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On behalf of all members of our society, it is my great pleasure 

and privilege to congratulate the publication of the first issue of 

encephalitis. The field of encephalitis and neuroinflammation is 
an extraordinary field of neuroscience that gives us a sense of 

awe. It includes various kinds of encephalitis and altered neuro-

immunology diseases with remarkable clinical characteristics, 

which gives us very important insights into neuroscience re-

gardless of the basic and clinical aspects. 

Recently, many new categories of encephalitis have been found 

and the efforts to discover novel forms of this disease are also 

ongoing. With these discoveries and their associated efforts, we 

can begin to grasp the secrets of neuroimmunology and the 

functions and the connections between various neural systems 

macroscopically and microscopically. We, therefore, are able to 

refine the diagnosis and treatment of various encephalitis and 

neuroinflammation diseases and step forward to save the lives 

of patients and nervous system function. 

Many more studies should provide us with a greater under-
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standing of the mechanisms of these diseases and aid in further 

treatment strategy developments at the state of the art level. Ko-

rea is one of the leading countries doing cutting edge research to 

develop diagnosis and treatment guidelines for encephalitis dis-

eases. As a result, we need a more suitable vehicle such as en-

cephalitis to reach these various goals. encephalitis is dedicated 
to original research that encompasses basic and clinical fields 

that investigate encephalitis, neuroinflammation, and neuroim-

munology. Case reports are also welcome. All the members of 

the Editorial Board and publication staff are looking forward to 

receiving a wide range of submissions and contributions from 

all international researchers and clinicians. Thank you very 

much. 

Warm regards, 

Sang Kun Lee 

Honorary President, 

Korean Encephalitis and Neuroinflammation Society  
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encephalitis is the first official journal of the Korean Encephalitis 
and Neuroinflammation Society (KENS) which was established 

in September, 2013. 

With delight and deep appreciation, I extend special thanks to 

all the staff who have spent time and effort to launch the journal, 

expecting it will be a leader in advanced neurology research. 

Even a decade ago, as is the case for most neurologists, patients 

with encephalitis were regarded as a part of the infection, thus, 

many of them were managed according to a standard protocol, 

such as anti-viral agents with seizure or intracranial pressure 

controls. However, even with rigorous treatment, some patients 

did not survive or were left with severe neurological deficits. 

Even the causative agents were not known. 

Since the discovery of autoimmune encephalitis, starting with 

anti-N-methyl-D-aspartate receptor encephalitis, experts at this 

institution developed and began to provide diagnosis guidelines 
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all across the country, along with consultations for clinical prac-

titioners. Several thousand patients’ lives were saved. Accumu-

lating experiences have been communicated via lectures at 

seminars or conferences as well as among the members of 

KENS. 

The discoveries so far are big steps in the exploration of the 

brain. Expanding datasets are expected and will need to be or-

ganized, from case reports to clinical trials, from basic and 

translational neuroscience to clinical practice, and then system-

ic reviews to update the new advances. 

Now, as the second president of KENS, it is my great honor to 

celebrate launching the journal, encephalitis. 

With my best regards, 

Manho Kim 

President, Korean Encephalitis and Neuroinflammation Society  
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Dear colleagues, 

It is our great pleasure to announce a new journal, “encephali-

tis”, and to share this news with all neurologists and neuroscien-

tists. Moreover, my opportunity to serve as the founding edi-

tor-in-chief for this journal is a great honor and I appreciate the 

Korean Encephalitis and Neuroinflammation Society for ap-

pointing me to this position. 

This journal is born from two continuing streams of academic 

study. The first one is neuroinflammation and the other is en-

cephalitis. For a few decades, central nervous system (CNS) im-

munology was regarded as one of the common mechanisms of 

neurological diseases including acute as well as chronic degen-

erative diseases. Since researchers’ long-held belief was that in-

flammatory responses could be controlled easily, they focused 

on neuroinflammation in nearly all kinds of neurologic diseases. 

However, excluding a few diseases such as multiple sclerosis 

and other some immunologic CNS diseases, we have recog-

nized that neuroinflammation is only a part of disease, and in-

flammatory reactions are complex and thus, carefully targeted 

treatment is warranted. Encephalitis is a challenging disease for 

all neurologists. The first decision is whether the disease is in-

fectious or noninfectious, which though it looks like an easy dis-

tinction, is definitely not that easy. The potential hope has been 

that the diagnostic yields for infectious organisms have been 

improved by novel technologies. However, in cases when non-

infectious etiologies are suspected, diagnosis is a bumpy ride. 

Recent discovery of numerous autoantibodies and methods to 

detect these could help classify diseases more clearly and im-

prove clinical outcomes, which deepen our knowledge of neu-

roimmunology. 

Since the birth of the Korean Encephalitis and Neuroinflamma-

tion Society in 2013, core members in this society have put a lot 

of effort into uncovering the evidence for encephalitis and neu-

roinflammation that is relevant to diagnosis and treatment. Per-

sonally, I hope both basic researchers and clinicians who inves-

tigate encephalitis and neuroinflammation will actively submit 

articles and serve in the peer-review process. Novel basic or 

translational trials are welcomed, even if negative results are ob-

tained. According to our aims and scope, this journal does not 

restrict articles on encephalitis but, can accept a broad range of 

all neuroinflammatory studies, which reveal the roles of inflam-

mation in general neurological diseases. I look forward to meet-

ing you as authors, reviewers, and readers in this journal soon. 

With best regards, 

Kyung-Il Park 

Editor-in-chief, encephalitis  

Copyright © 2021 by The Korean Encephalitis and Neuroinflammation Society
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Introduction 
N-methyl-D-aspartate receptor (NMDAR) encephalitis is the 

most common and serious form of autoimmune encephalitis. It 

is caused by autoantibody against NR1 subunit of the NMDAR 

receptor. Key symptoms include memory loss, psychosis, sei-

zure, aphasia, altered mentality, dyskinesia, autonomic dysfunc-

tion, and central hypoventilation [1]. Immunotherapy is the 

main treatment and includes steroid, immunoglobulin, ritux-

imab, tocilizumab, and/or cyclophosphamide, which are fre-

quently combined to enhance outcomes. Although the final 

outcome has been improved after the application of novel im-

munotherapies, there still exist a lot of mortality and permanent 

morbidity by the disease. When treated for up to 24 months, 

25% of patients remained disabled in 3 to 6 categories of the 

modified Rankin Score [1]. Hence, long-term integrated sup-

portive care is essential until the full effect of immunotherapy 

can ameliorate disease symptoms. 

This paper summarizes the details of supportive care for dis-

abling symptoms of NMDAR encephalitis based on reported ev-

idences and personal experience. 

N-methyl-D-aspartate receptor (NMDAR) encephalitis presents with multiple symptoms including memory loss, seizure, psychosis, aphasia, al-
tered mentality, dyskinesia, autonomic dysfunction, and central hypoventilation. While immunotherapy protocols are improving, morbidity and 
mortality in the disease largely depend on supportive care to control intractable symptoms. However, no prospective or controlled trials have 
been conducted on immunotherapy or supportive care principles in the disease. Thus, this study discusses and shares experience and ideas for 
symptomatic care of NMDAR encephalitis. 

Keywords: N-methyl-D-aspartate receptor, Encephalitis, Symptomatic, Treatment
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Memory Loss 
Because NMDAR mediates long-term potentiation of memory 

[2], memory loss is the early and key symptom in NMDAR en-

cephalitis. However, currently no symptomatic treatment is 

available to enhance memory function in this disease. EphB2 

receptors form a complex with NMDAR, and anti-NMDAR anti-

bodies disrupt the cross-talk between NMDAR and EphB2 re-

ceptors [3]. Moreover, ephrin-B2 (the ligand of the EphB2 recep-

tor) prevents intracellular internalization of NMDAR by disease 

antibodies [4]. Accordingly, some chemicals modulating the 

EphB2 receptor could affect NMDAR encephalitis symptoms; 

however, no clinically usable drugs have been approved for this 

purpose. Because memory loss is largely reversible after remis-

sion of the disease, education regarding the disease course and 

psychological support for family members are necessary.  

Psychosis 
Psychosis and behavioral problems not only increase caregiver 

burden but also can result in self-injury. To control psychosis, 

antipsychotics such as dopaminergic blockers and anxiolytics 

encephalitisjournal.org
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such as benzodiazepine can be prescribed. Because the pattern 

of psychosis is variable [5], control of symptoms depends on in-

dividual phenotypes. While psychiatric symptoms that emerge 

in the early disease phase can be partially controlled by antipsy-

chotics, close monitoring is necessary because antipsychotics 

can aggravate rhabdomyolysis or induce neuroleptic malignant 

syndrome, especially in patients with dyskinesia [6]. Atypical 

antipsychotics can reduce extrapyramidal side effects, although 

further studies are needed. Similar to other symptoms of the 

disease, immunotherapy is the main tool to control psychosis. 

Meanwhile, psychosis is often re-aggravated during the later 

stages of the disease, and re-introduction of antipsychotics is 

sometimes necessary. Hyperactive forms of psychosis can re-

emerge, such as anxiety, anger, or disinhibition, usually accom-

panied by improvements in memory function. 

Dyskinesia 
Dyskinesia is one of the most troublesome symptoms of the dis-

ease. Down-regulated NMDAR expression causes dopaminergic 

overactivation in the globus pallidus and might cause hyperki-

netic movement disorders [7]. Severe dyskinesia causes self-in-

jury, rhabdomyolysis, and renal failure [6]. In intensive care 

units, anesthetics or neuromuscular blockers are necessary in 

severe cases. However, when dyskinesia continues for several 

months, prolonged use of these agents is not clinically feasible 

due to other systemic complications. 

Recently, I have shown that mega-dose enteral diazepam (rang-

ing from 6 to 180 mg) can control dyskinesia effectively [8]. Pre-

viously, diazepam has demonstrated muscle-relaxant properties 

in neuroleptic malignant syndrome and tetanus [9,10]. In the 

severe form of dyskinesia resulting from NMDAR encephalitis, 

mega-dose diazepam decreased the severity of dyskinesia to 

tolerable levels and no patients had serious adverse events ex-

cept mild sedation [8]. By using mega-dose diazepam, I could 

stop anesthetics or neuromuscular blockers in many patients 

and the effect was durable for the remaining immunotherapy 

period. I usually start diazepam at a medium dose (3–5 mg, 

three or four times daily) and then double the dose every several 

days depending on response, up to a maximum of 180 mg daily. 

Mega-dose enteral diazepam could be an effective treatment 

option for controlling dyskinesia in NMDAR encephalitis. 

Seizure 
The management of epilepsy in NMDAR encephalitis is in line 

with the management of autoimmune epilepsy, the clinical ap-

proach of which is described in a previous consensus [11]. In 

terms of antiepileptic drug (AED) selection, selection depends 

on clinician preference, seizure semiology, related medical con-

ditions, and side effect profiles. Drugs with fewer side effects, no 

drug-drug interactions and that are fast loading are preferred, 

and next-generation AEDs such as levetiracetam, lacosamide, 

perampanel, zonisamide, topiramate, and pregabalin are good 

candidates for first-line use. However, because levetiracetam 

and perampanel can aggravate psychosis, they are frequently 

replaced with other AEDs when used in NMDAR encephalitis 

with psychiatric symptoms. Topiramate can cause language 

problems and memory decline, and its use is sometimes termi-

nated early in NMDAR patients with language dysfunction and 

memory loss. Patients with aggressive immunotherapy often 

show neutropenia, which could be a side effect of immunother-

apy or a hematologic side effect of AED. In patients being treated 

with steroid or cyclophosphamide, enzyme-inducing AEDs, 

such as phenytoin, phenobarbital, and carbamazepine, increase 

the hepatic degradation of the immunotherapy drugs, dampen-

ing the pharmacokinetics. Accordingly, non-enzyme-inducing 

AEDs are recommended for use in combination with immuno-

therapeutic agents with hepatic metabolism.  

Hypersalivation 
Hypersalivation is one of the symptoms caused by autonomic 

dysfunction in NMDAR encephalitis with a prevalence of 4% to 

18% [12]. Hypersalivation is associated with profound drooling, 

constant suction, pneumonia, and sometimes volume deple-

tion. While anticholinergics are often tried in other diseases, 

they can aggravate autonomic dysfunction and paralytic ileus in 

NMDAR encephalitis. Accordingly, effective treatments without 

systemic side effects are needed. 

My team has shown that botulinum toxin injection into the sali-

vary glands can control hypersalivation in NMDAR encephalitis 

[13]. The effects of one injection last for 12 to 16 weeks and suffi-

cient mitigate the need for other anticholinergics. The injection 

can be repeated if needed after 12 weeks. Botulinum toxin is a 

better choice than anticholinergics for management of hyper-

salivation in NMDAR encephalitis. 

Autonomic dysfunction 
Autonomic dysfunction causes fluctuation in blood pressure 

and heart rate in NMDAR encephalitis. In severe cases, hypo-

tension can cause ischemic organ damage such as ischemic 

hepatitis. Some patients show sinus arrest, the mechanism for 

Soon-Tae Lee. Symptomatic treatments of NMDAR encephalitis

encephalitisjournal.org encephalitis |Volume 1, Number 1| December 21, 2020 5

https://www.encephalitisjournal.org/


which is not fully understood, and need temporary pacemakers. 

To minimize complications of autonomic dysfunction, anticho-

linergic drugs should be prescribed with caution. Cholinergic 

drugs such as pyridostigmine can be helpful, and I frequently 

prescribe them in patients with paralytic ileus. However, they 

can increase salivation, and the overall clinical efficacy should 

be determined in further controlled trials. Midodrine can help 

to correct hypotension. Blood pressure and heart rate are very 

sensitive to beta-blockers, and these drugs should be used with 

caution because they can cause hypotension or bradycardia 

even at low doses. 

Hypoventilation 
Central hypoventilation in NMDAR encephalitis is the main 

cause of mortality and morbidity via hypoxic brain damage in 

general wards. If a patient shows rapid progression of the dis-

ease, especially altered mentality and dyskinesia, monitoring of 

oxygen saturation and heart rhythm might be helpful to detect 

central hypoventilation. Once it occurs, hypoventilation means 

that the disease course is severe and that 1-year outcomes will 

be poor, as indicated by the anti-NMDAR Encephalitis One-Year 

Functional Status (NEOS) score [14]. Intubation, tracheostomy, 

and ventilator care are inevitable in most patients with central 

hypoventilation. 

Conclusion 
Immunotherapy is the main treatment of NMDAR encephalitis 

and improves symptoms of the disease. Nevertheless, support-

ive care is needed to decrease mortality and morbidity. While 

the protocol for immunotherapy improves every year and sever-

al controlled trials on NMDAR encephalitis are being initiated, 

prospective research is also needed on supportive care topics. 

Because the final immunologic prognosis of NMDAR encepha-

litis is usually excellent, the management of organ damage and 

complications during the disease course is important to prevent 

permanent physical sequelae of this disease. 
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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. 

Keywords: Autoimmune limbic encephalitis, Oligoclonal bands, Anti-N-methyl-D-aspartate receptor encephalitis
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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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(A) Modified Rankin Scale (mRS). (B) Clinical assessment scale in autoimmune encephalitis (CASE).
CSF-OCB, cerebrospinal fluid-restricted oligoclonal band.

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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Introduction 
The respiratory virus (RV) group consists of viruses such as ade-

novirus; respiratory syncytial virus (RSV) A and B; rhinovirus A 

and B; coronavirus, influenza A and B; parainfluenza 1, 2, 3; and 
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metapneumovirus. RVs mainly cause upper or lower respiratory 

tract infections, but they can also cause central nervous system 

(CNS) infection, mostly in children [1]. Adult cases of RV-related 

meningoencephalitis have been reported in a limited number 

of patients, predominantly those with influenza virus [2]. How-
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ever, up to 66% of adult encephalitis cases fail to have a causative 

pathogen identified despite extensive diagnostic laboratory tests 

[3]. Therefore, further research is needed to identify unusual but 

detectable pathogens such as RV. We retrospectively reviewed 

the neurological infection registry, and analyzed the pathogenic 

etiology of the CNS infections, including the RVs. 

Methods 
From March 2012 to December 2015, patients visiting Seoul Na-

tional University Hospital (Seoul, Korea) with a clinical suspi-

cion of CNS infection were enrolled in the neurological infection 

registry of Seoul National University Hospital (Seoul, Korea). 

The inclusion criteria were as follows; (1) clinical suspicion of 

CNS infection, (2) ≥ 18 years of age, and (3) cerebrospinal fluid 

(CSF) pleocytosis. The exclusion criteria were as follows; (1) 

CNS infection related to a recent surgical intervention, or (2) the 

presence of an additional etiology, such as autoimmune en-

cephalitis or metabolic encephalopathy. 

All patients in this registry underwent RV multiplex polymerase 

chain reaction (PCR) (Anyplex II RV 16 Detection; Seegene Inc., 

Seoul, Korea) analysis of CSF and sputum. This test provides 

qualitative analysis for 16 species of RV (adenovirus, influenza A 

and B, parainfluenza virus 1/2/3/4, rhinovirus A/B/C, RSV A 

and B, bocavirus 1/2/3/4, metapneumovirus, coronavirus 229E, 

coronavirus NL63, coronavirus OC43, and enterovirus). Other 

extensive diagnostic tests were performed, which included CSF 

culture, CSF PCR, and serum antibody tests for bacteria and vi-

ruses. Work-ups for rare pathogens such as tuberculosis, fungus, 

and parasites were also performed. A clinical diagnosis of men-

ingitis or encephalitis was made based on the initial manifesta-

tion of symptoms. Meningitis was characterized by fever and 

headache without any neurological symptoms. Encephalitis was 

characterized by headache, altered level of consciousness, and 

symptoms and signs of cerebral dysfunction such as cognitive 

impairment, behavioral changes, focal neurologic abnormali-

ties, and seizures [4]. Individual patients were treated according 

to clinical decisions made by an expert physician from the neu-

rological infection department. Because of its retrospective na-

ture, this study was exempted from the approval of the Institu-

tional Review Board and the written informed consent of the 

subject. 

Results 
A total of 661 patients were diagnosed with CNS infection and 

enrolled in the registry. Among these 661 CNS infection pa-

tients, 351 had meningitis, 275 encephalitis, and 35 brain ab-

scess. Etiological pathogens were confirmed in 421 patients 

(63.7%). Viral infection (253, 60.1%) was the major etiology in 

pathogen-confirmed CNS infection, followed by bacterial infec-

tion (105, 24.9%), mycobacterial infection (25, 5.9%) and fungal 

infection (21, 5.0%). In pathogen-confirmed viral infection, EBV 

was the leading etiology (73, 28.9%) followed by herpes simplex 

virus (HSV; 62, 24.5%), varicella-zoster virus (VZV; 53, 20.9%), 

and enterovirus (51, 20.2%). 

A total of 10 patients were diagnosed with RV-related meningo-

encephalitis. RV PCR of CSF or sputum yielded positive results, 

with no other findings on extensive workup. The median age of 

the patients was 38 years (range, 21–72 years). Four patients 

were clinically diagnosed with encephalitis and the others were 

diagnosed with meningitis. Six patients (60.0%) had prior upper 

respiratory infection (URI) symptoms before manifestation of 

CNS infection. Leptomeningeal enhancement was the most fre-

quent finding (70.0%) observed on brain magnetic resonance 

imaging (MRI). Antiviral therapy was administered in 3 of 4 en-

cephalitis patients and 2 of 7 meningitis patients. All of the pa-

tients recovered fully without any neurological sequelae, except 

for one patient (patient 3) who deteriorated despite antiviral 

treatment (Table 1). 

We classified these patients into two different groups according 

to PCR results. The first was the “definite” group, in which RV 

presence was confirmed by CSF PCR, and the second was the 

“probable” group, in which RV presence could be confirmed 

only by sputum PCR. 

Definite respiratory virus meningoencephalitis 
Three patients were classified into the “definite” group. Two pa-

tients had positive PCR results for influenza A in CSF. The other 

patient had positive results for human parainfluenza 3 virus in 

CSF. 

Patient 1 was a 40-year-old female. She visited the emergency 

room for altered mentality and fever lasting 5 days. Before the 

onset of neurologic symptoms, she complained of cough, rhi-

norrhea, and mild fever. Initial CSF revealed pleocytosis with a 

white blood cell (WBC) count of 129/mm3 (polymorphonucleo-

cytes, 82%; lymphocytes, 4%; other cells, 14%), and elevated 

protein (153 mg/dL). Initial brain MRI showed leptomeningeal 

enhancement, but electroencephalography (EEG) did not 

demonstrate abnormal findings. On extensive diagnostic work-

up, CSF PCR was positive for influenza A virus. She was treated 

with oseltamivir and recovered fully after 2 weeks of antiviral 

therapy; she was discharged at a modified Rankin Scale (mRS) 
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score of 0. 

Patient 2 was a 21-year-old male who presented with first-onset 

seizure. He had a generalized tonic-clonic seizure after com-

plaining of headache for 5 days. Initial CSF showed pleocytosis 

with red blood cells (RBC) of 12/mm3, a WBC of 139/mm3 (poly-

morphonucleocytes, 34%; lymphocytes, 48%; other cells, 18%), 

and elevated protein (52 mg/dL). RV PCR of CSF was positive 

for human parainfluenza virus 3; otherwise, there were no ab-

normal findings on extensive diagnostic workup. Brain MRI 

showed leptomeningeal enhancement and EEG demonstrated 

no focal epileptiform discharge but did reveal generalized inter-

mittent rhythmic delta activity. He was treated with ribavirin for 

1 week, after which he was clinically recovered and did not com-

plain of any headache or seizure. Follow-up EEG was also nor-

mal after ribavirin treatment. 

Patient 3 was a 67-year-old male who had been hospitalized 

previously for headache, right-side weakness, and transcortical 

motor aphasia. Prior to headache, he suffered from cough and 

rhinorrhea for 1 month. Brain computed tomography at a previ-

ous hospital showed cortical subarachnoid hemorrhage (SAH). 

He was treated with corticosteroids in order to reduce intracra-

nial pressure. Initial CSF results revealed pleocytosis with RBC 

of 270/mm3, WBC of 25/mm3 (lymphocytes, 80%; polymorpho-

nucleocytes, 20%), and elevated protein (214.7 mg/dL). He re-

covered partially and was discharged after 1 week of steroid 

treatment. However, before long, he started to show confused 

mentality again and was transferred to our hospital for a second 

opinion. Follow-up CSF analysis in our hospital revealed per-

sistent pleocytosis with an RBC of 18/mm3 and WBC of 16/mm3 

(lymphocytes, 13; other cells, 3), and elevated protein (137 mg/

dL). On RV PCR, the CSF specimen was positive for influenza A 

and the sputum specimen was positive for human metapneu-

movirus. On brain MRI, cortical SAH (Figure 1A) was aggravated 

and leptomeningeal enhancement (Figure 1B) was observed. 

Initially, acyclovir was administered for 1 week but was changed 

to oseltamivir after CSF PCR results were obtained. Although we 

treated him with oseltamivir for 2 weeks and follow-up CSF PCR 

results were negative, his mental status worsened. Finally, we 

administered intravenous peramivir, but the patient entered a 

persistent vegetative state (mRS score 5) without clinical re-

sponse. 

Probable respiratory virus meningoencephalitis 
We classified the other seven patients into the clinically “proba-

ble” group. Patients in this group were clinically diagnosed with 

meningoencephalitis and no pathogens were found on exten-

sive workup other than positive RV PCR of sputum. There were Ta
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two human rhinovirus A/B infections, one of influenza A, one of 

human parainfluenza virus 2, one human coronavirus 229E/

NL63, and one case with both influenza B and human RSV A. 

Four of these patients had URI symptoms prior to headache. 

Two patients whose PCR results were positive for influenza A 

were treated with oseltamivir, and the other patients underwent 

conservative management. Four patients exhibited leptomenin-

geal enhancement on MRI. Specific clinical information is pre-

sented in Table 1. 

Discussion 
Here, we demonstrated that, although rare, RVs can be a caus-

ative pathogen of meningoencephalitis in adults. According to 

our data from an adult population, 1.5% of total CNS infection 

patients were diagnosed with RV-related meningoencephalitis. 

This accounts for 4.0% of the total CNS viral infections. 

Recently, neurologic manifestations of respiratory viral infection 

have come to the fore. RVs can invade the CNS through either a 

hematogenous route or a peripheral nerve route [5]. Many cases 

of RV-associated meningoencephalitis have been reported in 

adult patients with adenovirus [6], bocavirus [7], influenza A [8-

10], influenza B [11,12], parainfluenza [13], and metapneumovi-

rus [14-17]. Reports of meningoencephalitis caused by diverse 

types of RVs are more common in pediatric cases. RV-related 

encephalitis comprises approximately 20% of all encephalitis 

cases in children aged 1 month to 15 years [2]. However, even in 

adults, RVs remain an important pathogenic cause of meningo-

encephalitis around the world. 

The diagnostic strategy for RV-related meningoencephalitis is 

similar to other infectious meningoencephalitis. PCR and real 

time-PCR assays of CSF for the detection of viruses are the most 

reliable diagnostic tools. A wide range of PCR tests should be 

carried out, including RV panel, HSV-1, HSV-2, VZV, CMV, and 

enterovirus, among others. Serologic tests, including serum and 

CSF specimens, are also helpful to specific etiological diagnosis. 

In the case of respiratory viral infection, we believe PCR testing 

of sputum will help establish a diagnosis [18]. 

Detailed history taking about prodromal symptoms, recent trav-

el, geographic location, exposure history, and occupation pro-

vides important clinical clues regarding infectious pathogens. 

Nevertheless, clinical symptoms and neurologic examination 

findings are similar among CNS infections. In our study, it is re-

markable that a considerable portion of RV-related meningoen-

cephalitis patients (4 of 10) did not have URI symptoms. In 2009, 

a prospective longitudinal study showed that respiratory patho-

gens are frequently detected in samples not only from children 

with respiratory symptoms (56%) but also from those without 

respiratory symptoms (40%) [19]. Therefore, we believe that a 

respiratory PCR panel should be routinely conducted in patients 

with suspected CNS infections. 

Most RV-related meningoencephalitis patients showed favor-

able outcomes. RV-related encephalitis is treatable with proper-

ly timed antiviral therapy. In particular, influenza A encephalitis 

can be treated with antiviral therapy [20,21]. Influenza A en-

cephalitis can be fatal not only in children but also in adults [22-

24]. Cortical SAH can develop from influenza A infection [25,26]. 

In our cases, patient 3 showed a poor clinical outcome despite 

A B

(A) Diffuse cortical subarachnoid hemorrhage on susceptibility-weighted angiography MRI. (B) Leptomeningeal enhancement on T1-weighted contrast-
enhanced MRI.
MRI, magnetic resonance imaging.

Figure 1 Brain MRI of a respiratory virus-related encephalitis patient with a poor outcome (patient 3)
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antiviral treatment. He already had a cortical SAH long before 

antiviral treatment began. The delay between onset and admin-

istration of the antiviral agent could be the reason why he was 

the only patient with clinical deterioration. This case showed 

the importance of fast and accurate diagnosis of RV-related me-

ningoencephalitis [27]. Ribavirin, a broad-spectrum antiviral 

agent, is used to treat Paramyxoviridae pneumonia, such as hu-

man RSV, parainfluenza virus, and metapneumovirus [28]. In-

travenous ribavirin was effective in Nipha-virus encephalitis 

[29], which is caused by another Paramyxoviridae disease. In 

our study, patient 2 was also successfully treated with ribavirin. 

Ribavirin is the treatment of choice when any patient is infected 

with RVs like those described above. 

Our study has some limitations in the certainty of diagnosis. Be-

cause of the low detectability of viral nucleic acids in CSF, many 

cases of encephalitis were diagnosed based on the results of se-

rological tests, antigen detection, viral culture, and nucleic acid 

detection from sputum, stool, urine, or blood [4]. Positive PCR 

results from sputum also can be indirect evidence of a diagnosis. 

Previous studies of RV-related meningoencephalitis and other 

studies of CNS infection etiology have used these indirect meth-

ods for specific etiological diagnosis [3]. Nevertheless, these in-

direct tools provide a lower level of confidence than PCR results 

from CSF and have the possibility of detecting asymptomatic 

coinfections limited to the upper respiratory system. This is an 

unavoidable limitation of our study. Therefore, we chose to di-

vide the patients into two groups based on the certainty of diag-

nosis. 

In conclusion, this is the first etiological study of adult RV-relat-

ed meningoencephalitis in a large CNS infection registry. Clini-

cians should keep in mind that, although rare, RVs can cause 

acute meningoencephalitis in adult patients, even in those with-

out URI symptoms. 
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Introduction 
Sweet syndrome (acute febrile neutrophilic dermatosis) was 

first described by Dr. Robert Douglas Sweet in 1964 [1]. The syn-

drome is characterized by fever, neutrophilic leukocytosis, and 

tender erythematous plaques. Biopsy of erythematous plaques 

shows a dense dermal infiltration with mature neutrophils. Re-

sponse to corticosteroid treatment is generally rapid and favor-

able. Neurological manifestation of Sweet syndrome, termed 

neuro-Sweet disease, is a rare cause of aseptic meningoenceph-

alitis. Neuro-Sweet disease also responds to corticosteroids, 

however, refractory cases with multiple relapses have occurred. 

Herein, we report a case of a patient with refractory neuro-Sweet 

disease, who was successfully treated with intravenous immu-

noglobulin (IVIG), rituximab, tocilizumab, and mycophenolate 

mofetil. 

Sweet syndrome, or acute febrile neutrophilic dermatosis, is mainly a dermatologic condition presenting with erythematous plaques; however, 
neutrophils infiltrate multiple systems. Neuro-Sweet disease is a neurological manifestation of Sweet syndrome and a rare cause of recurrent 
aseptic meningoencephalitis, which needs to be distinguished from neuro-Behçet disease. Although neuro-Sweet disease generally responds 
well to corticosteroids, relapsing neuro-Sweet disease is not an exceptional case. Herein, we present a case of a 51-year-old male with recurrent 
encephalitis followed by erythematous plaques. The patient was confirmed as Sweet syndrome based on skin biopsy and showed partial re-
sponse to corticosteroids. With intravenous immunoglobulin, rituximab, tocilizumab, and mycophenolate mofetil, his neurologic symptoms were 
fully recovered. 
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Case Report 
A 51-year-old male with a history of recurrent episodes of un-

consciousness (10, 7, 2 years, and 4 months before the current 

visit) presented with cognitive impairment. The patient was ad-

mitted to another hospital for altered mental state 10 and 7 years 

before the current visit. Although no definitive diagnosis was 

made, his consciousness was restored with supportive treat-

ment. When visiting another hospital 2 years before his current 

visit (May 2016), the patient had erythematous plaques on the 

neck and legs accompanied by headache, myalgia, febrile sense, 

and unconsciousness. On admission to our hospital, a brain 

magnetic resonance imaging (MRI) scan showed T2 hyperin-

tensities on bilateral basal ganglia, frontal, temporal, and insular 

subcortices (Figure 1A and B). Biopsy of the posterior neck skin 

lesion on admission revealed dermal neutrophilic infiltration 
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compatible with Sweet syndrome. The patient received symp-

tomatic treatments and erythematous plaques were resolved 

without corticosteroid therapy. Brain MRI after 2 months 

showed resolution of bilateral basal ganglia and subcortical T2 

hyperintense lesions (Figure 1C and D). 

The patient presented 4 months earlier (January 2018) with sore 

throat, headache, myalgia, febrile sense, unconsciousness, and 

erythematous nodules on his face spreading to the whole body. 

T2 hyperintense lesions were observed in the left thalamus, 

midbrain, and pons on brain MRI scan (Figure 1E and F). After 

treatment with high-dose corticosteroids for 5 days, his symp-

toms improved and T2 hyperintensities on brain MRI scan dis-

appeared (Figure 1G and H). However, he complained of per-

sistent dysarthria and cognitive impairment for months. 

The subject was admitted to our center for further treatment in 

May 2018. Neurologic examination revealed mild dysarthria 

without other cranial nerve dysfunction. Fever and erythema-

tous plaques were absent on admission. Neutrophilia (leuko-

cytes, 14,880/μL; neutrophils, 11,859/μL; 79.7% of neutrophils) 

and elevated C-reactive protein (CRP) level (1.17 mg/dL) were 

observed despite oral prednisolone maintenance (10 mg/day) 

for the preceding 4 months. Cerebrospinal fluid examination 

was unremarkable. Viral, fungal, tuberculous, or bacterial 

pathogens were not detected. Human leukocyte antigen (HLA) 

typing confirmed HLA-B52/B54. Mini-mental state examination  

score was 25 of 30 with impaired memory registration, recall, 

and calculation. Frontal assessment battery showed decreased 

word fluency. Clinical assessment scale for autoimmune en-

cephalitis (CASE) score was 3 and modified Rankin scale (mRS) 

score was 2 [2]. 

IVIG treatment (400 mg/kg/day for 5 days) was initiated fol-

lowed by weekly rituximab (375 mg/m2 for 4 weeks). After the 

2nd administration of rituximab, dysarthria and language fluen-

cy were slightly improved (CASE score, 2; mRS score, 2). After 

the 4th dose of rituximab, brain MRI scan showed new T2 hy-

perintensities on bilateral frontal, temporal, and insular subcor-

tices (Figure 1I and J). However, neurologic deterioration was 

not observed and four cycles of monthly rituximab therapy were 

A C E G I

B D F H J

MRI scan in May 2016 (A, B) shows T2 hyperintense lesions in bilateral basal ganglia and subcortical frontal, temporal, and insular lobes, which were 
reduced on follow-up MRI scan in July 2016 (C, D). (E, F) New T2 hyperintense lesions in left thalamus, midbrain, and pons were observed in February 
2018. (G, H) Partial resolution of previous lesions was observed in March 2018. (I, J) In June 2018, MRI scan revealed bilateral subcortical T2 
hyperintensities in bilateral frontal, temporal, insular, and parietal lobes. These lesions remained on follow-up MRIs in December 2018 and May 2019 
(not shown).
MRI, magnetic resonance imaging.

Figure 1 Serial MRI scan images (fluid attenuated inversion recovery images)
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maintained. Dysarthria or language dysfunction was not ob-

served but mild memory dysfunction remained (CASE score, 1; 

mRS score, 1). 

In November 2018, an erythematous rash developed without 

neurologic deterioration. Oral mycophenolate mofetil (500 mg/

day) and high-dose corticosteroid were initiated resulting in res-

olution of erythematous plaques. Intravenous tocilizumab (6 

mg/kg every month) was administered from December 2018 to 

June 2019. Erythematous plaques recurred in February and May 

2019 (Figure 2A), which resolved with tocilizumab (and com-

bined high-dose intravenous corticosteroid in February 2019). 

Skin biopsy from a plaque on the posterior neck in May 2019 

(Figure 2B) revealed dermal neutrophilic infiltration suggestive 

of Sweet syndrome. After the 6th injection of tocilizumab, only 

mycophenolate mofetil was maintained without recurrence of 

rash and neurologic symptoms. Mycophenolate mofetil was dis-

continued in December 2019. Rash and neurologic symptoms 

did not relapse until the last visit in March 2020 (CASE score, 0; 

mRS score, 0). Time course of immunotherapies and clinical 

events are depicted in Figure 3. 

Written informed consent was obtained for publication of this 

case report and accompanying images.

Discussion 
Sweet syndrome (acute febrile neutrophilic dermatosis) is char-

acterized by fever, leukocytosis, and tender erythematous skin 

lesions [1]. Erythema typically involves head, neck, and limbs. 

Leukocytosis (neutrophilia) and elevated CRP and erythrocyte 

sedimentation rate are common laboratory findings. Skin biop-

sy shows dermal neutrophilic infiltration in the absence of vas-

culitis. Although skin is most commonly involved, other organs 

such as eyes, liver, kidneys, and lungs can be infiltrated with 

neutrophils [3]. Response to corticosteroid is favorable, resulting 

in complete remission without scarring in most cases [4]. 

Neurologic manifestation of Sweet syndrome, termed neu-

ro-Sweet disease, has been reported since the 1990s [5]. Com-

mon presentation of neuro-Sweet disease is aseptic meningoen-

cephalitis with or without erythematous plaques [3]. Various 

symptoms such as altered consciousness, headache, cognitive 

impairment, aphasia, or peripheral neuropathy can be ob-

served. Typically, erythematous plaques precede neurologic 

symptoms; however, cases of encephalitis followed by skin in-

volvement or cases without erythematous plaques have been 

reported [6]. Computed tomography or MRI scans reveal multi-

ple central nervous system lesions [3]. Basal ganglia and brain-

stem are frequently involved similar to neuro-Behçet disease. 

Because skin is commonly involved in neuro-Sweet disease and 

neuro-Behçet disease, differentiating these two conditions is 

important. In neuro-Behçet disease, skin biopsy shows vasculi-

(A) Erythematous plaque on left posterior neck. (B) Skin biopsy of 
erythematous plaque on left posterior neck (H&E stain, ×40). Mixed 
lymphohistiocytic and numerous neutrophilic infiltrations in dermis.

Figure 2 Posterior neck plaque in May 2019

A B

Arrows and bars on the timelines indicate the timing/duration of each immunotherapy. Yellow lightning indicates timing of relapsed erythematous 
plaques. 
mPd, intravenous high-dose methylprednisolone; Pd, oral prednisolone; IVIG, intravenous immunoglobulin; RTX, rituximab; TOC, tocilizumab; MMF, 
mycophenolate mofetil.

Figure 3 Time course of immunotherapies and clinical events

encephalitisjournal.org

Hwang S, et al. Refractory neuro-Sweet disease

22 encephalitis |Volume 1, Number 1| December 24, 2020

https://www.encephalitisjournal.org/


tis in contrast to dermal neutrophilic infiltration in neuro-Sweet 

disease. Neuro-Sweet disease usually responds to corticoste-

roids, and in some cases supportive treatment can lead to spon-

taneous remission. HLA-B54 (63% in neuro-Sweet disease vs. 

14% in Japanese population) and HLA-Cw (89% in neuro-Sweet 

disease vs. 28% in Japanese population) are frequently detected 

in patients with neuro-Sweet disease [3]. Although recurrence is 

common, there is no established preventive therapy to date. 

Conversely, response to corticosteroids is poor and HLA-B51 is 

frequently detected in patients with neuro-Behçet disease [7]. 

Treatment options other than corticosteroids include colchicine 

and potassium iodide as first-line treatment options for dermal 

involvement of Sweet syndrome [8]. Nonsteroidal anti-inflam-

matory drugs, dapsone, clofazimine, cyclosporine, and thalido-

mide are second-line therapies. There are reports of effective 

treatment of Sweet syndrome with methotrexate, interferon-α, 

IVIG, anakinra, or anti-tumor necrosis factor (TNF)-α [8,9]. Rit-

uximab (anti-CD20 monoclonal antibody) and tocilizumab (an-

ti-interleukin-6 monoclonal antibody) have shown efficacy in 

case reports of refractory Sweet syndrome [10,11]. However, 

possible anti-TNF-α- or tocilizumab-induced Sweet syndrome 

has been reported, and the effectiveness of these drugs remains 

controversial [12]. 

In the present case, the patient had a history of recurrent neu-

ro-Sweet syndrome. Because skin was involved years after the 

initial neurologic manifestation, he experienced a diagnostic 

odyssey. He was undiagnosed until the erythematous plaques 

appeared 2 years before the current visit, which prompted skin 

biopsy confirming the diagnosis of neuro-Sweet disease. De-

spite spontaneous remission after supportive treatment 10, 7, 

and 2 years earlier, high-dose corticosteroid treatment induced 

partial remission 4 months before the current visit. Dysarthria 

and cognitive impairment remained even with long-term main-

tenance of oral corticosteroid. Additional immunotherapy with 

IVIG, rituximab, mycophenolate mofetil, and tocilizumab in-

duced complete remission of neuro-Sweet disease without neu-

rologic sequela. 

The present case demonstrates efficacy of multiple immuno-

therapies in neuro-Sweet disease. Although numerous reports 

of dermal manifestation of Sweet syndrome treated with immu-

nomodulatory drugs exist, reports on immunotherapy treat-

ment in neuro-Sweet disease are limited. Reportedly, cyclospo-

rine, dapsone, and infliximab (TNF-α inhibitor) have been used 

in cases of corticosteroid-resistant or corticosteroid-dependent 

neuro-Sweet disease [13,14]. To the best of our knowledge, this 

is the first case of neuro-Sweet disease treated with rituximab, 

tocilizumab, and mycophenolate mofetil. Tocilizumab, which is 

commonly used in rheumatoid arthritis, is reportedly associated 

with neutropenia in some cases [15]. Although the exact mecha-

nism is not established, this anti-neutrophil effect may serve as 

a therapeutic target in Sweet syndrome [16]. A case of Sweet 

syndrome or neuro-Sweet disease treated with mycophenolate 

mofetil has not been reported to date. Although mycophenolate 

mofetil was initiated after cutaneous relapse in November 2018, 

the contribution of mycophenolate mofetil cannot be estab-

lished due to concomitant administration of corticosteroids fol-

lowed by tocilizumab. However, tentative therapeutic effects of 

mycophenolate mofetil should be further studied in refractory 

cases of neuro-Sweet disease. Reversibility of neurologic symp-

toms even after months from relapse highlights the importance 

of adequate immunotherapy in steroid-unresponsive neu-

ro-Sweet disease. The mechanism by which each im-

mune-modulating agent acts on neuro-Sweet disease, and pri-

ority of each immunotherapy, remain to be elucidated. 
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Introduction 
Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is 

the most common disease among autoimmune encephalitis. 

Most patients are female, and ovarian teratoma is a source of 

autoantibody among 40% of patients [1]. However, for male and 

female patients without teratoma, the mechanism of breakdown 

of immune tolerance to NMDAR is unclear. It has been suggest-

ed that direct damage to the central nervous system (CNS) 

through viral infection could be the origin of the autoantigen, 

and previous studies have shown that herpesvirus infection can 

precede anti-NMDAR encephalitis [2-4]. 

Herpesviruses are large, double-stranded DNA viruses, of which 

eight human herpesviruses have been identified [5]. They are 

mostly neurotrophic, sometimes causing serious neurological 

manifestations either by primary infection or secondary activa-

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is triggered by herpesvirus encephalitis. Human herpesvirus type 7 (HHV-7) is a re-
cently described herpesvirus for which neuroinvasion has been reported rarely. We report a case of anti-NMDAR encephalitis detected 8 years 
after recurrent herpes encephalitis associated with herpes simplex virus type 1 and HHV-7 in an immunocompetent host. Our case suggests 
that anti-NMDAR encephalitis may be triggered by HHV-7 meningoencephalitis in immunocompetent adults, and patients with a history of her-
pesvirus encephalitis should be vigilantly monitored. 

Keywords: Herpes simplex virus 1, Human herpesvirus 7, Encephalitis, Foscarnet, Anti-N-methyl-D-aspartate receptor encephalitis  
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tion [5]. Human herpesvirus type 7 (HHV-7) is a recently de-

scribed herpesvirus that is ubiquitous and mostly acquired in 

childhood [6]. Primary infection usually occurs in infants, and 

symptoms vary from a nonspecific high fever to exanthem subi-

tum [6]. Very little is known of HHV-7 infection in the CNS of 

immunocompetent hosts, but there have been a few case re-

ports describing HHV-7 neuroinvasion [7-9]. 

Here, we describe a 32-year-old man who developed anti-NMDAR 

encephalitis after recurrent herpesvirus meningoencephalitis. 

Written informed consent was obtained for publication of this 

case report and accompanying images. 

Case Report  
Event 1. Herpes simplex virus type 1 encephalitis 
A 32-year-old man was admitted due to fever, headache, and al-

Copyright © 2021 by The Korean Encephalitis and Neuroinflammation Society
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tered mental status. He was previously healthy and had no re-

cent history of travel. A cerebrospinal fluid (CSF) study revealed 

pleocytosis showing 68/mm3 of white blood cells with lympho-

cyte dominance (75%) and mildly elevated protein (58 mg/dL) 

(Table 1). Brain magnetic resonance imaging (MRI) showed bi-

lateral asymmetric hyperintense lesions on T2-weighted imag-

es, with a mass effect involving both insulas, the hippocampus, 

lingual gyrus, and left anterior temporal area. A polymerase 

chain reaction (PCR) study was performed for herpes simplex 

virus type 1 (HSV-1) and HSV-2 in the CSF specimen and re-

vealed a positive result for HSV-1 DNA. No other viral gene stud-

ies were performed. The patient was diagnosed with HSV-1 en-

cephalitis and received acyclovir at a dose of 500 mg intravenous 

(IV) every 8 hours. After 20 days of treatment, he was discharged 

without symptoms. 

Event 2. HHV-7 encephalitis 
One month after discharge, the patient complained of visual 

hallucination and agitation and showed aggressive behavior. He 

was readmitted to the hospital, and a CSF study disclosed 18/

mm3 of white blood cells (Table 1), with HSV-1 DNA detected by 

PCR. He received acyclovir 500 mg IV every 8 hours for 1 month, 

but his symptoms worsened to drowsy mental status with no re-

sponse to verbal stimuli and intermittent oral automatism. Body 

temperature was high at 37.6°C. The follow-up CSF study 

showed 14/mm3 of white blood cells, no red blood cells, 25 mg/

dL of protein, and 77 mg/dL of glucose (serum glucose, 97 mg/

dL) (Table 1). Video-electroencephalogram (EEG) monitoring 

detected intermittent semirhythmic delta waves in the right 

temporal area. Brain MRI showed increased extent of the T2 hy-

perintense lesion, which was more prominent at the left side, at 

the bilateral temporal lobes, and positron emission tomography 

revealed profound hypometabolism in the left temporal lobe 

(Figure 1A and C). Viral gene PCR was used to evaluate HSV-1, 

HSV-2, varicella-zoster virus, Epstein–Barr virus, cytomegalovi-

rus, HHV-6, and HHV-7. All tests were negative except that for 

HHV-7 DNA, which was strongly positive in the CSF specimen. 

Thus, the patient received foscarnet of 2,000 mg IV every 8 hours 

for HHV-7 encephalitis. After 2 weeks of treatment, he recovered 

from the drowsy mental state and no longer showed oral autom-

atism or aggressive behavior. Brain MRI showed clear improve-

ment (Figure 1B), and follow-up EEG indicated resolution of the 

intermittent rhythmic delta slowing in the right temporal area. 

He was discharged with mild short-term memory decline with 

instruction to maintain oxcarbazepine of 1,200 mg/day and le-

vetiracetam of 1,000 mg/day. 

Event 3. Anti-NMDAR encephalitis 
The patient had no symptom recurrence, even after tapering of 

the antiepileptic drug oxcarbazepine to 900 mg/day. Eight years 

later, however, seizure recurred with severe headache and audi-

tory hallucinations. Thorough evaluation was repeated, includ-

ing viral gene PCR and autoantibody tests. All viral gene PCR 

evaluations were negative, but anti-NMDAR antibody was de-

tected in serum (Table 1). Immunotherapy with IV immuno-

globulin and rituximab was planned for the patient. After four 

cycles of rituximab treatment, his symptoms improved, and he 

has had no seizure during four years of follow-up. 

Polymerase chain reaction 
Nucleic acid was prepared from cell pellets of CSF or peripheral 

blood mononuclear cells using the QIAamp DNA Blood Mini 

Kit (Qiagen, Crawley, UK) following the manufacturer’s instruc-

Table 1 Cerebrospinal fluid profiles

Day 1 Day 44 Day 84 Eight years later

Status Initial manifestation Relapse Aggravation Relapse

Symptom Headache, fever, drowsy mentality Abnormal behavior, visual hallucination Drowsy mentality Seizure, headache, auditory hallucinations

CSF study
RBC (/μL) 4 1,020b) 0 NA

WBC (/μL) 68 18 14 NA

Protein (mg/dL) 58 52 25 NA

Glucose (mg/dL) 60 62 77 NA

PCRa) HSV-1(+) HSV-1(+) HSV-1(−), HHV-7(+) HSV-1(−), HHV-7(−)

Autoantibody NA NA NA Anti-NMDAR antibody (+)

Treatment Acyclovir 500 mg Acyclovir 500 mg Foscarnet Rituximab

Response Recovered No response Recovered Recovered

CSF, cerebrospinal fluid; RBC, red blood cell; WBC, white blood cell; PCR, polymerase chain reaction; HSV-1, herpes simplex virus type 1; HHV-7, human herpesvi-
rus type 7; NA, not available.
a)Only HSV-1 and 2 DNA were examined in the first two lumbar puncture studies.
b)Note that traumatic tap was performed in a lumbar puncture study performed on day 44.
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tions. We performed nested PCR using 15 L of nucleic acid from 

serum or CSF. The sequences of the outer pair of primers were 

TAT CCC AGC TGT TTT CAT ATA GTA AC and GCC TTG CGG 

TAG CAC TAG ATT TTT TG, and the sequences of the inner pair 

of primers were CAG AAA TGA TAG ACA GAT GTT GG and TAG 

ATT TTT TGA AAA AGA TTT AAT AAC. The PCR products were 

compared by electrophoresis on 2.5% agarose gels containing 

ethidium bromide. Positive results were confirmed by repeated 

tests. 

Antibody determination 
Anti-NMDAR antibody was confirmed with two methods, as 

described previously [10]. These methods were serum and 

CSF assays with immunostaining of rat brain sections and a 

cell-based immunochemistry kit (Euroimmun AG, Lübeck, 

Germany). Antibodies against the contactin-associated pro-

tein-like 2 (CASPR2), the leucine-rich glioma-inactivated 1 

(CASPR2) receptor, anti-α-amino-3-hydroxy-5-methyl-4isox-

azolepropionic acid 1 (AMPA1), AMPA2, and γ-aminobutyr-

Figure 1 Brain images of human herpesvirus type 7 encephalitis

A B

C

(A) Fluid-attenuated inversion recovery shows high signal intensity, more prominent on the left side, at the bilateral temporal lobes. (B) The lesions 
regressed after foscarnet treatment. (C) Positron emission tomography with statistical parametric mapping analysis reveals profound hypometabolism 
in the left temporal lobe.
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ic-acid type B (GABA-B) receptors were negative, as were anti-

bodies against Hu, Yo, Ri, Ma2, CV2, amphiphysin, recoverin, 

Sox1, and titin antibodies. 

Discussion 
Our case illustrates recurrent meningoencephalitis associated 

with HSV-1, HHV-7, and subsequent anti-NMDAR encephalitis 

in an immunocompetent adult host. After HHV-7 had been 

treated with foscarnet, the patient’s drowsy mental state signifi-

cantly improved, along with cessation of nonconvulsive sei-

zures. Follow-up brain MRI and EEG showed findings consis-

tent with resolution of encephalitis, including absence of active 

lesions and epileptic activity, respectively. The seizure relapse 8 

years later led to detection of anti-NMDAR encephalitis, and the 

patient was treated with immunotherapy. 

In the present case, HHV-7 could be associated with recurrent 

encephalitis after the first HSV-1 infection had been sufficiently 

treated by acyclovir. The causative agent for the initial event 

could have been HSV-1, considering the bilateral temporal lobar 

involvement demonstrated on brain MRI and detection of HSV-

1 DNA by PCR. Recurrent encephalitis in HSV-1 infection is oc-

casionally reported and is related with severity of the first infec-

tion [5]. Because the initial viral DNA studies examined only 

HSV-1 and HSV-2, it is unclear whether HHV-7 initially coinfect-

ed the patient or if he was infected later. Nonetheless, a later CSF 

study revealed a negative result for HSV-1 DNA and a positive 

result for HHV-7 DNA, suggesting involvement of HHV-7 infec-

tion in the second episode of encephalitis. 

Furthermore, dramatic symptom relief after foscarnet treatment 

supports the idea that HHV-7 was related to the recurrent en-

cephalitis in our case. Although there are no treatment guide-

lines or randomized clinical trials for HHV-7 infection, foscarnet 

or ganciclovir is recommended as a therapeutic option because 

HHV-7 is resistant to acyclovir [7]. On the other hand, acyclovir, 

which must be phosphorylated by virus-encoded kinases to re-

tain antiviral activity, is an effective antiviral agent against HSV-1 

and HSV-2 [11]. Foscarnet and its analogues achieve their anti-

viral effects via inhibition of viral polymerases, without activa-

tion or phosphorylation of the compounds by viral or cellular 

proteins [12]. Therefore, they have shown effective antiviral ac-

tivity against acyclovir-resistant herpes simplex infection and 

herpesviruses such as HHV-7 [11,13]. 

In the present case, the autoimmune encephalitis was identified 

8 years after serial herpesvirus encephalitis, and the symptoms 

might have been too mild to be detected before the infection 

was identified. Whether the NMDAR antibody was present at 

the time of HHV-7 infection is unclear; NMDAR-autoantibody 

detection was not available in 2007 when there was no concept 

of anti-NMDAR encephalitis [14]. Moreover, we do not know 

whether HSV-1 infection or HHV-7 infection resulted in break-

down of immune tolerance to NMDAR. According to the hy-

pothesis that CNS damage triggers autoimmunity by exposure 

of NMDARs [4], either herpesviruses could be the cause of the 

patient’s anti-NMDAR encephalitis. Our result implies that 

HHV-7 infection, which is ubiquitous and generally asymptom-

atic, can be the origin of autoimmunity for patients with an-

ti-NMDAR encephalitis who have no teratoma. Thus, develop-

ment of anti-NMDAR encephalitis should be vigilantly moni-

tored in patients with a history of herpes virus encephalitis. 

Conversely, in patients with anti-NMDAR encephalitis who 

have no teratoma, herpes viral infection history should be care-

fully investigated.  

In summary, we report a case of recurrent herpesvirus encepha-

litis followed by anti-NMDAR encephalitis in an immunocom-

petent young man. This report furthers our knowledge about 

the clinical manifestations of rare HHV-7 infection and suggests 

that anti-NMDAR encephalitis can be identified years after her-

pes virus infection. 
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Open Access Policy
encephalitis is an Open Access journal distributed under the 

terms of the Creative Commons Attribution Non-Commercial 

License (ttps://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, 

and reproduction in any medium, provided the original work is 

properly cited. Author(s) do not need to be permitted for use of 

tables or figures published in encephalitis in other journals, 

books, or media for scholarly and educational purposes. This is 

in accordance with the Budapest Open Access Initiative defini-

tion of open access. It also follows the open access policy of 

PubMed Central at the United States National Library of Medi-

cine (NLM) (https://www.ncbi.nlm.nih.gov/pmc/).

Open data policy
For clarification on result accuracy and reproducibility of the re-

sults, raw data or analysis data will be deposited to a public re-

pository or encephalitis homepage after acceptance of the man-
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should be disclosed. If data cannot be publicized, it can be ne-

gotiated with the editor. If there are any inquiries on depositing 

data, authors should contact the Editorial Office for more infor-
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Archiving Policy
According to the deposit policy (self-archiving policy) of Sher-

pa/ Romeo (http://www.sherpa.ac.uk), authors can archive 

preprint (i.e., pre-refereeing) or postprint (i.e., final draft 

post-refereeing). Authors can archive publisher’s version/PDF.

GUIDELINES FOR MANUSCRIPT 
FORMATTING
1. General Guidelines
• The manuscript must be written in English.

• The manuscript should be organized in a single file, which 

starts with the title page, abstract and keywords, introduction, 

materials and methods, results, discussion, acknowledgments, 

statements on conflicts of interest, references, tables, and fig-

ure legends.

• All text files should be in Microsoft Word format (DOC or 

DOCX) and all figures need to be in JPG/JPEG format. Text or 

figure files should not be uploaded as PDF files.

• The manuscript should use an 11- or 12-point font size and be 

double spaced on 21.0 cm ×  29.7 cm (A4) paper with 3.0 cm 

margins at the top, bottom, and left margin. Left-aligned text 
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• The authors should not number the pages or the lines. The 
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the uploaded manuscript is converted to PDF format.
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ations can be confusing to readers. Avoid abbreviations in the 

https://cris.nih.go.kr/
https://cris.nih.go.kr/
https://www.who.int/ictrp/network/primary/en/
https://www.who.int/ictrp/network/primary/en/
https://clinicaltrials.gov/
https://clinicaltrials.gov/
http://icmje.org/icmje-recommendations.pdf
http://icmje.org/icmje-recommendations.pdf
https://doi.org/10.3346/jkms.2017.32.7.1051
ttps://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/
http://www.sherpa.ac.uk/


encephalitisjournal.orgiv encephalitisjournal.org v

title of the manuscript. The spelled-out abbreviation followed 

by the abbreviation in parentheses should be used on first 

mention.

• When quoting from other sources, give a reference number af-

ter the author’s name or at the end of the quotation.

• Authors should express all measurements in convention- al 

units, using the International System (SI) of units.

- Biological names of organisms:

Saccharomyces cerevisiae, E. coli

- Restriction enzymes and some enzymes:

EcoRI, Taq polymerase

- Names of genes: Src, C-H-ras, Myc

- Latin words: in vivo, in vitro, in situ

- Centrifugation force: 100,000 × g

• The names and locations (city and state/province or country) 

of the manufacturers of equipment and generic names should 

be given.

• For specific study designs, such as randomized control studies, 

studies of diagnostic accuracy, meta-analyses, observational 

studies, and nonrandomized studies, authors are encouraged 

to also consult the reporting guidelines relevant to their specif-

ic research design. A good source of reporting guidelines is the 

EQUATOR Network (https://www.equator-network.org) and 

the NLM (https://www.nlm.nih.gov/services/research_re-

port_guide.html).

• Please also refer to the most recent articles published in en-

cephalitis for style.

2. Main Document
• The main document should contain the following components 

in a single Microsoft Word file, each component starting on a 

separate page: title page, abstract, main body, acknowledg-

ments/statements on conflicts of interest, references, and fig-

ure legends.

2.1. Title Page
• Include the following items on the title page:

- Title

- Abbreviated title

- Names, affiliations, and addresses of all authors

- Contact information of the corresponding author

- Type of manuscript

• Each author’s full name, not initials, must be provided in the 

order of first name, middle name (if it exists), and last name for 

all participating authors, e.g., John (first name) Doe (last 

name).

• The abbreviated title will be printed at the top of each page of 

the published paper and should be within 10 words.

• When authors from different institutions/addresses are includ-

ed, the authors should be matched with their organizations by 

placing the relevant organization number in superscript after 

each author’s name.

• The contact information of the corresponding author should 

include the mailing address and e-mail address.

• ORCID: Open researcher and contributor ID (ORCID) of all 

authors are recommended to be provided. To have ORCID, 

authors should register in the ORCID web site available from: 

https://orcid.org. Registration is free to every researcher in the 

world.

2.2. Abstract
• Reference citations should not be used in the abstract. Abbre-

viations should be minimized and, if used, must be defined 

within the abstract by the full term followed by its abbreviation 

in parentheses.

• The abstract should be concise, less than 250 words, and de-

scribe the subject of research concisely, in a paragraph. The 

abstract for an original article must be structured to include a 

Purpose, Methods, Results, and Conclusion as follows:

Purpose: In one or two sentences, the specific purpose of the 

article and why it is worthy of attention should be indicated. 

The purpose stated here should be identical to the one given 

in the title of the paper and the introduction.

Methods: The methods used to achieve the purpose explained 

in the first paragraph should be described succinctly, stating 

what was done and how bias was controlled, what data were 

collected, and how the data were analyzed.

Results: The findings of the methods described in the preced-

ing paragraph are to be presented here, with specific data. All 

results should flow logically from the methods described.

Conclusion: In one or two sentences, the conclusion of the 

study should be stated. This should relate directly to the pur-

pose of the paper, as defined in the first paragraph of the ab-

stract.

• Unlike that for an Original Article, the abstract for review/

mini-review/case report consist of a single paragraph without 

separate sections. The most recently published articles should 

be consulted for style.

• Three to five keywords (index terms) should appear after the 

abstract. For the selection of keywords, refer to the list of Medi-

cal Subject Headings (MeSH, http://www.ncbi.nlm.nih.gov/

mesh).
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2.3. Main Body
2.3.1. Original Article
Original articles are papers containing results of basic and clini-

cal investigations, which are sufficiently well documented to be 

acceptable to critical readers. The maximum length of a manu-

script is 5,000 words (exclusive of the title page and abstract), 50 

references (if the references exceed 50, authors can consult with 

the Editorial Office). A total of 8 figures or tables are allowed; ad-

ditional tables and figures may be provided using the online 

data supplement system

Introduction

The introduction provides the research background and specific 

purpose or objectives, generally enough to inform the readers of 

the topic, and relevant findings of others are described. The hy-

pothesis tested can be stated. The references should be as few 

and pertinent as possible.

Materials and Methods

• The first paragraph should address whether the study was con-

ducted under an approval by the institutional review board 

(with or without patient informed consent) and animal care 

committee of the institution where the study took place for any 

investigation involving humans and animals, respectively.

• The materials (or subjects), inclusion and exclusion criteria, 

research plan, and the methods used should all be described.

• Ensure correct use of the terms sex (when reporting biological 

factors) and gender (identity, psychosocial or cultural factors), 

and, unless inappropriate, report the sex and/or gender of 

study participants, the sex of animals or cells, and describe the 

methods used to determine sex and gender. If the study was 

done involving an exclusive population, for example in only 

one sex, authors should justify why, except in obvious cases 

(e.g., prostate cancer). Authors should define how they deter-

mined race or ethnicity and justify their relevance.

• How the disease was confirmed and how subjectivity in obser-

vations was controlled should be explained in detail, if rele-

vant.

• When experimental methodology is the main issue of the pa-

per, the experimental process should be described in detail so 

as to make it possible for the reader to recreate the experiment 

as closely as possible.

• The methods of statistical analysis and criteria for statistical 

significance should be described.

• If the study includes reuse/overlap of materials previously 

published or under consideration for publication elsewhere, 

the reuse/overlap of study materials should be clearly stated.

Results

• The results of the paper should be described logically accord-

ing to the Methods section.

• Tables and figures are recommended when they can present 

data more succinctly and clearly. Do not duplicate the content 

of tables or figures in the Results section.

• Briefly describe the core results related to the conclusion in the 

text when data are provided in tables or in figures.

• In the Results section, audio or video files are also welcomed. 

Supplementary results can be placed in the Appendix

Discussion

• In the first part of the discussion, the main findings should be 

briefly summarized, then possible explanations for these find-

ings should be explored, and these results should be compared 

and contrasted with the findings of other relevant studies.

• The results of previous relevant studies should not be men-

tioned repeatedly, but any concordance or discordance should 

be noted.

• The core findings and the conclusions derived from them 

should be emphasized according to the best available evi-

dence.

• In the last part of the discussion, the limitations of the study, 

future research suggestions or plans, and the conclusion 

should all be described. If there was a research hypothesis in 

the introduction section, whether it was supported should be 

stated.

Conflict of interest

• State any potential conflict of interest that could influence the 

authors’ interpretation of the data, such as financial support 

from or connections to pharmaceutical companies, political 

pressure from interest groups, or academically related issues.

Acknowledgments and Author contribution
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• What authors have done for the study should be described in 
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and editing). Contributions will be published with the final ar-
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work. The submitting author is responsible for completing this 

information at submission, and it is expected that all authors 
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• In the references section, the references should be numbered 

and listed in the order of their appearance in the text.

• List all authors when there are six or fewer; for seven or more, 
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tus in patients with refractory myasthenia gravis treated with ec-

ulizumab during REGAIN and its open-label extension. Neurol-

ogy 2020 Nov 23 [Epub]. https://doi.org/10.1212/WNL.00000 
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Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors. Oper-

ative obstetrics, 2nd ed. New York: McGraw-Hill; 2002.

Meltzer PS, Kallioniemi A, Trent JM. Chromosome Alterations 

in Human Solid Tumors. In: Vogelstein B, Kinzler KW, editors. 

The Genetic Basis of Human Cancer. New York: McGraw-Hill; 

2002. p. 93-113.

- Online book or Web site

Foley KM, Gelband H, editors. Improving palliative care for can-

cer [Internet]. Washington: National Academy Press; 2001 [cited 

2002 Jul 9]. Available from: https://www.nap.edu/cata-

log/10149/improving-palliative-care-for-cancer.

Tables

• The tables should start on a separate page. The tables should 

be numbered using Arabic numerals. The title of the table 

should be clearly stated in the form of a sentence or a para-

graph.

• Tables should not be longer than one page and should contain 

at least four lines and two columns of data.

• Tables are to be numbered in the order in which they are cited 

in the text.

• Abbreviations should be defined in a footnote below each ta-

ble.

• Tables should be self-explanatory and readily comprehensible.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published tables and copies 

of the permission letter should be submitted.

• In case of the use of previously published tables, the original 

source must be noted in the table footnote, and a statement 

that copyright permission was granted, if relevant, should be 

made. All non-standard abbreviations should be explained in 

the footnotes. Footnotes should be indicated by a), b), c), d), ... 

Statistical measures such as SD or SE should be identified.

Figure Legends

• The figure legends should start on a separate page. Legends 

should be numbered in the order in which they are cited, using 

Arabic numerals.

• Figure title includes patient age and a diagnosis in a phrase fol-

lowed by a description using one complete sentence rather 

than a phrase or paragraph for each figure part.

• For a description regarding the features in the figure, the sen-

tence is described in present tense. For a description regarding 

the features not appeared in the figure, the sentence is de-

scribed in past tense.

• For microscopic findings, the staining method and the scale 

should be included in parenthesis (e.g., H&E stain, × 100).

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
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• In case of the use of previously published figures, the original 

source must be revealed in the figure legend.

Figures

• All figure parts related to one patient should have the same fig-

ure number and use English letters after the numerals to dis-

tinguish each figure part, e.g., Figure 1A, 1B, etc.

• Multiple figures mentioned in the text should be described as 

follows, e.g., Figures 1, 3.

• Multiple figures within the same figure number mentioned in 

the text should be described as follows, e.g., Figure 1A, C.

• Each figure part should be sent as a separate image file.

• Labels/arrows should be of professional quality.

• All names and all other identifiers of the patient, authors, and 

authors’ institutions should be removed from the figures.

• After cropping to the area of interest, the images should be at 

least 300 dpi in resolution and 10-15 cm in width.

• Color figures should be in RGB color mode and line drawings 

should be black on a white background.

• For initial submission, only the JPG/JPEG format is acceptable. 

The authors will later be asked to submit TIF/TIFF files with-

out any arrows or other markings for the finally accepted man-

uscript.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published illustrations and 

copies of the permission letter should be submitted.

• The authors may wish to make written suggestions about the 

arrangement of the illustrations

Video clips

• Video clips can be submitted for placement on the journal 

website. All videos are subject to peer review and can be up-

loaded as supplementary materials.

• A video file submitted for consideration for publication should 

be in complete and final format and at as high a resolution as 

possible. Any editing of the video will be the responsibility of 

the author.

• encephalitis recommends Quicktime, AVI, MPEG, MP4, or 

RealMedia file formats of less than 5 minutes duration.

• A legend to accompany the video should be double-spaced in 

a separate file.

• All copyrights for video files after acceptance of the main arti-

cle are automatically transferred to encephalitis.

Supplementary data

• Supplementary data: If there are complementary materials 

that help the understanding of readers or if there is a large 

amount of data, these may be used as supplementary data. 

Supplementary data should be as concise as possible and 

must be related to the main conclusion of the paper. Supple-

mentary data can include electronic files of high resolution 

images, background datasets, video materials, animations, and 

more. Supplementary data will be published online alongside 

the electronic version of the article. Video data files can be 

submitted in the same way as a figure or table by referring to 

the video or animation content. Since video and animation 

cannot be embedded in the print version, authors have to pro-

vide text for both the electronic and the print version for the 

portions of the article that refer to this content

2.3.2. Review Article
• A review is generally published as a commissioned paper at 

the request of the editor(s).

• Review articles contain an Abstract, Introduction, Main text, 

and Summary (or Conclusion) followed by references, tables, 

and figure legends.

• A review article is a comprehensive scholarly review on a spe-

cific topic. It is not an exhibit of a series of cases.

• Neither new information nor personal opinions are to be in-

cluded.

• An introduction that explains the scope of the paper is re-

quired, and headings should be used appropriately to separate 

and organize the text.

• Please send us a Presubmission Inquiry before writing a review 

article. All review articles undergo the same review process as 

other types of articles prior to acceptance. Reviews have no re-

strictions on word count or the number of figures and tables. 

However, authors should eliminate redundancy, emphasize 

the central message, and provide only the data necessary to 

convey that message. The approximate length should be less 

than 5,000 words. There should be an unstructured abstract 

equal to or less than 250 words. References should not exceed 

200 references.

• The most recent Review articles published in encephalitis 

should be consulted for further details on formatting.

2.3.3. Case Reports
• Case reports will be published only in exceptional circum-

stances, if they illustrate a rare occurrence of clinical impor-

tance. These manuscripts should be organized in the following 

sequence: title page, abstract and keywords, introduction, case 

report(s), discussion, acknowledgments, references, tables, 

figure legends, and figures. Case reports are limited to 2,000 

words (excluding the abstract, references, tables, and legends), 

and references should not exceed 30. A maxi- mum of 5 figures 

or tables are allowed.
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2.3.4. Perspective
• A perspective is a report of the authors’ viewpoint on a specific 

subject of interest to our readers as a commissioned paper at 

the request of the editor(s).

• Little or no new original information is included, and there is 

limited literature analysis. A perspective is a report of the au-

thors’ viewpoint on a specific subject of interest to our readers 

as a commissioned paper at the request of the editor(s).

2.3.5. Letter to the Editor
• Constructive criticism of a specific thesis published by enceph-

alitis is welcome.

• Letters to the editor may be in response to a published article 

or a short, free-standing piece expressing an opinion. If the let-

ters to the editor is in response to a published article, the Edi-

tor-in-Chief may choose to invite the article’s authors to write a 

reply. No abstraction is required. The letter should be 1,000 

words or less (excluding references and figure legends) with a 

maximum of 5 references. A maximum of 2 figures including 

tables is allowed.

2.3.6. Editorials
• Editorials are invited by the editor and should be commentar-

ies on articles in the current issue. Editorial topics could in-

clude active areas of research, fresh insights, and debates in all 

fields considered to be of interest to encephalitis readers. Edi-

torials should not exceed 1,000 words, excluding references, 

tables, and figures. References should not exceed 5. A maxi- 

mum of 3 figures including tables is allowed.

Table 1. Specification for publication types
Type of article Abstract (word) Text (word)a) Reference Table & figure

Original article Structured, 250 5,000 50 8

Review article 250 5,000 200 Not limited

Perspective Not required 3,000 30 0

Case report 250 2,000 30 5

Letter to the editor Not required 1,000 5 2

Editorial Not required 1,000 5 3

REVIEW PROCESS AND MANUSCRIPT 
DECISION
• The submitted manuscript will first be evaluated at the editori-

al office regarding the completeness of the submitted materials 

and their suitability to encephalitis. Modifications/corrections 

may be requested from the authors at this stage before starting 

the peer review.

• Submitted manuscripts will generally be reviewed by the edi-

tors, as well as two peer reviewers who are experts in the sub-

mitted subject matter and the peer reviewers will make sug-

gestions to the editor(s).

• Authors may suggest preferred and non-preferred reviewers 

during manuscript submission. However, the ultimate selec-

tion of the reviewers will be determined by the editor(s).

• The authors can monitor the progress of the manuscript 

throughout the review process at the submission site (http://

submit.encephalitisjournal.org).

• Submitted manuscripts will be rendered one of the following 

decisions:

Accept: The manuscript is accepted for publication. Minor Re-

visions: A revision needs to be submitted within 60 days of the 

decision. Otherwise, the manuscript will be treated as a new 

submission.

Major Revisions: A revision needs to be submitted within 120 

days of the decision. Otherwise, the manuscript will be treated 

as a new submission.

Reject, Resubmission allowed: The authors are allowed to re-

submit their work. However, it is effective only when they are 

able to respond to the various reviewer comments and make 

substantial changes to the study. The resubmitted manuscript 

will be treated as a new submission.

Reject, No further consideration: The paper will no longer be 

considered for publication.

• The decision to accept a manuscript is not based solely on the 

scientific validity and originality of the study content; other 

factors are considered, including the extent and importance of 

new information in the paper as compared with that in other 

papers being considered, the Journal’s need to represent a 

wide range of topics, and the overall suitability for encephalitis.

• Decision letters usually, but not always, convey all factors con-

sidered for a particular decision. Occasionally, the comments 

to the authors may appear to be inconsistent with the editorial 

decision, which takes into consideration reviewers’ comments 

to the editor, as well as the additional factors listed above.

• If the author(s) believe that the journal has rejected their arti-

cle in error, perhaps because the reviewers have misunder-

stood its scientific content, an appeal may be submitted by 

e-mail to the editorial office (editor@encephalitisjournal.org). 

However, appeals are ineffective in most cases and are dis-

couraged.

ELECTRONIC SUBMISSION OF 
MANUSCRIPT
Online Submission
• All manuscripts should be submitted online via the journal’s 

website (http://submit.encephalitisjournal.org) by the corre-

http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
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sponding author. Once you have logged into your account, the 

on-line system will lead you through the submission process 

in a step-by-step orderly process. Submission instructions are 

available at the website. All articles submitted to the journal 

must comply with these instructions. Failure to do so will re-

sult in the return of the manuscript and, possibly, in delayed 

publication.

• Author’s checklist: You will be first requested to confirm the 

Author’s Checklist. Before submitting the new manuscript, 

please ensure every point listed in the Author’s Check- list has 

been addressed.

• Document forms: Before you log into the online submission 

system, it is helpful to prepare the following documents as you 

will be asked to upload them during the electronic submission 

process.

- Author statement forms

- Cover letter: A Cover Letter must indicate the address, tele-

phone and fax numbers, and E-mail address of the corre-

sponding author.

- English proof-reading (non-obligatory): Although it is not 

an obligatory demand, authors may show that their manu-

script has been edited through English proofreading

Submission of Revised Manuscript
• A Major Revision and a Minor Revision should be submitted 

within 60 days, respectively, of the decisions. Otherwise, the 

manuscript will be treated as a new submission.

• Please carefully read and follow the instructions written here 

and those included in the manuscript decision e-mail.

• To start the submission of a revised manuscript, log in at 

http://submit.encephalitisjournal.org. Click the “Manuscripts 

in Revision” queue in the “My Manuscripts” area. Then, find 

the submission you wish to start the revision process for and 

click on the “Create Revision” link for that manuscript.

• To continue with a revised manuscript that has yet to be sub-

mitted, click on the “Revised Manuscripts in Draft” queue in 

the “My Manuscripts” area. Find the submission you wish to 

continue with and then click on the “Continue Submission” 

button.

• Please submit a point-by-point response to the editor/reviewer 

comments by directly pasting it in the box provided in “View 

and Response to Decision Letter” page as well as by uploading 

the same as a Microsoft Word document file (DOC/DOCX) on 

the “File Upload” page

• Any changes in the authorship should be reported to the editor 

in the cover letter.

• For file uploading, if you have updated a file, please delete the 

original version and upload the revised file. To designate the 

order in which your files appear, use the dropdowns in the “or-

der” column on the “File Upload” page.

• For a revision, we require two copies of the Main Document. 

Each should be a Microsoft Word document. The FIRST COPY 

should represent the final “clean” copy of the manuscript. The 

SECOND “annotated” COPY should have changes tracked us-

ing the track changes function in Microsoft Word with margin-

al memos indicating changes (e.g., E-1 indicates a response to 

comment #1 of the Editor; R2-3 indicates a response to com-

ment #3 of Reviewer #2).

AUTHOR CHECKLIST
• Submit manuscripts as DOC or DOCX files. Double space all 

parts of the manuscript.

• Keep the Abstract, if required, within the word limits (See Ta-

ble for recommended maximums for articles).

• Include institutional review board approval, informed consent, 

and/ or animal care committee approval for an Original Arti-

cle.

• Do not embed figures in the main body or mix figures or tables 

with the text.

• Digital figures must be at least 300 dpi and a minimum of 10 

cm to a maximum of 15 cm in width and height. Use JPG/JPEG 

formats (for revisions use TIF/TIFF without any arrows or 

markings).

• Video clips should be less than 5 minutes duration for each.

• Authors will be asked to confirm their compliance with the 

journal’s policies and guidelines during the initial manuscript 

submission on the web page.

• Verify the accuracy of reference information to enable hyper-

links for the online version of the journal to function properly.

• For previously published materials, send written permission to 

reprint any figure or any other applicable permissions.

• Provide copies of any material for which there is overlap with 

your manuscript (see Redundant Publication)

MANUSCRIPTS ACCEPTED FOR 
PUBLICATION
Final Version
After a paper has been accepted for publication, the names and 

affiliations of authors should be double-checked, and if the orig-

inally submitted image files were of poor resolution, higher res-

olution image files should be submitted at this time. Symbols 

(e.g., circles, triangles, squares), letters (e.g., words, abbrevia-

http://submit.encephalitisjournal.org/


encephalitisjournal.orgx encephalitisjournal.org PB

tions), and numbers should be large enough to be legible on re-

duction to the journal’s column widths. All symbols must be de-

fined in the figure caption. If references, tables, or figures are 

moved, added, or deleted during the revision process, renumber 

them to reflect such changes so that all tables, references, and 

figures are cited in numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-

script such that it meets the standard publication format. The 

author(s) must respond within 48 hours when the manuscript 

editor contacts the author for revisions. If the response is de-

layed, the manuscript’s publication may be postponed to the 

next issue.

Proofs
The corresponding author will receive page proofs for final 

checking, which should be corrected and returned within 48 

hours. The authors must carefully check proofs to see that all er-

rors are corrected and queries from editors answered. Keep a 

copy for your records.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 

should contact the journal’s Editorial Office with a detailed de-

scription of the proposed correction. Corrections that profound-

ly affect the interpretation or conclusions of the article will be 

reviewed by the editors. Corrections will be published as corri-

genda (corrections of author’s errors) or errata (corrections of 

publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGE

There is no author’s submission fee or other publication-related 

fee since all costs of the publication process are underwritten by 

the Korean Encephalitis and Neuroinflammation Society.
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☐  Submit manuscripts as DOC or DOCX files. Double space all parts of the manuscript.

☐  Keep the Abstract, if required, within the word limits (See Table for recommended maximums for articles).

☐  Include institutional review board approval, informed consent, and/ or animal care committee approval for an Original Article.

☐  Do not embed figures in the main body or mix figures or tables with the text.

☐  Digital figures must be at least 300 dpi and a minimum of 10 cm to a maximum of 15 cm in width and height. Use JPG/JPEG for-

mats (for revisions use TIF/TIFF without any arrows or markings).

☐  Video clips should be less than 5 minutes duration for each.

☐  Authors will be asked to confirm their compliance with the journal's policies and guidelines during the initial manuscript submis-

sion on the web page.

☐  Verify the accuracy of reference information to enable hyperlinks for the online version of the journal to function properly.

☐  For previously published materials, send written permission to reprint any figure or any other applicable permissions.

☐  Provide copies of any material for which there is overlap with your manuscript (see Redundant Publication)

Author’s checklist
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