
Introduction 
With the increasing availability of antibody assays and clinical 

awareness of autoimmune encephalitides as a diagnosis of en-

cephalitis, a growing literature exists on the diverse range of 

clinical manifestations of autoimmune encephalitides. One of 

the most commonly identified autoimmune encephalitis is an-

ti-N-methyl-D-aspartate receptor encephalitis (NMDARE). 

NMDARE symptoms can range from seemingly benign to 

life-threatening [1-4]. Reliable biomarkers predictive of disease 

course at symptom onset would facilitate the administration of 
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Purpose
Intrathecal antibody production is thought to underly the pathogenesis and symptomatology of N-methyl-D-aspartate receptor encephalitis 
(NMDARE). In the present study, the clinical correlation of cerebrospinal fluid (CSF) restricted oligoclonal bands (OCBs), as a measure of intra-
thecal antibody synthesis, was examined in confirmed NMDARE cases. 

Methods
The present study included patients with a confirmed diagnosis of NMDARE who underwent initial CSF evaluation and were followed up for a 
minimum of 12 months. Disease severity was assessed at baseline and 1, 3, 6, 9, and 12 months. Data regarding duration of hospitalization 
and intensive care unit (ICU) stay, the presence of uncontrolled seizures, and antiepileptic drug requirement were obtained for each patient. 

Results
Among the 14 confirmed NMDARE patients, seven had CSF-OCBs. The presence of CSF-OCBs was associated with a more severe disease at 
baseline (p = 0.004), worse final outcome (p = 0.005), and longer hospitalization (median, 19 vs. 173 days; p < 0.001) and ICU stay (median, 0 
vs. 29 days; p = 0.006). CSF-OCB positivity was closely associated with treatment refractoriness within 4 weeks (p = 0.029). 

Conclusion
The presence of CSF-OCBs at the onset of disease in NMDARE patients was associated with initial treatment refractoriness and a more severe 
disease course leading to longer hospitalization, ICU admission, intractable seizures, and a poorer outcome. The results indicate that CSF-OCBs 
may be useful for prognostication. Furthermore, severe disease in NMDARE may be accompanied by oligoclonal expansion antibody-producing 
B cells. 
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timely immunotherapy and adequate medical management of 

complications. 

Previous prognostication scores, such as the anti-NMDA Recep-

tor Encephalitis One-Year Functional Status (NEOS) score [5], 

have utilized various indices of disease severity to predict func-

tional outcome. The prognostic potential of various baseline 

variables, symptoms, and clinical assessments in NMDARE 

have been evaluated in other studies [6,7]. However, despite 

many efforts to determine factors associated with prognosis in 

NMDARE, a more reliable biomarker with fewer practical lim-

itations is currently needed [8]. 

Prior research indicates the pathology in NMDARE is directly 

mediated by the intrathecal presence of anti-NMDA receptor 

(NMDAR) antibodies, leading to the possibility that patient ce-

rebrospinal fluid (CSF) may provide relevant information for 

predicting disease severity. However, commonly tested CSF pa-

rameters such as leukocyte count or protein level inconsistently 

correlate with prognosis [9,10]. Other CSF tests such as an-

ti-NMDAR antibody titers [11] have a more limited applicability 

in the clinical setting. 

CSF-restricted oligoclonal bands (CSF-OCBs) are present in var-

ious immune-mediated neurologic disorders, such as multiple 

sclerosis (MS), and central nervous system (CNS) infections. In 

MS in particular, diagnostic and prognostic use of CSF-OCBs 

has long been established [12], with more than two or three 

CSF-OCBs signifying dissemination in time and portending a 

severe disease course with more frequent relapses. In the 

NMDARE setting, CSF-OCB, as a sensitive and standard mea-

sure of intrathecal antibody synthesis, may also reflect disease 

activity and prognosis associated with expansion of clonal intra-

thecal antibody production. 

In the present study, the clinical correlation of the presence of 

CSF-OCBs was examined and its potential value as a prognostic 

biomarker in NMDARE evaluated. 

Methods 
Subjects 
The present study included patients with a definite diagnosis 

of NMDARE according to the criteria previously published 

[13], and subjects who underwent initial CSF evaluation, in-

cluding CSF-OCB testing at our hospital. The patients were 

followed up for a minimum of 12 months. Informed written 

consent was obtained from each patient or patient guardian, 

and the study was approved by the Institutional Review Board 

at Seoul National University Hospital (No. 1204-078-406). 

Diagnosis of anti-NMDARE 
NMDARE was diagnosed based on clinical features, brain mag-

netic resonance imaging (MRI), CSF analysis, electroencepha-

lography, and presence of anti-NMDAR antibodies in the CSF 

or serum. A commercial cell-based immunochemistry method 

and indirect fluorescence assay using human embryonic kidney 

293 cells (Euroimmun AG, Lübeck, Germany) was used to 

screen for antibodies to NMDAR as previously described in the 

literature [14].  

OCB testing  
The presence of CSF-OCBs was tested at initial presentation 

with CSF and paired serum sampling using gel electrophoresis 

and isoelectric focusing with immunofixation. Positive results 

included an oligoclonal response of more than two bands in the 

CSF with the paired serum showing a normal polyclonal re-

sponse, and a CSF oligoclonal pattern of different isoelectric 

points compared with the serum. Negative results included a 

polyclonal response in both CSF and sera, a mirror type re-

sponse with similar OCBs in CSF and sera, or a monoclonal re-

sponse typical for paraproteins. 

Clinical outcomes 
Modified Rankin Scale (mRS) and clinical assessment scale in 

autoimmune encephalitis (CASE), as previously detailed [15], 

were used to assess each patient at baseline, and 1, 3, 6, 9, and 

12 months, and last follow-up time points. Information on the 

length of intensive care unit (ICU) stay and hospitalization was 

also collected. To estimate the severity of seizures, information 

on antiepileptic drug (AED) prescription and seizure control 

was obtained based on retrospective review of medical records. 

For each patient, the NEOS score [5], a 5-point maximum score 

comprising ICU admission, treatment delay of >  4 weeks, lack 

of clinical response to treatment within 4 weeks, MRI abnormal-

ity, and elevated CSF leukocyte count >  20 cells, was calculated 

based on retrospective review of medical records. The relation-

ship between NEOS score and OCB components was examined. 

The performance of the NEOS score and OCB predicting 

12-month outcomes (mRS 0–1: no impairment, mRS 2–5: im-

pairment) was compared. 

Statistical analyses 
Statistical analyses were performed using R 3.6.1 (R Foundation 

for Statistical Computing, Vienna, Austria). Wilcoxon rank-sum 

test, Fisher exact test, and Spearman correlation test were used 

as appropriate. A p-value of <  0.05 was considered statistically 

significant. 
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Results 
Clinical characteristics 
Fourteen confirmed NMDARE patients received initial CSF-

OCB testing. Differences in age, sex, and symptom duration at 

CSF-OCB testing were not observed (Table 1). Nine patients 

(four CSF-OCB-negative patients and five CSF-OCB-positive 

patients) underwent CSF testing after intravenous immuno-

globulins had been started. 

Among the patients, seven were positive for CSF-OCBs (Figure 1) 

and seven were negative. Significant differences in the initial CSF 

findings between CSF-OCB-negative and CSF-OCB-positive 

groups including CSF leukocyte count and immunoglobulin G 

(IgG) index were not observed (Table 1). IgG index (baseline: 

mRS [p =  0.61], CASE [p =  0.54]; 12 months: mRS [p =  0.37], 

CASE [p =  0.77]) or the CSF leukocyte count (baseline: mRS [p =  

0.95], CASE [p =  0.92]; 12 months: mRS [p =  0.80], CASE [p =  

0.89]) correlated with initial and follow-up clinical severity. 

The follow-up duration after testing between CSF-OCB-negative 

and CSF-OCB-positive groups did not differ significantly, and 

differences in the proportion of patients receiving delayed im-

munotherapy were not observed (Table 1). All patients received 

multiple courses of first-line, second-line, and other immuno-

therapies, and teratoma removal in case of teratoma discovery, 

as previously detailed [16].  

CSF-OCB positivity at disease onset is associated 
with marked differences in the initial severity and 
overall disease course 
The mRS and CASE scores were significantly higher in 

CSF-OCB-positive patients than in CSF-OCB-negative patients at 

baseline, and 1, 3, 6, 9, and 12 months (Figure 2). Notably, an initial 

worsening of median CASE scores was observed in CSF-OCB-posi-

tive patients at 1 month after presentation, contrary to the rapid re-

duction in CASE scores in CSF-OCB-negative patients. In 

CSF-OCB-negative patients, the disease course was favorable and 

no patient had remaining sequela impairing daily life. 

Table 1 Baseline characteristics of the study population

Characteristic CSF-OCB-negative (n =  7) CSF-OCB-positive (n =  7) p-value

Age (yr) 24 (19–45) 27 (22–44) 0.95

Female sex 5 (71.4) 5 (71.4) >  0.999

CSF sampling after IVIg treatmenta 4 (57.1) 5 (71.4) >  0.999

IgG indexb 0.51 (0.29–3.69) 0.83 (0.22–2.20) 0.95

CSF leukocytes (cells/µL) 36 (2–221) 26 (0–150) 0.84

Symptom duration at CSF sampling (day) 16 (6–49) 35 (12–65) 0.08

Follow-up duration (mo) 16 (10–28) 21 (19–77) 0.17

Treatment delay >  4 wk 2 (28.6) 3 (42.9) >  0.999

Teratoma 2 (28.6) 3 (42.9) >  0.999

Values are presented as median (range) or number (%).

CSF, cerebrospinal fluid; CSF-OCB, CSF-restricted oligoclonal band; IV, intravenous; Ig, immunoglobulin.
aNumber of patients. bCalculated using (CSF IgG/serum IgG)/(CSF albumin/serum albumin).

Serum SerumCSF CSF

CSF-OCB (+) CSF-OCB (–)

Gel electrophoresis, isoelectric focusing with immunofixation results of 
paired sera and CSF samples.
CSF, cerebrospinal fluid; CSF-OCB, CSF-restricted oligoclonal band.

Figure 1 Patterns of multiple CSF, CSF-OCBs in anti-N-methyl-
D-aspartate receptor antibody encephalitis patients
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CSF-OCB positivity predicts prolonged hospital 
stay and ICU admission 
CSF-OCB positivity was associated with a longer duration of 

hospitalization (p <  0.001) and ICU stay (p =  0.006, Table 2). 

Only one CSF-OCB-negative patient was admitted to the ICU 

and five of seven CSF-OCB-positive patients stayed in the ICU 

longer than 2 weeks. 
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Table 2 Comparison of outcome variables between CSF-OCB-negative and CSF-OCB-positive groups

Variable CSF-OCB-negative (n =  7) CSF-OCB-positive (n =  7) p-value

Total hospital stay (day) 19 (12–34) 173 (44–421) <  0.001

Total ICU stay (day) 0 (0–2) 29 (0–54) 0.006

NEOS score 2 (0–3) 3 (2–4) 0.008

Lack of treatment response in first 4 wk 1 (14.3) 6 (85.7) 0.029

ICU admission 1 (14.3) 6 (85.7) 0.029

MRI abnormality 3 (42.9) 4 (57.1) >  0.999

CSF leukocytes >  20/µL 3 (42.9) 4 (57.1) >  0.999

Modified Rankin Scale 0.004

 At baseline 4 (1–5) 5 (5–5)

 At 12 mo 0 (0–1) 3 (1–5) 0.005

CASE
 At baseline 13 (2–18) 20 (18–24) 0.002

 At 12 mo 0 (0–1) 7 (1–22) 0.013

Seizure severitya 1 (0–2) 3 (2–3) 0.002

Maximum number of AEDs 3 (0–5) 6 (3–7) 0.028

Values are presented as median (range) or number (%).
CSF, cerebrospinal fluid; CSF-OCB, CSF-restricted oligoclonal band; ICU, intensive care unit; NEOS, anti-NMDA Receptor Encephalitis One-Year Functional Status; MRI, 

magnetic resonance imaging; CASE, clinical assessment scale in autoimmune encephalitis; AED, antiepileptic drug.
aSeizure severity: 0, no seizure; 1, controlled seizures; 2, uncontrolled seizures; 3, status epilepticus.

Figure 2 One-year clinical trajectories in CSF-OCB-positive and CSF-OCB-negative patients
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CSF-OCB positivity indicates an increased risk of  
seizures 
CSF-OCB-positive patients had more severe seizures and re-

quired administration of multiple AEDs (Table 2). No CSF- 

OCB-negative patient experienced status epilepticus; however, 

five CSF-OCB-positive patients experienced convulsive or non-

convulsive status epilepticus with four requiring a trial of six or 

more concomitant administrations of AEDs. After 1 year of fol-

low-up, four of seven CSF-OCB-positive patients remained de-

pendent on multiple AEDs and only one CSF-OCB-negative pa-

tient was on a single AED. 

Presence of CSF-OCBs is predictive of important 
NEOS score components 
CSF-OCB-positive patients were more likely to be admitted to 

the ICU (p =  0.029) and have a lack of response to treatment in 

the first 4 weeks (p =  0.029) than CSF-OCB-negative patients. 

Significant relationship was not observed between the presence 

of CSF-OCBs and MRI abnormality or CSF leukocyte count. 

Both NEOS score and CSF-OCB positivity predicted outcome at 

12 months equally well (sensitivity, 100%; specificity, 64%; area 

under the receiver operating characteristic curve, 0.82). 

Discussion 
In our NMDARE cohort, half of the patients were CSF-OCB-posi-

tive, somewhat comparable with previously reported prevalence 

ranging from 50% to 67% [17,18]. When the clinical correlation 

of CSF-OCB positivity was examined, the results showed a close 

association with early treatment refractoriness and ICU admis-

sion, greater clinical severity, and an initially deteriorating clini-

cal course leading to prolonged hospital stays, uncontrolled sei-

zures, and poorer outcome. 

Other candidate prognostic markers have also been proposed. 

Anti-NMDAR antibody titers in the CSF were shown partially 

associated with clinical outcome [11] as well as other measur-

able factors such as cell-free CSF mitochondrial DNA [19], 

NLRP3 inflammasome levels [20], Th17 cells [21], and cytokines 

[22]; however, routinely tested CSF parameters were shown to 

not correlate with disease trajectory [9,10], as was the case in our 

cohort. CSF-OCB testing is advantageous because the test can 

be performed while a diagnosis of NMDARE is only suspected, 

and is widely available with an established method useful in 

many neurologic conditions. 

Among the items of the NEOS score, treatment refractoriness in 

the first 4 weeks and ICU admission were the two strongest pre-

dictors of outcome [5]. Both factors closely paralleled CSF-OCB 

positivity, and CSF-OCB positivity alone performed equally well 

as the NEOS score in predicting 1-year outcomes in our cohort.  

The pathomechanistic implications of our results may be nota-

ble for two reasons. First, although in previous literature the fo-

cus was on a single antibody targeting the GluN1 subunit of the 

NMDAR as being pathogenic [23-25] and responsible for most 

symptoms [26-29] in NMDARE, the concomitant presence of 

oligoclonal antibodies appear to have clinical relevance. In MS, 

CSF-OCBs are thought to be produced by clonally expanded B 

cells within the intrathecal space [30] as a result of somatic hy-

permutation of B cells upon continued antigen presentation 

[31]. Therefore, CSF-OCBs in NMDARE could be a result of con-

tinued and prolonged exposure to antigens in the CNS trigger-

ing persistent immune response. This also may be the reason 

early removal of teratoma improves prognosis in NMDARE [32] 

and indicates multiple related antigenic targets that intensify 

disease pathology may exist in a portion of NMDARE patients. 

Another possibility is that CSF-OCBs reflect direct damage to 

the CNS and release various types of neural and glial antigens 

due to severe disease activity, and are not the cause. 

Second, intrathecal humoral immune response appears closely 

associated with clinical severity in NMDARE. Among CSF- 

OCB-negative patients, the majority had a normal polyclonal 

pattern in both serum and CSF (five of seven; two had single 

bands in the CSF), and among CSF-OCB-positive patients, six of 

seven showed a normal polyclonal response in the serum. Thus, 

a distinct immune profile within the CNS was correlated with 

severe symptomatology, indicating intrathecal humoral im-

mune response is primarily responsible for determining the 

clinical trajectory of NMDARE. 

Lastly, a few issues should be considered when interpreting 

these results. Initial symptom severity in our cohort delineated 

patients with severe disease course from patients with milder 

disease course. Because clinical evaluations were made at simi-

lar time points as the lumbar puncture, any additional prognos-

tic value beyond the initial clinical evaluation may be disput-

able. However, the CSF-OCBs have a practical advantage be-

cause they are a single diagnostic and prognostic biomarker, re-

quiring no additional expert interpretation. 

Further limitations of this study include the small sample size 

and the tertiary care setting with limited generalizability. How-

ever, the drastically contrasting clinical course of CSF-OCB-neg-

ative and CSF-OCB-positive patients that was clearly demon-

strated in our small cohort, warrants further studies in which the 

relationship between CSF-OCB and clinical severity is investi-
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gated. 

In conclusion, the present study results indicate initial CSF-OCB 

testing in NMDARE may aid in identifying patients with unfa-

vorable disease course and clearly stratifying patients into a se-

vere and a benign group. Larger prospectively designed studies 

will help determine the clinical utility of initial OCB testing in 

NMDARE. 
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