitis (20-23). This pattern 
indicates the intrathecal synthesis of immunoglobulin. In 
MS, once this pattern appears, it tends to persist despite 
of traditional treatment, with exception of after potent 
immunomodulating agents such as Natalizumab (24).  
Therefore,  this  pattern might indicate persist ing 
immunoglobulin synthesis in CNS.

Type 3: Multiple bands appear both in the CSF and 
in the serum. However, some bands in CSF are different 
from those in the paired serum. This pattern can also be 
reported as CSF specific OCBs, however, “more in CSF” 
might be a detailed description of this pattern and mark 
the difference from pattern II clearly. This pattern is seen 
in MS and infections of CNS, such as cerebral cysticercosis 
or hydatid infection. It is also seen in acute disseminated 
encephalomyelitis (ADEM), acute myelitis, encephalitis 
and connective tissue disease (21-23). Although intrathecal 
immunoglobulin synthesis is also indicated in this pattern, 
the persistence of synthesis is less known. 

Type 4: Same multiple bands appear both in the CSF 
and in the serum, which presents as “mirror identical”. This 
pattern is reported as identical OCBs in CSF and serum. 

C S
Type 1 Type 2 Type 3 Type 4 Type 5

C S C S C S C SpH 3.0

pH 10.0

Figure 1 Five typical OCB patterns with IFE and immunofixation 
assay. Type 1: negative/normal: absence of OCB in the CSF and 
serum; Type 2: positive/CSF specific: OCB in the CSF; Type 
3: positive/more in CSF: additional OCB in the CSF; Type 4: 
identically positive: identical OCBs in CSF and serum; Type 5: 
monoclonal: identical monoclonal pattern. OCB, oligoclonal 
bands; IFE, isoelectric focusing electrophoresis; CSF, cerebrospinal 
fluid; C, cerebrospinal fluid; S, serum.
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Increased BBB or blood-nerve barrier (BNB) permeability 
is considered as the cause of “mirror identical” (25). Other 
potential mechanisms for this pattern need to be analyzed 
in combination with IgG index and IgG synthesis rate.

Type 5: This pattern is not seen with conventional 
detection method, instead, it appears with the isofocus 
electrophoresis + immunolabeling technique. The bands are 
very dense and confluent in the CSF and serum like “twins”, 
which is called “monoclonal bands”. It usually occurs in 
patients with plasma cell diseases, such as polyneuropathy, 
organomegaly, endocrinopathy, M-protein, skin changes 
(POEMS) syndrome and monoclonal gammaglobulinemia 
(MGUS) .  Pa t i ent s  w i th  th i s  OCB pa t te rn  were 
recommended to perform bone marrow aspiration biopsy, 
serum M protein, kappa light chain and lambda light chain, 
as well as urine Bence-Jones protein. This pattern itself 
does not suggest that synthesis within the central nervous 
system. However, the exact mechanism remains unclear, 
which may need the comprehensive evaluation of the BBB 
permeability, IgG index and IgG synthesis rate (26).

In summary, Type 1 often indicates normal immune 
response within CNS. Type 2 indicates an intrathecal 
synthetic immunoglobulin, perhaps due to persistent limited 
B cell clone response. Type 3 indicates an immune response 
against specific infectious agents or an autoimmune process 
that activates certain types of B cells to produce antibodies. 
Type 4 indicates impaired BBB. The Type 5 indicates a 
plasma cell disease instead of intrathecal immunoglobulin 
synthesis (27-30).

Clinical significance of OCB

OCB in MS

CSF specific OCB is considered to be manifestation of 
chronic immune activation in CNS. Numerous results 
have shown that CSF specific OCB is supportive of MS 
with high sensitivity and specificity, especially in clinically 
isolated syndrome (CIS) patients. A meta-analysis reported 
that, when using CSF specific OCB to predict the 
conversion from CIS to MS, the sensitivity was 0.84, the 
specificity was 0.54, the positive predictive value was 0.64 
and the negative predictive value was 0.77 (31). CIS patients 
with CSF specific OCB are more likely to relapse and 
convert to MS than those without OCB (32,33). Therefore, 
OCB is considered as a good biomarker for predicting the 
conversion from CIS to MS. In 2017 McDonald criteria, 
OCB was included as a diagnostic biomarker in judging 

dissemination in time due to its prognostic significance of 
relapse (34,35). The 2017 revision allows earlier diagnosis 
of MS and initiation of disease-modifying therapy in CIS 
patients with positive OCB (36).

However, the application of OCB in MS diagnosis 
also has some problems. First, the high sensitivity and 
specificity of OCB in diagnosing MS is derived from typical 
CIS patients, which excluded most of other diseases with 
positive OCB. In other words, the specificity will decrease 
significantly when doctors want to differentiate MS from 
other CNS inflammatory diseases via OCB merely (37). 
Secondly, reliable OCB detection requires standard detection 
method and experienced interpretation (36). Therefore, it 
is important is to make differential diagnosis between MS 
and other immunological or infectious neurological diseases 
by clinical features first, because the initial diagnosis will 
influence the subsequent diagnostic thinking and explanation 
of the detected OCBs. 

Early study showed that there was no obvious difference 
in demographic and clinical features, including sex 
predominance, mean age of onset, proportion of cases with 
a primary progressive course and rate of magnetic resonance 
imaging (MRI) positivity, between MS patients with and 
without OCB (38). However, recently, it is reported that 
MS patients with OCB may develop much more cortical 
lesions than patients without OCB after disease duration of 
almost 10 years, possibly resulting from B cells response and 
proinflammatory CSF profile (39). It suggested that OCB 
might be a potential biomarker to predict disease prognosis. 
So, whether OCB status is predictive of disease progression 
remains inconclusive.

Differences in OCB prevalence in MS between Eastern and 
Western countries 

In the recently published manuscript, Kim et al. reported 
88.6% Korean patients with MS were positive for CSF-
OCBs, which suggests the prevalence of CSF-OCBs is 
not different between Korean and Western patients with  
MS (40). Similarly, a recent study from Japan reported 
a high prevalence (74%) of CSF-OCBs in 83 patients 
with MS after careful exclusion of NMOSD, myelin 
oligodendrocyte glycoprotein associated disease (MOGAD), 
and other MS-mimics (41). Furthermore, the detection 
method may also influence the positive rate of OCBs 
in Chinese MS. So the large-scale studies with multiple 
centers in Eastern countries are needed to further study the 
positive rate of OCBs in Asian patients with MS.



Annals of Translational Medicine, Vol 11, No 7 April 2023 Page 5 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(7):282 | https://dx.doi.org/10.21037/atm-21-3073

There are many studies have proved that environmental 
factors can affect the incidence of OCB and are directly 
related to latitude. The prevalence of MS is positively 
related to latitude. A research suggested that this may 
be due to different latitudes of ultraviolet radiation and 
vitamin D intake, because ultraviolet/vitamin D plays a 
key regulatory role in the immune system (42). A database 
analysis of a large number of MS patients showed that the 
presence of OCB was positively correlated with latitude, 
which meant that the farther away from the equator, the 
higher the probability of OCB positive (37). However, Italy 
and China are at the same latitude, there was 79% positive 
rate of OCBs in Italian patients with CIS, which was higher 
than that of China (43). The reason for this difference 
is unclear, but it may reflect changing cultural habits, 
including attitudes to sunbathing and sunscreen, which in 
turn affect vitamin D levels in the population (44).

OCB in neuromyelitis optica spectrum disease (NMOSD) 
and myelin oligodendrocyte glycoprotein (MOG) antibody-
associated disorders

Aquaporins 4 (AQP4) autoantibody is a specific biomarker 
of NMOSD (45) and MOG-IgG antibody is a biomarker 
of MOG-associated encephalomyelitis (MOG-EM) (46). 
Oligoclonal bands are found in up to 95% of patients with 
relapsing-remitting MS (RRMS), but only in 10–25% 
of patients with NMOSD (47). Jarius et al. (48) reported 
that CFS specific OCB was found in 29/177 samples from 
AQP4-IgG positive NMOSD patients of mostly Caucasian 
origin. Among the 29 samples, 19 cases were type 2 OCB, 
indicating the intrathecal IgG synthesis. More interesting, 
Jarius et al. (48) observed that OCB could disappear in 6 
NMOSD patients during the course of disease, which was 
rarely reported in MS. So, the presence of OCB in the 
CSF might be transitional in NMOSD. Wang et al., found 
that NMOSD patients with or without spinal cord atrophy 
(SCA) have similar proportion of positive OCBs (49). Chen 
et al demonstrated that a combination of the onset age and 
IgG index could serve as an alternative to CSF-OCB for 
differentiating between RRMS and NMOSD in Chinese 
patients (50). Obviously, the proportion of positive OCB 
in NMOSD was greatly lower than MS. In the face of a 
relative scarcity of biomarkers differentiating NMOSD 
from MS, OCB remain one of the most helpful parameters. 
Similar to NMOSD, only 13% of MOG-IgG antibody-
associated syndromes had OCB and it disappeared in 2 
out of 6 patients (51). So, comprehensively collecting and 

assessing the data from a candidate MS patient is important 
before a probable diagnosis is drawn.

OCB in other inflammatory diseases

Based on the understanding of the nature of OCB, we 
could speculate that any disorder that can trigger B cells 
response and subsequent intrathecal IgG synthesis within 
subarachnoid space may have positive CSF OCB. Actually, 
in addition to MS, NMOSD and MOG antibody-associated 
disorders, other infectious and autoimmunological diseases, 
such as neurosyphilis, herpes virus encephalitis, Guilin-Barre 
syndrome, lupus encephalopathy, neurosarcoidosis, Behcet’s 
disease, CNS vasculitis and paraneoplastic disorders have also 
been reported to have positive OCB (37). Some, but rarely 
all of the CSF OCB observed in CNS infections may contain 
antibodies directed against the etiologic agent. During follow 
up of such patients, the CSF OCB could persist for more than 
2 years although the disease is in a stable state. In most of 
them, a continuous decrease in the number of OCBs over time 
was observed. In the minority patients, the persistent CSF 
OCB after a viral CNS infection may reflect a latent infection 
in the CNS or unspecific immune cell stimulation resulting 
in continuous antibody synthesis within the CNS (52,53). So, 
the results of OCBs only indicate the inflammation of CNS 
and should be evaluated with the clinical context. Explanation 
of OCBs should be interpreted with caution, to avoid both the 
misdiagnosis and overdiagnosis of MS. 

The evaluation of BBB permeability and 
intrathecal immunoglobulin synthesis

Detection of albumin, IgG, IgA, IgM is equally important, 
which reflects the BBB permeability and intrathecal 
immunoglobulin synthesis. Immunoturbidimetry is 
recommended to detect these proteins because of higher 
sensitivity and specificity. As a result, CSF/serum albumin 
ratio, IgG-Index, IgA-Index, IgM-Index, intrathecal IgG 
synthesis (IgG-syn) rate, IgA-syn rate and IgM-syn rate can 
be calculated. 

Analysis of BBB permeability

BBB are composed of many structures that prevent some 
macromolecules, such as proteins, from entering the CSF 
from the blood. However, in CNS diseases, increased CSF 
immunoglobulin level can be observed. It is due to the 
impaired BBB permeability that allows immunoglobulin to 
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flow into CSF from the blood, or intrathecal synthesis of 
immunoglobulin, or combination of both (54-56).

During the inflammation process of CNS and peripheral 
nervous system (PNS), B cells migrate to nerve system 
and produce immunoglobulin. The newly synthesized 
immunoglobulin filled into the immunoglobulin pool of 
CSF, which also includes the immunoglobulin derived 
from serum (57,58). Since the integrity of the BBB and the 
flow of serum determine the total protein content of CSF, 
the integrity of BBB can be assessed by detecting the total 
protein of CSF (59). CSF/serum albumin ratio, also known 
as CSF/serum albumin quotient (QAlb), is the basis of BBB 
permeability analysis. Normal BBB permeability in adults 
was usually defined as a QAlb ≤6.5 if age <40 years and QAlb 
≤8.0 if age ≥40 years (54). Uher et al. (60) demonstrated that 
increased QAlb in patients after first clinical event suggestive 
of multiple sclerosis is associated with development of brain 
atrophy and greater disability 48 months later. QAlb can not 
only reflect the BBB permeability, but also can reflect the 
severity of ongoing inflammation or damage in the CNS. 
Akaishi et al. (61) found that in MS patients, the multiple 
sclerosis severity score showed a higher correlation with 
QAlb; in NMOSD patients, QAlb elevated in both the acute 
phase and chronic phase, and such elevation was larger in 
the acute phase than in the chronic phase.

Analysis of intrathecal immunoglobulin synthesis

To prove the intrathecal immunoglobulin synthesis, extra 
immunoglobulins, except for that caused by the impairment 
of BBB permeability, should be acquired. There are several 
methods to adjust the BBB permeability. The simplest is the 
IgG-Index, which is calculated as (CSF IgG/serum IgG)/
(CSF Alb/serum Alb). However, this index only takes the 
apparent IgG values into account. A more complicated 
formula was introduced to overcome the simple proportional 
calculation by adjusting the molecular weight and CSF 
production per day. The IgG synthesis rate is calculated 
with an empirical formula as {[(CSF IgG − serum IgG)/
K1] − [(CSF Alb − serum Alb)/K2] × (serum IgG/serum 
Alb) × 0.43} × 5. K1 and K2 indicate the average normal 
serum: CSF ratios for IgG and albumin, respectively; 0.43 
is the molecular weight ratio of albumin:IgG; 5 indicates 
that more than 5 dL CSF is produced per day for an adult 
(62). This formula gives more exact evaluation than IgG 
index. Importantly, the above parameter should be refined 
based on reference value of its own laboratory (63). In the 
2017 McDonald criteria of MS, the Panel’s discussion of 

CSF recognized the importance of using appropriate and 
standardized technology in detecting intrathecal synthesis 
(34). The qualitative demonstration of two or more CSF-
specific oligoclonal bands more reliably indicates intrathecal 
antibody synthesis than other tests do, such as the IgG index 
(32-34). In the diagnosis of MS, positive results on these 
other tests should be interpreted with caution when testing 
for OCBs is negative or not done.

Detection of other CSF immunologic biomarkers 
for MS

Over the past few years, there have been many studies 
exploring the role of CSF free immunoglobulin light chains 
(FLCs) in the diagnosis of MS (64-66). The presence of 
OCB in CSF is an important feature of MS, but for patients 
who meet the diagnostic criteria of MS without detectable 
IgG OCB, whether they have MS is still a problem. One 
explanation is that IFE with WB is not 100% sensitive to 
OCB detection. Goffette et al. (64) found that in patients 
with typical clinical signs and imaging evidence suggestive 
of MS but without CSF IgG OCBs, oligoclonal free 
kappa light chains could be detected by an immunoaffinity 
mediated immunoblotting technique. Therefore, the 
presence of oligoclonal free kappa light chains in CSF 
might be an important clue for MS diagnosis.

There are two types of FLC in humans, κFLC and 
λFLC. It is generally accepted that the concentration of 
κFLC increases in CSF of MS patients (65). However, the 
data about λFLC is limited. Makshakov et al. (66) reported 
that the levels of κFLC and λFLC elevated in MS patients 
compared with non-inflammatory neurologic diseases. 
However the relative increase of λFLC was less than κFLC. 
Moreover, DeCarli et al. (67) detected the CSF κFLC and 
λFLC in patients with MS or acute CNS infections. They 
observed that compared to patients with CNS infectious 
diseases, MS patients had higher level of κFLC but similar 
level of λFLC. The disproportionate increase of the 
concentration of κFLC and λFLC in CSF is a common 
phenomenon in CIS and MS with clinical manifestations. 
They also found a significant correlation between κFLC 
and total IgG in patients with MS, and between λFLC and 
total IgG in CNS infections. Therefore, κFLC is thought to 
have greater value in the diagnosis of MS than λFLC, and 
elevated λFLC is considered a potential marker of infection. 

In addition to FLC, oligoclonal IgM is also an 
important biomarker for MS, especially for its prognosis. 
Villar et al. (68) found that RRMS patients with positive 
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CSF oligoclonal IgM bands had a greater proportion of 
conversion to secondary progressive multiple sclerosis 
(SPMS) and higher level of expanded disability state scale 
(EDSS) score than those who without oligoclonal IgM. 
García-Barragán et al. (69) reported that MS patients with 
OCB IgM showed better response to immunotherapy than 
patients without OCB IgM.

Conclusions

In conclusion, OCB has important ancillary diagnostic 
value in MS and other neuroinflammatory diseases, but it 
is not disease specific. Therefore, its diagnosis value should 
be determined with the disease clinical phenotype. Types 2 
and 3 OCB are helpful for the determination of intrathecal 
synthesis. Currently, the relationship between OCB pattern 
and disease phenotype as well as whether it will disappear 
or persistently exist in specific neuroinflammatory diseases 
still need further study. The negative OCB does not rule 
out MS. Other indicators including IgM, IgA, kappa (κ) 
and lambda (λ) are also helpful in suggesting the possibility 
of MS, and their value in differentiating MS from other 
neuroinflammatory diseases needs to be further studied. 
The combination of permeability of BBB and intrathecal 
synthesis rate of IgG may contribute to the differentiation 
among different neuroinflammatory diseases.
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