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Introduction 
Narcolepsy is a chronic neurological disorder characterized by 

excessive daytime sleepiness (EDS) with or without cataplexy. 

Cataplexy occurs in the majority of patients with narcolepsy and 

refers to a sudden and temporary loss of muscle tone with pre-

served consciousness [1]. In addition, sleep paralysis and 

sleep-related hallucinations are included in the classic tetrad of 

narcolepsy and are implicated with the abnormal regulation of 

wakefulness and rapid eye movement (REM) sleep [2]. Previ-

ously, narcolepsy was classified into two subtypes based on the 

presence of cataplexy; narcolepsy with cataplexy and narcolepsy 

without cataplexy. However, hypocretin deficiency has been 

well established as a key pathophysiology of narcolepsy [3]. 

Therefore, the classification of narcolepsy in the third edition of 

the International Classification of Sleep Disorders (ICSD-3) was 

changed to narcolepsy type (NT) 1 and NT2 depending on 
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Narcolepsy is a rare neurological disorder characterized by excessive daytime sleepiness (EDS) with or without cataplexy. A main pathophysiolo-
gy of narcolepsy is hypocretin deficiency in the central nervous system resulting from a selective loss of hypocretin neurons in the lateral hypo-
thalamus. To date, the pathogenesis of hypocretin neuron loss in narcolepsy is the most commonly accepted autoimmune hypothesis which is 
supported by genetic risk factors for narcolepsy such as HLA-DQB1*06:02 allele and T-cell receptor alpha polymorphisms. Other evidence sup-
porting the immune-mediated mechanisms include the presence of anti-Tribbles homolog 2 (TRIB2) and anti-streptococcal antibodies in pa-
tients with narcolepsy, seasonal patterns of narcolepsy onset, and increased incidence of narcolepsy after the H1N1 pandemic influenza A in-
fections and vaccinations. Among several types of vaccines, the AS03-adjuvanted vaccine Pandemrix (GlaxoSmithKline) was the only vaccine 
found to increase the risk of narcolepsy. However, the comprehensive results of several epidemiological studies indicate the adjuvant AS03 
alone cannot cause the disease. The genetic predisposition, environmental triggers, molecular mimicry of specific H1N1 antigens, and bystand-
er immune activation caused by the adjuvant AS03 may have combined to contribute to autoimmunity against hypocretin neurons and develop-
ment of narcolepsy. 
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hypocretin deficiency in cerebrospinal fluid (CSF) [4]. This 

change indicates the diagnostic process has progressed from the 

clinical phenotype to the molecular biomarker-based approach. 

The hypocretin deficiency in NT1 is hypothesized to result from 

the autoimmune process that selectively destructs hypocretin 

neurons in the lateral hypothalamus. In this review, the clinical 

features of narcolepsy, autoimmune mechanisms, and issues 

associated with influenza A H1N1 infection and vaccination are 

discussed. 

Clinical Features 
EDS is usually the first and most disabling symptom of narco-

lepsy. EDS typically presents as constant sleepiness that easily 

leads to actual sleep episodes or an inability to stay awake. The 

etymology of narcolepsy is a combination of narke, which 

means sleep in Greek, and lepsis, which means attack. Accord-
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ingly, EDS can also manifest as sleep attacks and refers to irre-

sistible sleep episodes that may occur while eating, talking, and 

driving. Sleepiness is relieved by daytime napping; however, the 

effect is usually temporary in patients with narcolepsy. Although 

narcoleptics complain of EDS and take frequent naps during 

daytime, their actual 24-hour total sleep time is comparable 

with healthy controls. Notably, the quality of nocturnal sleep is 

worse than in controls. Nocturnal polysomnography (PSG) find-

ings of narcoleptics are characterized by shorter sleep latency, 

more N1 sleep, less N3 sleep, and more wakefulness after sleep 

onset, indicating disrupted nocturnal sleep and frequent awak-

enings [5]. 

Cataplexy is a more specific symptom of narcolepsy than EDS 

and is defined as a sudden and temporary episode of muscle 

weakness triggered by emotional factors such as laughter, anger, 

and surprise. Cataplexy is present in approximately 60% to 70% 

of patients with narcolepsy. In mild cases, cataplexy can mani-

fest as jaw sagging, head nodding, and knee buckling. Severe 

cataplexy can lead to complete patient collapse; however, con-

sciousness is preserved and respiration and eye movements are 

not affected. Deep tendon reflexes are decreased or absent 

during the cataplexy attack. Although the exact mechanism of 

cataplexy remains unclear, an intrusion of the muscle atonia of 

REM sleep into the waking state is considered a basic mecha-

nism of cataplexy [6]. During wakefulness, hypocretin neurons 

in the lateral hypothalamus activate gamma-aminobutyric ac-

id-ergic REM sleep-off neurons in the ventrolateral periaque-

ductal gray, which consequently inhibits the REM sleep-gener-

ating neurons in the sublaterodorsal (SLD) nucleus. However, a 

pathological loss of hypocretin neurons in narcolepsy is hypoth-

esized to lead to disinhibition of SLD neurons and intrusion of 

REM-sleep muscle atonia during wakefulness. Selective sero-

tonin-norepinephrine reuptake inhibitors and selective sero-

tonin reuptake inhibitors, which are used for pharmacological 

treatment of cataplexy, inhibit REM sleep generation by activat-

ing the monoaminergic neurons [7]. 

Sleep paralysis and sleep-related hallucinations are other symp-

toms of the classic tetrad of narcolepsy, although only 15% of 

patients experience full tetrad symptoms. Sleep paralysis is de-

scribed as partial or complete muscle paralysis during the onset 

of sleep or upon awakening in the morning. Hallucinations oc-

cur while falling asleep (hypnagogic) or upon awakening (hyp-

nopompic). The hallucinations are manifested as abnormal vi-

sual or auditory perceptions which are usually complex, vivid, 

and dream-like experiences. Sleep paralysis can occur with 

sleep-related hallucinations. Both sleep paralysis and hallucina-

tions are more frequently found in NT1 than in NT2 [8]. Howev-

er, these symptoms can also occur in other conditions, such as 

idiopathic hypersomnia, sleep-related breathing disorders, and 

normal individuals after sleep deprivation. 

Diagnosis 
Patients complaining of EDS should be examined for a clinical 

history of cataplexy, sleep paralysis, and sleep-related hallucina-

tions. A multiple sleep latency test (MSLT) is used to confirm the 

diagnosis in the evaluation of patients with clinically suspected 

narcolepsy [9]. Nocturnal PSG should be performed immediate-

ly before the MSLT to exclude other significant sleep disorders 

such as obstructive sleep apnea and periodic limb movement 

disorder and confirm the patient slept more than 6 hours the 

previous night. The MSLT consists of five nap trials at 2-hour in-

tervals and the first nap begins 1.5 to 3 hours after the end of the 

nocturnal PSG recording. The established MSLT criteria for nar-

colepsy is a combination of a mean sleep latency of fewer than 8 

minutes and two or more sleep onset REM periods (SOREMPs). 

When CSF hypocretin deficiency is confirmed, NT1 can be diag-

nosed without MSLT results. However, SOREMP (REM sleep la-

tency of fewer than 15 minutes) detected in the overnight PSG 

can replace one of the SOREMPs on the following MSLT [10]. 

This is based on previous results showing a SOREMP during the 

nocturnal PSG is highly specific ( > 99%) for the diagnosis of nar-

colepsy with cataplexy, although sensitivity is low 35% to 51% 

[11]. When there is no clinical history of cataplexy, NT2 can be 

diagnosed when the MSLT is positive for narcolepsy and CSF 

hypocretin deficiency is not evident. However, in the diagnosis 

of NT2 or narcolepsy without cataplexy, the MSLT has poor 

test-retest reliability [12,13]. Because REM sleep is mainly con-

trolled by the circadian rhythm [14], circadian phase delay re-

sulting from shift work or delayed sleep-wake phase disorder 

can lead to SOREMPs, especially in the MSLT morning naps. 

Therefore, prior to diagnosing NT2, potential causes of false 

positives, such as chronic insufficient sleep, circadian rhythm 

sleep-wake disorders, shift work, and medications should be ex-

cluded by reviewing the detailed clinical history and sleep logs 

or preferably actigraphy before performing the MSLT [15]. 

Autoimmune Hypothesis 
Hypocretin, also known as orexin, is a neuropeptide produced 

in the lateral hypothalamus and has a crucial role in the regula-

tion of sleep and wakefulness [2]. Hypocretin contributes to pro-

ducing and maintaining normal wakefulness by activating 
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monoaminergic and cholinergic neurons in the brainstem and 

hypothalamus. The neuropeptide also serves as a buffer be-

tween wake-promoting monoaminergic neurons and sleep-pro-

moting neurons of the ventrolateral preoptic nucleus, therefore 

stabilizing the transition between sleep and wakefulness [16]. A 

loss of hypocretin neurons in the hypothalamus has been 

shown to cause narcolepsy. In animal models, hypocretin 

knockout mice or hypocretin receptor-2–mutated dogs recapit-

ulated major clinical phenotypes of human narcolepsy [17]. In a 

previous autopsy study, the number of hypothalamic hypocretin 

neurons in patients with narcolepsy was decreased by 85% to 

95% compared with controls. However, significant change was 

not observed in the number of melanin-concentrating hormone 

neurons in the hypothalamus between narcoleptics and con-

trols, indicating neuronal loss in narcolepsy occurs selectively in 

hypocretin-producing neurons [3]. Patients with narcolepsy are 

not congenitally deficient in hypocretin neurons; the CSF hypo-

cretin level was significantly decreased near the onset of symp-

toms in a few case studies [18,19]. 

To date, the autoimmune hypothesis is the most commonly ac-

cepted pathogenesis of the loss of hypocretin neurons in narcolep-

sy. First, a strong genetic association between HLA-DQB1*06:02 al-

lele and NT1 supports the immune-mediated disease mechanism 

of narcolepsy [20]. HLA-DQB1 encodes the β-chain of major histo-

compatibility complex (MHC) class II molecules by which anti-

gen-presenting cells present antigens to CD4+ helper T-cells. A 

genome-wide association study showed that polymorphisms in 

the T-cell receptor alpha locus were significantly associated with 

narcolepsy [21]. The results indicated interactions between 

MHC and T-cell receptors contribute to autoimmunity in narco-

lepsy. Furthermore, Tribbles homolog 2 (TRIB2), which is nor-

mally enriched in hypocretin neurons, was found to be a poten-

tial autoimmune target in narcolepsy [22]. Anti-TRIB2 antibody 

titers were significantly increased within 1 year of narcolepsy 

onset and were clinically correlated with the severity of EDS and 

cataplexy. Other evidence supporting the autoimmune hypoth-

esis is a specific seasonal pattern of narcolepsy onset. In a retro-

spective analysis, narcolepsy incidence peaked in late spring 

and early summer and increased by approximately six- to sev-

en-fold compared with fall and winter [23]. Winter airway infec-

tions likely triggered an autoimmune response to destroy hypo-

cretin neurons with a delay of approximately 6 months until dis-

ease onset. Furthermore, the incidence of narcolepsy in 2010 in-

creased three-fold following the 2009 H1N1 influenza pandem-

ic, and in the following year, the narcolepsy incidence returned 

to baseline, indicating H1N1 infections could be environmental 

triggers of autoimmune diseases [24]. Streptococcal infections 

were also found a possible environmental risk factor for narco-

lepsy [25]. However, direct evidence does not exist to support 

the inflammatory reactions in the central nervous system of pa-

tients with narcolepsy, which is not consistent with the autoim-

mune hypothesis [26]. In addition, the disease course of narco-

lepsy was not altered in most immunomodulating therapy trials 

[27]. Further studies are needed to clearly understand the auto-

immune-mediated disease mechanism of narcolepsy. 

H1N1 Pandemic Influenza Vaccine and 
Narcolepsy 
The H1N1 influenza pandemic in 2009 caused 18,500 laborato-

ry-confirmed deaths worldwide and respiratory and cardiovas-

cular deaths associated with the H1N1 pandemic reached 

284,400 during the first 12 months of virus circulation [28]. After 

vaccination against the influenza A (H1N1) pdm09 virus, a rapid 

increase in incidence of narcolepsy occurred. An annual inci-

dence of narcolepsy in children and adolescents younger than 

17 years of age was reported to increase 17-fold and 25-fold after 

vaccination in Finland and Sweden, respectively [29,30]. In con-

trast, the association between the influenza H1N1 vaccination 

and narcolepsy in adults (odds ratio [OR], 1.2; 95% confidence 

interval [CI], 0.2–9.1) was less than in children (OR, 14.2; 95% CI, 

2.5–infinity) [31]. Furthermore, in European countries other 

than Finland and Sweden, the association was not significant in 

children (OR, 1.6; 95% CI, 0.5–6.1) and adults (OR, 3.7; 95% CI, 

0.7–20.7). Universal immunization for children and adolescents 

was performed in Finland and Sweden with a high vaccine up-

take rate of 50% to 59%, which may explain the regional discrep-

ancy. Conversely, in other European countries, the vaccine up-

take rates were low (less than 10%) [31]. 

Several different vaccines were used against the influenza A 

(H1N1) pdm09 virus. Adjuvanted vaccines were most widely 

used in the European countries; approximately 30.5 million 

people were vaccinated with Pandemrix (AS03-adjuvanted; 

GlaxoSmithKline, Brentford, UK) and 6.5 million people with 

Focetria (MF59-adjuvanted; Norvatis, Basel, Switzerland) [31]. 

Notably, analysis of the vaccine brand showed that only Pan-

demrix had a significant association with narcolepsy. The 

MF59-adjuvanted pandemic vaccines have not been associated 

with an increased risk of narcolepsy [32]. Furthermore, in the 

United States, where only non-adjuvanted monovalent influen-

za A (H1N1) pdm09 vaccines were used, the incidence rate of 

narcolepsy did not change before and after vaccination [33]. In 

South Korea, two different types of vaccines (non- adjuvanted 

and MF59-adjuvanted) were used, and incidence rates of narco-
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lepsy also did not increase in the pandemic or postpandemic 

periods compared with the prepandemic period [34]. Taken to-

gether, the adjuvant, specifically AS03, might have a more im-

portant role in the development of autoimmune narcolepsy 

than the viral vaccine antigen. 

Adjuvants are added to a vaccine to potentiate immunogenicity; 

thus, minimizing the dose of antigen needed. The immunoge-

nicity of the AS03-adjuvanted vaccine, measured based on 

hemagglutination inhibition titers, was more than 10.5-fold 

higher than the non-adjuvanted vaccine in children under 3 

years of age [35]. Both AS03 and MF59 are squalene-based adju-

vants; however, their composition is different. Unlike MF59, 

AS03 contains α-tocopherol acting as an immunomodulatory 

component [36], which makes the AS03-adjuvanted vaccine 

more potent than the MF59-adjuvanted vaccine. However, 

whether the AS03-adjuvanted vaccine is the sole cause of narco-

lepsy is questionable. Adjuvants might activate generalized im-

mune responses rather than narcolepsy-specific autoimmunity. 

However, autoimmune diseases other than narcolepsy did not 

significantly increase with the use of AS03-adjuvanted vaccine 

Pandemrix [37]. Although Arepanrix (GlaxoSmithKline) con-

tains the same adjuvant AS03 as Pandemrix, the use of Arepan-

rix in Canada did not increase the risk of narcolepsy [38]. These 

findings refute the causal relationship between the adjuvant 

AS03 and autoimmune narcolepsy. In a mass spectroscopy 

study on viral proteins, hemagglutinin residue 146N was 10-fold 

more frequently deamidated to 146D in Arepanrix than in Pan-

demrix [39]. The subtle differences in viral protein composition 

of H1N1 vaccines may also have affected susceptibility to narco-

lepsy development. Furthermore, all children with narcolepsy 

after H1N1 vaccination were positive for DQB1*0602 or 

DRB1*15 allele, indicating the genetic predisposition also con-

tributes to the development of vaccine-associated narcolepsy 

[30]. 

Summary 
Taken together, narcolepsy is considered an autoimmune neu-

rological disease characterized by a loss of hypocretin neurons 

in the lateral hypothalamus. In the diagnosis of narcolepsy, the 

MSLT must be carefully interpreted especially in clinical settings 

where CSF hypocretin measurement is not available or in pa-

tients with no clinical history of cataplexy. Significant associa-

tion between the H1N1 influenza vaccine Pandemrix and nar-

colepsy has been shown in epidemiological studies. Although 

the underlying pathophysiology is not fully understood, the 

multifactorial interactions between the genetic predisposition, 

environmental factors, molecular mimicry by specific virus anti-

gens, and immune booster by adjuvants may contribute to the 

autoimmunity against hypocretin neurons. Further research is 

needed to develop novel diagnostic and therapeutic strategies 

targeting the autoimmune pathogenesis of narcolepsy.  
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Introduction 
N-methyl D-aspartate receptor (NMDAR) encephalitis is the 

most common antibody-mediated autoimmune encephalitis 

that frequently affects young females [1-4]. Ovarian teratoma, 

herpes simplex encephalitis, or other autoimmune diseases 

such as neuromyelitis optica spectrum disorder are known to 

trigger the production of immunoglobulin G1 (IgG1) and pro-

mote autoantibody binding to the NR1 subunit of NMDAR, re-

sulting in the hypofunction of NMDA signals in neuronal syn-

apses [5-8]. 

NMDAR encephalitis is a well-characterized clinical syndrome 

[9,10]. After the prodromal manifestation of fever and headache, 

typical symptoms occur that involve the limbic system, includ-

ing memory dysfunction, psychiatric symptoms, language dis-
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turbance, and seizures. Once developed, encephalitis tends to 

rapidly deteriorate neural function, with patients exhibiting in-

tractable seizures, dyskinesia, dysautonomia, central hypoventi-

lation, and coma [4,11]. Although NMDAR encephalitis has a 

monophasic course with a near-complete recovery of symptoms 

in most cases, long-term sequelae such as executive dysfunc-

tion, psychomotor slowing, disinhibition, and disturbed sleep 

remain in some severe and intractable cases [9-14]. However, 

the mechanism for the anti-NMDAR autoantibody-related de-

velopment of these characteristic clinical features and patterns 

of progression has not been fully addressed. 

Here, we briefly introduce several pathomechanistic hypotheses 

that explain how NMDAR hypofunction causes the typical 

symptoms and prognosis of NMDAR encephalitis. 
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NMDAR and Its Function 
NMDAR is one of the three major glutamate-gated cation chan-

nels, along with α-amino-3-hydroxy-5-methyl-4-isoxazolepropi-

onic acid (AMPA) receptor and kainate receptor. NMDAR is a 

tetramer comprised of two NR1 and two NR2 or NR3 subunits 

[15]. Alternative splicing of the GRIN1 gene results in eight iso-

forms of the NR1 subunit; NR2 and NR3 are also classified into 

four (NR2A–NR2D) and two (NR3A–NR3B) isoforms, respec-

tively. The combination of these isoforms makes up various 

subtypes of NMDARs with different spatial distributions and 

molecular functions [15,16]. 

Binding of glycine/D-serine to the NR1 subunit or binding of 

glutamate/NMDA to the NR2/3 subunit activates NMDARs and 

results in the flow of Na+ and Ca2+ into neurons and K+ out of 

neurons. By means of Ca2+ influx, NMDAR mediates various in-

tra-neuronal signaling pathways [6,9,17,18]. NMDAR is also in-

volved in synaptic plasticity, which is crucial for learning and 

memory, and a certain level of NMDA signaling is also critical 

for maintaining neuronal survival [19-24]. 

Anti-NMDAR Autoantibody Mechanism of 
Action 
The main mechanism of the NMDAR autoantibody is the an-

ti-NMDAR autoantibody-provoked cross-linking of NMDARs 

which inhibits NMDAR’s interaction with ephrin B2, a synaptic 

protein that stabilizes NMDAR for its placement in the synaptic 

structure [5,6,8,9,18,25,26]. Consequently, anti-NMDAR auto-

antibodies cause the NMDAR hypofunction by removing 

NMDAR from the synaptic surface by receptor internalization or 

by repositioning to the extrasynaptic surface [5,6,8,9,18,25]. 

Binding of IgG1 autoantibodies to NMDARs induces the tran-

sient NMDAR-mediated hyperactivation of neurons, which 

manifests as seizure, dyskinesia, and dystonia, and provokes ex-

citotoxic damage to neurons. Additionally, IgG1 autoantibodies 

have a high affinity for the Fcγ receptor, which enables the com-

plement activation and provocation of T-cell mediated autoim-

munity, resulting in permanent damage to neurons [6]. This 

mechanism might be an explanation for long-term neurological 

deficit after severe and refractory NMDAR encephalitis associat-

ed with diffuse cerebral atrophy and progressive cerebellar atro-

phy [9,10,12,13]. 

Pathomechanism of Rapidly Progressive 
Limbic Dysfunction 
Given that the typical symptoms involving the limbic system in 

NMDAR encephalitis resemble the core symptoms of schizo-

phrenia, the NMDA-mediated pathomechanism of schizophre-

nia might be successfully applied to understand the symptom-

atologic mechanism of NMDAR encephalitis [9,10,27]. In the 

schizophrenia model, parvalbumin or glutamate decarboxylase 

(GAD) positive inhibitory interneurons activated by NMDAR 

have a key mechanistic role. Parvalbumin-positive interneurons 

exert gamma-aminobutyric acid (GABA)-dependent inhibition 

on glutamatergic pyramidal neurons in the dorsolateral prefron-

tal cortex (DLPFC) and the subiculum of the hippocampus, 

which excites the nucleus accumbens (NA) of the striatum. NA 

exerts inhibitory regulation on the globus pallidus medialis 

(GPm), and the GPm also inhibits the ventral tegmental area 

(VTA) in the midbrain. Excitatory dopaminergic neurons in the 

VTA stimulate the DLPFC, NA, and hippocampus while receiv-

ing inhibitory regulation from GAD-positive interneurons 

[9,10,27]. 

Taken together, the DLPFC/subiculum, NA, and VTA form a 

closed loop of simulative interaction, and NMDAR-containing 

interneurons have a critical role as a restrainer of this positive 

feedback system [9,10,27]. Hypofunction of NMDAR in this sys-

tem induces hyperactivation of the NA and VTA by disinhibi-

tion, resulting in dysregulated excitation of the DLPFC and 

subiculum (Figure 1). Given that DLPFC is the fundamental 

structure responsible for executive function and the integration 

of other cognitive functions and the subiculum is the main out-

put structure of the hippocampus, dysregulated hyperactivation 

of these structures explains memory, language, and other cog-

nitive dysfunctions [28-30]. Additionally, the VTA exerts wide-

spread dopaminergic stimulatory projections to the cerebral 

cortex and limbic structures, which are called mesocortical and 

mesolimbic pathways, respectively [31]. Therefore, unregulated 

hyperfunction of the VTA might be responsible for psychiatric 

symptoms along with working memory deficit and global cogni-

tive impairment in NMDAR encephalitis [27]. However, in con-

trast to NMDAR encephalitis, schizophrenia is a disorder with a 

high genetic predisposition, and its symptoms contain both 

positive and negative symptoms of dopaminergic dysregulation. 

Additionally, as well as NMDAR hypofunction, the disrupted 

balance between NMDA and AMPA receptors also has a signifi-

cant role in the pathomechanism of schizophrenia [32]. The dif-

ferences between these two diseases should be investigated to 

further elucidate the pathomechanism of NMDAR encephalitis. 
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The unregulated auto-activation of the DLPFC/subiculum–NA–

VTA system also explains the rapidly progressing features of dis-

ease at the acute stages. Due to the loss of the NMDAR restrain-

er, the stimulatory interaction among DLPFC/subiculum, NA, 

and VTA strengthens by itself via this positive feedback loop, 

manifesting as an accelerated disease progression to the neuro-

logical nadir [9-11]. 

Extreme Delta Brush: Role of the Thalamus 
Although not yet elucidated due to the high complexity of its in-

volved circuits, thalamic structures might be critically involved 

in the pathogenesis of extreme delta brush, the core features of 

NMDAR encephalitis [33]. This hypothesis is supported by de-

scriptions of abnormally enhanced delta and beta-gamma ac-

tivities in both schizophrenia and NDMAR encephalitis [33-36] 

and research demonstrating that the thalamus is the main gen-

erator of the brain activities of those frequency bands during 

wakefulness [37-43]. 

The first pathologically important thalamic structure is the nu-

cleus reuniens (nRE). The nRE is located in the medial thalamus 

and exerts excitatory signaling on the cornu ammonis 1 and the 

subiculum of the hippocampus [43,44]. Thus, the nRE facilitates 

activation of VTA via the subiculum–NA–VTA pathway [43,44]. 

As activation of dopaminergic cells in the VTA results in the re-

ciprocal enhancement of thalamic bursting, the nRE–hippo-

campus–VTA constitutes another loop of simulative interaction. 

The second thalamic structure of interest is the nucleus reticu-

laris thalami (nRT) of the dorsal thalamus, a crucial structure 

that regulates cortical wakefulness [37-39]. The nRT is com-

posed of parvalbumin-positive GABAergic neurons activated by 

NMDARs. GABAergic neurons in the nRT exert a strong inhibi-

tory regulation on thalamocortical neurons, and their activation 

results in strong cortical deactivation [40]. The inhibitory effect 

of nRT on thalamocortical neurons might is justified given that 

the nRT is the main inhibitor of the nRE, and thereby regulates 

general activation of the cortex via suppressing the nRE–hippo-

campus–VTA loop [43,45]. Due to these network properties, the 

nRT is regarded as the thalamic pacemaker of the cortex [40-42]. 

The infralimbic subdivision of the medial prefrontal cortex also 

contributes to the balance between nRE-mediated cortical acti-

vation and nRT-mediated depression by exerting stimulatory 

signals on both the nRT and nRE [43,45]. 

As the nRT’s GABAergic inhibition on the nRE is mediated by 

NMDAR, the nRE is the most highly activated thalamic structure 

by NMDAR antagonism [34,36]. Loss of NMDAR-mediated inhi-

bition from nRT can enhance the burst activation of nRE by the 

nRE–hippocampus–VTA positive feedback loop, resulting in the 

formation of a rhythmic, synchronized activity of nRE (Figure 1) 

[34,36]. Accordingly, the cortex might be synchronized with the 

rhythmic activity of nRE via thalamocortical connections and 

projections from the VTA [34,36,40-42]. Synchronized low-fre-

quency rhythmic activity in the cortex might appear as a frontal 

dominant rhythmic delta activity, a core electroencephalogra-

phy feature of severe NMDAR encephalitis [33]. Fast activities 

with beta to gamma frequency bands superimposed with rhyth-

mic delta activities, constituting another major feature of ex-

treme delta brush, might represent the increased rhythmic cor-

tical activity (Figure 2) [33,35,46,47]. This hypothesis is consis-

tent with a recent study which demonstrated that pharmacolog-

ical inhibition of the nRT resulted in the marked increment of 

cortical, delta, and gamma activity during wakefulness [36]. 

Pathomechanism of Consciousness 
Decrement, Seizure, Dyskinesia, and 
Psychosis 
The thalamic hypothesis might also be applied to explain other 

major symptoms of NMDAR encephalitis. Multiple neurotrans-

mitter systems involving the brainstem, hypothalamus, thala-

mus, and basal forebrain form a complex interaction to regulate 

cortical wakefulness. Among them, the nRT is a key structure for 

maintaining wakefulness [38,42]. Although activation of the nRT 

induces local suppression of cortical activity, global hypofunc-

tion of the NMDAR-dependent nRT provokes an unregulated 

burst activation of the nRE–hippocampus–VTA loop [38,42]. 

This results in the predominate delta rhythm throughout the 

cortex, which may critically contribute to the decrement of con-

sciousness [38,41,42]. 

The major pathomechanism of intractable seizure development 

in NMDAR encephalitis is the shutdown of NMDR-dependent, 

parvalbumin- or GAD-positive inhibitory interneurons in the 

cortex and the thalamus [6,9,27]. Synchronized rhythmic corti-

cal activation resulting from unregulated activation of the DLP-

FC/subiculum–NA–VTA and nRE–hippocampus–VTA positive 

feedback loops maximizes the susceptibility to seizure develop-

ment [9,33,48] and can fulfill the definition of a seizure in itself 

[49]. Additionally, binding of autoantibodies to NMDAR might 

provoke a transient activation of NMDAR, which provokes the 

flow of Na+ and Ca2+ into neurons and K+ out of neurons 

[6,17,50]. This antibody binding-mediated neuronal excitation 

might partially contribute to the development of seizures at very 

acute stages of disease. 
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Figure 1 Schematic demonstration of altered interactions among the structures involved in the pathomechanism of N-methyl 
D-aspartate receptor (NMDAR) encephalitis

Panel A demonstrates the normal interaction, and panel B demonstrates altered interactions among the structures involved in the pathomechanism 
of NMDAR encephalitis. Red arrows indicate gamma-aminobutyric acid-mediated (GABAergic) inhibitory action, black arrows represent excitatory 
action, green arrows indicate glutamatergic excitatory action, and yellow arrows indicate dopaminergic excitatory action. In panel A, parvalbumin (PV)-
positive interneurons exert GABAergic inhibition on glutamatergic pyramidal neurons in the dorsolateral prefrontal cortex (DLPFC) and the subiculum 
of the hippocampus. Those pyramidal neurons, the nucleus accumbens (NA) in the striatum, and the ventral tegmental area (VTA) form a closed loop 
of simulative interaction, and NMDAR-containing interneurons are restrainers of this positive feedback system. The nucleus reuniens (nRE) in the 
medial thalamus exerts excitatory signaling on the cornu ammonis 1 (CA1) and subiculum and facilitates activation of the VTA via the subiculum–NA–
VTA pathway. As activation of VTA results in the reciprocal enhancement of thalamic bursting, the nerd–hippocampus–VTA constitutes another loop 
of simulative interaction. GABAergic neurons in the nucleus reticularis thalami (nRT) in the dorsal thalamus are the main inhibitors of the nRE, and 
also inhibit activation of the cortex via suppressing the nRE–hippocampus–VTA loop. The infralimbic subdivision of the medial prefrontal cortex (ilPFC) 
contributes to the balance between nRE-mediated cortical activation and nRT-mediated depression. In panel B, hypofunction of NMDAR in the DLPFC/
subiculum–NA–VTA system induces hyperactivation of the NA and VTA, resulting in excitation of the DLPFC and subiculum. Loss of NMDAR-mediated 
inhibition of the nRT on the nRE can enhance the burst activation of the nRE, resulting in the formation of synchronized rhythmic activities in the nRE 
and cortex. Thick arrows indicate enhanced interactions, and finely dotted arrows indicate weakened interactions. Structures named in red indicate 
activated structures, whereas structures named in blue indicate inhibited structures.
GPm, globus pallidus medialis; GAD, glutamate decarboxylase.

A B

Dyskinesia is a frequently encountered symptom of NMDAR 

encephalitis, especially among severe cases [4]. Although the 

underlying mechanisms of dyskinesia are heterogeneous and 

largely unrevealed, a recent study using a rat model of NMDAR 

encephalitis suggested that levodopa-induced dyskinesia is 

strongly associated with predominant gamma-band oscillation 

in the primary motor cortex [51,52]. The use of a dopamine an-

tagonist suppressed this gamma-band oscillation along and im-

proved dyskinesia [51,52]. The authors suggested that promi-

nent gamma oscillation represents VPA-mediated primary mo-

tor cortex hyperactivation, which might be responsible for the 

development of dyskinesia [51,52]. The hypothesis of dopa-

mine-mediated cortical hyperactivation can also explain the 

pathomechanism of dyskinesia in NMDAR encephalitis, as the 

unregulated activation of both the DLPFC/subiculum–NA–VTA 

and the nRE–hippocampus–VTA results in enhancement of do-

paminergic cortex activation by VTA [35,46]. 

In the NMDA model of schizophrenia, it is speculated that indi-

viduals susceptible to the disease have partially compromised 

NMDAR function [10,34,44]. A triggering event such as acute 

stress stimulates dopaminergic activity, which can turn on the 

DLPFC/subiculum–NA–VTA and the nRE–hippocampus–VTA 

systems to an auto-reactivated status by means of a positive 

feedback loop [9,10,27,43,44]. Once activated, positive feedback 

loops contribute to the sustained activation of the VTA, resulting 

in the persisting symptoms of schizophrenia even after the ini-

tial trigger is removed [10,27,34,44]. This hypothesis can be ap-

plied to understand psychosis in NMDAR encephalitis, which is 

prominent at the initial disease presentation and at the recover-

ing stages [9,10,14,53]. At those disease stages, the level and ac-

tivity of anti-NMDAR antibody might not accumulate to reach a 
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fulminant shut down of NMDAR function, but sufficiently di-

minish the NMDAR-mediated inhibition of the positive feed-

back systems to be activated by a certain trigger, resulting in de-

lirium, disinhibition, and aggressive and compulsive behaviors 

[14,53]. 

Cerebellar Atrophy in NMDAR Encephalitis 
and Its Implication on Long-term Sequelae 
NMDAR encephalitis exhibits two types of brain atrophy; diffuse 

cerebral atrophy and cerebellar atrophy [54-57]. Although dif-

fuse cerebral atrophy is reversible and has an unclear associa-

tion with long-term outcomes, cerebellar atrophy is progressive, 

irreversible, and associated with poor long-term clinical out-

comes [54-57]. In our long-term cohort of NMDAR encephalitis 

patients with recurrent magnetic resonance imaging evalua-

tions, we observed a significant reduction in both cerebellum 

and cerebrum volume, although the degree was higher in the 

cerebellum. Cerebellar atrophy was identified in 23.3% of the to-

tal study population and followed a progressive course once de-

veloped. The degree of cerebellar volume reduction was cor-

related with poorer scores of long-term global neurological out-

comes and major functional domains such as memory, lan-

guage, and psychiatric symptoms, which indicate that the de-

gree of cerebellar atrophy is associated with the extent of perma-

nent neurological deficits. The degree of cerebellar volume re-

duction was also associated with an increased cumulative dis-

ease burden (unpublished data). 

High degrees of cerebellar atrophy suggest that the cerebellum 

might be especially vulnerable to brain atrophy in NMDAR en-

cephalitis [19,58]. Previous studies demonstrated that a physio-

logical level of NMDARs is required to maintain neuronal sur-

vival due to NMDAR-dependent Ca2+-mediated signaling. The 

cAMP response element-binding protein, extracellular sig-

nal-regulated kinase, calcium/calmodulin-dependent kinase II, 

and nuclear factor kappa-B pathways are required for the down-

stream activation of brain-derived neurotrophic factor [19-24]. 

Therefore, autoantibody-mediated depletion of NMDAR below 

a certain level might provoke neuronal degeneration. Consider-

ing that cerebellar granule cells, comprising more than 50% of 

the neurons in the brain, are highly abundant with NMDAR, the 

cerebellum might be the most highly affected by NMDAR deple-

tion [59]. 

The progressive features of cerebellar atrophy imply that a long-

term mechanism of neuronal degeneration might persist. A pre-

Figure 2 Extreme delta brush

Electroencephalography of a patient with N-methyl D-aspartate receptor encephalitis exhibits a synchronized low-frequency rhythmic activity and 
superimposed fast activities with beta to gamma frequency (red arrows).
This figure was reprinted from Encephalitis: the textbook of encephalitis by Korean Encephalitis and Neuroinflammation Society [47] with permission.
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vious study demonstrated chronic persistence of autoantibodies 

in cerebrospinal fluid, even in patients with favorable recovery, 

and a slighter decrease of autoantibody was correlated with 

worse outcomes [60]. This finding suggests that the degree of 

cerebellar atrophy represents the cumulative effect of long-term 

NMDAR depletion by persisting autoantibodies [6,9,18]. In this 

regard, cerebellar volume reduction might be utilized as a sur-

rogate marker for the cumulative burden of disease, which is 

also associated with long-term outcomes. The association of 

cerebellar volume reduction with functional outcomes might 

also be explained by the complex interconnection of the cere-

bellum with the limbic areas and neocortex [59,61-63]. 

Therapeutic Implications 
Accelerated activation of the DLPFC/subiculum–NA–VTA and 

the nRE–hippocampus–VTA systems via positive feedback ex-

plains intractability at the fulminant status and the rapid pro-

gression of disease to the neurological nadir at acute stages of 

disease. In this regard, the use of combination immunotherapy 

at early disease stages might be rationalized, especially in cases 

with high clinical severity or rapid progression, to restore the 

NMDAR-mediated regulatory system and effectively interrupt 

the self-accelerated activation of these systems [11]. Further-

more, given that unregulated activation of the VTA-mediated 

dopaminergic pathway is critically involved in consciousness 

decrement, seizure, dyskinesia, and psychosis in NMDAR en-

cephalitis, drugs affecting the dopaminergic system should be 

used with special attention to their adverse effects. 

The irreversible and progressive feature of cerebellar atrophy, of 

which its degree is correlated with long-term neurological defi-

cits, also supports the benefit of the early introduction of combi-

nation immunotherapy over the conventional stepwise use of 

immunotherapy, as it promotes early control of the disease and 

therefore can minimize the cumulative disease burden 

[11,64,65]. Additionally, in patients with persisting neurological 

symptoms in the chronic phase, adjuvant immunotherapy 

might be rationalized to interrupt the ongoing disease activity, 

halt the progression of cerebellar atrophy, and prevent long-

term sequelae [11,64-68]. 

Conclusion 
The main molecular mechanism of NMDAR encephalitis is au-

toantibody-mediated NMDAR hypofunction in the neuronal 

synapse. This results in the suppression of the NMDAR-depen-

dent GABAergic interneurons, provoking accelerated activation 

of the DLPFC/subiculum–NA–VTA and the nRE–hippocampus–

VTA systems via positive feedback which explains the rapidly 

deteriorating clinical course to the neurological nadir. Dysregu-

lated activation of the VTA and cortex via those positive feed-

back loops might explain the well-characterized clinical syn-

drome of NMDAR encephalitis that includes limbic system dys-

function, intractable seizures, dyskinesia, coma, and the charac-

teristic extreme delta brush. Progressive cerebellar atrophy is 

identified in severe and intractable cases, and its degree is cor-

related with the cumulative disease burden and worse out-

comes, which might be explained by the NMDAR-dependent 

pathways for maintaining the cerebellar granule cell survival. 

Those pathomechanistic hypotheses of NMDAR encephalitis 

support the rationale for the early introduction of combination 

immunotherapy and the use of adjuvant immunotherapy in pa-

tients with persisting symptoms in chronic phases. 

It should be noted that the symptomatologic pathomechanisms 

introduced here are hypothetical. Given the abundant distribu-

tion of NMDAR throughout the brain and the high complexity of 

functional interactions among the structures addressed in this 

review, further investigations should be aimed to elucidate the 

exact pathomechanisms of NMDAR encephalitis symptoms by 

using in vivo models or by functional or perfusion imaging anal-

yses matched to quantitative electroencephalography data. 
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Introduction 
Cognitive function tests evaluate an individual’s memory, atten-

tion, frontal lobe/executive function, and language-related 

functions [1,2]. Therefore, they structuralize overall cognitive 

function and help with a subject’s diagnosis and anticipated 

prognosis [3,4]. Common memory function tests include 

sub-questions of the Mini-Mental State Examination, the verbal 

learning test (VLT), and the Rey Complex Figure Test (RCFT) 

[5,6]. However, they are sophisticated and time consuming, and 

it is difficult to perform them quickly at bedside or in an outpa-

tient clinic. In addition, since conventional memory function 

tests use memory registration of predefined items, daily repeti-

tive testing to assess improvement is difficult due to the learning 

curve effect. Furthermore, conventional memory tests can be 

biased by attention deficit, depressive mood, or pseudodemen-

tia [7,8].  

Clinicians have used the food memory test (FMT) to evaluate 

patient memory function empirically, but this function has nev-
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Purpose 

To evaluate cognitive function with ease at bedside, we developed a novel neurologic exam called the “food memory test (FMT)” and evaluated 
its validity for use in clinical practice. 

Methods 

In this prospective study in a neurology clinic, we asked patients about what they had eaten for the soup and main dish at the last meal [FMT1] 
and the second-to-last meal [FMT2]. If they answered correctly for both the soup and main dish, they received a “pass” score. If they did not an-
swer or chose the wrong food, they received a “fail” score. We also performed conventional cognitive function tests for comparison. 

Results 

A total of 27 patients was enrolled, and 12 (44.4%) passed the FMT1 test. FMT1 has a strong correlation with conventional memory function 
tests, including time-place orientation, three-word recall, the Seoul Verbal Learning Test, and the Rey Complex Figure Test . FMT1 was not cor-
related with a depression score or with frontal lobe function tests. FMT2 showed less significant correlation with conventional memory tests. 

Conclusion 

These results suggest that FMT1 is a reliable bedside test to evaluate recent memory. Clinical application of FMT in daily clinical practice is war-
ranted. 

Keywords: Food memory test, Memory, Neurologic examination  
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er been studied structurally. Since people attend to what they 

eat during a meal, the attention factor can be minimized in this 

test. However, FMT is uncomplicated, especially in Korea, as 

many people eat soup and a main dish for each meal. 

We tested the FMT for reliability and usability as well as whether 

it could be substituted as a conventional memory test. In this 

study, subjects needing the memory function test in the neurol-

ogy clinic were enrolled for FMT along with a correlation analy-

sis and a conventional cognitive function test. 

Methods 
We prospectively performed a FMT and a standard cognitive 

function test set (Seoul Neuropsychological Screening Battery, 

SNSB) [1,2] in patients admitted to or visiting the neurology 

clinic at Seoul National University Hospital for a cognitive func-

tion evaluation. The time from onset of cognitive issues to the 

cognitive function test was not controlled because tests should 

be applicable and reliable at any time point regardless of disease 

phase. This study was approved by the Institutional Review 

Board of Seoul National University Hospital, South Korea (No. 

H-1912-078-1088). All participants or their legal representatives 

provided written informed consent. 

For the FMT, we asked each patient what they ate as a soup and 

main dish at the last meal (FMT1) and the second-to-last meal 

(FMT2), a total of four questions. We collected information 

about the food consumed from the hospital diet data or from 

caregivers. If they answered the correct menu (soup and main 

dish) in one meal, we scored “pass,” assigning them to the FMT-

pass group. If they did not answer or indicated the wrong food, 

we scored “fail,” assigning them to the FMT-fail group. If the pa-

tient had only one of soup or main dish, we used the single food 

to score pass or fail. 

We performed SNSB using a standardized scoring scale [9]. 

Among the items in the SNSB, some were used for a comparison 

analysis with the FMT; the Korean version of the Mini-Mental 

State Exam (K-MMSE), the Geriatric Depression Scale (GDS), 

the Seoul Verbal Learning Test (SVLT; immediate recall, delayed 

recall, and recognition), the RCFT (immediate recall and de-

layed recall), the contrasting program, the Go/No-go test, the 

fist-edge-palm, alternating hand movement, alternating square 

and triangle, the Luria loop, the Controlled Oral Word Associa-

tion Test, spontaneous speech, comprehension, repetition, fin-

ger naming, right-left orientation, body part identification, cal-

culation, the praxis test, and the digit span test. 

Patients were categorized by diagnosis, location of brain lesion, 

and medications. We categorized diagnosis as autoimmune en-

cephalitis, infectious diseases, tumors, degenerative diseases, or 

normal. The location of the brain lesion was divided into domi-

nant hemisphere, temporal lobe, frontal lobe, parietal lobe, and 

Papez circuit (hippocampal formation, entorhinal cortex, fornix, 

mammillary bodies, anterior thalamus, and cingulum) [10]. 

Medications were categorized into antiepileptic drugs, antipsy-

chotics, antidepressants, and sedatives. Sedatives were defined 

as central nervous system (CNS) depressants, such as barbitu-

rates and benzodiazepines. Brain lesion location and drug cate-

gories could overlap if there were multiple lesions or medica-

tions. 

Data were analyzed with IBM SPSS version 25.0 (IBM Corp., Ar-

monk, NY, USA) and were expressed as mean ±  standard devia-

tion. The Student t-test or the Mann-Whitney U-test was used 

for independent data. For categorical variables, Fisher exact test 

(np <  5 or n [1 – p] <  5) or Pearson chi-square test (np ≥  5 and 

n [1 – p] ≥  5) was used for independent data. The independent 

t-test or Fisher exact test was used to compare data, and a p-val-

ue of < 0.05 was considered significant. Binary logistic regres-

sion was used to identify key independent variables.  

Results 
Clinical characteristics of patients 
We enrolled a total of 27 patients, including 15 males and 12 fe-

males, with a mean age of 50.4 ±  22.2 years (range, 18–83 years) 

(Table 1). Among them, 16 patients had autoimmune encepha-

litis, four had CNS infection (one intracranial tuberculoma, one 

herpes simplex virus (HSV)-1 encephalitis, one HSV-2 encepha-

litis, and one HSV encephalitis), two had tumors (two primary 

CNS lymphomas), four had degenerative diseases (three de-

mentia and one hydrocephalus), and one was a normal volun-

teer. Of those with brain lesions, 17 had lesion in the dominant 

hemisphere, 14 in the temporal lobe, 10 in the frontal lobe, four 

in the parietal lobe, and four in the Papez circuit. Medications 

were also categorized; 16 used antiepileptic drugs, three used 

antipsychotics, three used sedatives, and one used antidepres-

sants. 

Among the 27 patients, 12 passed the FMT1 (44.4%) and nine 

passed the FMT2 (33.3%). When comparing the differences of 

clinical characteristics between the FMT1-pass and FMT1-fail 

groups, there was no variation in age, sex, diagnosis, or medica-

tion profiles. However, the FMT1-fail group had a higher fre-

quency of non-frontal brain lesions (p =  0.004). When compar-
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ing clinical characteristics between the FMT2-pass and FMT2-

fail groups, there was no difference in age, sex, diagnosis, medi-

cation profiles, and brain lesions (Table 1). 

FMT1 predicted the conventional memory function 
test score 
We analyzed correlation and reliability of FMT1 to the conven-

tional cognitive function tests. Meal-to-test time (MTT) and 

modified Rankin scale were consistent between the FMT1/

FMT2-pass group and the FMT1/FMT2-fail group. In K-MMSE 

subitems, the FMT1-pass group showed higher scores com-

pared with the FMT1-fail group in time-place orientation 

(FMT1-pass, 9.2 ±  2.0 and FMT1-fail, 6.5 ±  3.4; p =  0.016) with 

three-word recall tests (2.6 ±  0.9 and 1.5 ±  1.3, p =  0.015). In 

SVLT, the FMT1-pass group showed higher scores than the 

FMT1-fail group in immediate recall (FMT1-pass, 20.4 ±  7.5 

and FMT1-fail, 13.0 ±  3.8; p =  0.007), delayed recall (6.3 ±  3.9 

and 1.3 ±  1.7, p =  0.001), and recognition (20.5 ±  3.8 and 16.6 ±  

2.8, p =  0.006) (Figure 1A–C). In the RCFT, the FMT1-pass group 

showed higher scores than the FMT1-fail group in immediate 

recall (FMT1-pass, 16.3 ±  11.5 and FMT1-fail, 4.0 ±  6.3; p =  

0.006) and delayed recall (15.7 ±  10.6 and 3.5 ±  6.0, p =  0.004) 

(Figure 1D, E). No tests evaluated attention, frontal, or executive 

function; however, language and related function showed a sig-

nificant difference between the FMT1-pass and FMT1-fail 

groups, except in right-left orientation. GDS showed no signifi-

cant difference between the FMT1-pass group and FMT1-fail 

group. 

We also analyzed the correlation and reliability of FMT2 to the 

conventional cognitive function tests. The FMT2-pass group 

showed a significant difference from the FMT2-fail group, but 

only in time-place orientation, three-word recall, SVLT immedi-

ate recall, SVLT delayed recall, and the contrasting program  

(Table 2). 

We further determined the key domains in the conventional 

cognitive function test, predicting FMT1 performance using lo-

gistic regression analysis. While other SNSB categories showed a 

nonsignificant association with FMT1 results, SVLT delayed re-

call score was significant (p =  0.010), and the odds ratio was 

1.745, suggesting that the FMT1 test reflects recent memory 

function. 

Table 1 Demographic and clinical characteristics of patients

Characteristic Total
FMT1 FMT2

Pass Fail p-value Pass Fail p-value

No. of patients 27 12 15 9 18

Age (yr) 50.4 ±  22.2 45.1 ±  24.0 54.7 ±  21.4 0.280 44.7 ±  24.3 53.3 ±  22.0 0.359

Male sex 15 (55.6) 7 (58.3) 8 (53.3) 0.795 5 (55.6) 10 (55.6) >0.999

Diagnosisa)

 Autoimmune encephalitis 16 (59.3) 7 (58.3) 9 (60.0) 0.930 7 (77.8) 9 (50.0) 0.231

 CNS infection 4 (14.8) 2 (16.7) 2 (13.3) >0.999 1 (11.1) 3 (16.7) >0.999

 Tumor 2 (7.4) 1 (8.3) 1 (6.7) >0.999 0 (0) 2 (11.1) 0.538

 Degenerative disease 4 (14.8) 1 (8.3) 3 (20.0) 0.605 0 (0) 4 (22.2) 0.268

 Normal 1 (3.7) 1 (8.3) 0 (0) 0.444 1 (11.1) 0 (0) 0.333

MRI lesion
 Dominant hemisphereb) 17 (63.0) 7 (58.3) 10 (66.7) 0.656 6 (66.7) 11 (61.1) 0.778

 Temporal lobe 14 (51.9) 5 (41.7) 9 (60.0) 0.343 3 (33.3) 11 (61.1) 0.173

 Frontal lobe 10 (37.0) 8 (66.7) 2 (13.3) 0.004 5 (55.6) 5 (27.8) 0.219

 Parietal lobe 4 (14.8) 3 (25.0) 1 (6.7) 0.294 3 (33.3) 1 (5.6) 0.093

 Papez circuit 4 (14.8) 2 (16.7) 2 (13.3) >0.999 2 (22.2) 2 (11.1) 0.582

Drug
 Antiepileptic drugs 16 (59.3) 6 (50.0) 10 (66.7) 0.381 6 (66.7) 10 (55.6) 0.580

 Antipsychotics 3 (11.1) 0 (0) 3 (20.0) 0.231 2 (22.2) 1 (5.6) 0.250

 Antidepressants 1 (3.7) 0 (0) 1 (6.7) >0.999 0 (0) 1 (5.6) >0.999

 Sedatives 3 (11.1) 0 (0) 3 (20.0) 0.231 1 (11.1) 2 (11.1) >0.999

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

FMT, food memory test; FMT1, FMT for the last meal; FMT2, FMT for the second-to-last meal; CNS, central nervous system; MRI, magnetic resonance imaging.
a)CNS infection includes intracranial tuberculoma and viral encephalitis. Degenerative diseases include dementia, communicating hydrocephalus, and Alzheimer disease.  
b)Dominant hemisphere is the one opposite the dominant hand.
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Discussion 
We showed that FMT1 is a reliable memory test that can predict 

the results of conventional memory tests. FMT1 was not influ-

enced by attention, frontal lobe function tests, or depression. 

This indicates that FMT can be conducted in environments 

where patients find it difficult to focus on the test itself, such as 

the emergency room, and in patients with attention deficit due 

to depression including those with pseudodementia. FMT1 was 

not affected by MTT, so it can be performed at any time within a 

range of 1 to 6 hours after the last meal. FMT1-fail patients had 

more non-frontal lesions, which could be because FMT1-fail 

patients had greater involvement of memory-related brain 

structures outside of the frontal lobe. In the same context, the 

FMT1-fail group showed more frequent failure in the right-left 

orientation test, which is localized to the left parietal lobe [11]. 

FMT1 was more reliable than FMT2, at least in correlation with 

conventional cognitive function tests. 

FMT1 is more likely to represent the recent verbal and episodic 

memory. This is supported by the finding that SVLT delayed re-

call predicts FMT1 performance. The delayed recall of the VLT is 

a sensitive measure for diagnosis of mild amnestic cognitive im-

pairment and early Alzheimer disease [12]. While language 

functions were not different in the FMT1-pass and fail groups in 

the current study, patients who had naming difficulties or loss of 

35

30

25

20

15

10

5

0

40

35

30

25

20

15

10

5

0

12

10

8

6

4

2

0

25

20

15

10

5

0

FMT1 and SVLT immediate

FMT1 and RCFT immediate

FMT1 and SVLT delayed FMT1 and SVLT recognition

SV
LT

 im
m

ed
ia

te
 s

co
re

R
C

FT
 im

m
ed

ia
te

 s
co

re

SV
LT

 d
el

ay
ed

 s
co

re

SV
LT

 re
co

gn
iti

on
 s

co
re

Pass

Pass

Pass Pass

FMT1

FMT1

FMT1 FMT1

Fail

Fail

Fail Fail

**

**

*****

35

30

25

20

15

10

5

0

FMT1 and RCFT delayed
R

C
FT

 d
el

ay
ed

 s
co

re

Pass

FMT1

Fail

A B

D

C

E

Figure 1 Correlation between FMT1 and conventional memory tests

Correlation with the immediate score (A), delayed score (B), and recognition score (C) of Seoul Verbal Learning Test (SVLT); correlation with the immediate score (D) and 

delayed score (E) of Rey Complex Figure Test (RCFT). Whiskers indicate the range of scores. ***p < 0.001, **p < 0.01.

FMT1, food memory test for the last meal.
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Table 2 Food memory test and patient Seoul Neuropsychological Screening Battery Scores

Characteristic Total
FMT1 FMT2

Pass Fail p-value Pass Fail p-value

No. of patients 27 12 15 9 18

MTT (hr)
 First 2.8 ±  1.2 2.6 ±  1.6 2.9 ±  0.9 0.609 2.2 ±  1.3 3.1 ±  1.1 0.080

 Second 12.1 ±  5.2 14.2 ±  4.3 10.1 ±  5.4 0.045 12.7 ±  5.0 11.7 ±  5.5 0.674

 mRS 3 (0–4) 2.5 (0–4) 3 (2–4) 0.110 3 (0–4) 3 (2–4) 0.891

K-MMSE
 Time-place orientation 7.7 ±  3.1 9.2 ±  2.0 6.5 ±  3.4 0.016 9.6 ±  0.5 6.7 ±  3.4 0.003

 Three-word registration 2.9 ±  0.3 2.9 ±  0.3 2.9 ±  0.4 0.695 3.0 ±  0.0 2.8 ±  0.4 0.083

 Three-word recall 2.0 ±  1.3 2.6 ±  0.9 1.5 ±  1.3 0.015 2.7 ±  0.7 1.6 ±  1.4 0.013

 Language 6.9 ±  1.6 7.3 ±  0.9 6.5 ±  1.9 0.189 7.0 ±  1.2 6.8 ±  1.7 0.798

 Total 23.1 ±  6.2 25.4 ±  4.6 21.3 ±  6.7 0.081 25.4 ±  3.6 21.9 ±  6.9 0.095

SVLTa)

 Immediate recall 16.3 ±  6.8 20.4 ±  7.5 13.0 ±  3.8 0.007 20.3 ±  7.8 14.3 ±  5.3 0.026

 Delayed recall 3.5 ±  3.8 6.3 ±  3.9 1.3 ±  1.7 0.001 6.1 ±  4.0 2.2 ±  3.1 0.010

 Recognition 18.4 ±  3.8 20.5 ±  3.8 16.6 ±  2.8 0.006 19.8 ±  4.0 17.7 ±  3.6 0.177

RCFTb)

 Immediate recall 9.4 ±  10.8 16.3 ±  11.5 4.0 ±  6.3 0.006 15.0 ±  10.7 6.8 ±  10.0 0.074

 Delayed recall 8.9 ±  10.2 15.7 ±  10.6 3.5 ±  6.0 0.004 14.0 ±  10.3 6.5 ±  9.5 0.085

Attention
 Digit span: forward 5.3 ±  2.1 6.0 ±  1.9 4.7 ±  2.2 0.292 5.6 ±  2.2 5.2 ±  2.1 0.835

 Digit span: backward 3.6 ±  1.6 2.9 ±  1.3 2.9 ±  1.3 0.256 4.0 ±  1.7 3.3 ±  1.6 0.466

Language and related functions
 Comprehension 20 (74.1) 11 (91.7) 9 (60.0) 0.062 8 (88.9) 12 (66.7) 0.214

 Repetition 13.7 ±  1.9 14.2 ±  0.9 13.4 ±  2.4 0.256 14.3 ±  1.1 13.4 ±  2.1 0.239

 Finger naming 24 (88.9) 11 (91.7) 13 (86.7) 0.681 9 (100) 15 (83.3) 0.194

 Right-left orientation 20 (74.1) 12 (100) 8 (53.3) 0.008 9 (100) 11 (61.1) 0.059

 Body part identification 20 (74.1) 10 (83.3) 10 (66.7) 0.326 7 (77.8) 13 (72.2) 0.756

 Calculation 8.8 ±  3.8 9.3 ±  3.7 8.4 ±  4.0 0.540 9.4 ±  3.4 8.5 ±  4.9 0.557

 Praxis 26 (96.3) 11 (91.7) 15 (100) 0.255 9 (100) 17 (94.4) 0.471

 Ideomotor 4.1 ±  1.2 4.6 ±  0.9 3.7 ±  1.2 0.148 4.4 ±  1.0 3.9 ±  1.2 0.578

Frontal/executive function
 Contrasting program 16.9 ±  6.6 18.3 ±  5.8 15.7 ±  7.1 0.317 19.7 ±  0.7 15.5 ±  7.7 0.036

 Go/No-go test 14.8 ±  7.9 16.8 ±  6.8 13.1 ±  8.6 0.233 15.9 ±  7.4 14.2 ±  8.3 0.614

 Fist-edge-palm 21 (77.8) 10 (83.3) 11 (73.3) 0.535 8 (88.9) 13 (72.2) 0.326

 Alternating hand movement 22 (81.5) 10 (83.3) 12 (80.0) 0.446 8 (88.9) 14 (77.8) 0.147

 Alternating square and triangle 17 (63.0) 7 (58.3) 10 (66.7) 0.678 6 (66.7) 11 (61.1) 0.607

 Luria loop 18 (66.7) 8 (66.7) 10 (66.7) 0.943 6 (66.7) 12 (66.7) 0.819

COWATc)

 Animal 10.7 ±  5.4 12.6 ±  6.2 9.2 ±  4.7 0.109 12.2 ±  5.5 9.9 ±  5.4 0.313

 Supermarket 9.2 ±  5.0 11.4 ±  4.6 7.4 ±  4.6 0.030 10.3 ±  4.9 8.6 ±  5.0 0.405

 Phonemic sum 19.4 ±  13.4 23.7 ±  14.4 15.6 ±  11.8 0.132 23.4 ±  15.6 17.2 ±  11.8 0.267

GDS 12.9 ±  8.1 13.1 ±  8.2 12.7 ±  8.4 0.898 10.3 ±  8.4 14.1 ±  7.9 0.262

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

FMT, food memory test; FMT1, FMT for the last meal; FMT2, FMT for the second-to-last meal; MTT, meal-to-test time; mRS, modified Rankin scale; K-MMSE, Korean 

version of the Mini-Mental State Examination; SVLT, Seoul Verbal Learning Test; RCFT, Rey Complex Figure Test; COWAT, Controlled Oral Word Association Test; GDS, 

Geriatric Depression Scale.
a)One patient in the FMT1-fail group ended the test halfway through the SVLT Recognition exam. Analysis excluded the missing data. b)One patient in the FMT1- and FMT2-

pass group could not use a pencil due to hemiplegia. Another patient in the FMT1- and FMT2-fail group could not perform the exam due to immobility. These patients 

could not perform RCFT immediately or the RCFT delayed-recall test. Analysis excluded missing data. c)Due to language barriers, one patient in the FMT1- and FMT2-fail 

group could not perform the COWAT phonemic test. Analysis excluded the missing data.
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semantic knowledge about food could not perform the test. Fur-

thermore, patients with language problems could also not per-

form the conventional memory function test, while some pa-

tients with hand weakness could not perform the RCFT, as expe-

rienced in our testing (Table 2). 

We also showed that FMT1 is a reliable test that predicts con-

ventional memory tests. Since the number of patients and num-

ber of disease categories are limited, we must collect more data 

and conduct this test in a larger population. Since our patients 

were mainly enrolled in the autoimmune neurology clinic, the 

test must be reproduced in various disease categories. In addi-

tion, because food memory can be biased by variability and 

novelty of meals, the viability of this test with other ethnicities, 

or with different food cultures, must be validated separately. 

Moreover, hospital meals for admitted patients have limited 

variability. This study could not confirm intra- and inter-rater 

reliability due to difficulties in repeating the FMT on the same 

patient. Still, we believe that the FMT is useful for daily clinical 

practice in neurology. 

In conclusion, FMT1-pass or fail reflected key memory function 

tests, similar to the delayed recall of the VLT. Furthermore, the 

FMT1 score was not biased by depression (pseudodementia) or 

attention deficit, rendering it more reliable. Because the FMT1 

takes only several seconds to complete, we suggest it as a quick, 

simple, bedside-compatible memory test that warrants further 

studies. 
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Introduction 
Toxocariasis is a zoonosis caused by the larvae of Toxocara ca-

nis. Dogs can transmit the parasite to humans or domestic ani-

mals via egg-contaminated soil. Humans are infected by inges-

tion of embryonated eggs, either by contacting soil containing 

infectious eggs or by eating undercooked meat of an intermedi-

ate host of the parasite [1-3]. Most human infections are sub-

clinical or self-limited and are usually observed in patients at a 

young age [2,4,5]. 

Herein, we report a case of cerebral T. canis larval infection 

(CTLI) in an elderly patient diagnosed based on recurrent men-

tal changes, nonconvulsive status epilepticus (NCSE), and cere-

brospinal fluid (CSF) analysis. Written informed consent was 

obtained for publication of this case report and accompanying 

images.

Cerebral Toxocara canis larval infection presenting as delayed 
encephalopathy and nonconvulsive status epilepticus: a case 
report
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Adult cerebral Toxocara canis larval infections are rare. Humans are infected by contacting soil that contains infectious eggs or by eating under-
cooked meat. We encountered a patient with cerebral T. canis infection who showed recurrent altered mentality with nonconvulsive status epi-
lepticus (NCSE). A 71-year-old male was admitted with complaints of drowsy mentality and abnormal behavior. Magnetic resonance imaging re-
vealed non-enhanced multiple gliosis and calcified lesions. Electroencephalography revealed NCSE, which was cured with valproate. However, 
he was readmitted because of recurrence of symptoms. On cerebrospinal fluid examination, T. canis antibodies were observed. Subsequently, 
he was treated with albendazole and corticosteroids. Although corticosteroid improved his symptoms, the therapy could not be continued be-
cause the patient developed septic shock. This is the first report of cerebral T. canis larval infection presenting as delayed encephalopathy and 
NCSE. In patients with unexplainable progressive encephalopathy, particularly when gliosis or calcified lesions are observed on neuroimaging, 
cerebral T. canis larval infection should be considered and treated promptly. 

Keywords: Toxocara canis, Status epilepticus, Albendazole, Adrenal cortex hormones 

Case Report 
A 71-year-old male with diabetes visited our emergency depart-

ment with complaints of drowsy mentality and abnormal be-

havior. The symptoms developed insidiously and progressively 

worsened. One week before admission, the patient experienced 

difficulty in articulation caused by limitations of tongue move-

ment. He then developed general weakness and somnolence. 

One day before admission, he forgot to depart at his bus stop. 

His family members stated that he was unaware of his location 

when he was speaking to them over the phone. His past medical 

history included diabetes, and his blood sugar level was relative-

ly well controlled with oral hypoglycemic dugs for years. He had 

not suffered from hypoglycemia during treatment for diabetes. 

On admission, he was drowsy and responded slowly to external 

stimuli. Intermittent motionless staring was noticed during ex-

Copyright © 2021 by The Korean Encephalitis and Neuroinflammation Society
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amination. Vital signs were stable. Routine blood tests revealed 

hyponatremia (sodium concentration, 129 mmol/L; normal 

value, 136–145 mmol/L), hyperglycemia (glucose level, 297 mg/

dL; normal value, 70–110 mg/dL), and elevated serum creati-

nine level (2.0 mg/dL; normal value, 0.6–1.2 mg/dL). Common 

blood cell count and differential blood cell count revealed no 

abnormalities. Eosinophil count was within the normal range 

(4.6%; normal value, 0%–7%). Brain magnetic resonance imag-

ing (MRI) revealed periventricular extensive leukoaraiosis and 

moderate cortical atrophy. Low-signal ovoid lesions were ob-

served within the leukoaraiosis on the fluid-attenuated inver-

sion recovery image, and multiple, low-signal, round lesions 

were observed on the gradient-echo image, consistent with glio-

sis and calcification, respectively (Figure 1). No enhanced le-

sions were observed on the gadolinium-enhanced T1 image. 

Initial electroencephalography (EEG) showed frontal intermit-

tent delta activity with a normal background alpha rhythm  

(Figure 2A). The patient was tentatively diagnosed with meta-

bolic encephalopathy due to malnutrition and dehydration. 

However, administrations of intravenous normal saline and thi-

amine failed to improve the patient’s mentality, despite correct-

ing the previously detected abnormalities in the laboratory tests. 

A few days later, the patient’s drowsiness progressed, and he 

showed semipurposeful and fumbling hand movement with 

decreased responsiveness. Follow-up EEG showed recurrent 

asymmetric rhythmic delta activities with fluctuating frequency 

and amplitude (Figure 2B). Valproic acid was administered in-

travenously at a loading dose of 1,000 mg and maintenance dose 

of 300 mg three times a day. The patient gradually improved to a 

nearly premorbid mental state and was discharged on hospital-

ization day 17. 

Two months after discharge, however, he was readmitted to the 

hospital because of aggravated mentation. He responded slowly 

to verbal commands, and he had become somnolent 5 days be-

fore readmission. Brain computed tomography and diffu-

sion-weighted MRI did not demonstrate any acute lesion. Fol-

low-up EEG revealed persistent seizure activity (Figure 3A, B) 

that resolved with intravenous lorazepam, which was accompa-

nied by transient clinical improvement. Intravenous fosphenyt-

oin (loading dose, 30 mg/kg; maintenance dose, 450 mg/day) 

was administered but failed to restore his mentality. Levetirace-

tam (1,000 mg twice per day) and pregabalin (150 mg twice per 

Figure 1 Brain magnetic resonance image of a patient with cerebral Toxocara canis larval infection

A B

C D

(A, B) Multiple low-signal lesions in periventricular leukoaraiosis are observed on the fluid-attenuated inversion recovery image (white arrows). (C, D) 
Multiple calcified lesions are observed on the gradient-echo image (black arrows).
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Figure 2 Electroencephalography performed at the first admission

Figure 3 Electroencephalography performed at the second admission

(A) Frontal-dominant intermittent rhythmic delta activities are observed. (B) Intermittent, asymmetric, and rhythmic delta activities are observed with 
fluctuating frequency and amplitude, which ceased with a low-voltage alpha rhythm.

(A) Frontal fast discharges and asymmetric quasi-rhythmic delta activities are observed alternately with a fluctuating amplitude. (B) After intravenous 
injection of lorazepam, these activities disappeared with clinical improvement.

A

A

B

B
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day) were added, and the patient improved partially; he became 

alert and could make eye contact with other people. Valproate 

was discontinued because serum ammonia level was elevated 

on hospitalization day 5. To exclude other encephalopathic dis-

orders, CSF examination was performed and revealed no pleo-

cytosis or protein elevation (white blood cell count, 0/L; CSF 

protein level, 24.7 mg/dL). A parasite-specific immunoglobulin 

(Ig) G antibody test performed using enzyme-linked immuno-

sorbent assay (ELISA) revealed an IgG of T. canis that exceeded 

the normal limit to an absorbance of 0.352 and 0.276 in the se-

rum and CSF, respectively (normal absorbance value, < 0.250). 

Other tests, including CSF 14-3-3 protein, CSF aquaporin-4 an-

tibody, serum and CSF paraneoplastic antibodies (anti-Hu, -Yo, 

-Ma2, -CRMP5, -amphiphysin, and -Ri), serum and CSF anti-

thyroid autoantibodies (thyroglobulin and thyroid peroxidase 

antibodies), and serum and CSF antibodies targeting neuronal 

cell surface antigens and ligand-gated ion channels were nega-

tive. The patient’s family reported that he often consumed raw 

meat and liver. Stool examination revealed no helminth egg. 

Computed tomography and ultrasonography of the chest, abdo-

men, and pelvis revealed no specific lesion. 

Treatment with oral albendazole (400 mg twice per day), started 

on hospitalization day 25 and maintained for 2 weeks, failed to 

show additional improvement in the patient’s mentality. Intra-

venous corticosteroid (methylprednisolone, 1,000 mg/day) was 

started on hospitalization day 34 and maintained for 5 days, af-

ter which he was administered oral prednisolone (60 mg/day). 

Significant improvement in mentality, including an increase in 

spontaneous verbal output and persistent eye contact, was ob-

served after 1 week of corticosteroid treatment. In addition, the 

seizure activity on EEG disappeared, except for interictal epilep-

tiform discharges (Figure 4). However, corticosteroid therapy 

had to be discontinued because the patient developed septic 

shock from an aggravated sacral sore. Corticosteroid therapy 

was replaced with intravenous Ig (400 mg/kg for 5 days), which 

failed to restore his mentality. He was transferred to a nursing 

hospital while maintaining antiepileptic drugs and a small daily 

dose of prednisolone (10 mg/day). He slowly progressed to a 

vegetative state and expired 3 years after discharge from our 

hospital. 

Discussion 
Toxocariasis, also called visceral larva migrans, is characterized 

by paratenic larvae that migrate through organs. Depending on 

the involved organ, it can present with symptoms similar to 

rheumatism, asthma, or neurologic disorders. Central nervous 

system involvement of T. canis larvae is rare, and clinical mani-

festation is rarer. Most patients with autopsy-proven infection 

presented no clinical symptoms during their lifetimes [4,6]. The 

mechanisms involved in CTLI are not fully understood yet. 

Our patient showed no active lesions on brain imaging; only gli-

osis and calcified lesions without enhancement were observed. 

CSF examination revealed no pleocytosis or protein elevation. 

Treatment with albendazole had little effect on the patient’s 

clinical course, but corticosteroids had a significant effect. 

Therefore, we assumed that the larvae had been inactivated be-

fore treatment. The encephalopathy and seizure activity in our 

patient might be associated with delayed inflammatory reac-

tions. A previous study reported that clinical and radiological 

improvement in some patients could be achieved with steroid 

therapy without antihelminthic drugs [6]. Autoimmune inflam-

matory mechanisms might have played an important role in the 

progressive encephalopathy and NCSE observed in our patient. 

Figure 4 Electroencephalography after steroid therapy

Seizure activities disappeared, except for occasional interictal epileptiform discharges (arrows). The background alpha rhythm was relatively well 
regulated.
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Cytokines produced against the parasite can compromise vul-

nerable neurons, resulting in autoimmune encephalopathy [5]. 

Furthermore, prolonged and elevated levels of cytokines can in-

duce neuronal damage. Microglia-driven neuroinflammation 

produces neurotoxic products, such as nitric oxide, reactive oxy-

gen and proinflammatory cytokines, which cause inflammation 

and neurodegeneration [7]. Corticosteroid can be helpful for 

autoimmune vasculitis, eosinophilic meningitis, and prevention 

of progression of neurodegeneration in patients with CTLI [5,8]. 

The diagnosis of CTLI is challenging. Although eating raw beef 

is prevalent in Korea, the diagnosis might be missed without 

meticulous history taking. Neuroimaging and laboratory find-

ings can be nonspecific and mimic those of various neurological 

disorders, such as stroke, epilepsy, and neurodegenerative dis-

orders [5,9,10]. Only after clinical suspicion can the correct diag-

nosis be obtained. 

To the best of our knowledge, this is the first report of CTLI pre-

senting as delayed encephalopathy and NCSE. For patients with 

unexplainable progressive encephalopathy and NCSE, particu-

larly when gliosis or calcified lesions are observed on neuroim-

aging, CTLI should be considered, and a CSF ELISA test for par-

asitosis should be performed. The diagnosis was delayed in our 

patient, which might have resulted in the poor outcome. Timely 

diagnosis with prompt treatment can prevent significant neuro-

logical damage and mortality. 
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Introduction 
Antibodies against myelin oligodendrocyte glycoprotein (MOG-

Abs) have been associated with non-multiple sclerosis inflam-

matory demyelinating central nervous system diseases, including 

acute disseminated encephalomyelitis (ADEM), encephalitis, op-

tic neuritis, and myelitis [1]. Only a few cases of adults with 

MOG-Abs-associated disorders have been reported to manifest 

seizures and ADEM as the main clinical manifestations [2]. Be-

cause of this rarity, the clinical characteristics and treatment 

guidelines for the adult form of ADEM and the seizure pheno-

type in MOG-Abs-associated disorders have yet to be estab-

lished. 

Herein, we report a case of MOG-Abs-associated disorder in a pa-

tient who presented with status epilepticus (SE) as the index mani-

festation, followed by chronic epilepsy. We further discuss the 

management of chronic epilepsy in patients with MOG-Abs-asso-
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In the literature, several adult cases with myelin oligodendrocyte glycoprotein (MOG) antibodies (Abs)-associated disorders have been reported 
to have seizure and acute disseminated encephalomyelitis (ADEM) as the main clinical manifestations, but the number is somewhat low. Be-
cause of its rarity, the clinical characteristics and a consensus on treatment have not yet been established in the adult form of ADEM and sei-
zure phenotypes in MOG-Abs-associated disorders. In this report, we described an adult patient who presented with status epilepticus as the in-
dex event, had been suffering from chronic epilepsy, and had positive antibodies for MOG. Neither increasing the doses of the antiseizure drugs 
(ASDs) nor adding another new ASD reduced the prevalence of the seizures. However, he became seizure-free after the addition of azathioprine 
and incremental increases of methylprednisolone dosage. This case clearly indicates the effectiveness of corticosteroid and azathioprine, as 
well as the futility of ASDs in the management of seizure control by showing the temporal trajectory relationship among ASDs, steroids, azathio-
prine and seizure frequency. 
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ciated disorders. Written informed consent was obtained for publi-

cation of this case report and accompanying images. 

Case Report 
A 49-year-old male presented to the emergency department 

(ED) with first-ever seizure. He had no past medical history. In 

the ED, his body temperature was 37.9°C, and he manifested re-

current generalized tonic seizures without recovering baseline 

cognitive function between seizures. An intravenous (IV) dose 

of lorazepam followed by IV fosphenytoin and levetiracetam 

(LEV) failed to control recurrent convulsive seizures. The con-

vulsive SE lasted for approximately 12 hours, and the patient’s 

convulsive seizures finally subsided with thiopental therapy. A 

cerebrospinal fluid study was normal. IV acyclovir, methylpred-

nisolone, and immunoglobulin were administered and main-

tained. After administration of IV methylprednisolone for 5 
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days, oral methylprednisolone was initiated and maintained at 

a dosage of 70 mg/day. Electroencephalogram (EEG) showed 

frequent spike and wave discharges arising from the left tempo-

ro-occipital lobe. 

Magnetic resonance imaging (MRI) with gadolinium enhance-

ment of the brain demonstrated bilateral, asymmetric, multifo-

cal, and hyperintense lesions involving mainly the juxtacortical 

subcortices and the bilateral insula without contrast enhance-

ment or diffusion restriction (Figure 1A–C). The hyperintense 

centers of the lesions were surrounded by slightly less hyperin-

tense areas with fuzzy margins (arrows in Figure 1). 

An antibody study against MOG-Abs using cell-based assays 

with flow cytometry (CBA-FACS) yielded a positive test result, 

with an MOG-expressing cell binding ratio (MBR) of 12.29% 

(reference, positive of > 9.94%). Other laboratory studies were 

conducted to diagnose connective tissue diseases, vasculitis, 

and any other systemic diseases, including tests for identifica-

tion of antithyroid peroxidase Ab; thyrotropin receptor Ab; thy-

roglobulin Ab; lupus anticoagulant; antineutrophil cytoplasmic 

Ab; anti SS-related antigen B (anti La); human leukocyte anti-

gens (HLA) B27, HLA B51, C3, and C4; double-stranded DNA 

Ab; antinuclear Ab; and CBA-FACS anti-aquaporin 4 Ab. These 

tests were all unremarkable. One month after admission to the 

hospital, the patient’s mental status was fully recovered without 

any neurological sequelae. The patient was discharged from the 

hospital with maintenance medications of 300 mg/day of val-

proate (VPR) and 1,000 mg/day of LEV. After the patient was dis-

charged from the hospital, methylprednisolone was gradually 

tapered over a period of 40 days and then discontinued, without 

seizure recurrence. The abnormal lesions previously detected 

on MRI were resolved in the follow-up brain MRI, suggesting 

demyelinating pathology rather than axonal injury (Figure 1D–

F). However, MOG-Ab remained in the follow-up test (MBR, 

10.55%). 

Thirty-six days after methylprednisolone was discontinued, the 

patient experienced a focal impaired awareness tonic seizure 

evolving to a bilateral tonic-clonic seizure. EEG revealed interic-

tal spike and wave discharges from the left temporo-occipital 

lobe. The clinical and treatment courses regarding seizure fre-

quency, antiseizure drugs (ASDs), and immunosuppressant 

Figure 1 The brain MRI images of initial and 5-month follow-up

A B C

D E F

(A–C) Initial MRI with gadolinium enhancement of the patient’s brain. It demonstrates bilateral, asymmetric, multifocal, and hyperintense lesions 
involving the juxtacortical subcortices and the insula cortices without contrast enhancement or diffusion restriction. The hyperintense centers of 
the lesions are surrounded by slightly less hyperintense areas with fuzzy margins (arrows). (D–F) Follow-up MRI of 5 months later. The lesions had 
resolved.
MRI, magnetic resonance imaging.
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agents are depicted in Figure 2. The dosages of ASDs before re-

currence of seizure were 300 mg/day of VPR and 1,000 mg/day 

of LEV; after seizure recurrence, those were escalated to 1,500 

mg/day of VPR and 2,000 mg/day of LEV, with newly added-on 

oxcarbazepine 900 mg/day. 

The ASDs were not effective, and the frequency of seizures in-

creased. The patient’s drug-refractory epilepsy was eventually 

managed, and a seizure-free state was achieved by addition of 

azathioprine accompanied by titration of methylprednisolone 

from 5 to 10 mg/day. After effective response to immunothera-

py, the doses of VPR and LEV were reduced to 300 and 500 mg/

day, respectively. 

Discussion 
Analysis of the 23 most recently published studies in which the 

clinical and MRI characteristics of patients with MOG-Abs were 

evaluated clearly indicates age-dependent clinical features [1]. 

Young children most often present with ADEM with an optico-

spinal manifestation, though ADEM is very rare in adults [1]. 

None of the 26 adult patients with MOG-Abs in a case series 

manifested ADEM features on MRI [3]. In contrast, our patient 

showed multiple juxtacortical and cortical reversible brain le-

sions with blurred margins, compatible with the characteristic 

features of ADEM. 

In 2017, an adult with focal and secondarily generalized seizures 

was reported and shown to be positive for MOG-Abs [2]. In that 

case, a relapse of optic neuritis occurred when methylpredniso-

lone was tapered. Chronic epilepsy is very rare in MOG enceph-

alitis. A retrospective study evaluating 61 MOG encephalomyeli-

tis patients reported 13 patients (21.3%) with epileptic seizures, 

most of which were single, while SE was very rare (4%). Among 

the 13 patients with epileptic seizures, only two (15.4%) devel-

oped chronic epilepsy [4].  

Although there is no established treatment consensus regarding 

the management of seizures in patients with MOG, a few studies 

reported that the seizures were responsive to steroids and/or 

immunosuppressants [1,2]. The present study provides evi-

dence that patients with MOG-Abs and seizures are responsive 

to immunosuppressants and steroids based on a temporal rela-

tionship between ASDs, steroids, azathioprine, and seizure fre-

quency. It has been reported that a subset of patients with med-

ically intractable epilepsy have autoimmune epilepsy, and im-

munotherapy was very effective in these patients [5]. A trial of 

immunotherapy should be considered in patients with suspect-

Figure 2 Trajectories of seizure frequency, ASDs, and immunosuppressant agents

Seizure frequency was not improved by increasing the dosage of existing ASDs or adding a new ASD, but it dramatically improved with 
immunosuppressant agents and increased the dosage of methylprednisolone of methylprednisolone.
ASD, antiseizure drugs; VPR, valproate; LEV, levetiracetam; OXC, oxcarbazepine.
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ed autoimmune epilepsy. 

In conclusion, we reported an adult patient who carried anti-

bodies against MOG, presented with SE as the index event, and 

developed chronic epilepsy. The patient manifested ADEM-like 

features on MRI. Not sufficiently managed by ASDs, the chronic 

epilepsy was controlled by an immunosuppressant agent with a 

corticosteroid. Clinicians should use immunosuppressant 

agents as a first-line therapy for management of epilepsy in 

MOG-Ab-associated disorders. 
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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.
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not met the criteria for author- ship are acknowledged here. All 
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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-



encephalitisjournal.orgviii

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/
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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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