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Introduction 
Status epilepticus (SE) is an emergent and severe neurologic 

condition involving persistent or recurrent seizures. Approxi-

mately 30% to 40% of patients with SE are refractory (RSE) to 

first- and second-line treatments, which results in high mobility 

and mortality [1-3]. New-onset RSE (NORSE) refers to a specific 

clinical presentation where RSE occurs in patients without ac-

tive epilepsy or other preexisting relevant neurologic disorders 

and without clear acute or active structural, toxic, or metabolic 

causes [4,5]. Management of NORSE is challenging because its 

underlying etiology is not identifiable readily, and antiepileptic 

drugs and anesthetic agents often fail to control seizures [4,6,7]. 

Although the etiologies of NORSE remain cryptogenic in most 

cases, autoimmune and infectious factors are present in at least 

30% to 40% of cases, and fever or other infectious prodrome is 

frequent, suggesting an immune-mediated pathogenesis [4,6-8]. 

This review introduces neuroinflammatory perspectives of 

NORSE from etiology to therapeutic strategies. 
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New-onset refractory status epilepticus (NORSE) is unexpected onset of refractory status epilepticus in individuals with no preexisting relevant 
neurologic condition. The etiologies remain largely cryptogenic; treatment is challenging after failure to control seizures despite use of multiple 
antiepileptic drugs and anesthetic agents. Frequent fever and other infectious prodromes, elevated proinflammatory cytokine/chemokine levels, 
and limbic or multifocal brain lesions indicate active inflammation in NORSE. Among identified causes, autoimmune encephalitis is the most 
common and accounts for more than one-third of all known NORSE cases, followed by infection-related etiologies. Although more evidence is 
needed, anti-cytokine therapies with tocilizumab and anakinra along with other immunotherapeutic agents used in autoimmune encephalitis 
can aid in alleviating or hindering the inflammatory cascade and controlling seizures. 

Keywords: New-onset refractory status epilepticus, Etiology, Autoimmune, Inflammation, Cryptogenic  

Neuroinflammatory etiology in new-onset 
refractory status epilepticus 
Several studies have reported that more than half of RSE cases 

have an acute symptomatic etiology, especially encephalitis or 

inflammatory etiologies [2,3,9]. NORSE excludes structural, tox-

ic, and metabolic causes by consensus definition [5]; in addi-

tion, acute symptomatic etiologies (including infection and in-

flammation) account for a larger proportion of NORSE than of 

RSE cases in general. 

In several studies, non-paraneoplastic and paraneoplastic auto-

immune encephalitis have been the most frequently identified 

causes of NORSE [4,7,8,10]. Autoantibodies to the N-meth-

yl-D-aspartate (NMDA) receptor are the most common among 

identified autoantibodies in autoimmune encephalitis and fre-

quently are identified as a cause of NORSE along with encepha-

litis associated with antibodies to the voltage-gated potassium 

channel complex, which are distinguished into anti-leucine-rich 
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glioma-inactivated 1 (LGI1) and anti-contactin associated pro-

tein 2 (CASPR2) [4]. 

In more than half of NORSE cases, the etiology is unclear, and 

these cases are categorized as cryptogenic [4,7]. One reason for 

the large proportion of cryptogenic cases could be a less exten-

sive work-up. Recently, the etiology in three of 26 NORSE pa-

tients was discovered only after brain biopsy and/or autopsy [7]. 

Autoimmune encephalitis associated with unidentified anti-

bodies could be another cause of cryptogenic NORSE. However, 

a study by Iizuka et al. [6] that compared cryptogenic NORSE 

with anti-NMDA receptor encephalitis showed distinguishing 

clinical and immunological features. In that study, patients with 

cryptogenic NORSE demonstrated less cerebrospinal fluid (CSF) 

pleocytosis, no oligoclonal bands in the CSF, and a rarely elevat-

ed immunoglobulin G (IgG) index. Immunohistochemistry us-

ing a rat brain or hippocampal culture also did not show evi-

dence of antineuronal antigens. Clinically, there were no psy-

chobehavioral or memory alterations and infrequent involun-

tary movements. However, that study also found that most pa-

tients with cryptogenic NORSE had prodromal fever and brain 

magnetic resonance imaging (MRI) abnormalities, and median 

protein levels in the CSF were higher than those typically seen 

in anti-NMDA receptor encephalitis, indicating an underlying 

inflammation-mediated mechanism. 

Febrile infection-related epilepsy syndrome (FIRES) is a subcat-

egory of NORSE that presents with a prior febrile infection oc-

curring between 2 weeks and 24 hours prior to onset of RSE [5]. 

FIRES often is discussed separately from NORSE because of its 

distinct age distribution (mostly in children) and clear history of 

febrile illness. However, the clinical manifestations, disease 

course, and outcomes are similar in FIRES and other types of 

NORSE, and these two conditions are considered to have a 

largely shared pathophysiology. A report of an association be-

tween FIRES and an IL1RN gene polymorphism supports an in-

flammation-mediated pathogenesis [11]. That study also sug-

gests that more investigation is needed into genetic factors that 

affect the immune response in such patients. 

SE is associated with several preinflammatory pathways, such as 

the nuclear factor-κB (NF-κB) signaling pathway, the mechanis-

tic target of rapamycin (mTOR) signaling pathway, the mito-

gen-activated protein kinase (MAPK) signaling pathway, and 

the transforming growth factor-β (TGF-β) signaling pathway [12]. 

Previous studies that have examined the serum and CSF in 

NORSE and FIRES patients have reported upregulation of mul-

tiple cytokines/chemokines [13-15]. TGF-β signaling pathways 

also are involved in blood-brain barrier (BBB) disruption, which 

contributes to SE and epileptogenesis [16]. More than half of 

NORSE patients showed MRI abnormalities at the initial or fol-

low-up evaluation and also frequently demonstrated limbic 

area involvement [4,6-8,17]. Leptomeningeal enhancement in-

dicating BBB disruption has been reported in NORSE patients at 

variable proportions and is associated with both pharmacore-

sistance and poor functional outcome [4,8,17]. 

Therefore, autoimmune and other neuroinflammatory etiolo-

gies mainly are involved in NORSE pathogenesis, and the initial 

noninflammatory neurological condition can accompany neu-

roinflammation under SE and involve epileptogenesis due to 

BBB disruption and excitotoxic neuronal damage, which all lead 

to a fulminant inflammatory response in the brain. 

Etiologic evaluation of NORSE 
Initial patient evaluation includes brain MRI, electroencephalo-

gram, CSF study, and blood analysis. Brain MRI can identify 

structural lesions or show evidence of neuroinflammation. CSF 

pleocytosis and elevated CSF protein levels can aid in identify-

ing neuroinflammation during its initial stages. Autoimmune 

and infectious causes must be evaluated thoroughly considering 

the large number of identifiable etiologies. A list of suggested 

screening investigations in NORSE patients is summarized in 

Table 1. A cytokine assay of serum and CSF can provide sup-

portive evidence of neuroinflammation and aid in therapeutic 

decision-making. If cancer is suspected, a computed tomogra-

phy scan of the chest, abdomen, and pelvis or whole-body posi-

tron emission tomography should be conducted. Pelvic MRI is a 

feasible alternative for diagnosing ovarian teratoma if an-

ti-NMDA receptor encephalitis is suspected. Metabolic and tox-

icological screening and genetic investigation also can help 

identify noninflammatory causes of NORSE. If there is an identi-

fiable brain lesion of unknown etiology on MRI, brain biopsy 

can be indicated. 

Immunologic treatment in NORSE 
NORSE occurs in individuals without a previous history of epi-

lepsy or other neurologic conditions and often presents with a 

prodromal phase followed by a progressive build-up of seizures. 

Initial MRIs often show no abnormality, but subsequent limbic 

or extra-limbic lesion development has been reported. Consid-

ering its clinical course, NORSE is classified as a rapid progres-

sive encephalitic condition accompanied by uncontrolled sei-

zures. Resistance to antiepileptic drugs is an important charac-

teristic of epilepsy with an autoimmune etiology [18], and active 
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inflammation is observed in drug-resistant epilepsy and RSE of 

diverse causes [19]. Therefore, early initiation of immunothera-

py can aid in alleviating or hindering the inflammatory cascade 

in the brain and reducing irreversible damage. However, evidence 

is lacking on whether timely intervention for neuroinflammation 

can alter the disease course and outcomes in NORSE. 

Typical initial treatments include broad immune suppression 

and BBB stabilization with a steroid and neutralizing and com-

peting potential autoantibodies along with normalized immune 

milieu using intravenous Ig and/or plasma exchanges. Ritux-

imab, which targets CD20-expressing B cells, and lympho-

cyte-targeting antiproliferative agents (such as cyclophospha-

mide, mycophenolate mofetil, and azathioprine) are among the 

available choices in cases with persistent seizures. These strate-

gies are based on immunotherapies that have been successfully 

administered to autoimmune encephalitis patients [20]. 

Tocilizumab is a monoclonal antibody that targets the interleu-

kin (IL)-6 receptor. An investigation into the increase in proin-

flammatory cytokines in adult patients with NORSE showed 

substantial upregulation of IL-6 along with significant increase 

in IL-2, IL-4, IL-5, IL-10, and tumor necrosis factor-α (TNFα) in 

the CSF [13]. In this prior study, tocilizumab successfully con-

trolled SE in six of seven patients. A study of acute encephalitis 

patients with refractory repetitive partial seizures revealed up-

regulation of IL-6, C-X-C motif chemokine (CXCL) 10, and IL-8 

in the CSF [14]. Another study that investigated FIRES also 

showed increase in T helper cell type 1-associated cytokines/

chemokines (TNFα, CXCL9, CXCL10, and CXCL11), IL-6, C-C 

motif ligand (CCL) 2, CCL19, and CXCL1 [15]. IL-6 is one of the 

most important proinflammatory mediators in neuroinflamma-

tion; previous studies consistently have reported upregulation 

of IL-6 in NORSE/FIRES patients, supporting the use of tocili-

zumab. However, further studies evaluating the therapeutic 

benefit of tocilizumab in NORSE are needed. 

Anakinra is an IL-1 receptor antagonist that inhibits the biologi-

cal actions of IL-1β and is used in a variety of autoinflammatory 

disorders [21]. Along with IL-6, IL-1β is implicated in neuronal 

hyperexcitability and seizures. After the first case report of the 

effectiveness of anakinra in FIRES [22], subsequent publications 

have supported the therapeutic effect of anakinra in FIRES pa-

tients [23-25]. However, another study found that administration 

of anakinra did not control seizures in a FIRES patient before 

additional treatment with tocilizumab [26]. In addition, increase 

of IL-1β has not been consistent in previous reports [15,22,23], 

although downstream proinflammatory cytokines/chemokines 

induced by IL-1β often are elevated in these patients. There is a 

lack of reporting of anakinra treatment in NORSE patients with-

out FIRES. 

Tofacitinib is a Janus kinase (JAK) inhibitor and can be used in 

several autoimmune and inflammatory disorders, including 

rheumatoid arthritis, psoriatic arthritis, and ulcerative colitis 

[27]. Tofacitinib has been reported to penetrate the BBB and ex-

ert a potentially therapeutic effect in neuroinflammatory condi-

tions [28,29]. Recently, tofacitinib was administered to NORSE 

patients in a study in which two of the eight NORSE patients 

showed a good response [30]. Further studies are needed to rep-

licate these results and determine whether administration of 

this drug could increase the efficacy of treatment.  

Table 1 A list of suggested screening investigations in NORSE

Autoimmune Antineuronal surface autoantibodies: NMDAR, LGI1, CASPR2, GABAAR, GABABR, AMPAR, glycine receptor

Paraneoplastic/intracellular antigens: Hu, Yo, Ri, CRMP5, Ma2, GAD65, and amphiphysin

Other serologies: ANA, ANCA, anti-thyroid antibodies

Oligoclonal band

Might extend to other known autoantibodies associated with CNS disorders

Infectious CSF PCR for HSV1/2, VZV, EBV, HIV

Bacterial and fungal stains and cultures

Work-up for mycobacterial tuberculosis

VDRL

Might extend to other neuroinfectious agents. A more extensive list should be considered for immunocompromised patients including 
Cryptococcus species, Toxoplasma gondii, Histoplasma capsulatum, JC virus, CMV, HHV6, parvovirus, and WNV (endemic areas)

Also consider metagenomic study to identify possible infectious etiologies

NORSE, new-onset refractory status epilepticus; NMDAR, N-methyl-D-aspartate receptor; LGI1, leucine-rich glioma-inactivated 1; CASPR2, contactin associated protein 

2; GABAAR, gamma-aminobutyric acid A receptor; GABABR, GABA B receptor; AMPAR, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CRMP5, collapsin response 

mediator protein 5; GAD65, glutamic acid decarboxylase; ANA, antinuclear antibodies; ANCA, antineutrophil cytoplasmic antibodies; CNS, central nervous system; CSF, 

cerebrospinal fluid; PCR, polymerase chain reaction; HSV, herpes simplex virus; VZV, varicella-zoster virus; EBV, Epstein-Barr virus; HIV, human immunodeficiency virus; 

VDRL, venereal disease research laboratory; CMV, cytomegalovirus; HHV6, human herpesvirus 6; WNV, West-Nile virus.
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A ketogenic diet is thought to have both anti-inflammatory and 

neuroprotective effects along with anti-seizure effects [19]. Many 

reports have shown that a ketogenic diet can aid in seizure con-

trol and improve cognitive outcomes in FIRES [31-33]. Investi-

gations into use of a ketogenic diet in NORSE patients have sug-

gested a potential therapeutic benefit [8,34]. 

Vagus nerve stimulation (VNS) also can modulate the immune 

response via a cholinergic anti-inflammatory pathway [35]. A 

case report demonstrated a reduction in seizure activity with 

VNS in NORSE as well as other RSE patients [36,37]. 

Outcomes in NORSE patients 
The outcomes in NORSE patients can vary by etiology and treat-

ment, but full recovery is infrequent. Many survivors suffer from 

long-term cognitive and behavioral sequelae in addition to epi-

lepsy. The reported mortality is substantial, ranging from 5% to 

35%. Among survivors, 56% to 92% continue to experience sei-

zures or need to be maintained on antiepileptic drugs [4,6-

8,10,17,38-40]. All prior reports with more than 10 cases of adult 

NORSE patients are summarized in Table 2. 

Conclusion 
NORSE is a devastating condition that is refractory to antiepilep-

tic and anesthetic medications. Poor understanding of the 

pathophysiologic mechanism combined with unknown and 

potentially diverse, rare etiologies often complicate identifica-

tion of treatments optimized by patient, resulting in substantial 

morbidity and high mortality. However, recent progress in the 

understanding of autoimmune encephalitis has aided in addi-

tional identification of etiologies in NORSE patients and has led 

to new treatment options, including immunomodulatory thera-

pies. Active investigation into the etiology of NORSE will help 

further establish a treatment plan. Brain biopsy and genetic in-

vestigations could help provide clues to the pathogenesis of this 

condition in some cases. Further investigation is needed to ex-

tend our understanding of the causes of NORSE and to accumu-

late more evidence for evaluating the efficacies of different im-

munomodulatory therapies. 
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Purpose 

Regulatory T cells (Tregs) play a crucial role in maintaining immune tolerance. Any deficiency or dysfunction of the Tregs can influence the patho-
genesis of autoimmune disease. This study aimed to assess the role of Tregs among patients with autoimmune encephalitis (AE) with different 
autoantibody types and to evaluate their association with clinical features. 

Methods 

This was a cross-sectional observational study involving 29 patients with AE. Peripheral blood was sampled from each patient for flow cytometric 
analysis. Proportions of CD4+CD25+ and CD4+CD25+Foxp3+ Tregs were calculated and compared between the antibody types (synaptic, parane-
oplastic, and undetermined). Associations between the proportion of Tregs and clinical features were also evaluated. 

Results 

Five patients had synaptic autoantibodies, five had paraneoplastic autoantibodies, and the others were of an undetermined type. The proportion 
of CD4+CD25+ Tregs tended to be higher in those with paraneoplastic antibodies than in those with synaptic antibodies (post-hoc p = 0.028) 
and undetermined antibody status (post-hoc p = 0.043). A significant negative correlation was found between the proportion of Tregs and the 
initial modified Rankin score (r = −0.391, p = 0.036). Those who received intravenous immunoglobulin had lower proportions of Tregs than 
those who did not. 

Conclusion 

The results of the present study suggest that Tregs may play different roles according to the type of AE and may be linked to disease severity. 

Keywords: Regulatory T-lymphocytes, Autoimmune encephalitis, Antibodies, Intravenous immunoglobulins 

Introduction 
Autoimmune encephalitis (AE) causes focal or diffuse neural in-

flammation mediated by autoantibodies [1]. The diagnosis of 

AE is based on clinical symptoms and diagnostic tests, including 

autoantibodies [2]. Based on autoantibody findings, AE can 
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largely be classified into three categories according to (1) the 

presence of antibodies against intracellular targets (paraneo-

plastic autoantibodies), (2) the presence of antibodies against 

membrane surface antigens (synaptic autoantibodies), and (3) 

the absence of any detectable antibodies (undetermined). The 

pathophysiology of AE, clinical features, and patients’ response 

to immunotherapy among between the autoantibody types [3]. 

Regulatory T cells (Tregs) are known to suppress inflammatory 

autoimmune responses [4]. The Tregs inhibit the proliferation 

and function of inflammatory cells [5]. Known Tregs include 

CD4+CD25+ cells and express transcription factor forkhead box 

P3 (Foxp3). Dysfunction or deficiency of the Tregs can lead to mi-

croglial activation, inflammation, and neural injury. Tregs are 

known to be involved in the pathogenesis of autoimmune diseas-

es, including type 1 diabetes, rheumatoid arthritis, systemic lupus 

erythematosus [5,6]. Tregs also play a crucial role in autoimmune 

diseases involving the central nervous system (CNS), such as 

multiple sclerosis (MS) [7]. A meta-analysis study showed that 

the proportion of CD4+CD25+Foxp3+ Tregs was lower in MS pa-

tients than in control subjects [8]. The Tregs are  also known to be 

associated with both development and exacerbation of MS [9]. 

AE also occurs when the CNS immune system becomes dysreg-

ulated. The proportion of Tregs, which suggests the mainte-

nance of immune tolerance, may be involved in the pathogene-

sis of AE and may differ between the autoantibody types. Thus, 

in the present study, we compared proportions of Tregs be-

tween different antibody types and evaluated their association 

with clinical characteristics in patients with AE. 

Methods 
Patients and clinical characteristics 
Thirty patients diagnosed with AE were enrolled between Janu-

ary 2017 and July 2018. The study inclusion criteria were based 

on established criteria for diagnosing AE [2] as follows: (1) sub-

acute onset of working memory deficits, altered mental status, 

or psychiatric symptoms and (2) new focal CNS findings, unex-

plained seizures, pleocytosis in the cerebral spinal fluid (CSF), 

or abnormalities on magnetic resonance imaging suggestive of 

encephalitis. Those with inadequate amounts of serum samples 

were excluded. Antibodies were assessed using an indirect im-

munofluorescence test performed on serum or CSF (Euroim-

mune Ag., Lübeck, Germany), as described previously [10]. Im-

munotherapy, including intravenous (IV) steroids or IV immu-

noglobulin (IVIg), was administered based on the treating phy-

sician’s preference and acceptance of the treatment by the pa-

tient’s family. Patients were enrolled regardless of the treatment 

they received. 

Clinical characteristics, including the modified Rankin scale 

(mRS) values and the Clinical Assessment Scale in Autoimmune 

Encephalitis (CASE) score [11], at the time of diagnosis as well as 

at the time of the last follow-up were obtained. Moreover, the re-

sults of initial diagnostic tests, including brain magnetic reso-

nance imaging, electroencephalography, and CSF evaluation, 

were evaluated. 

This study was approved by the Institutional Review Board of 

Seoul National University Hospital (No. 1603-047-747). Written 

informed consent to participate was obtained from the patients 

enrolled or their next of kin.

Serum regulatory T cell measurements 
About 10 mL of venous blood was collected from each patient 

into heparin-anticoagulated vacuum tubes, and peripheral 

blood mononuclear cell (PBMC) preparation was conducted on 

the same day as sampling. The PBMCs were incubated with a 

cocktail containing anti-human CD4+ and CD25+ for 30 minutes 

at room temperature and then were stained for fluorescence-ac-

tivated cell sorting. The percentages of CD4+CD25+ cells and 

CD4+CD25+Foxp3+ cells were calculated using the FACSCalibur 

software program (BD Biosciences, San Jose, CA, USA). 

Statistical analysis 
The Kruskal-Wallis test was used to compare Treg proportions 

between the three antibody groups. The Mann-Whitney U-test 

was used for post-hoc analysis to determine the significance of 

the differences between pairs of groups. Categorical variables 

were compared using Fisher exact test. Spearman correlation 

coefficient was used to examine correlations between Treg pro-

portions and clinical variables, and the level of significance was 

set at p <  0.05. For the post-hoc analysis, Bonferroni correction 

was used to adjust for multiple comparisons, and the level of 

significance was set at p ≤  0.05/3 (0.017). Statistical analyses 

were performed using the IBM SPSS version 22.0 (IBM Corp.,  

Armonk, NY, USA). 

Results 
Clinical features and demographics 
A total of 29 patients, including five with synaptic antibodies (i.e., 

four with anti-N-methyl-D-aspartate receptor and one with an-

ti-LGI1 antibodies), five with paraneoplastic autoantibodies (i.e., 

two with anti-Yo, two with anti-glutamic acid decarboxylase 

[GAD], and one with anti-SOX1 antibodies), and the remaining of 
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whom were undetermined, were analyzed and one patient was 

excluded from the undetermined antibody group because of an 

inadequate number of PBMCs. The mean age of participants was 

46.7 years, 10 (34.5%) were male, and the mean disease duration 

was 26 months. After a mean follow-up duration of 16 months, 

mean mRS values and CASE scores were significantly reduced 

(2.7 ± 1.0 to 2.1 ±  1.4 points [p = 0.004] and 5.3 ± 3.8 to 3.7 ±  4.0 

points [p < 0.001], respectively). Demographics and mean mRS 

values and CASE scores were similar among the groups (Table 1). 

Proportion of Tregs (CD4+CD25+ and CD4+CD25+ 

Foxp3+) 
The mean PBMC count was 157.2 ×  105 cells/mL and was also 

similar between the groups. The mean proportions of 

CD4+CD25+ and CD4+CD25+Foxp3+ Tregs were 8.8% ±  4.9% and 

1.8% ±  1.9%. The proportion of CD4+CD25+ Tregs tended to be 

higher in those with paraneoplastic antibodies than in those 

with an undetermined antibody status (post-hoc p =  0.043) and 

synaptic antibodies (post-hoc p =  0.028) (Table 2). 

Correlation between the proportion of Tregs and 
clinical features 
A significant negative correlation was observed between the 

proportion of Tregs (CD4+CD25+Foxp3+) and the initial mRS val-

ue (r =  −0.391, p =  0.036) (Figure 1). No significant correlation 

was found between the disease duration or CASE score and pro-

portion of Tregs. Those who received IVIg had higher initial 

mRS values (3.0 ±  1.0 vs. 2.1 ±  0.7 points; p =  0.028), lower pro-

portions of CD4+CD25+Foxp3+ Tregs (1.1% ±  0.8% vs. 3.2% ±  

2.5%; p =  0.029), and lower proportions of Foxp3+/CD4+ Tregs 

(15.7% ±  10.9% vs. 39.3% ±  27.7%; p =  0.031) than those who 

did not (Table 3). 

Discussion 
The results of the present study suggest that the role of Tregs 

Table 1 Clinical characteristics of patients with autoimmune encephalitis according to autoantibody type

Characteristic Undetermined Synaptic Paraneoplastic p-value

No. of patients 19 5 5
Age (yr) 47.9 ±  17.8 36.2 ±  19.5 52.8 ±  16.1 0.325
Male sex 7 (36.8) 1 (20.0) 2 (40.0) 0.749
Disease duration (mo) 30.9 ±  47.5 9.5 ±  9.9 24.1 ±  13.8 0.287
Follow-up duration (mo) 18.4 ±  14.8 6.8 ±  8.6 17.0 ±  8.9 0.180
mRS value
 Initial 2.4 ±  1.0 3.2 ±  1.1 3.0 ±  0.7 0.164
 Follow-up 1.8 ±  1.2 2.4 ±  1.5 2.8 ±  1.9 0.499
CASE score
 Initial 4.8 ±  3.8 8.0 ±  4.6 4.4 ±  1.7 0.094
 Follow-up 3.4 ±  4.1 5.8 ±  4.8 2.5 ±  1.3 0.168
Treatment received 
 Immunotherapy 11 (57.9) 5 (100) 5 (100) 0.055
 IV steroid 3 (15.8) 4 (80.0) 2 (40.0) 0.020
 IVIg 11 (57.9) 4 (80.0) 4 (80.0) 0.492
 Rituximab 4 (21.1) 2 (40.0) 3 (60.0) 0.220

Values are presented as mean ± standard deviation or number (%).

mRS, modified Rankin scale; CASE, Clinical Assessment Scale in Autoimmune Encephalitis; IV, intravenous; IVIg, IV immunoglobulin.

Table 2 Flow cytometry results of patients with autoimmune encephalitis according to autoantibody type

Variable Undetermined (n =  19) Synaptic (n =  5) Paraneoplastic (n =  5) p-value

WBC (/μL) 7,215 ±  2,592 6,062 ±  1,400 6,468 ±  1,847 0.586
ANC (/μL) 4,647 ±  2,551 3,810 ±  1,596 4,019 ±  1,804 0.865
PBMC (× 105/mL) 160.4 ±  126.9 124.6 ±  78.3 178.0 ±  143.4 0.838
CD4+CD25+ (%) 8.2 ±  5.1 7.3 ±  3.5 12.8 ±  3.4 0.073
CD4+CD25+Foxp3+ (%) 1.7 ±  1.8 1.5 ±  1.7 2.6 ±  2.3 0.319
Foxp3/CD4+ (%) 26.7 ±  24.5 17.1 ±  11.0 19.7 ±  15.2 0.769

Values are presented as mean ± standard deviation.

WBC, white blood cell count; ANC, absolute neutrophil count; PBMC, peripheral blood mononuclear cell count; Foxp3, forkhead box P3.
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may vary with autoantibody type in AE. Those with paraneo-

plastic antibodies tended to present higher Treg proportions 

than those with synaptic antibodies. The proportion of Tregs 

was negatively correlated with initial disease severity and dif-

fered between those who were treated with IVIg and those who 

were not, which may be further used as a biomarker for disease 

activity.  

Although the proportion of CD4+CD25+ Tregs tended to be dif-

ferent between AE patients with different antibody types, no dif-

ference was found in the proportion of CD4+CD25+Foxp3 Tregs. 

Foxp3 plays a crucial role in the development and function of 

Tregs and is considered one of the most reliable markers of 

Tregs [12]. Although the expression of Foxp3 is evident in natu-

ral Tregs, it is known to be unstable in peripherally induced 

Tregs [13], which may explain our result. Proportions of Treg 

subpopulations in AE should be elucidated in further studies. 

Variable proportions of Tregs among AE patients with different 

antibody types may suggest different pathophysiologies. AE pa-

tients with paraneoplastic antibodies usually have no pathogen-

ic role, but their condition involves cytotoxic T cells that directly 

cause neuronal impairment. In contrast, T-cell involvement in 

those with synaptic antibodies is unclear. Synaptic antibodies 

bind to neuronal cell surface receptors and alter synaptic signal-

ing processes [3]. One study reported that the number of CD4+ T 

cells in AE patients with an undetermined antibody status was 

greater than in those with confirmed antibodies, regardless of 

the antibody type. However, the ratio of CD4+ and CD8+ T cells 

were lower only in those with paraneoplastic autoantibodies 

[14]. A lower CD4/8+ T-cell ratio has been linked to blood–brain 

barrier dysfunction in AE patients with temporal lobe epilepsy 

[15]. Our data also support that T-cell involvement may be more 

prominent in those with paraneoplastic antibodies than in those 

with synaptic antibodies or undetermined antibody status. 

The proportion of Tregs was also negatively associated with 

functional status in AE patients, with lower Treg proportions 

correlating with higher mRS values. In line with our study, the 

frequency of Tregs was found by Correale and Villa [16] to be 

lower during disease exacerbation in patients with MS than 

during remission or in healthy controls. Moreover, the propor-

tion of Tregs has also been reported to be associated with the 

severity of graft-versus-host disease [17]. One recent study sug-

gested that the proportion of CD4+ T cells in peripheral blood 

was associated with frontal lobe function in GAD65 and volt-

age-gated potassium channel antibody-related encephalitis 

[18]. 

Treg proportions differed according to IVIg treatment but not 

rituximab treatment. IVIg therapy can increase cytokine secre-

tions to enhance immune tolerance [19] and modulates the 

function of dendritic cells to expand the number of Tregs [20]. 

In previous research, IVIg promoted the expansion of CD4+ 

CD25+Foxp3+ Tregs in patients with Guillain-Barré syndrome 

[21]. Theoretically, rituximab can also lead to Treg expansion 

following B-cell depletion and the suppression of autoreactive T 

cells [22], which was not shown in our study. Recently, a Treg-

based immunotherapeutic approach has been suggested as an 

experimental treatment for autoimmune or neurodegenerative 

disease [23], and our study suggests that this concept may also 

be applicable in AE patients. 

The results of our study should also be interpreted cautiously in 

light of their limitations. This study was a single-center investi-

gation considering a relatively small number of AE patients 

without a comparison with healthy controls. Because this was a 

cross-sectional study, the time and type of immunotherapy were 

not controlled, which may have influenced our findings. 

Figure 1 Correlation between the proportion of peripheral 
Treg (%) and the initial mRS in patients with autoimmune 
encephalitis
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Treg, regulatory T-cell; mRS, modified Rankin scale.

Table 3 Proportions of peripheral regulatory T cells in 
patients who received IVIg and those who did not

Variable No IVIg (n =  10) Received IVIg (n = 19) p-value

CD4+CD25+ (%) 10.4 ±  6.0 8.0 ±  4.1 0.271

CD4+CD25+Foxp3+ (%) 3.2 ±  2.5 1.1 ±  0.8 0.029

Foxp3/CD4+ (%) 39.3 ±  27.7 15.7 ±  10.9 0.031

Values are presented as mean ± standard deviation.

IVIg, intravenous immunoglobulin; Foxp3, forkhead box P3.
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In conclusion, this study suggests different roles of Tregs exist 

according to autoantibody type in patients with AE. 

Moreover, it proposes novel therapeutic models for AE by ex-

panding the numbers of immunoregulatory and anti-inflamma-

tory Tregs. Future prospective longitudinal research is necessary 

to confirm the role of Tregs in AE and the response to immuno-

therapy. 
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INTRODUCTION 
Paraneoplastic encephalitis is a neurologic manifestation of 

paraneoplastic syndrome that can present as seizure, memory 

impairment, cognitive decline, behavior changes, gait distur-

bance, and/or psychiatric symptoms [1]. Classically, paraneo-

plastic encephalitis has been defined as the presence or high 

risk of cancer accompanied by certain neurologic symptoms in-

cluding limbic encephalitis, encephalomyelitis, subacute cere-
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Purpose 

Paraneoplastic encephalitis is autoimmune encephalitis accompanied by tumors. Renal cell carcinoma (RCC) is a kidney cancer originating from 
various types of renal cells and rarely has been associated with paraneoplastic neurologic manifestation. We identified a case series of parane-
oplastic encephalitis-associated RCC. 

Methods 

From a prospective institutional cohort, we identified autoimmune encephalitis patients with RCC. The association between RCC and encephali-
tis was determined by the following criteria: (1) possible autoimmune encephalitis according to the operational autoimmune encephalitis diag-
nostic criteria and (2) RCC simultaneously diagnosed with neurological manifestation of encephalitis. 

Results 

A total of three patients presented encephalitis accompanied by RCC. Two patients had clear cell RCC, and one had chromophobe RCC. All pa-
tients showed limbic encephalitis with cognitive decline, memory impairment, or seizure. Brain magnetic resonance imaging showed T2 hyperin-
tensities at the mesial temporal lobe in two patients with clear cell RCC but no remarkable findings in one patient with chromophobe RCC. While 
one patient who had early surgery within one month of RCC onset had a favorable response to the treatment, the other two patients showed a 
partial response and a detrimental result. 

Conclusion 

Paraneoplastic encephalitis associated with RCC presented as limbic encephalitis and was responsive to immunotherapy combined with tumor 
resection. As our cases identified, RCC should be considered as a cause of seronegative autoimmune encephalitis. 

Keywords: Encephalitis, Paraneoplastic limbic, Renal cell carcinoma, Nervous system paraneoplastic syndromes, Rare cancer 

bellar degeneration, and subacute sensory neuropathy, without 

any other causes [2]. Recent studies have found various autoan-

tibodies associated with tumors [3]. Certain types of tumors, 

such as small-cell lung carcinoma and thymoma, are more like-

ly to develop into paraneoplastic encephalitis. However, there 

are few reports that paraneoplastic encephalitis can occur in 

other cancers [4-7]. In such cases, paraneoplastic encephalitis is 

severe enough to complicate medical decisions. 

Copyright © 2021 by The Korean Encephalitis and Neuroinflammation Society
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Renal cell carcinoma (RCC) is cancer developed from renal cells 

of several different types according to the cellular origin [8]. 

Clear cell is the most common type of RCC, though few case re-

ports of paraneoplastic encephalitis associated with clear cell 

RCC have been published [9-11]. All aforementioned cases pre-

sented with limbic encephalitis, showing memory impairment 

and cognitive decline without clear lesion on brain magnetic 

resonance imaging (MRI). However, a limited number of case 

studies fully characterized the clinical phenotype and outcomes 

of paraneoplastic encephalitis associated with RCC. 

Here, we identified three patients who had autoimmune en-

cephalitis accompanied by RCC and reported the clinical char-

acteristics, treatments, and outcomes. 

METHODS 
We enrolled patients with encephalitis accompanied by RCC 

from our prospective cohort of autoimmune encephalitis be-

tween September 2019 and February 2021. The patients who 

fulfilled the following criteria were included as paraneoplastic 

encephalitis associated with RCC: (1) possible autoimmune en-

cephalitis according to the operational autoimmune encephali-

tis diagnostic criteria [1] and (2) RCC simultaneous diagnosis 

with neurological manifestation of encephalitis. We confirm that 

we have read the Journal’s position on issues involved in ethical 

publication and affirm that this report is consistent with those 

guidelines. This study was approved by the Seoul National Uni-

versity Hospital Institutional Review Board (1705-130-856). We 

received written informed consent from all patients and/or legal 

guardians.

We performed a diagnostic approach following specific guide-

lines of the Korean Epilepsy Society for patients with unknown 

encephalitis and epilepsy type [12]. Laboratory examinations 

included tests for viral polymerase chain reaction (PCR), tuber-

culosis PCR, bacterial and fungal microbial culture, neurosar-

coidosis, and neuro-Behçet. We screened for autoantibodies in-

cluding N-methyl-D-aspartate receptor, leucine-rich glioma-in-

activated 1, aquaporin 4, myelin oligodendrocyte glycoprotein, 

myelin-associated glycoprotein, contactin-associated pro-

tein-like 2, anti-α-amino-3-hydroxy-5-methyl-4-isoxazolepropi-

onic acid 1, AMPA2, and γ-aminobutyric-acid type B receptors, 

Hu, Yo, Ri, Ma2, CV2/CRMP5, amphiphysin, recoverin, Sox1, 

and Titin (Euroimmun AG, Lubeck, Germany). Cancer screen-

ing was performed with low-dose chest computed tomography 

(CT), abdominal and pelvic CT, and stool hemoglobin. Mam-

mography and breast sonography were performed additionally 

in female patients. 

Empirical immunotherapy was administrated as soon as possi-

ble if autoimmune etiology was suspected. Based on cancer 

stage, patients were assigned to radical or partial nephrectomy 

as the primary treatment for RCC. Clinical outcomes were as-

sessed with the Clinical Scale in Autoimmune Encephalitis 

(CASE) [13] and modified Rankin scale (mRS). 

RESULTS 
Characteristics and treatment outcome of patients 
Among 558 patients who were enrolled in our prospective co-

hort, three presented with autoimmune encephalitis and RCC 

(Table 1). All showed limbic encephalitis, presenting with al-

tered mentality, memory impairment, or seizure. Two patients 

(patient 1 and 2) had clear cell RCC, and one patient (patient 3) 

had chromophobe RCC. The cancer was detected before neuro-

logical manifestation in two patients (patient 1 and 3); in patient 

2, the RCC was found during malignancy workup for autoim-

mune encephalitis. For the autoantibody test, two patients (pa-

tient 1 and 3) showed nonspecific antibodies such as micro-

some antibody and antinuclear antibody (ANA); however, none 

had classic paraneoplastic autoantibodies such as anti-Hu, Yo, 

Ri, Ma2, CV2/CRMP5, amphiphysin, recoverin, Sox1, or Titin. In 

brain MRI, patients with clear cell RCC (patient 1 and 2) showed 

T2 hypersignal intensities (HSI) involving the mesial temporal 

lobe, and the patient with chromophobe RCC (patient 3) had no 

remarkable findings. All patients received immunotherapy and 

nephrectomy. Two patients (patient 1 and 3) underwent radical 

nephrectomy, and one (patient 2) had partial nephrectomy. 

However, only one patient (patient 1) had early surgery within 

one month of onset of neurological symptoms. While patient 1 

had a favorable response to the treatment, patient 2 had a partial 

response with sequelae, and patient 3 showed poor results with-

out clear improvement. The clinical histories of the three pa-

tients are described below. 

Case 1 (patient 1) 
A 54-year-old female was referred to our hospital due to altered 

mental state and memory impairment. One month before neu-

rologic manifestation, she underwent cancer screening due to 

progressive body weight loss (9 kg over 2 years), and a 2.0-cm-

sized right upper kidney mass was detected by abdominal CT 

(Figure 1A). While waiting for admission for surgery, the patient 

presented fever, confusion, and global amnesia. She received 

empiric antibiotic and antiviral treatment under diagnosis of in-

fectious meningoencephalitis at a local hospital, but the global 
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amnesia aggravated over the next 3 weeks. At an examination in 

our hospital, her orientation and memory were impaired, show-

ing a Mini-Mental Status Exam score of 20, CASE of 5, and mRS 

of 4. A cerebrospinal fluid (CSF) test was within the normal 

range (white blood cells [WBCs], 2/μL [monocyte 50%, lympho-

cyte 50%]; protein, 49 mg/dL; glucose ratio, 99/168), and the im-

munoglobulin G (IgG) index was at the upper normal limit at 

0.57. Brain MRI revealed symmetric T2 HSI involving both hip-

pocampi (Figure 1A). Through an extensive examination cover-

ing infection and autoantibody-mediated disease, the patient 

tested positive only for microsome antibodies. Therefore, we 

concluded that the encephalitis was paraneoplastic encephalitis 

associated with RCC. After immunotherapy with high-dose cor-

ticosteroid (methylprednisolone at 1,000 mg intravenously for 5 

days) and intravenous immunoglobulin (IVIg) (0.4 g/kg/day for 

5 days), she underwent a right-side radical open nephrectomy 

at day 30 from onset of neurological symptoms. The RCC was 

clear cell type, and the stage was T1aN0M0 with World Health 

Organization (WHO) grade II (Figure 1A). During the 1-year fol-

low-up, her mental status and memory fully recovered without 

recurrence. 

Case 2 (patient 2) 
A 51-year-old male was admitted because of a mid-age new-

ly-onset seizure. He was previously healthy and had no recent 

history of travel or vaccination. At 4 days before admission, he 

experienced autonomous pilomotor movement on the left side 

of his body for 1 minute. On the day of admission, a focal seizure 

originated from the left side of his facial muscles and spread to 

the left arm and leg. The seizure propagated into a generalized 

tonic seizure of 1 minute. On neurologic examination, he was 

drowsy and disoriented, showing CASE of 4 and mRS of 4. Brain 

MRI revealed multifocal T2 HSI in the right temporal lobe, thal-

Table 1 Characteristics of patients with renal cell carcinoma-associated encephalitis

Characteristic Patient 1 Patient 2 Patient 3

Age (yr)/sex 54/female 51/M 54/F

Underlying disease HTN, dyslipidemia, major depressive 
disorder

Previously healthy HTN, diabetes mellitus

Clinical symptom Fever, altered mentality, global  
amnesia

Fever, left facial focal tonic onset to 
bilateral generalized tonic seizure, 
characteristic change

Generalized edema, transient 
right-sided facial palsy and weakness, 
memory impairment, aphasia,  
dysarthria, visual hallucination

Renal cell carcinoma side/type/size/
stage/grade

Right clear cell RCC, 2.2 ×  2.0 ×   
2.0 cm3, T1aN0M0, WHO grade II

Right clear cell RCC, 2.5 ×  2.4 ×   
2.3 cm3, T1aN0M0, WHO grade III

Left chromophobe RCC, 3.7 ×  3.0 ×  
2.0 cm3, T1aN0M0, WHO grade III

Autoantibody test Microsome antibody (4430) Negative ANA (1:40), weakly positive

CSF worst profile WBC2 (P1L1); Ptn, 49; Glu, 99/168; 
IgG index, 0.57

WBC17 (P0M0O17); Ptn, 24; Glu, 
59/109; IgG index, 0.79

WBC12 (P4L4O4); Ptn, 193; Glu, 
83/140 

Brain MRI Symmetric T2 hyperintensities  
involving both hippocampi

Multifocal T2 HSI in the right  
temporal lobe, thalamus, frontal lobe, 
bilateral medial frontal lobes

Unremarkable findings

Abdominal CT/MRI 3.0 cm-sized heterogeneously  
enhancing mass in the right kidney 
upper pole, anterior aspect

2.5-cm-sized heterogeneously  
enhancing mass in the upper pole of 
the right kidney

3.7-cm-sized exophytic mass in the 
upper pole of the left kidney

Duration from neurological symptoms (wk)
 To immunotherapy 3 1 3

 To surgery 4 7 7

Immunotherapy High-dose corticosteroid, IVIg High-dose corticosteroid, IVIg,  
rituximab

IVIg, rituximab

Surgery Right radical, open nephrectomy Right partial, robotic nephrectomy Left radical, laparoscopic nephrectomy 
with en bloc adrenalectomy

Response to treatment Complete remission Improvement of seizure Transient partial remission, but  
eventually nonresponsive

Remnant sequelae after treatment None Focal onset aware temporal seizure 
(visual hallucination, olfactory  
hallucination)

Death

CASE change 5 → 0 4 → 2 9 → 3 → 19

mRS change 4 → 0 4 → 3 4 → 1 → 6

HTN, hypertension; RCC, renal cell carcinoma; WHO, World Health Organization; ANA, antinuclear antibody; WBC, white blood cell; Ptn, protein; Glu, glucose; IgG, 

immunoglobulin G; MRI, magnetic resonance imaging; HSI, high signal intensity; CT, computed tomography; IVIg, intravenous immunoglobulin; CASE, Clinical Assessment 

Scale in Autoimmune Encephalitis; mRS, modified Rankin scale.
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amus, and bilateral medial frontal lobes, with sulcal enhance-

ment in the right frontal lobe (Figure 1B). The CSF test was nor-

mal (WBC, 0/μL; protein, 24 mg/dL; glucose ratio, 59/101), but 

the IgG index was high at 0.79. Electroencephalogram (EEG) re-

cordings revealed a focal seizure disorder originating from the 

right fronto-temporoparietal area. Repetitive laboratory tests for 

infection were all negative, and no autoantibodies were found. 

However, on malignancy screenings, a 2.5-cm-sized heteroge-

neously enhancing mass was detected in the upper pole of the 

right kidney (Figure 1B). In suspicion of paraneoplastic enceph-

alitis associated with RCC, immunotherapy with high-dose cor-

ticosteroid (methylprednisolone at 1,000 mg intravenously for 5 

days), IVIg (0.4 g/kg/day for 5 days), and rituximab (375 mg/m2 

for one cycle) was administered to the patient within 1 week 

from seizure onset. On day 49 from the seizure, partial nephrec-

tomy was performed. The RCC was clear cell type of stage T1aN-

Figure 1 Diagnostic images of paraneoplastic encephalitis with renal cell carcinoma

(A) Patient 1. Abdominal computed tomography (CT) showed a 3.0-cm-sized heterogeneously enhancing mass in the anterior aspect of the right kidney 
upper pole. Brain magnetic resonance imaging (MRI) before immunotherapy revealed symmetric T2 high signal intensities (HSI) in both hippocampi. 
Right radial nephrectomy was conducted, and pathologic findings showed clear cell type (H&E). (B) Patient 2. On malignancy screenings, abdominal 
CT showed a 2.5-cm-sized heterogeneously enhancing mass in the right kidney upper pole. T2 HSI were seen in both hippocampi on brain MRI before 
treatment. After immunotherapy combined with partial nephrectomy, brain MRI revealed improvement, but the subcortical lesion remained at the right 
temporal lobe. (C) Patient 3. A 3.7-cm-sized exophytic mass in the left kidney upper pole was found on abdominal CT. In brain MRI, no remarkable find-
ings were seen. Left radical nephrectomy with en bloc adrenalectomy was performed, and pathologic findings showed chromophobe type (H&E).

A

B

C
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0MO, and WHO grade was III. After treatment, the EEG data 

were normal, and the follow-up brain MRI revealed decreased 

extent of T2 hyperintensities at the right hemisphere, but the sub-

cortical lesion remained at the right temporal lobe (Figure 1B). A 

focal-aware seizure presenting as metamorphopsia and olfacto-

ry hallucination remained as sequelae with CASE of 2 and mRS 

of 3. 

Case 3 (patient 3) 
A 54-year-old female was transferred to our hospital because of 

memory impairment, aphasia, and psychosis. Since 2 months 

before admission to our hospital, she gained bodyweight of 13 

kg with generalized edema. The patient was admitted to a local 

hospital, and on abdominal CT, a 3.7-cm-sized exophytic mass 

was found in the upper pole of the left kidney (Figure 1C). 

During a further workup, transient right facial palsy and right-

side weakness occurred for two hours, but brain MRI and EEG 

could not find any specific lesion (Figure 1C). Since 2 days be-

fore transfer to our hospital, her sleep cycle and memory were 

impaired suddenly, and the patient experienced visual halluci-

nation. Indicated by neurologic exam on the transfer day, she 

was severely disoriented and had sensory aphasia, unable to 

understand the doctor’s direction, showing a CASE of 9. Repeat 

brain MRI was normal, and a large number of theta to delta 

waves was seen on EEG of the bilateral hemispheres. The CSF 

study showed mild pleocytosis with elevated protein (WBC, 12/

μL [monocyte 33%, lymphocyte 33%]; protein, 193 mg/dL; glu-

cose ratio, 83/140). No evidence of infectious origin was found 

through extensive laboratory tests, but repetitive autoimmune 

antibody test showed weak positivity for ANA (1:40) and in-

creased serum IgG (1,727). Therefore, an autoimmune etiology 

was suspected, for IVIg (0.4 g/kg/day for 5 days) was adminis-

tered to the patient at 3 weeks after transient right-sided facial 

palsy and weakness. The patient responded to the immunother-

apy, recovering mRS from 4 to 1 and lowering CASE to 3. A radi-

cal nephrectomy with en bloc adrenalectomy was performed on 

day 48 from onset of the neurological manifestation, and the 

RCC was chromophobe type of stage T1aN0M0 and WHO grade 

III (Figure 1C). However, since the first 5 days after surgery, her 

mental status rapidly aggravated to stupor. Despite additional 

immunotherapy of IVIg and rituximab, the patient remained 

unresponsive and passed away on day 67 from onset because of 

multiple complications of acute renal failure and septic shock. 

DISCUSSION 
In this case series, we reported three patients with encephalitis 

accompanied by RCC. The encephalitis manifested as limbic 

encephalitis in all patients. Two patients with clear cell RCC had 

favorable outcomes of combined immunotherapy and nephrec-

tomy, while one patient with chromophobe RCC showed a tran-

sient response but eventually a detrimental outcome. These 

cases suggest that RCC can present as paraneoplastic encepha-

litis and be responsive to immunotherapy but can have compli-

cations throughout the course of treatment. 

Our patients’ encephalitis accompanied by RCC could be con-

sidered paraneoplastic encephalitis. According to the former di-

agnostic criteria, limbic encephalitis, which our patients mani-

fested, is a classical paraneoplastic encephalitis syndrome of the 

central nervous system, and our cases are consistent with the 

category of definite paraneoplastic encephalitis regardless of 

presence of onconeuronal antibodies [2]. Moreover, the recent 

diagnostic criteria for autoimmune encephalitis were met in all 

patients [1], corresponding with the definition of paraneoplastic 

encephalitis as autoimmune encephalitis in which immune 

cells sensitize a self-antigen of the nervous system in a tumor 

microenvironment. Therefore, immunotherapy combined with 

tumor resection could have been effective in our patients. 

For patient 3, paraneoplastic encephalitis was accompanied by 

chromophobe RCC but not by clear cell RCC. To date, the can-

cer type paraneoplastic encephalitis associated with RCC was 

clear cell (Table 2). RCC is represented by a collection of hetero-

geneous histology, and clear cell RCC is the most common type, 

which originates from atypical neoplasm of a proximal convo-

luted tubule epithelium. Chromophobe RCC is differentiated 

histologically and molecularly from clear cell RCC in that it orig-

inates from the distal convoluted tubule epithelium [8,14,15]. 

Therefore, the pathomechanism of paraneoplastic encephalitis 

Table 2 Review of historical cases with paraneoplastic limbic encephalitis associated with RCC

Study Year No. of cases (age/sex) Clinical manifestation RCC type (size) Treatment Prognosis

Bell et al. [9] 1988 1 (49 yr/female) Memory loss, seizure Clear cell (4 cm) Radical nephrectomy Recovered

Harrison et al. [10] 2015 1 (66 yr/female) Visual hallucination, memory loss Clear cell (8 cm) Radical nephrectomy Recovered

Zhu et al. [11] 2019 1 (54 yr/male) Headache, mood fluctuation, cognitive decline Clear cell (5.5 cm) Partial nephrectomy Recovered

RCC, renal cell carcinoma.
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might be different according to origin of RCC. However, we 

could not find any definite autoantibodies, and patient 3 had a 

grave outcome after surgery. In turn, neurologic manifestation 

of chromophobe RCC requires further investigation. 

Our case series is a small study of only three patients, but it is 

meaningful in that we treated them according to certain guide-

lines in a single tertiary institution [12]. Although paraneoplastic 

encephalitis with RCC is a rare condition, clinicians should be 

aware of it and apply immunotherapy as soon as possible be-

cause the encephalitis could remain a permanent sequela. As 

our cases showed that paraneoplastic encephalitis with RCC 

could present as limbic encephalitis, malignancy screening for 

RCC is recommended in patients with seronegative autoim-

mune encephalitis. 
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Introduction 
Paraneoplastic neurologic syndromes (PNS) include several 

types of neurological disorders, such as cerebellar degeneration, 

limbic encephalitis, encephalomyelitis, and myelopathy [1]. 

Most cases of PNS are immune-mediated and are associated 

with onconeural antibodies [2]. In close association with specif-

ic cancers, several onconeural antibodies are known to cause 

PNS [3]. Unlike other autoimmune diseases, some cases of PNS 

are refractory to classical immunotherapy [4]. Herein, we pres-

ent a case of paraneoplastic myeloradiculopathy with Ma2/Ta 

antibody that was successfully treated with low-dose interleu-

kin-2 (IL-2). The patient recovered completely after low-dose 

IL-2 treatment, and other previously administered immuno-

therapies elicited only a partial or no therapeutic response. 

Low-dose interleukin-2 as a novel therapeutic option for 
refractory paraneoplastic neurologic syndrome: a case of 
chronic relapsing anti-Ma2/Ta paraneoplastic 
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Paraneoplastic neurologic syndromes (PNS) caused by anti-Ma2/Ta antibodies have diverse presentations. Myeloradiculopathy is one anti-Ma2/
Ta-associated PNS manifestation. We report the case of a patient with chronic relapsing anti-Ma2/Ta paraneoplastic myeloradiculopathy. The 
patient was successfully treated with low-dose human recombinant interleukin-2, despite having chronic relapsing symptoms and a refractory 
response to conventional immunotherapy. 
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Case Report 
A 51-year-old woman with no relevant medical history devel-

oped paresthesia in her lower extremities 6 months before she 

visited our hospital. The symptoms progressed to weakness in 

the left leg and gait imbalance over 6 months. Neurological ex-

amination revealed spasticity of the lower extremities with left 

leg weakness (grade III). The weakness was more severe in the 

distal part (ankle dorsiflexion, plantarflexion) than in the proxi-

mal part. The deep tendon reflex (DTR) was increased in the bi-

lateral upper and lower extremities. Sensory examination re-

vealed a diminished sense of vibration and proprioception in 

both feet. No apparent sensory level was observed. Myelopathy 

that primarily involved the posterior column was clinically sus-

pected. Magnetic resonance imaging (MRI) of the spinal cord 

showed no abnormality, and pleocytosis or protein elevation 

were absent on cerebrospinal fluid (CSF) analysis. Nerve con-
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duction study and electromyography were performed to ex-

clude motor neuron disease. Electrophysiological tests showed 

left lumbosacral radiculopathy (L5). Brain MRI revealed only 

mild small vessel disease. The oligoclonal band was negative. 

Transverse myelitis or demyelinating disease such as multiple 

sclerosis and neuromyelitis optica were included on the initial 

list for the differential diagnosis. However, these diseases were 

excluded because of clear spine and brain imaging, absent pleo-

cytosis in CSF and the negative oligoclonal band. 

The serum paraneoplastic antibody test from the extensive lab-

oratory workup revealed the presence of anti-Ma2/Ta antibod-

ies. No systemic tumors were found on computed tomography 

of the chest, abdomen, and pelvis. Intravenous immunoglobulin 

(IVIg) 400 mg/kg was administered for 5 days, based on the clin-

ical diagnosis of paraneoplastic myeloradiculopathy. 

Leg weakness improved clinically after two cycles of IVIg ad-

ministration at a 4-week interval. Spasticity disappeared and the 

DTRs were normoreflexive on the follow-up neurological exam-

ination. However, despite the improvement in leg weakness, the 

patient continued to complain of gait imbalance. Second-line 

immunotherapy was implemented with four cycles of tocili-

zumab (4 mg/kg) at monthly intervals. However, tocilizumab 

therapy did not elicit any clinical improvement. 

A low-dose human recombinant IL-2 (aldesleukin) was admin-

istered after the tocilizumab therapy failure. Low-dose IL-2 (1 

million IU) was injected subcutaneously for 5 days. The patient 

was able to walk normally without any discomfort 1 month later. 

Subsequently, low-dose IL-2 therapy was administered every 

month for more than a year. 

There was a temporary interruption (6 months) in the hospital’s 

supply of aldesleukin, which is the only recombinant IL-2 prod-

uct that is commercially available in South Korea, due to a lack of 

inventory in early 2018. As a result, the patient was unable to re-

ceive treatment with recombinant IL-2 for 6 months. Gait distur-

bance, leg weakness, and sensory symptoms relapsed during this 

period. Follow-up spinal cord MRI revealed diffuse high-signal 

T2 intensities in the thoracic spinal cord (Figure 1). After resum-

ing low-dose IL-2 treatment the symptoms improved drastically 

again. The spinal cord lesion became less prominent on the fol-

low-up MRI that was performed after 4 months and the lesion 

completely disappeared a year later (Figure 2). 

Low-dose IL-2 treatment was administered monthly due to 

Figure 1 Spinal cord MRI obtained on myeloradiculopathy relapse

A B

(A) Sagittal spinal MRI indicating an abnormal high-signal T2 intensity was observed in the thoracic spinal cord (arrow) during symptom relapse. (B) T9 
level axial image showing diffuse high-signal T2 intensity in the spinal cord.
MRI, magnetic resonance imaging.
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chronic relapsing myeloradiculopathy. Cancer screening for 

hidden malignancies was performed regularly along with medi-

cal treatment. The patient no longer experienced lower extremi-

ty weakness, but occasionally experienced gait disturbance if 

the treatment interval was prolonged. 

Written informed consent was obtained for publication of this 

case report and accompanying images.

Discussion 
Anti-Ma2/Ta paraneoplastic syndrome can manifest with di-

verse clinical neurologic presentations. Most cases present with 

limbic encephalitis or brainstem encephalitis, and cerebellar 

dysfunction or peripheral neuropathy have been observed in a 

few cases [5]. Motor neuron involvement in anti-Ma2-associat-

ed PNS has recently been reported [6]. In the article, three pa-

tients were diagnosed with myeloradiculopathy among 33 pa-

tients with anti-Ma2 antibodies. However, only two of the 38 pa-

tients presented with myelopathy in a previous clinical study of 

anti-Ma2-associated encephalitis [7]. To the best of our knowl-

edge, only one other case of anti-Ma2-associated myeloradicu-

lopathy has been reported and was documented in 2012 [8]. Our 

patient represents another rare case of paraneoplastic myelora-

diculopathy associated with anti-Ma2 antibody. The immuno-

reaction between anti-Ma2 antibodies and Ma2 protein (para-

neoplastic antigen Ma2) has been demonstrated in all neurons 

of the human brain, dorsal-root ganglia, intestinal autonomic 

neurons, and spinal cord [9]. Therefore, paraneoplastic myelo-

radiculopathy associated with anti-Ma2 antibody has a plausi-

ble pathophysiological mechanism. 

The underlying immune mechanism for PNS is related to auto-

antibody production and these antibodies can be classified into 

two broad categories [3]. The first group consists of onconeural 

antibodies, which target intracellular neuronal antigens ex-

pressed by tumors. The second group consists of antibodies that 

target the neuronal cell surface or synapse. When compared 

with synaptic antibodies, onconeural antibodies induce irre-

versible cell damage that is mediated by cytotoxic T-cells. This 

may explain the poor response of onconeural PNS to immuno-

therapy [10]. The imbalance in the circulating T-lymphocyte 

subsets was demonstrated in anti-Hu antibody PNS by a previ-

ous study [11]. 

Figure 2 Follow-up spinal cord MRI

A B

(A) Spinal cord MRI obtained 4 months after resuming low-dose interleukin-2 treatment. The abnormal high-signal T2 intensity was less prominent. (B) 
Complete resolution of abnormal high-signal T2 intensity on the follow-up MRI obtained after 1 year.
MRI, magnetic resonance imaging.
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Tani et al. [12] demonstrated that regulatory T cell (Treg) dysfunc-

tion plays a key role in PNS development. They included an-

ti-Hu and anti-Yo-positive patients with PNS and analyzed mes-

senger RNA (mRNA) expression in the peripheral blood. The re-

sults showed downregulation of forkhead box P3 (FOXP3), tu-

mor growth factor-β (TGF-β), and cytotoxic T-lymphocyte-asso-

ciated protein 4 (CTLA-4) mRNA, which are functional Treg mol-

ecules in patients with PNS. This study suggests that a therapeu-

tic mechanism of potential drugs could be based on Treg modu-

lation in PNS. 

Low-dose IL-2 has become an essential therapeutic option for 

autoimmune neurological diseases [13,14]. The mechanism of 

action of low-dose IL-2 involves modulation of Treg function [15]. 

High-dose IL-2 was originally used for treating tumors, such as 

melanoma or renal cell carcinoma [16]. However, high-dose 

IL-2 treatment has occasionally been accompanied by high-risk 

side effects such as severe bacteremia or vascular leak syndrome 

[17]. In comparison, low-dose IL-2 has been used as a new ther-

apeutic option for autoimmune diseases because the Treg has a 

lower activation threshold for IL-2 compared to the effector T 

cells. Low-dose IL-2 administration has demonstrated favorable 

outcomes in several autoimmune diseases such as hepatitis C 

virus-induced vasculitis, systemic lupus erythematosus, and 

graft versus host disease [18]. 

Considering the pathomechanism of PNS and therapeutic 

mechanism of low-dose IL-2 together, a treatment strategy that 

targets Treg seems convincing for onconeural PNS. Our case sup-

ports this hypothesis as the patient achieved complete remis-

sion of the disease following low-dose IL-2 injection. IVIg was 

also effective during the initial treatment but achieved only a 

partial clinical response. Moreover, myelopathy recurred when 

low-dose IL-2 treatment was stopped unwillingly. During the 

second severe relapse of myelopathy, an abnormally high T2 

signal appeared on spinal cord MRI. Fortunately, the clinical 

symptoms and abnormal MRI findings improved completely 

with the resumption of low-dose IL-2 treatment (Figure 3). Con-

ventional treatment options for anti-Ma2/Ta paraneoplastic 

syndrome include corticosteroids, cyclophosphamide, IVIg, and 

azathioprine [19]. Additionally, we suggest that low-dose IL-2 

could be a novel treatment option for refractory PNS. 

The accuracy of the diagnosis could be debated since no ac-

companying tumor was found. However, according to the rec-

ommended diagnostic criteria of PNS, a diagnosis of PNS does 

not require the presence of a tumor [20]. According to the pro-

posed diagnostic criteria of the Paraneoplastic Neurological 

Syndrome Euronetwork [20], this case belongs to the ‘definite 

PNS’ category. Of note, one limitation of this study was that im-

munotherapy has not been given to patients in conventional 

flow. The flow of immunotherapies and approach for this pa-

tient was determined by experienced physicians. 

Graph of clinical course expressed in the modified Rankin Scale (mRS). Intravenous immunoglobulin (IVIg) was clinically effective but 
myeloradiculopathy relapsed. Tocilizumab (TCZ) showed no clinical benefit. Monthly interval low-dose interleukin-2 (IL-2) showed clinical effectiveness. 
However, myeloradiculopathy relapsed both clinically and radiologically during the discontinuation of the treatment.
MRI, magnetic resonance imaging; FU, follow-up.

Figure 3 Clinical course and treatment response
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Our case report has several limitations. First, the possibility of a 

false-positive result for the paraneoplastic antibody test cannot 

be excluded. In our hospital, the paraneoplastic antibody test 

was conducted with the immunoblot method. Concise sensitiv-

ity and specificity are unknown for this examination. According 

to a study by Budhram et al. [21], the positive predictive value of 

paraneoplastic antibody test with the immunoblotting method 

was only 39%. Second, conventional immunotherapies such as 

corticosteroid or cyclophosphamide were not administered be-

cause of possible clinical side effects. Although the patient was 

successfully treated with low-dose IL-2, the clinical response to 

corticosteroids is not known. Third, because the appropriate 

treating period for low-dose IL-2 has not been established, it is 

difficult to determine a suitable plan for long-term treatment. 

Our case showed that Treg modulation using low-dose IL-2 could 

be a new treatment option for PNS. This approach can be used 

for patients that require refractory to first-line immunotherapy, 

although further research and clinical evidence with a larger 

sample size are needed. 
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Introduction 
Acute disseminated encephalomyelitis (ADEM) is an inflamma-

tory demyelinating disorder of the central nervous system (CNS) 

characterized by acute polyfocal neurologic symptoms with en-

cephalopathy. In most cases, brain magnetic resonance imaging 

(MRI) shows abnormalities consistent with demyelination. Typ-

ical MRI findings are multiple, hyperintense, poorly-marginated 

lesions with bilateral asymmetric cerebral involvement in 

T2-weighted and fluid-attenuated inversion recovery imaging 

[1]. Tumefactive demyelinating lesions resembling CNS neopla-

sia or pseudoleukodystrophic patterns have been reported [2,3]. 

Most patients show an excellent response to systemic steroids, 

and serial MRI usually reveals complete or partial resolution of 

previous lesions [1]. However, approximately 20% of patients 

with ADEM require additional immunotherapy such as intrave-

nous immunoglobulin (IVIg) or plasmapheresis, and these pa-
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tients are more likely to show poor clinical outcomes [4]. No 

consensus has been established on how to continue treatment 

after failure of second-line therapies. We present a case of 

ADEM in a patient whose clinical symptoms and brain MRI ab-

normalities completely resolved with third-line rituximab treat-

ment after failing to show improvement with steroid and IVIg 

administration. 

Case Report 
A 42-year-old previously healthy male presented with gradually 

progressive memory impairment that started 1 month previous-

ly. The patient complained of difficulty concentrating at work 

and recalling recent memories; he could not remember what 

happened minutes ago. In addition, his personality changed 

from an introvert to an extrovert along with increased impulsive 

Copyright © 2021 by The Korean Encephalitis and Neuroinflammation Society
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behavior. His past medical history included an upper respiratory 

infection that lasted longer than 1 month. 

Neurologic examination revealed mild dysarthria and left leg 

weakness of Medical Research Council grade 4+. He scored 18 

points on the Mini-Mental State Examination (MMSE). Brain 

MRI showed diffuse confluent T2 hyperintensity in bilateral ce-

rebral white matter without any diffusion restriction, abnormal 

enhancement, or cerebral blood volume increase (Figure 1). An 

analysis of the cerebrospinal fluid (CSF) showed lymphocytic 

pleocytosis of 139 white blood cells (WBC)/mm3 (94% lympho-

cytes) and an elevated protein level of 123.9 mg/dL. Ep-

stein-Barr virus (EBV) DNA was present in the CSF by poly-

merase chain reactions (PCR). Whole-body positron emission 

tomography scan and computed tomography of the chest and 

abdomen were normal. 

The patient received intravenous acyclovir at a dose of 10 mg/kg 

for 5 weeks and a high-dose corticosteroid. Slight improvement 

in memory function was noted, but the cerebral white matter le-

sions showed no interval change on follow-up MRI. A Follow-up 

CSF study showed decreased but persisting lymphocytic pleo-

cytosis of 19 WBC/mm3. Follow-up PCR failed to detect EBV 

DNA in the CSF, and the EBV viral load in whole blood was 1,535 

copies/mL. Subsequent IVIg treatment for 5 days did not show 

additional improvement. 

As a third-line immunotherapy, intravenous rituximab (375 mg/

m2) was administered at regular intervals (the first four sessions 

were administered weekly, then monthly). By the end of the 

fourth cycle, the patient’s clinical symptoms recovered to base-

line function, with an MMSE score of 30 and no residual left leg 

weakness. EBV viral load was not detected in whole blood, and 

CSF analysis showed a decreased WBC count of 9/mm3 with 

negative EBV DNA. After the seventh cycle of rituximab, the ex-

tent of the cerebral white matter involvement started to decrease 

(Figure 1). Twenty months from symptom onset, after the 11th 

cycle of rituximab, no residual lesion was seen on brain MRI. 

Discussion 
Although the precise etiology of ADEM is unknown, many vi-

ruses (measles, herpes, varicella, mumps, EBV, and influenza) 

have been implicated in its pathogenesis. The clinical diagnosis 

of ADEM is suggested by a close temporal relationship between 

an infectious incident and the onset of leukoencephalopathic 

neurologic symptoms [5]. Current hypotheses involve the 

cross-reaction of viral antigens with myelin components by mo-

lecular mimicry, leading to an inflammatory cascade [6]. 

Figure 1 Clinical timeline of immunotherapy and corresponding follow-up brain magnetic resonance imaging, CSF cell counts, 
and MMSE scores
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EBV, also known as human herpesvirus 4, primarily targets B 

cells via interaction of the viral envelope glycoprotein gp350 and 

CD21/C3d expressed on B cells [7]. EBV infection is mostly as-

ymptomatic in healthy individuals, but a small number can de-

velop CNS complications including demyelinating disease, 

acute encephalitis, acute cerebellar ataxia, meningitis, or myeli-

tis [8]. A few cases of EBV infection-related ADEM have been re-

ported (Table 1 [8-14]). 

The pathogenesis of EBV-associated neurologic disease can be 

immune-mediated, infectious, or both [9]. In our case, consid-

ering that the CSF lymphocytic pleocytosis persisted after treat-

ment with antiviral agents and negative conversion of EBV DNA, 

postinfectious ADEM secondary to EBV infection is the most 

likely explanation. The predilection of EBV for B cells might ex-

plain why rituximab, an anti-CD20 monoclonal antibody target-

ing B cells, resulted in marked clinical improvement. 

The current treatment approach for ADEM consists of early im-

munotherapy, but no definitive protocol exists due to a lack of 

randomized studies. Based on expert opinions and observation-

al studies, high-dose corticosteroids are accepted widely as first-

line therapy. In steroid-unresponsive cases, use of IVIg or plas-

mapheresis has been reported in a small number of publica-

tions. Despite common use in multiple sclerosis (MS), rituximab 

rarely has been administered to patients with ADEM, and the 

few previous studies available concentrated on a heterogenous 

group of myelin oligodendrocyte glycoprotein antibody-related 

demyelinating diseases comprising optic neuritis, neuromyelitis 

optica spectrum disorder, and ADEM [15,16]. Although previous 

investigations largely focused on how B cells contribute to the 

pathogenesis of MS, similar implications can be made in other 

inflammatory demyelinating CNS diseases such as ADEM [17]. 

On this basis, rituximab can be considered as a treatment option 

even in EBV-negative ADEM patients who failed to show im-

provement with first-line immunotherapy. Further research is 

warranted in this area. 

Of note, although rituximab has been proven to be safe, it can 

increase the risk of infectious complications, including hepatitis 

B virus, progressive multifocal leukoencephalopathy, enterovi-

rus encephalitis, parvovirus B19, and cytomegalovirus [18]. Cli-

nicians should take caution, especially in cases of advanced im-

mune compromise, and patients should be monitored closely 

for complications. Screening for evidence of hepatitis B in all 

patients and appropriate preventive measures or treatment 

should be implemented before initiating rituximab therapy. 
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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 articles consist of a single paragraph without sep-

arate sections. The most recently published articles should be 

https://orcid.org/
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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).

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

• All persons who have made substantial contributions but have 

not met the criteria for author- ship are acknowledged here. All 

sources of funding applicable to the study should be explicitly 

stated here.

• What authors have done for the study should be described in 

this section. To qualify for authorship, all contributors must 

meet at least one of the seven core contributions by CRediT 

(conceptualization, methodology, software, validation, formal 
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analysis, investigation, data creation), as well as at least one of 

the writing contributions (original draft preparation, review 

and editing). Contributions will be published with the final ar-

ticle, and they should accurately reflect contributions to the 

work. The submitting author is responsible for completing this 

information at submission, and it is expected that all authors 

will have reviewed, discussed, and agreed to their individual 

contributions ahead of this time.

References

• In the text, references should be cited using Arabic numerals in 

brackets (e.g., [1], [2,3], [4-6]) and numbered in the order cited.

• 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, 

list only the first three and add “et al.”

• If an article has been published online but has not yet been 

given an issue or pages, the digital object identifier (DOI) 

should be supplied.

• Journal titles should be abbreviated in the style used in Med-

line.

• Other types of references not described below should follow 

“Samples of Formatted References for Authors of Journal Arti-

cles” (https://www.nlm.nih.gov/bsd/uniform_requirements.

html).

• Unpublished data should not be cited in the reference list, but 

parenthetically in the text, for example: (Smith DJ, personal 

communication), (Smith DJ, unpublished data).

• The style and punctuation for journal articles, books, or book 

chapters should follow the format illustrated in the following 

examples:

- Journal article

Zangerle A, Kiechl S, Spiegel M, et al. Recanalization after 

thrombolysis in stroke patients: predictors and prognostic im-

plications. Neurology 2007;68:39-44.

- Journal article published electronically ahead of print

Mantegazza R, Wolfe GI, Muppidi S, et al. Post-intervention sta-

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 

00000011207.

- Conference paper

Mark MH, Dickson DW, Schwarz KO, et al. Familial diffuse Lewy 

body disease. Presented at the 10th International Symposium 

on Parkinson’s Disease; October 19, 1991; Tokyo.

- Forthcoming

Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature of 

balancing selection in Arabidopsis. Proc Natl Acad Sci USA. 

Forthcomming 2002.

- Book

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical 

microbiology, 4th ed. St Louis: Mosby; 2002.

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 

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
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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).

• 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-
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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.

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 

http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
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e-mail to the editorial office (encephalitis.editor@gmail.com). 

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-

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)

mailto:encephalitis.editor@gmail.com
http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
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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-

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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(Authorship Responsibility and Contributions, Disclosure of Conflicts of Interest, and Copyright Transfer Agreement)

Manuscript Number:  ________________________

Manuscript Title:  _________________________________________________________________________________________

Author Name:  ____________________________________________________________________________________________

E-mail:  __________________________________________________________________________________________________

Corresponding Author Name (Print):  _______________________________________________________________________

In order to publish your paper in the encephalitis, all authors must read and sign the statements on

1. Authorship Responsibility; 2. Authorship Contributions; 3. Role of the Funding Source; 4. Disclosure of Conflicts of Interest; and 5. 

Copyright Transfer Agreement

1. Authorship Responsibility
- All authors have seen and approved the content of the submitted manuscript.
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• Routine EEG 
• Portable EEG 
• ICU Continuous EEG 
• Ambulatory EEG 

• Wireless EEG  
• Sleep 
• 64ch – 512ch HD EEG 
• Research 

BESA Research 
- Source analysis & imaging, Coherence, Time-Frequency analysis 
 MRI, Statistics, Epilepsy, Simulator, Averaging, ERP, QEEG  

Tel: 02) 557-6578   
Email : info@youngwoomeditech.com 

Feature :  

• Small and Light, Compact Design 

• 128/256 referential & 16 differential channels 

• MAX. 16,000Hz Sampling Rate for Research 

• Sleep Study (PSG, 16ch DC & Pulse Oximeter) 

• Digital Switch Matrix for Functional Brain Mapping  

with Cortical Stimulator interface 

• 8ch. Digital Trigger input available for ERP research 

• Base unit Compatible with wireless/ambulatory (Max. 30m) 

• USB and Ethernet connection 

• Dual Stream recording for fast clinical review 

• Ambulatory HD Video Recording 
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