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Introduction 
Diagnosis and management of meningitis and encephalitis 

are challenging for clinicians because of the variety of causes 

[1]. Over the past decade, autoimmune encephalitis (AE) has 

become more recognized, and its reported incidence has in-

creased. AE can be diagnosed based on clinical diagnostic 

criteria regardless of the presence of autoantibodies [2,3]. The 

existence of autoantibodies should not be a prerequisite for 

AE diagnosis because not all disease-causing antibodies have 

been identified, with novel antibodies discovered in AE pa-

tients every year [4–6]. Due to the increased awareness of AE 

and its potential responsiveness to immunotherapy, anti-

body-negative AE currently occupies a substantial portion of 

AE. Though immunotherapy is performed in patients with 

antibody-negative AE, the response varies [7–9]. In suspected 

AE cases with insufficient treatment response, the possibility 

of other diagnoses should be considered. 

In recent years, genetic diagnosis of rare diseases has been in-

creasing due to advances in sequencing technology [10,11]. 

Consequently, rare genetic diseases that occur in the form of 

meningitis or encephalitis have been discovered. This study 
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Differential diagnosis of meningitis and encephalitis is often very challenging because it cannot be determined based on symptoms, and the dis-
eases have various causes. This article explains rare genetic causes of meningitis and encephalitis. Autoinflammatory disorders include cryopy-
rin-associated periodic syndromes, familial Mediterranean fever, and tumor necrosis factor receptor-associated periodic syndrome. Furthermore, 
other genetic disorders, such as complement factor I deficiency, phosphatidylinositol glycan anchor biosynthesis class T mutation, and neuronal 
intranuclear inclusion disease, can present as meningitis and encephalitis. 
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summarizes the types of rare genetic diseases that should be 

considered as differential diagnosis of meningitis and en-

cephalitis (Table 1). 

Autoinflammatory disorders 
Autoinflammatory disorders (AIDs) are systemic disorders of 

innate immunity without the presence of antibodies or reac-

tive T cells [12]. AIDs usually manifest during childhood and 

are characterized by repeated episodes of inflammation; how-

ever, adult-onset cases have been reported [13]. Aseptic men-

ingitis can be an initial manifestation of AIDs, complicating its 

distinction from autoimmune or infectious diseases [14]. Sub-

types of AIDs that can present as aseptic meningitis are dis-

cussed in the following section (Table 1). 

Cryopyrin-associated periodic syndromes: 
NLRP3 mutation 
Cryopyrin-associated periodic syndromes (CAPS) are a group 

of autosomal dominant hereditary systemic autoinflammato-

ry diseases that include mild subtype familial cold-induced 
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autoinflammatory syndrome (FCAS), Muckle-Wells syndrome  

(MWS), and chronic infantile neurological, cutaneous, and 

articular syndrome (CINCA; also called neonatal-onset multi-

system inflammatory disease), which is the most severe sub-

type [15,16]. The syndromes are all caused by heterozygous 

gain-of-function mutation in the NLRP3 gene (also known as 

CIAS1, NALP3, or PYPAF1) that encodes the protein cryopy-

rin, a component of the NLRP3 inflammasome. This mutation 

leads to hyperactivation of the inflammasome and subse-

quent overproduction of proinflammatory cytokine interleu-

kin (IL)-1β and inflammatory symptoms. The diagnosis of 

CAPS is challenging due to the heterogeneous multisystemic 

clinical presentation, somatic mosaicism, and low-penetrance 

mutations [16,17]. 

Historically, FCAS, MWS, and CINCA have been accepted as 

three distinct diseases but are now considered a single dis-

ease spectrum with overlapping signs and symptoms. CAPS 

are multisystem inflammatory diseases that affect skin, mus-

cles, joints, bones, eyes, ears, and the central nervous system 

(CNS) [16]. CNS involvement is the most devastating feature 

of CAPS. Although patients with MWS rarely have intermittent 

aseptic meningitis, patients with CINCA often develop recur-

rent chronic aseptic meningitis leading to increased intracra-

nial pressure, hydrocephalus, papilledema, headache, and 

seizures [15]. 

Other typical signs and symptoms of CAPS include dermato-

logical (urticarial-like rash), musculoskeletal (arthralgia, ar-

thritis, myalgia, limb-length discrepancies and contractures, 

clubbing, patellar overgrowth), ocular (conjunctivitis, uveitis, 

papilledema, progressive amaurosis), and inner ear (sensori-

neural hearing loss) manifestations [18]. However, fever is not 

a common presenting symptom in patients with CAPS, and 

body temperature does not meet the standard criteria for fe-

ver [16]. 

By 2018, more than 90 confirmed disease-causing mutations 

in NLRP3 have been reported. More than 90% of these muta-

tions are located in exon 3, which encodes the central regula-

tory domain of the protein and is reported to show good gen-

otype-phenotype correlation, indicating that each mutation is 

likely associated with only one clinical phenotype among the 

disease continuum. Up to 50% of patients with CINCA, 25% of 

patients with MWS, and 10% of patients with FCAS do not 

have a germline NLRP3 mutation [19], and the majority of 

these patients have somatic mosaicism in NLRP3 [16]. 

Low-penetrance mutations have been reported in CAPS, indi-

cating that only a small portion of subjects carrying the muta-

tion will develop symptoms. In particular, V198M, R488K, and 

Q703K variants have been described in up to 10% of the nor-

mal population [16,20]. 

Diagnosis of CAPS can be made clinically and genetically but 

is often delayed. Low awareness of CAPS among physicians 

and cases with somatic mutations are the main cause of delay 

in diagnosis. Although early onset of symptoms is a strong in-

dicator for CAPS, some patients show only mild symptoms, 

indicating the importance of consideration of CAPS in adults 

[21]. Clinical diagnostic criteria for CAPS have been recently 

developed [22]. Increased inflammatory markers are a man-

datory criterion, and more than two of six additional items are 

required for diagnosis (Figure 1). The presence of NLRP3 mu-

tations can be confirmatory although not necessary for diag-

Table 1 Summary of monogenic disorders that can cause meningitis and encephalitis

Disease Gene Inheritance Age of onset (yr) Neurological symptom Systemic symptom

CAPS NLRP3/CIAS1 AD Variable Aseptic meningitis Fever, urticaria-like rash, conjunctivitis,  
arthralgia, sensorineural hearing loss

FMF MEFV AR/ADa 0–30 Aseptic meningitis Fever, rash, serositis, arthritis (in large joints)

TRAPS TNFRSF1A AD Variable Aseptic meningitis Fever, migrating skin rash, serositis, periorbital 
edema, arthritis

CFI deficiency CFI AR 0–60 Aseptic meningitis, hemorrhagic 
leukoencephalitis

Severe recurrent infections, glomerulonephritis, 
pneumonia, arthritis

PIGT mutation PIGT AR Variable (neonatal–adult) Aseptic meningitis, neonatal  
seizure, intellectual disability

Fever, paroxysmal nocturnal hemoglobinuria,  
urticaria, arthralgia

NIID NOTCH2NLC AD Variable (<  40) Dementia, cerebellar ataxia,  
parkinsonism, peripheral  
neuropathy, seizure, pupil  
constriction

Chronic cough, paroxysmal chest pain, postural 
hypotension, muscle weakness, joint pain,  
urinary frequency/urgency, constipation

CAPS, cryopyrin-associated periodic syndromes; FMF, familial Mediterranean fever; TRAPS, tumor necrosis factor receptor-associated periodic syndrome; CFI, complement 

factor I; PIGT, phosphatidylinositol glycan anchor biosynthesis class T; NIID, neuronal intranuclear inclusion disease; AD, autosomal dominant; AR, autosomal recessive.
aFMF is classically known as AR disease; however, rare cases of AD FMF with specific heterozygous mutations have been reported.
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nosis of CAPS; thus, a genetic diagnosis is required before ini-

tiation of appropriate therapy. 

Despite clinical heterogeneity, patients with CAPS respond 

well to IL-1 blockade treatment. To date, three IL-1 blockade 

therapies, anakinra (Kineret; Sobi, Stockholm, Sweden), 

rilonacept (Arcalyst; Regeneron, New York, NY, USA), and 

canakinumab (Ilaris; Novartis, Basel, Switzerland), have been 

approved by the Food and Drug Administration or European 

Medicines Agency for treatment of CAPS [16]. 

Familial Mediterranean fever 
Familial Mediterranean fever (FMF) is the most common 

monogenic cause of AID and is characterized by recurrent fe-

ver and multiple serositis. FMF is an autosomal recessive dis-

order caused by mutations in the MEFV gene, which encodes 

the protein pyrin. Pyrin negatively regulates the activation of 

inflammasomes through regulation of IL-1β production [23]. 

Pyrin mutations lead to increased synthesis of proinflamma-

tory cytokines (IL-1β and IL-6) and cause changes in inflam-

masome function. Although FMF is typically inherited in an 

autosomal recessive manner, dominant inheritance with spe-

cific heterozygous mutations has been reported [24]. 

Disease onset occurs before 10 years of age in more than 60% 

of patients and before 30 years of age in 98% of cases [25]. 

Adult-onset patients often have milder phenotype and can 

present with uncommon manifestations such as aseptic men-

ingitis. Aseptic meningitis in FMF follows a similar pattern, 

with typical symptoms including self-limiting episodes lasting 

3 to 5 days. However, according to previous reports, aseptic 

meningitis is a very rare manifestation of FMF. In one study, 

only seven of 12,000 adult patients with FMF between 1985 

and 2010 experienced aseptic meningitis without a clear de-

scription of recurrent attacks [26]. During the last 10 years, 

five cases of recurrent aseptic meningitis have been reported 

[27]. The age of onset ranged from 5 to 46 years, and every pa-

tient responded to colchicine treatment. Notably, all five pa-

tients carried the E148Q variant in exon 2 as homozygote or 

heterozygote accompanied by another variant. None of the 

patients had a pathogenic variant in exon 10. 

To date, more than 370 MEFV nucleotide variants have been 

reported. Among them, five variants, M694V, M694I, V726A, 

and M680I in exon 10, and E148Q in exon 2, are responsible 

for approximately 85% of cases [28]. The majority of 

FMF-causing mutations are located in MEFV exon 10 and as-

sociated with the typical and severe phenotype of recurrent 

inflammatory episodes. The typical FMF phenotype includes 

periodic fever and abdominal or chest pain lasting for a few 

hours to 3 days. Notably, M694del has been reportedly associ-

ated with autosomal dominantly inherited FMF [24,29]. 

In terms of treatment, colchicine is considered the gold stan-

dard for FMF patients. When colchicine treatment is ineffec-

tive, other biologics such as IL-1 inhibitors and tumor necro-

sis factor (TNF)-α blockers can be used. Examples include 

anakinra, canakinumab, and rilonacept as IL-1 inhibitors and 

infliximab and etanercept as TNF-α blockers [30]. 

Tumor necrosis factor receptor-associated 
periodic syndrome 
TNF receptor-associated periodic syndrome (TRAPS) is an 

autosomal dominant disorder caused by mutation in the TN-

FRSF1A gene that encodes TNF-receptor 1. Among the mono-

genic AIDs, TRAPS shows the most variable manifestation in 

terms of age of onset, disease duration, and clinical presenta-

tion. The pathogenesis of TRAPS is complex and involves 

multiple mechanisms including increased endoplasmic retic-

ulum stress, excessive mitochondrial reactive oxygen species, 

and enhanced nuclear factor kappa B (NF-κB) activation [31]. 

Most TRAPS patients experience early-onset symptoms, but 

adult-onset TRAPS has been widely reported, especially in 

subjects carrying low-penetrance mutations and presenting 

an atypical phenotype. Fever and serositis presenting as mi-

gratory skin rash, myalgia, abdominal pain, and periorbital 

edema are the most common clinical features [31]. Aseptic 

meningitis is considered an atypical symptom of TRAPS, and 

CNS involvement has been reported in a limited number of 

cases [32,33]. 

Mandatory criteria
•  Increase inflammatory markers (C-reactive protein and/or serum 

amyloid A)
Additional criteria (≥ 2 of 6 CAPS typical signs/symptoms)

• Urticaria-like rash
• Cold/stress-triggered eposodes
• Sensorineural hearing loss
• Musculoskeletal symptoms (arthralgia/arthritis/myalgia)
• Chronic aseptic meningitis
• Skeletal abnormalities (epiphyseal overgrowth/frontal bossing)

Figure 1 Diagnostic criteria for CAPS

CAPS, cryopyrin-associated periodic syndromes.
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To date, no clinical diagnostic criteria of TRAPS have been 

proposed; thus, diagnosis of TRAPS is based on identification 

of TNFRSF1A mutation. All TRAPS pathogenic variants are 

clustered in exons 2–4; however, R92Q and P46L are consid-

ered low-penetrance variants [31]. 

Corticosteroids are very effective for treatment of TRAPS, but 

chronic use is limited due to their long-term toxicity. IL-1 

blocking agents are suggested as treatment of choice for the 

majority of patients with active TRAPS [31]. 

Other genetic disorders 
In addition to the above-mentioned AIDs, several other mono-

genic diseases resemble meningitis and encephalitis. There-

fore, although very rare, the possibility of the following genetic 

disorders in patients with meningitis and encephalitis should 

be considered.  

Complement factor I deficiency 
Defect in homeostasis of the complement system can result in 

autoimmune reactions with variable clinical presentations. 

Complement factor I (CFI) is a serine protease with an im-

portant regulatory role in the alternative complement path-

way. CFI deficiency, a rare autosomal recessive disorder, is as-

sociated with recurrent infections as well as relapsing inflam-

matory responses. 

Haerynck et al. [34] reported a case of a 16-year-old female 

with CFI deficiency who experienced recurrent episodes of 

acute aseptic meningoencephalitis. Ten episodes of meningo-

encephalitis occurred over a 15-month period. Corticosteroid 

treatment and plasmapheresis were effective, but she re-

lapsed several times after tapering steroids. Cyclophospha-

mide and azathioprine were administered to reduce the daily 

dose of steroids, severe relapses prompted a change to myco-

phenolate mofetil, and no further relapse occurred. 

Broderick et al. [35] described two unrelated pediatric pa-

tients with acute hemorrhagic leukoencephalitis caused by 

CFI deficiency. Both patients showed extensive white matter 

signal abnormalities on magnetic resonance imaging (MRI), 

and brain biopsy revealed neutrophilic inflammation and 

patchy demyelination. Administration of corticosteroid with 

intravenous immunoglobin and anakinra (IL-1 receptor an-

tagonist) helped improve the white matter lesions and the 

clinical symptoms. 

To date, only about 25 cases of genetically confirmed CFI defi-

ciency have been reported. At the time of diagnosis, patient 

age ranged from infancy to 60 years, and clinical symptoms 

varied widely from severe bacterial infections to recurrent 

sterile neuroinflammations [36–38]. 

Phosphatidylinositol glycan anchor 
biosynthesis class T mutation 
Advances in biochemical and genetic analysis are constantly 

revealing novel causes of recurrent aseptic meningitis. Re-

cently, recurrent aseptic meningitis associated with phospha-

tidylinositol glycan anchor biosynthesis class T (PIGT) muta-

tion has been reported [39]. A 71-year-old male experienced 

121 episodes of recurrent aseptic meningitis over 18 years. 

Symptoms of meningitis improved spontaneously 7–10 days 

after onset. Corticosteroid treatment shortened the duration 

but was not effective in preventing the attacks. Prior to the oc-

currence of meningitis, he had a history of recurrent urticaria 

and arthralgia since the age of 30 years. At 68 years, the pa-

tient developed severe hemolysis and was diagnosed with par-

oxysmal nocturnal hemoglobinuria. Genetic analysis revealed 

no mutations in MEFV, MVK, TNFRSF1A, NLRP3, NLRP12, or 

PIGA but a germline nonsense mutation (c.250G > T, p.E84X) 

and a somatic 18 Mbp deletion in the PIGT gene. After admin-

istration of eculizumab, an anti-C5 antibody, all symptoms 

resolved, and the remission has lasted more than 3 years. 

Neuronal intranuclear inclusion disease 
Neuronal intranuclear inclusion disease (NIID) is a rare neu-

rodegenerative disease characterized by eosinophilic hyaline 

intranuclear inclusions in the central, peripheral, and auto-

nomic nervous systems. Since the first case reported in 1968, 

NIID has been considered a heterogeneous disease due to its 

highly variable clinical manifestations. Until 2011, about 40 

NIID cases, which were diagnosed by postmortem brain bi-

opsy, had been described worldwide. In recent years, skin bi-

opsy and characteristic findings on brain MRI have been used 

to confirm NIID diagnosis; thus, the number of reported NIID 

cases has increased. Skin biopsy can detect intranuclear in-

clusions that are identical, both morphologically and immu-

nohistochemically, to those found in central nervous tissues 

[40]. In 2019, a GGC repeat expansion in the 5’-UTR of 

NOTCH2NLC was shown as the genetic cause of NIID [41–43]. 

The onset age of NIID varies widely from infant to adult. The 

clinical manifestation of adult-onset NIID can vary, including 
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dementia, peripheral neuropathy, autonomic dysfunction, 

cerebellar ataxia, parkinsonism, seizure, and encephalitis epi-

sodes. Dementia is the most prominent symptom in sporadic 

cases of NIID. The majority of NIID cases have been reported 

from Japan, with an older age of onset (median, 60 years; in-

terquartile range, 46–66 years) and large proportions of pri-

mary cognitive presentation (61%) and pathognomonic MRI 

changes (70%) [44]. Nervous system symptoms are the main 

manifestations of NIID; however, more than 10% of patients 

can present without nervous system symptoms. In a recent 

study, NIID was shown to present with diverse symptoms of 

other systems, especially respiratory, digestive, circulatory, 

and urinary systems [45]. Furthermore, the onset age of initial 

symptoms in different systems was much younger than that of 

disease in the nervous system [45]. 

The typical brain MRI findings are symmetrical leukoenceph-

alopathy accompanied by high signal intensities along the 

corticomedullary junctions on diffusion-weighted imaging 

(DWI), termed the “zigzag edging sign.” [46]. However, only 

about 37% of affected individuals display typical MRI features 

[47]. Notably, these typical MRI features on DWI are also oc-

casionally observed in fragile X tremor/ataxia syndrome (FX-

TAS) caused by mildly expanded CGG repeats in the 5’-UTR 

of the FMR1 gene and can show similar clinical presentation 

to NIID. Similar noncoding CGG repeat expansions (in 

LOC642361/NUTM2B-AS1) were identified in a newly de-

scribed condition, oculopharyngeal myopathy with leukoen-

cephalopathy, which also can show the typical MRI features 

[43]. Therefore, diagnostic utility of the zigzag edging sign in 

various clinical presentations should be further investigated. 

The genetic diagnosis of NIID can be challenging, but non-

coding CGG repeat expansion can be detected using various 

techniques. Repeat-primed polymerase chain reaction (PCR), 

GC-rich PCR, long-read sequencing using nanopore sequenc-

ing or single-molecule real-time sequencing, and whole ge-

nome sequencing can be utilized for diagnosis of NIID. To 

date, all confirmed cases of noncoding CGG repeat expansion 

have been reported in East Asian cohorts. The number of ex-

panded CGG repeats ranged from 66 to 517 in NIID [41] and 

from 4 to 41 in healthy controls [47]. However, 7.1% of patho-

logically confirmed Japanese NIID patients did not contain 

CGG repeat expansion in NOTCH2NLC [43]. It is not clear 

whether anticipation occurs in NIID, like in other trinucleo-

tide repeat disorders [45]. However, anticipation was recently 

observed in familial essential tremor patients with genetically 

confirmed NIID [47]. Therefore, there is need for further in-

vestigations in larger numbers of patients. 

In a recent study, none of the 11 pathology-confirmed NIID 

cases of European ancestry carried the noncoding CGG re-

peat expansion, indicating that genetically heterogeneous 

mechanisms underlie NIID in European patients [44]. There-

fore, CGG repeat expansions located in other loci or repeat 

expansions involving similar repeat motifs should be investi-

gated in future studies. Conversely, the GGC repeat expansion 

in NOTCH2NLC has been identified in a small portion of Alz-

heimer disease-affected families (1.43%) and parkinson-

ism-affected families (1.46%) [41]. Therefore, NIID should be 

considered a differential diagnosis for dementia or parkinson-

ism. Some researchers suggest a concept of NIID-related dis-

order, which includes NIID and other related neurodegenera-

tive disorders. NIIDs are likely underdiagnosed, and an effi-

cient screening strategy should be established. 

Currently, effective treatment to cure or slow the progression 

of NIID does not exist. Several medications can help improve 

patient symptoms, but research has been limited due to the 

small number of confirmed cases. Levodopa responsiveness 

in cases with parkinsonism is variable and unsustained [48]. 

In a case report, two NIID patients presented with dopa-re-

sponsive juvenile parkinsonism. Both patients showed excel-

lent initial response to levodopa treatment but soon experi-

enced disabling dopa-induced dyskinesia [49]. In another 

case report, levodopa and trihexyphenidyl were ineffective 

against tremor in an NIID patient with resting tremor similar 

to that observed in Parkinson disease [50]. Therefore, levodo-

pa responsiveness in NIID needs to be further investigated. 

Because NIID can currently be diagnosed using genetic test-

ing, the number of reported NIID cases is rapidly increasing. 

The effectiveness of various treatments for NIID should be in-

vestigated in the near future.  

Conclusion 
Diagnosis of AE is increasing, and immunotherapies are de-

livered to many patients suspected of antibody-negative AEs. 

In addition, during the last decade, an increasing number of 

new diseases have been discovered due to diagnostic exome 

sequencing performed in many rare disease conditions. Dif-

ferential diagnosis of rare genetic diseases in meningoen-

cephalitis patients is important because it helps exclude the 

possibility of infection, and certain medications are effective 

in some cases. Further research on these rare diseases will 

significantly help these patients. 
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Purpose 

Although cognitive impairment is a known complication of acute encephalitis syndrome (AES), few studies have evaluated cognitive outcomes in 
patients with encephalitis. The primary objective of this study was to assess the cognitive profiles of patients diagnosed with AES, which is pivot-
al for improving rehabilitation strategies and prognostic measures. 

Methods 

This study was conducted at the Tribhuvan University Teaching Hospital. Adult patients with AES who met inclusion criteria were enrolled. The 
Montreal Cognitive Assessment (MoCA) tool was used to assess cognitive function at admission, discharge, and 3-month follow-up. 

Results 

Thirty-six patients were enrolled in our study. The mean age of the participants was 43 ± 18 years. Fourteen patients (38.9%) were female, and 
22 (61.1%) were male. Tuberculous (TB) meningoencephalitis was present in 14 cases (38.9%), with herpes simplex virus (HSV) encephalitis in 
14 (38.9%), bacterial meningoencephalitis in 4 (11.1%), autoimmune encephalitis in 2 (5.6%), and Japanese encephalitis in 2 (5.6%). Patients 
with bacterial meningoencephalitis had the highest MoCA scores at admission, whereas those with HSV encephalitis had the highest scores at 
discharge and follow-up. Compared with the scores at admission, the scores at discharge and follow-up increased significantly in patients with 
TB meningoencephalitis and HSV encephalitis. The MoCA score at discharge was established as a significant predictor of cognitive function at 
follow-up. 

Conclusion 

We found that active treatment can improve the outcomes of AES patients with cognitive impairment. Although infectious etiologies are most 
common in low-income countries such as Nepal, autoimmune etiologies should not be overlooked. 

Keywords: Acute febrile encephalopathy, Encephalitis, Cognition, Cognitive dysfunction

Introduction 
Acute encephalitis syndrome (AES) is clinically defined as 

acute onset of fever and change in mental status with or with-

out new-onset seizures. The term AES was coined in 2008 by 

the World Health Organization to streamline the surveillance 

and research of AES in India. AES results from an inflamma-

tion of the brain parenchyma and can be caused by a broad 
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range of etiologies, including infections, autoimmune condi-

tions, and chemicals/toxins [1]. 

Most cases of AES are secondary to a viral infection, with her-

pes simplex virus (HSV) encephalitis being the leading cause 

internationally [2]. Though not common globally, Japanese 

encephalitis (JE) is the leading cause of AES in Asia [3]. Addi-

tional infectious etiologies include bacterial meningoenceph-

alitis, tuberculous (TB) meningoencephalitis, enterovirus, ad-

enovirus, scrub typhus, fungus, leptospirosis, neurobrucello-

sis, and toxoplasmosis [1,2,4]. The causative agents of AES 

vary with season, geographical location, immune status, and 

vaccination. 

A wide range of differential diagnoses in the face of rapid neu-

rologic decline requires physicians to act quickly in AES cases. 

Shortening the time between diagnosis and treatment is cru-

cial because delayed management can result in neurological 

sequelae, including long-term cognitive impairment, person-

ality changes, hearing or vision defects, speech impairment, 

convulsions, motor-sensory deficits, and movement disorders 

[5-7]. Although cognitive impairment is a known complica-

tion of AES, few studies have evaluated cognitive outcomes in 

patients with encephalitis [8]. Our primary objective in this 

study was to assess the cognitive profiles of patients diag-

nosed with AES, with the goal of improving rehabilitation 

strategies and prognostic measures. 

Methods 
Participants 
This study was approved by the Institutional Review Commit-

tee at Tribhuvan University Institute of Medicine (458(6–11-E) 
2/074/075) and conformed to the principles of the Declaration 

of Helsinki. Written informed consent was obtained from the 

patients, if possible, or their legal surrogates before enroll-

ment. All subjects diagnosed with AES who fulfilled the inclu-

sion criteria and were admitted to the neurology ward of 

Tribhuvan University Teaching Hospital (TUTH), Kathman-

du, from June 20, 2018 to March 20, 2019 were enrolled. The 

datasets generated and analyzed during the current study are 

available from the corresponding author upon reasonable re-

quest. 

Inclusion and criteria 
Adult patients with stable neurological and general health 

status with a clinical diagnosis of AES with or without comor-

bidities were included. AES was defined as acute onset fever 

with a change in mental status with or without new-onset sei-

zures [1]. The following patients were excluded from our 

study: age less than 16 years or more than 75 years; patients 

with a neurological or psychiatric illness known to influence 

cognitive function; AES secondary to sepsis, cerebral malaria, 

typhoid toxemia, scrub typhus, leptospirosis, poisoning, ma-

lignancy, or electrolyte imbalance; and death during fol-

low-up. 

Objectives 
The primary objective of this study was to evaluate the cogni-

tive profiles of patients diagnosed with AES. Cognitive func-

tion in each patient was tracked using the Montreal Cognitive 

Assessment (MoCA) at admission, discharge, and 3-month 

follow-up [9]. If MoCA at admission could not be assessed 

due to core symptoms of AES (decreased level of conscious-

ness, seizures, etc.), MoCA was administered after the pa-

tient’s general neurological status was improved and the pa-

tient was alert. MoCA is a rapid screening instrument for mild 

cognitive dysfunction. It assesses attention and concentra-

tion, executive functions, memory, language, visuoconstruc-

tional skills, conceptual thinking, calculation, and orientation. 

The time needed to administer the MoCA is approximately 10 

minutes. The total possible score is 30 points; a score of 26 or 

above is considered normal [9]. 

Data collection 
All patients admitted to TUTH’s neurology department with a 

history of fever and altered sensorium or seizure were evalu-

ated for this study. Final enrollment was done according to 

the inclusion and exclusion criteria. The initial investigations 

were complete blood count, random blood sugar, electrocar-

diogram, chest X-ray, renal function test, liver function test, 

erythrocyte sedimentation rate (ESR), C-reactive protein, he-

matocrit, and computed tomography or magnetic resonance 

imaging (MRI). 

Lumbar puncture was performed in all patients, and the 

opening pressure was measured using a manometer. A rou-

tine cerebrospinal fluid (CSF) investigation (total cell count, 

white blood cell differential, glucose, adenosine deaminase 

[ADA], and protein) was completed at the hospital-affiliated 

laboratory. Additional samples were preserved for specific 

work-up, such as CSF gram stain, culture, molecular testing 

by polymerase chain reaction (PCR), protein or antigen test-

ing, venereal disease research laboratory (VDRL) testing, anti-

body or autoimmune panel tests, and electroencephalograms 

(EEGs), as deemed necessary. Patients were treated and ad-

mitted to the neurology ward or intensive care unit, depend-

ing on disease severity. 

Parash Rayamajhi et al. Cognition in acute encephalitis syndrome

encephalitisjournal.org encephalitis |Vol. 2, No. 2| December 30, 2021 37

https://www.encephalitisjournal.org


Diagnostic criteria 
Five etiologies for AES were identified in our study; mycobac-

terium TB, HSV, bacterial infection, JE, and autoimmunity. 

Diagnoses were based on clinical features, CSF analyses, im-

aging results, and laboratory tests. The criteria for each etiolo-

gy found in our study are as follows. 

Tuberculous meningoencephalitis 
TB meningoencephalitis was suspected when the clinical fea-

tures of fever, night sweats, chronic cough, weight loss, altered 

sensorium, and past medical history of TB infection were 

present. Elevated lymphocytic-predominant pleocytosis, ele-

vated protein and ADA levels, and low glucose levels in the 

CSF analysis were supportive of TB infection. In those cases, 

CSF was subjected to PCR to find TB, but TB treatment was 

still administered if the PCR test was negative but the other 

findings were highly suggestive of TB meningoencephalitis. 

Brain MRI, ESR, and the Mantoux test were also done to rule 

out contending diagnoses. 

Herpes simplex virus encephalitis 
This entity was confirmed when MRI findings showed limbic 

system hyperintensities and the CSF analysis revealed a viral 

picture. Additionally, PCR testing of the CSF was done to find 

HSV. EEG results that showed diffuse slowing, focal temporal 

changes, periodic complexes, and periodic lateralizing epi-

leptiform discharges were considered supportive features. If a 

patient responded to an empiric trial of acyclovir, the diagno-

sis of HSV encephalitis was made. 

Bacterial meningoencephalitis 
This diagnosis was made via the CSF analysis, blood cultures, 

and the elimination of competing diagnoses with imaging and 

laboratory tests. The CSF opening pressure and chemistry 

analysis can vary depending on the infectious agent. Still, in 

general, an increased pressure, neutrophilic pleocytosis, and 

low glucose level were considered supportive of a nonviral in-

fection. When deemed appropriate, CSF gram stain, bacterial, 

and fungal cultures, India ink stain, cryptococcal antigen test-

ing, and VDRL testing were conducted. Positive results were 

considered diagnostic. 

Japanese encephalitis 
AES patients with lymphocytic pleocytosis, elevated protein, 

or a normal ratio of CSF to plasma glucose in their CSF analy-

ses had their serum tested for JE virus immunoglobulin M an-

tibodies. A positive serum JE antibody test was considered di-

agnostic. Theta and delta coma, burst suppression, and epi-

leptiform activity on EEG were deemed to be supportive fea-

tures. MRI findings of bilateral hyperintensities in the thala-

mus and substantia nigra aided in the diagnosis. 

Autoimmune encephalitis 
Results supporting a potential inflammatory origin for the 

disease were confirmed with specific CSF tests for autoim-

mune antibodies against the N-methyl-D-aspartate receptor 

(NMDAR), α-amino-3-hydroxy-5-methyl-4-isoxazolepropion-

ic acid receptor, gamma-aminobutyric acid receptor A and B, 

contactin-associated protein-like 2 protein, or leucine-rich 

glioma-inactivated 1 protein. Positive neuronal surface or 

synaptic protein autoantibodies were considered diagnostic 

for this etiology. 

Treatment 
TB meningoencephalitis was treated according to the Nation-

al TB Management Guideline of Nepal [10]. Patients were giv-

en 2 months of isoniazid, rifampin, pyrazinamide, and etham-

butol followed by 7 to 10 months of isoniazid, rifampin, and 

ethambutol. Adjuvant dexamethasone was administered for 

up to 12 weeks. HSV encephalitis was treated with intrave-

nous acyclovir at a dose of 10 mg/kg every 8 hours for 14 to 21 

days. Bacterial meningoencephalitis was treated empirically 

using intravenous ceftriaxone and vancomycin. JE has no spe-

cific treatment; patients were hospitalized and provided with 

supportive care and close observation. All cases of autoim-

mune encephalitis were treated first with intravenous methyl-

prednisolone. If the response was poor, patients were further 

treated with intravenous immunoglobulin or plasma ex-

change. Tumor surveillance was also done in all cases of auto-

immune encephalitis. 

Statistical analysis 
We used IBM SPSS version 23.0 (IBM Corp, Armonk, NY, USA) 

to analyze the study data. Statistical analyses included the cal-

culation of means, standard deviations, ranges, frequencies, 

and percentages. Independent sample t-testing was used to 

compare mean MoCA scores between male and female pa-

tients and between the 16–50 years age group and the 51–74 

years age group. A one-way analysis of variance (ANOVA) test 

with the Bonferroni post hoc analysis was used to compare 

mean MoCA scores among the different etiologies. A compar-

ison of mean MoCA scores at different times was made using 

a paired t-test. To identify a variable to predict the MoCA 

score at the 3-month follow-up, we used a linear regression 

analysis. The prerequisite for the linear regression model was 

a linear relationship, normality, minimal multicollinearity, 

and no autocorrelation or homoscedasticity. A two-tailed 

p-value of < 0.05 was considered statistically significant. 
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Results 
Demographics 
We enrolled 36 patients in our study (Figure 1). Fourteen pa-

tients (38.9%) were female, and 22 patients (61.1%) were male. 

Among the patients, 8.3% were aged 16 to 20 years, 61.1% 

were 21 to 50 years, and 30.6% were 51 to 74 years. The mean 

age of the participants in our study was 43 ±  18 years. Thir-

ty-five patients (97.2%) were married. Thirty-one patients 

were Hindu (86.1%), two (5.6%) were Buddhist, two (5.6%) 

were Muslim, and one (2.8%) was Christian. Three patients 

(8.3%) were from province no. 1, 11 (30.6%) were from prov-

ince no. 2, nine (25.0%) were from Baghmati province, three 

(8.3%) were from Gandaki province, six (16.7%) were from 

Lumbini province, one (2.8%) was from Karnali province, two 

(5.6%) were from Sudur Paschim province, and one (2.8%) 

was from Bihar, India.  

Background characteristics of included patients 
The background laboratory characteristics of our patients are 

provided in Table 1. CSF total cell count, protein level, ADA, 

ESR level, and Mantoux diameter were all highest in TB me-

ningoencephalitis patients. CSF neutrophil counts and CSF 

sugar levels were highest in bacterial meningoencephalitis 

patients. CSF lymphocyte counts were highest in TB menin-

goencephalitis and HSV encephalitis patients. The various 

comorbidities present in our study population are listed in 

Table 2. 

Diagnoses 
Of our 36 patients with AES, TB meningoencephalitis was di-

agnosed in 14 cases (38.9%), HSV encephalitis in 14 (38.9%), 

bacterial meningoencephalitis in four (11.1%), autoimmune 

encephalitis in two (5.6%), and JE in two (5.6%) (Figure 1). 

Notably, the PCR results were positive in eight (57.1 %) of the 

14 TB meningoencephalitis cases and 10 (71.4%) of the 14 

HSV encephalitis cases. No specific organism could be cul-

tured from two patients (50.0%) with bacterial meningoen-

cephalitis, but the other two cases (50.0%) yielded Streptococ-

cus pneumoniae. Both cases of autoimmune encephalitis 

were positive for NMDAR antibodies. The JE antibody test was 

positive in all cases of JE. 

Clinical features 
In our study, nine clinical features were charted for compari-

son among the etiologies; fever, headache, vomiting, convul-

sions, neck rigidity, Kernig’s and Brudzinski’s sign, photopho-

bia, rash, and dystonia. The frequency of these features in 

each etiology is documented in Table 3. Fever and headache 

were seen in all 36 patients. Our study had only two cases of 

JE, and fever and headache were the only clinical features 
AES, acute encephalitis syndrome.

Figure 1 Flow diagram of patient selection

Patients with diseases 
known to influence 
cognitive function (n = 4)

Age > 75 yr (n = 11)

AES secondary to sepsis, 
cerebral malaria, typhoid 
toxemia, scrub typhus, 
leptospirosis, poisoning, 
malignancy, and 
electrolyte imbalance  
(n = 9)

Tuberculous meningoencephalitis (n = 14, 38.9%)
Herpes simplex virus encephalitis (n = 14, 38.9%)
Bacterial meningoencephalitis (n = 4, 11.1%)
Autoimmune encephalitis (n = 2, 5.6%)
Japanese encephalitis (n = 2, 5.6%)

Death during follow-up  
(n = 3)

Adult patients with acute encephalits 
syndrome (n = 63)

Table 1 Baseline laboratory parameters for various etiologies of acute encephalitis syndrome

Etiology Age (yr) ESR  
(mm/hr)

Mantoux test 
(mm)

CSF total 
counts

CSF  
neutrophil 

counts

CSF  
lymphocyte 

counts

CSF protein 
(mg/dL)

CSF sugar 
(mmol/L)

CSF ADA 
(IU/L)

TB meningoencephalitis (n=14) 43.8 ± 15.7 53.1 ± 25.0 13.4 ±  4.5 75.5 ±  10.9 6.8 ±  12.7 93.2 ±  12.7 137.3 ±  81.0 2.3 ±  0.8 15.7 ±  7.5

HSV encephalitis (n= 14) 51.4 ± 20.4 18.6 ± 13.6 3.9 ±  0.8 26.5 ±  5.2 7.7 ±  2.3 93.0 ±  20.3 66.6 ±  23.9 5.1 ±  2.4 4.0 ±  1.7

Bacterial meningoencephalitis (n=4) 52.8 ± 26.6 13.5 ±  4.7 3.8 ±  0.95 15.0 ±  12.2 50.0 ±  13.9 50.0 ±  16.4 74.5 ±  19.4 2.9 ±  1.9 4.3 ±  1.3

Autoimmune encephalitis (n=2) 35.5 ± 26.1 16.0 ±  2.8 3.0 ±  1.4 10.0 ±  2.3 0 100 69.0 ±  15.6 2.1 ±  1.1 1.4 ±  0.3

Japanese encephalitis (n= 2) 38.0 ± 2.8 15.0 ±  7.1 3.5 ±  0.7 50.0 ±  14.2 0 100 80.0 ±  20.3 3.0 ±  1.2 10.0 ±  8.4

Values are presented as mean ± standard deviation.

TB, tuberculous; HSV, herpes simplex virus; ESR, erythrocyte sedimentation rate; CSF, cerebrospinal fluid; ADA, adenosine deaminase.
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documented in those patients. 

Of the remaining clinical features, neck rigidity was seen in 14 

patients with TB encephalitis (100%), 12 patients with HSV 

encephalitis (85.7%), and four patients with bacterial enceph-

alitis (100%). Kernig’s and Brudzinski’s sign was most com-

monly seen in TB meningoencephalitis (10, 71.4%), although 

it was also present in patients with bacterial (2, 50.0%) and 

HSV (4, 29.0%) encephalitis. Photophobia was reported in half 

of TB (7, 50.0%), bacterial (2, 50.0%), and HSV (7, 50.0%) en-

cephalitis cases. Neck rigidity, Kernig’s and Brudzinski’s sign, 

and photophobia were not reported by patients with autoim-

mune encephalitis. Vomiting was experienced by eight pa-

tients with HSV encephalitis (57.1%), seven with TB encepha-

litis (50.0%), two with bacterial encephalitis (50.0%), and one 

with autoimmune encephalitis (50.0%). Convulsions were 

also seen in patients with encephalitis of HSV (2, 14.3%), TB 

(1, 7.1%), and autoimmune (1, 50.0%) etiologies, but they 

were most common in cases of bacterial meningoencephalitis 

(4, 100%). JE was the only cause that presented without vom-

iting or convulsions. Rash was present in one patient with 

bacterial meningoencephalitis (25.0%), and dystonia was 

seen in one patient with autoimmune encephalitis (50.0%). 

Cognitive assessment 
The mean ±  standard deviation values of the MoCA scores for 

various etiologies at different times are given in Table 4. MoCA 

at admission was highest in patients with bacterial meningo-

encephalitis. At discharge and follow-up, the MoCA scores 

were highest in HSV encephalitis and TB meningoencephali-

tis patients. We found statistically significant differences 

among the various etiologies in MoCA scores at admission, as 

determined by one-way ANOVA (F [4, 31] =  2.98, p =  0.034). 

To distinguish which etiological groups differed significantly 

from one another, a post hoc test was conducted. The Bonfer-

roni post hoc test revealed that the MoCA score at admission 

was significantly lower in HSV encephalitis patients than in 

bacterial meningoencephalitis patients (mean difference, –6; 

standard error, 1.74; p =  0.017). One-way ANOVA showed no 

statistically significant differences among the etiologies in 

MoCA scores at discharge (F [4, 31] =  1.76, p =  0.16). Similar-

ly, one-way ANOVA showed no differences among the etiolo-

gies in MoCA scores at the 3-month follow-up (F [4, 31] =  

0.87, p =  0.493). 

We compared MoCA scores between the sexes and age 

groups. We found no difference in cognitive profile between 

the sexes (Table 5). MoCA at discharge and 3-month fol-

Table 2 Comorbidities present in the patients in this study

Etiology
Comorbidity

Hypertension Diabetes mellitus Pulmonary tuberculosis Malignancy Chronic liver disease Heart disease

TB meningoencephalitis 2 (14.3) 0 (0) 8 (57.1) 0 (0) 0 (0) 0 (0)
HSV encephalitis 5 (35.7) 3 (21.4) 0 (0) 1 (7.1) 0 (0) 1 (7.1)
Bacterial meningoencephalitis 2 (50.0) 1 (25.0) 0 (0) 0 (0) 0 (0) 0 (0)
Autoimmune encephalitis 1 (50.0) 1 (50.0) 0 (0) 1 (50.0) 0 (0) 0 (0)
Japanese encephalitis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Values are presented as number (%).

TB, tuberculous; HSV, herpes simplex virus.

Table 3 Clinical features of various causes of acute encephalitis syndrome

Diagnosis

Clinical features

Headache Fever Vomiting Convulsions Neck rigidity Kernig’s and  
Brudzinski’s sign Photophobia Rash Dystonia

TB meningoencephalitis 14 (100) 14 (100) 7 (50.0) 1 (7.1) 14 (100) 10 (72.0) 7 (50.0) 0 (0) 0 (0)

HSV encephalitis 14 (100) 14 (100) 8 (57.1) 2 (14.3) 12 (85.7) 4 (28.6) 7 (50.0) 0 (0) 0 (0)

Bacterial meningoencephalitis 4 (100) 4 (100) 2 (50.0) 4 (100) 4 (100) 2 (50.0) 2 (50.0) 1 (25.0) 0 (0)

Autoimmune encephalitis 2 (100) 2 (100) 1 (50.0) 1 (50.0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50.0)

Japanese encephalitis 2 (100) 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Values are presented as number (%).

TB, tuberculous; HSV, herpes simplex virus.
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low-up were significantly higher in the 16 to 50 years age 

group than in the 51 to 74 years age group (Table 5). 

Evolution of cognitive impairment 
For each AES etiology, we used paired t-testing to evaluate in-

creases in the mean MoCA scores between admission and 

discharge and between admission and the 3-month follow-up 

(Table 6). Among TB and HSV encephalitis patients, MoCA 

scores increased significantly at discharge and 3-month fol-

low-up, compared with admission. In bacterial encephalitis, 

autoimmune encephalitis, and JE, the scores did not increase 

substantially from admission to discharge or 3-month fol-

low-up. 

Predictor of MoCA score at the 3-month follow-up 
A linear regression analysis was performed to find a predictor 

of the 3-month follow-up MoCA scores. We found that, hold-

ing all other variables constant, every unit increase in the 

MoCA score at discharge predicted a 0.96 unit increase in the 

MoCA score at the 3-month follow-up (p <  0.0001). The R2 

value was 97.8%, indicating the excellent quality of this pre-

dictor (Table 7). 

Discussion 
Disorders that affect the brain, activate the immune system 

and cause brain inflammation lead to the clinical presenta-

tion of AES. AES is a common neurological disorder with an 

estimated incidence of 1.5 to 7 cases/100,000 inhabitants/

year, excluding epidemics [11]. Though encephalitis is a broad 

diagnosis with a vast range of known pathologies, roughly half 

of cases arise from an unknown etiology [11]. 

HSV encephalitis is the most common cause of AES world-

wide and is responsible for 14% of the 20,258 AES patients ad-

mitted annually to hospitals in the United States [12]. We 

found that HSV encephalitis and TB encephalitis were equally 

common in Nepal, which contrasts with studies from other 

nations. Because Nepal is a low-income country, many Ne-

palis live with unsuitable housing, overcrowding, and inade-

quate sanitation, which foster the transmission of agents such 

as TB. Additionally, the problem of drug-resistant TB is mag-

nified by inappropriate antibiotic use, non-adherence to TB 

regimens, and poor diagnostic facilities [13,14]. 

After TB and HSV, bacterial encephalitis was the third most 

common etiology in our study. We also had two cases of auto-

immune encephalitis and two cases of JE in our study popula-

tion. JE is a significant public health problem in Asia, account-

ing for 50,000 cases and 15,000 deaths annually in the region 

[3]. Although Nepal lies in an area with endemic JE, its preva-

lence was low in our study. It is principally considered a dis-

ease of children; therefore, our rate might have been low be-

cause we excluded patients younger than 16 years [3]. Fur-

thermore, JE outbreaks occur most commonly in the mon-

soon season, especially in the Terai belt of Nepal, and most 

cases are managed in local districts or provincial hospitals 

[15]. The Kathmandu Valley lies in the hill belt of Nepal, with 

minimal mosquito transmission and thus low disease activity. 

Table 4 The MoCA scores at different times

Etiology MoCA at admission MoCA at discharge MoCA at 3-month follow-up

TB meningoencephalitis 1.71 ±  0.2 19.4 ±  7.7 19.4 ±  7.0

HSV encephalitis 0.5 ±  0.3 21.4 ±  6.9 21.6 ±  6.9

Bacterial meningoencephalitis 6.5 ±  3.4 16.0 ±  10.9 15.5 ±  10.5

Autoimmune encephalitis 1.5 ±  0.8 7.0 ±  4.9 12.5 ±  7.2

Japanese encephalitis 2.5 ±  1.6 14.0 ±  12.7 16.0 ±  12.7

Values are presented as mean ± standard deviation.

MoCA, Montreal Cognitive Assessment tool; TB, tuberculous; HSV, herpes simplex virus.

Table 5 Comparison of MoCA score among various age 
groups and sexes using independent sample t-testing

Cognitive function test Sex N Mean ±  SD P-value

MoCA at admission Male 22 2.7 ±  1.2 0.07

Female 14 4.9 ±  2.2

16–50 25 1.3 ±  3.8 0.55

51–74 11 0.6 ±  1.8

MoCA at discharge Male 22 20 ±  6.4 0.20

Female 14 16.29 ±  8.8

16–50 25 21.2 ±  6.3 0.004

51–74 11 12.6 ±  10.4

MoCA at 3-month follow-up Male 22 20.41 ±  8.2 0.30

Female 14 17.5 ±  8.5

16–50 25 22.1 ±  5.3 0.001

51–74 11 12.8 ±  10.6

SD, standard deviation; MoCA, Montreal Cognitive Assessment tool.
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Only complicated cases from the Terai belt are referred to 

Kathmandu Valley, and our low proportion of JE cases likely 

reflects those facts. 

Our study population contained 14 female and 22 male pa-

tients, which is in accordance with the proportions reported 

in other studies [7-10] and suggests that AES is more common 

in males. Increased outdoor activity, contact exposure, and 

stress are potential explanations for this discrepancy. Another 

reason might be social stigma or low health-seeking behavior 

among women, leading to a falsely reduced presentation rate 

in this population. The current literature has reported age, 

sex, and level of education to be the factors most predictive of 

a patient’s MoCA score [16,17]. Higher levels of education and 

female sex have been associated with higher scores, and older 

age is associated with lower scores [16]. Although the cogni-

tive profiles of male and female patients in our study did not 

differ significantly from each other, we found that MoCA 

scores at discharge and the 3-month follow-up were signifi-

cantly higher in patients aged 16 to 50 years than in those 

aged 51 to 74 years. Several variables could be responsible for 

that finding. MoCA examinations were not conducted before 

AES onset, so we cannot establish how well the follow-up 

scores reflect each age group's baseline function. Cognitive 

impairment is more common among older people and could 

therefore be a contributing factor to the lower scores in the 

group of 51- to 74-year-old patients. Additionally, the MoCA 

assessment has been validated for the detection of cognitive 

impairment only in individuals aged 55 to 85 years, which 

could have resulted in less accurate analysis of our younger 

patients’ cognition [9]. Although no difference was seen be-

tween male and female patients in our study, normative data 

from a large population-based cohort found the effect sizes of 

Table 6 Paired t-test to evaluate increases in the mean scores on the cognitive assessment test between admission and dis-
charge (A) and admission and 3-month follow-up (B)

Etiology Time
Paired difference

p-value
Mean difference Standard deviation Standard error of the mean

TB meningoencephalitis A –17.357 8.767 2.343 <0.001

B –17.714 8.922 2.385 <0.001

HSV encephalitis A –20.929 6.878 1.838 <0.001

B –21.143 6.927 1.851 <0.001

Bacterial meningoencephalitis A –9.5 8.021 4.013 0.099

B –9 7.257 3.629 0.089

Autoimmune encephalitis A –5.500 12.021 8.500 0.634

B –11.000 19.799 14.000 0.576

Japanese encephalitis A –11.500 0.517 11.500 0.582

B –13.500 0.449 11.500 0.449

TB, tuberculous; HSV, herpes simplex virus.

Table 7 Linear regression analysis showing predictors of MoCA score at the 3-month follow-up

Variable
Unstandardized coefficients

p-value 95% CI for B
B Standard error

Constant –9.037 22.067 0.686 –54.398–36.323

Age –0.027 0.025 0.294 –0.077–0.024

Total cell count in CSF 0 0.005 0.967 –0.011–0.011

Neutrophil count in CSF 0.119 0.225 0.600 –0.344–0.583

Lymphocyte count in CSF 0.128 0.222 0.569 –0.328–0.583

Total CSF protein level 0.002 0.008 0.815 –0.015–0.019

CSF sugar level –0.192 0.186 0.312 –0.576–0.191

CSF adenosine deaminase level –0.052 0.057 0.364 –0.169–0.064

MoCA at admission –0.096 0.111 0.396 –0.323–0.132

MoCA at discharge 0.959 0.045 >0.001 0.866–1.053

CI, confidence interval; CSF, cerebrospinal fluid; MoCA, Montreal Cognitive Assessment tool.
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age and education on MoCA scores to be twice that of sex [9]. 

Because women are less likely than men to receive formal ed-

ucation in Nepal, the educational difference might have con-

tributed to the lack of significance we found between the sexes. 

We observed that among TB and HSV patients, the MoCA 

score increased significantly at discharge and the 3-month 

follow-up compared with admission. Specific treatments 

available for TB meningoencephalitis and HSV encephalitis 

could be related to that improvement [1,18]. Among bacterial 

encephalitis patients, the MoCA score at admission did not 

increase significantly at discharge or 3-month follow-up. Bac-

terial meningoencephalitis is associated with a fulminant 

course, contributing to poor cognitive function among its pa-

tients. Additionally, the growth of bacteria from CSF cultures 

is often difficult, making empiric treatment, which might not 

always be effective, common in these cases [19]. In patients 

with autoimmune encephalitis, MoCA scores at admission 

did not increase significantly at discharge or 3-month fol-

low-up. 

In low-income countries where infectious etiologies are com-

mon, work-up and treatment for autoimmune encephalopa-

thies occur later in the clinical timeline. Significant diagnostic 

delay is therefore expected in cases of autoimmune encepha-

litis. Autoimmune encephalitis is treated with nonspecific 

modalities, including corticosteroid regimens, that are not al-

ways adequate to prevent relapse and neurological sequelae. 

Intravenous immunoglobulin, plasma exchange, and sec-

ond-line drugs such as rituximab are not readily available or 

affordable in low-income countries [20]. JE patients face a 

similar situation of nonspecific treatment guided mainly by 

symptom management. A minimal, nonsignificant increase in 

MoCA scores at discharge and 3-month follow-up was seen in 

these two populations [5,7]. 

The research on cognitive impairment in encephalitis is scant. 

Hébert et al. [21] observed that 52% of 21 individuals with au-

toimmune encephalitis showed persistent cognitive impair-

ment at their last follow-up (median of 20 months). Visuospa-

tial and executive abilities, language, attention, and delayed 

recall were predominantly affected. They also discovered that 

shorter treatment delays and no status epilepticus at onset 

were linked to greater MoCA scores more than a year later, 

possibly predicting better long-term cognitive results. A study 

by Hang et al. [22] reported that 90.48% of 21 autoimmune en-

cephalitis patients experienced short-term memory loss. After 

therapy, it dropped to 14.29%. A MoCA-B score 6.19 points 

higher than the onset score was observed at the 1-year fol-

low-up (p <  0.001).  

Three studies have considered the cognitive outcomes of TB 

meningitis patients. Ganaraja et al. [23] found that TB menin-

gitis patients had impaired results in auditory verbal learning 

(88.3%), complex figure (50%), spatial span (50%), clock draw-

ing (48.3%), digit span (35%), color trail 1 and 2 (30% and 

33.3%, respectively), and animal naming (28.3%) tests. Treat-

ment improved the animal naming, clock drawing, color trail 

2, spatial span, and digit span test results. Verbal learning 

showed no change. Overall, neuropsychological testing re-

vealed improved attention, working memory, and category 

fluency but minimal language learning recovery [23]. In two 

other cohort studies from India (n =  30 and 65, respectively), 

patients were evaluated using the 30-point Mini-Mental State 

Exam 6 months [24] and 1 year [25] after their TB meningitis 

diagnoses. Using cutoff scores of 22 to 29, depending on edu-

cation level, more than half of the patients tested (54% and 

55%, respectively) sustained cognitive impairments. 

Our study has several limitations. First, the sample size was 

small. Second, individual cognitive domains in the MoCA tool 

were not evaluated or analyzed. Third, some patients were il-

literate, which rendered cognitive testing with the MoCA diffi-

cult. The MoCA test was modified to suit our study’s Nepalese 

context, which could have resulted in bias. Fourth, we ac-

knowledge that 3 months is too short a period to fully evaluate 

cognitive outcomes after AES. Fifth, our sample contained 

only a few JE patients, even though JE is one of the common-

est causes of AES in this part of the world. 

In conclusion, we found that AES patients with low cognitive 

function can improve with active treatment. At discharge and 

follow-up, AES patients with treatable causes such as TB me-

ningoencephalitis and HSV encephalitis saw statistically sig-

nificant improvements in their cognitive functioning. Al-

though infectious etiologies are most common in low-income 

countries such as Nepal, autoimmune etiologies should not 

be overlooked. Early testing for autoantibodies could reduce 

cognitive sequelae by offering timely diagnosis and treatment. 

Continued research is warranted to improve the early diagno-

sis of AES and understanding of the cognitive sequelae that 

can follow. 
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Purpose 

Chronic social stress is known to induce inflammation in the brain, and early-life stress affects the brain and social behavior in adulthood. To 
study the relationship between social stress in childhood development and social behavior in adulthood, we subjected mice to a sequential ear-
ly-life social stresses and characterized their adult behavioral phenotypes. 

Methods 

C57BL/6 mice were sequentially subjected to maternal separation (MS), social defeat (SD), and social isolation (SI) in that order. The body 
weights of the MS/SD/SI mice were measured. Behavioral tasks related to anxiety, depression, locomotion, learning/memory, and repetitive/
compulsive-like behavior were conducted. Social behaviors suggesting sociability, social interaction, aggression, and social fear were investigat-
ed. 

Results 

MS/SD/SI mice weighed less than the control mice. At 7 and 8 weeks of age. These mice displayed normal behaviors in anxiety-, depression-, 
and learning/memory-related tasks, but they exhibited increased locomotor activity and a low level of repetitive/ compulsive-like behavior. Nota-
bly, they exhibited increased social interaction, impaired empathy-related fear, reduced predator fear, and increased defensive aggressiveness. 

Conclusion 

Social stress during childhood development resulted in behavioral alterations, and MS/SD/SI mice generated by mimicking child abuse or mal-
treatment showed unique abnormalities in social behaviors. MS/SD/SI mice might be useful not only to study the relationship between social 
stress and brain inflammation but also psychosocial behaviors observed in individuals with brain disorders, such as psychopaths. 

Keywords: Mice, Childhood development, Social stress, Social behavior, Abuse  
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Introduction 
Chronic environmental stress, including social stress, is 

known to induce inflammation in the brain, which has been 

observed in the brains of those with psychiatric or psychoso-

cial behaviors due to brain disorders, such as schizophrenia, 

dementia, encephalitis, autism, and psychopathy [1-16]. In 

humans, chronically and repetitively abused or maltreated 

children often develop antisocial behavior, such as aggressive 

or violent and cruel behaviors. In addition, humans exposed 

to maltreatment in childhood are at increased risk of conduct 

disorders, personality disorders, major depression, posttrau-

matic stress disorder, schizophrenia, and anxiety disorders 

[17-19]. Thus, a suitable animal model of and experiments on 

child maltreatment or abuse are necessary for furthering the 

understanding of the pathogenesis and treatment of related 

brain disorders [7,17,19-22]. 

Studies in animals and humans have revealed that early-life 

stress affects brain development and social behavior in adult-

hood. In humans, early-life stress (child and adolescent abuse 

and neglect) can induce brain inflammation and structural or 

functional brain alterations. Several animal models have been 

developed to study the effects of early-life social stress on 

adulthood by subjecting the animals to repeated maternal 

separation (MS), social isolation (SI), or peripubertal social 

defeat (SD) protocols [7,17,19-22]. 

To study the relationship between social stresses in early 

childhood development (a period of the human lifespan be-

tween infancy and adolescence) and social behavior in adult-

hood, we subjected mice to a sequential process of MS/SD/SI, 

which is designed to imitate child abuse, and characterized 

their behavioral phenotypes (Figure 1A). 

Methods 
Animals  
C57BL/6 mice were used in the present study. Animals were 

maintained with free access to food and water under a 12-

hour light/dark cycle. All experiments were approved by the 

Institutional Animal Care and Use Committee of Seoul Na-

tional University Hospital (No. 14-0253-S1A1), and all animals 

were maintained in a facility accredited by Association for As-

sessment and Accreditation of Laboratory Animal Care (AAA-

LAC) International (No. 001169) in accordance with the Guide 

for the Care and Use of Laboratory Animals 8th edition (Na-

tional Research Council 2011). All efforts were made to mini-

mize suffering. 

Generation of an MS/SD/SI model 
Male offspring of a C57BL/6 female mouse mated with a 

C57BL/6 male mouse were used in this study. To mimic ear-

ly-life social stresses, the pups sequentially underwent MS, 

SD, and SI experiences. The social stress protocols of MS, SD, 

or SI were applied as described previously [7,17,19-22]. Preg-

nant females were checked daily for newborns. For each litter, 

the day of birth was defined as postnatal day (P) 0. The MS 

procedure was performed from P4 to P18. During this period, 

litters were separated from their mothers for 3 hours per day. 

During the period of SD, a second social stress paradigm was 

introduced to the same mice from P21 to P34. During this pe-

riod, the mice were singly placed into the cages of singly 

housed aggressor C57BL/6 mice (territorial residents) for 10 

minutes per day for 10 days. Adult 8- to 15-week-old male 

mice that showed high intermale aggression in a resident-in-

truder paradigm were selected and used as aggressor mice. As 

male mice defend their territory against intruding males, the 

aggressor residents usually initiated a fight. At the start of the 

SD procedure (P21), the mice were separated from their litter-

mates and housed singly (SI) for the duration of the experi-

ments. The behavioral experiments were started at the age of 

9 weeks (usually young adult starts at the aged of 8−9 weeks). 

The procedure is illustrated in Figure 1A. 

Figure 1 Generation of the MS/SD/SI model

(A) Time schedule of early-life social stress paradigms (MS, SD, and SI). 
(B) Reduced body weight in MS/SD/SI mice. (C) Weight gain at 7 to 8 
weeks of age.
MS, maternal separation; SD, social defeat; SI, social isolation.
**p < 0.01, Student t-test.
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Behavioral tasks 
Following the sequential experiences of MS, SD, and SI, the 

MS/SD/SI mice performed behavioral tasks to assess anxiety, 

locomotor activity, learning/memory, social behavior, aggres-

sion, fear, and despair. The behavioral tests were video-re-

corded and conducted between 13:00 and 18:00 under a light 

intensity of 80 lux. There were no experimenters in the room 

during the behavioral tasks, which comprised elevated plus 

maze, light/dark transition, marble-burying, nest-building, 

open-field, classical fear-conditioning, observational 

fear-conditioning, predator fear, resident-intruder, social in-

teraction with a juvenile mouse, sociability, and forced swim 

(FST) and tail-suspension tests (TSTs). Data were quantified 

by an experimenter blinded to the conditions. Behavioral ex-

periments were performed as described previously [23-29]. 

The elevated plus maze was made of plastic and consisted of 

two white open arms (25 ×  8 cm), two black enclosed arms 

(25 ×  8 ×  20 cm), and a cross-shaped central platform (8 ×  8 

×  8 cm). The maze was placed 50 cm above the floor, and 

mice were individually placed in the center with their heads 

directed toward one closed arm. The total time spent in each 

arm or in the center and the total number of entries into each 

arm were analyzed by video monitoring for 5 minutes. When 

all four paws crossed from the center into an arm, it was 

counted as an arm entry. 

The light/dark transition test was performed using a plastic 

light/dark box (30 ×  45 ×  27 cm) composed of a dark com-

partment (1/3 of the total area) and a light compartment (2/3 

of the total area), with a hole between the two. The light com-

partment was illuminated at 400 lux. The elapsed time to en-

try into the light compartment (latency) and the amount of 

time (duration) spent in each compartment were measured 

over a 5-minute period by video monitoring. 

In contrast, the open-field box was made of white plastic (40 

×  40 ×  40 cm). Individual mice were placed in the periphery 

of the field, and the paths of the animals were recorded with a 

video camera. The total distance traveled for 30 minutes was 

analyzed using EthoVision XT (Noldus, Wageningen, Nether-

lands). 

For the FST, mice were placed individually in 2,000-mL glass 

beakers filled with nearly 1,400 mL of water (10 cm from the 

ground, with a water temperature of 25°C ±  1°C) and were al-

lowed to swim freely for 6 minutes. The duration of immobili-

ty, defined as lack of movement in a floating state or perfor-

mance of only minimal movement required for floating (e.g., 

small, slow kicking of one paw only) but the absence of active 

swimming behavior, was measured during the last 4 minutes 

of the task. 

During the TST, mice were hung upside down from a horizon-

tal bar by the tail. Mouse behavior was recorded for 6 minutes, 

and the time spent immobile was measured. 

For classical fear-conditioning, the mice were habituated in a 

fear-conditioning apparatus chamber for 5 minutes and then 

subjected to a 28-second acoustic conditioned stimulus fol-

lowed by a 0.7-mA shock (unconditioned stimulus) applied to 

the floor grid for 2 seconds (Panlab SLU, Barcelona, Spain). 

Conditioned stimulus–unconditioned stimulus coupling was 

carried out three times at 60-second intervals. To assess con-

textual memory, the animals were placed back into the train-

ing context 24 hours after the stressful experiences. The dura-

tion of their fear response (freezing behavior) was measured 

for 4 minutes. To assess the cued memory, the animals were 

placed in a different context (a novel chamber) for the follow-

ing 24 hours, and their behavior was monitored for 5 minutes. 

During the last 3 minutes of this test, the animals were ex-

posed to the conditioned stimulus. Their duration of freezing 

behavior was measured throughout the 3-minute test. 

During the marble-burying test, a single subject mouse was 

allowed to roam freely in a clean cage (22 ×  19 ×  17 cm, with 

a 5-cm sawdust layer) for 10 minutes for habituation. Then, 

the mouse was removed while 20 glass marbles (15 mm in di-

ameter) were randomly placed in the cage; the subject mouse 

was reintroduced and allowed to roam freely for 20 minutes. 

The number of marbles buried (defined by >  50% of the mar-

ble being covered by bedding material) was recorded. 

For the nest-building test, each mouse was briefly moved to a 

cage with wood-chip bedding and one Nestlet (Ancare, Bell-

more, NY, USA) approximately 1 hour before the dark phase. 

The following morning, we assessed the nest-building status 

on a rating scale of 1 to 5 points, as follows: 1, the Nestlet was 

largely untouched ( >  90% intact); 2, the Nestlet was partially 

torn up (50%–90% remaining intact); 3, the Nestlet was mostly 

shredded ( <  50% remaining intact), but there was no identifi-

able nest site; 4, there was an identifiable but flat nest (walls 

higher than mouse height but <  50% of the nest circumfer-

ence); and 5, there was a well-formed nest with a crater (walls 

higher than mouse height and ≥  50% of the nest circumfer-

ence). 

During the sociability task, a three-chambered, white, rectan-

gular plastic box (40 ×  25 ×  18 cm) was used, into which a 
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wire mesh cage (diameter, 8 cm; height, 10 cm) was placed in 

each of two side chambers (facing diagonally in the box). Fol-

lowing a 10-minute habituation period, a novel mouse 

(stranger, age-matched male C57BL/6 mouse) was enclosed 

in one of the wire cages, and the subject mouse was placed in 

the middle of the box and allowed to explore for 10 minutes. 

The time spent in each chamber was measured. 

For the social interaction task, a single subject mouse in its 

home cage was allowed to roam freely for 10 minutes (habitu-

ation). A novel juvenile (3–4 weeks old) male C57BL/6 mouse 

was introduced into the home cage of the resident subject, 

and both were allowed to roam freely for 5 minutes (test ses-

sion). The following types of behavior shown by the resident 

mouse were scored as social interaction: sniffing, grooming, 

closed chasing, pushing the snout or head under, and crawl-

ing over or under the juvenile’s body, as well as mounting. 

The total time spent performing social interaction behaviors 

was quantified. 

The isolation-induced resident-intruder aggression test was 

performed by introducing an intruder mouse into the home 

cage of the resident mouse. Resident mice were housed in iso-

lation for 7 days without a bedding change before testing. Aged-

matched, naïve male C57BL/6 mice were used as counterparts. 

The offensive behavior of the resident (offensive aggressive-

ness) or intruder mouse (defensive aggressiveness) was mea-

sured by the latency to the first attack and the total number of 

attacks (biting and wrestling) by either for 15 minutes. 

For observational fear-conditioning, the apparatus consisted 

of a dual-channel modular shuttle box consisting of two iden-

tical chambers (21 ×  17.5 ×  25 cm each) and a stainless-steel 

rod floor (5-mm–diameter rods, spaced 1 cm apart; Med As-

sociates, Albans, VT, USA). A transparent plexiglass partition 

was placed between the chambers. Briefly, the observer and 

demonstrator mice (age-matched male C57BL/6 mouse) were 

habituated in the apparatus chambers for 5 minutes. Then, a 

2-second foot shock (1.3 mA) was administered to the 

demonstrator every 10 seconds for 3 minutes by a comput-

er-controlled shocker (Med Associates). The duration for 

which the observer mouse displayed freezing behavior (fear 

response) was measured. 

Finally, the predator-avoidance test was designed by modify-

ing the social approach-avoidance test or social target test. 

The test area was a white acryl plastic open-field box (40 ×  40 

cm) that contained two triangular wire mesh cages (21 ×  21 ×  

28 cm) located diagonally across each end of the field. One 

cage (target) contained a social target animal (male rat, 5–10 

weeks), and the other cage (no target) was empty. Vid-

eo-tracking data were used to determine the times spent by 

the experimental mouse in the “rat zone” and “empty zone” 

(28 ×  6 cm) in front of each cage. 

Statistical analysis 
All data are presented as mean ±  standard error of the mean. 

Analysis of variance (ANOVA) was used to conduct multiple 

comparisons of means. The Student t-test was performed to 

determine statistical differences between the two means. A 

p-value of <  0.05 was considered to indicate statistical signifi-

cance.  

Results 
MS/SD/SI mice showed reduced body weight gain 
The MS/SD/SI mice (n =  13) showed lower body weight at 7 

and 8 weeks of age (Figure 1B). At 8 weeks, MS/SD/SI mice 

had gained significantly less weight than the control mice (n 

=  15), suggesting their slower rate of weight gain (MS/SD/SI, 

103.33% ±  1.01% vs control, 107.48% ±  0.85%; p <  0.01, Stu-

dent t-test) (Figure 1C). 

MS/SD/SI mice showed normal anxiety levels and 
increased locomotor activity 
We first subjected the MS/SD/SI mice to the light/dark and 

elevated plus maze tests to assess anxiety. During the light/

dark task (Figure 2A), the MS/SD/SI mice (n =  18) spent a 

similar amount of time in the dark and light chambers to the 

control mice (n =  12). In addition, there was no significant 

difference in time spent in the open and closed arms of the el-

evated plus maze between the MS/SD/SI (n =  9) and control 

mice (n =  16) (Figure 2B). However, the MS/SD/SI mice (6.22 

±  1.39 crossings) displayed an increased number of crossings 

into the open arms compared to the control mice (3.31 ±  0.56 

crossings; p <  0.05, Student t-test) (Figure 2B). 

To assess locomotor activity, the open-field test was per-

formed, and an increase in distance moved was observed 

among the MD/SD/SI mice (n =  23) compared to the control 

mice (n =  14) (F1,35 =  8.70; p <  0.01, two-way ANOVA) (Figure 

2C). These results indicate normal anxiety levels but in-

creased locomotor activity among the MS/SD/SI mice com-

pared to the control mice. 

MS/SD/SI mice displayed normal behavior in 
depression- and learning/memory-related tasks 
The FST and TST were used to assess behavioral despair, an 
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indicator of depression-like behavior in mice. The durations 

of immobility of the MS/SD/SI mice during the FST (MS/SD/

SI, n =  12; control, n =  15) (Figure 2D) and TST (MS/SD/SI, n 

=  10; control, n =  12) (Figure 2E) were similar to those of the 

control mice, indicating a normal level of despair among the 

MS/SD/SI mice. 

For learning and memory tasks, classical fear-conditioning 

was performed. During the training (Figure 2F), there was no 

difference in the duration of freezing between the MS/SD/SI 

(n =  12) and control mice (n =  13), indicating a normal learn-

ing ability for fear acquisition of the MS/SD/SI mice. In addi-

tion, the MS/SD/SI mice exhibited similar freezing durations 

in 24-hour contextual (Figure 2G) and cued memory tests 

Figure 2 Behavioral phenotypes of MS/SD/SI mice in tasks assessing anxiety, locomotion, depression, and learning/memory

(A) Light/dark transition test. The control (n = 12) and MS/SD/SI model (n = 18) mice spent similar times in the light or dark compartment and 
demonstrated a similar number of crossings between the compartments. (B) Elevated plus maze task. Although the MS/SD/SI model mice (n = 9) dis-
played an increased number of crossings into the open arms compared to the control mice (n = 16), the groups spent a similar amount of time in the 
open and closed arms. (C) In the open-field test, an increase in distance moved was observed in the MD/SD/SI model group (n = 24) compared to the 
control group (n = 14). (D) Forced swim test. The MS/SD/SI model mice (n = 12) displayed a similar amount of immobility time to the control mice (n = 
15). (E) Tail-suspension test. The MS/SD/SI model mice (n = 10) showed a similar immobility time to the control mice (n = 12). (F–H) Fear-condition-
ing. During training (F), the control (n = 13) and MS/SD/SI model (n = 12) mice exhibited similar freezing durations. The horizontal line indicates the 
duration of a tone (28 seconds), and the vertical arrow indicates the duration of foot-shock (2 seconds). There was no difference between the groups 
in 24-hour contextual memory (G). No difference was found between the groups in 24-hour cued memory (H). The horizontal line indicates the duration 
of a tone (3 minutes).
MS, maternal separation; SD, social defeat; SI, social isolation.
*p < 0.05, Student t-test. ##p < 0.01, two-way analysis of variance followed by Scheffé post hoc test.
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(Figure 2H) to those of the control mice, which indicates that 

the MS/SD/SI mice normally formed memories of fear. 

MS/SD/SI mice exhibited altered repetitive/
compulsive-like behavior 
To investigate repetitive/compulsive-like behavior, mar-

ble-burying and nest-building performance tests were con-

ducted. During the marble-burying test, the MD/SD/SI mice 

(n =  9) showed a decrease in the number of buried marbles 

(6.78 ±  0.78 marbles) compared to the control mice (n =  11, 

12.18 ±  1.37; p <  0.01, Student t-test) (Figure 3A). In nest- 

building behavior, a low score was recorded for the MD/SD/SI 

mice compared to the control mice (n =  10, 3.50 ±  0.37 points 

vs n =  13, 4.62 ±  0.13 points, respectively; p <  0.01, Student 

t-test) (Figure 3B). These results demonstrate that MD/SD/SI 

mice show lower levels of repetitive/compulsive-like behav-

iors than control mice. 

MS/SD/SI mice exhibited abnormal and unique 
social behaviors 
To investigate social behaviors, tasks related to sociability, so-

cial interaction, aggression, and social fear were conducted. 

During the sociability task, the amount of time spent on each 

side of the chamber containing an empty or stranger cage did 

not differ between the MD/SD/SI (n =  11) and control mice (n 

=  16) (Figure 4A). However, in a social interaction task with a 

juvenile mouse, the MD/SD/SI mice showed significantly 

higher interaction times than the control mice (n =  16, 173.85 

±  8.20 seconds vs n =  20, 136.31 ±  9.93 seconds; p <  0.01, 

Student t-test) (Figure 4B). The social interaction behaviors of 

the MD/SD/SI mice were further investigated using a resi-

dent-intruder test related to aggression. When the MD/SD/SI 

mice were positioned as residents for examination of offen-

sive behavior, they (n =  12) showed a similar number of at-

tacks (Figure 4C) and latency before the first attack (Figure 

4D) to those of control mice (n =  18). However, when the 

MD/SD/SI mice were positioned as intruders to assess defen-

sive aggressiveness, they (n =  16) exhibited a greater number 

of attacks (MS/SD/SI, 7.25 ±  1.63 attacks vs control, 1.63 ±  

0.84 attacks) (Figure 4E) and a shorter latency before the first 

attack (MS/SD/SI, 370.24 ±  75.80 seconds vs control, 748.75 

±  87.78 seconds; p <  0.01, Student t-test) compared to the 

control mice (n =  8) (Figure 4F), indicating a higher level of 

defensive aggressiveness in the MD/SD/SI mice. 

For assessment of social fear, empathy-related observational 

fear-conditioning and innate fear-related predator-avoidance 

tests were performed. Regarding observational fear-condi-

tioning, the MD/SD/SI mice (n =  12) exhibited a shorter 

freezing duration than the controls (n =  12) (F1,22 =  4.09; p <  

0.05, two-way ANOVA) (Figure 4G), indicating impaired ob-

servational fear learning in the MD/SD/SI mice. In the preda-

tor-avoidance task, both the MD/SD/SI (n =  22) and control 

mice (n =  17) spent less time in a rat zone (an area containing 

a rat) than in an empty zone. However, there was a significant 

difference in the amount of time spent in the rat zone be-

tween the MS/SD/SI and control mice (74.94 ±  10.25 seconds 

vs 45.63 ±  6.93 seconds, respectively; p <  0.05, Student t-test) 

(Figure 4H), indicating a dysfunction of predator fear in the 

MS/SD/SI mice. 

Taken together, these results demonstrate that MD/SD/SI 

mice display unique behavioral features that show impair-

ment of social fear as well as high levels of social interaction 

and aggression. 

Discussion 
In this study, we subjected mice to a sequential process of 

early-life social stress or adverse events of MS, SD, and SI, im-

itating human child abuse or maltreatment. The MS/SD/SI 

mice showed normal behaviors in anxiety-, depression-, and 

learning/memory-related tasks, but they exhibited profound 

abnormalities in social behaviors. 

The MS/SD/SI stress paradigm had a similar result as chronic 

stress is known to slow weight gain [30]. However, the MS/SD/

SI mice showed distinct phenotypes in some behavioral ex-

Figure 3 Behavioral phenotypes of MS/SD/SI mice in tasks 
assessing repetitive/compulsive-like behavior

(A) In the marble-burying test, the MD/SD/SI model mice (n = 9) demon-
strated a decrease in the number of buried marbles compared to the 
control mice (n = 11). (B) Considering nest-building behavior, a lower 
score was recorded for the MD/SD/SI model group (n = 10) compared to 
the control group (n = 13).
MS, maternal separation; SD, social defeat; SI, social isolation.
**p < 0.01, Student t-test.
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periments compared to the animal models created by a sin-

gle-social stress paradigm of either MS, SD, or SI. It has been 

reported that animal models generated by the social stress 

paradigm of either MS or SD or SI usually exhibit more de-

pressed and anxious behaviors than control animals [22]. In 

addition, the single-paradigm models generally had a reduced 

level of social interaction or sociability, except an adolescent 

SI model [22,31]. Even mouse models that are known to dis-

play aggressive behaviors instead exhibit offensive aggressive-

ness when subjected to such stresses. Moreover, little is 

known about the empathy-related behavior of such animals. 

However, our MS/SD/SI mice showed normal behaviors in 

anxiety- and depression-related tasks but increased social in-

teraction and defensive aggressiveness. Since they showed 

normal behavior during the sociality test, it is not likely that 

their increased level of social interaction is due to a simple al-

tered response to a novelty or curiosity. In the resident-in-

truder test, the intruders usually show defensive behaviors in 

response to offensive attacks by the territorial resident. How-

ever, MS/SD/SI mice attacked the residents while being in-

truders, seeming to take the role of dominant in the interac-

tion. The MS/SD/SI mice showed impairment in the expres-

sions of predator fear and empathy-related fear but not those 

of hippocampus- and amygdala-dependent conditioned fear. 

These results suggest that our MS/SD/SI stress paradigm af-

fects brain substrates or circuits, such as the frontal cortex, in-

volved in social fear expression and empathetic or aggressive 

emotion [32-41]. 

Regarding the hyper-phenotypes in social interaction and of-

fensive aggressiveness and the hypo-phenotypes in predator 

fear and empathy-related behavior of MS/SD/SI mice, further 

study of antisocial behavior is needed to characterize the phe-

Figure 4 Behavioral phenotypes of MS/SD/SI mice in tasks assessing social behaviors

(A) In the sociability test, the MS/SD/SI and control groups spent more time exploring a novel stranger than exploring the empty cage. (B) In the social 
interaction test, the MD/SD/SI model mice (n = 16) showed a significant increase in social interactions with an unfamiliar juvenile mouse than did 
the control mice (n = 20). (C-F) Resident-intruder task. The MD/SD/SI model (n = 12) mouse, when positioned as a resident, displayed a normal level 
of aggression (C, D). However, the MD/SD/SI model (n = 16) mice, when positioned as an intruder, exhibited a greater number of attacks (left) and a 
shorter latency to the first attack (right) than the control mice (n = 8) (E, F). (G) In observational fear-conditioning, the MD/SD/SI model mice (n = 12) 
exhibited a shorter freezing duration than the control mice (n = 12). (H) The MD/SD/SI model mice (n = 22) spent more time in a zone containing a rat 
in the predator target task compared to the control mice (n = 17).
MS, maternal separation; SD, social defeat; SI, social isolation.
*p < 0.05, **p < 0.01, Student t-test. #p < 0.05, ##p < 0.01, two-way analysis of variance followed by Scheffé post hoc test.
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notypes in more detail. The observed behavioral traits in the 

presented model suggest MS/SD/SI mice as a model of per-

sonality disorders, such as psychopathy, given the character-

istics of antisocial behavior, impaired empathy, and excessive 

boldness. 

Conflicts of Interest 
Daejong Jeon has been an associate editor of encephalitis 

since October 2020. Kon Chu and Sang Kun Lee also have 

served as editorial boards of encephalitis since October 2020. 

They were not involved in the review process of this original 

article. No other potential conflict of interest relevant to this 

article was reported. 

Author Contributions 
Conceptualization, Funding acquisition: Jeon D, Lee SK, Chu 

K; Data curation: Jeon D, Choi J, Yang AR, Yoo JS, Kim S; For-

mal analysis, Validation, Visualization: Jeon D, Choi J, Kim S; 

Methodology, Investigation: Jeon D, Choi J, Yang AR, Yoo JS, 

Kim S; Resources, Project administration: Jeon D, Lee SK, Chu 

K; Supervision: Jeon D, Lee SK, Chu K; Writing–original draft: 

Jeon D; Writing–review & editing: Jeon D, Lee SK, Chu K 

Acknowledgements 
This work was supported by a Basic Science Research Pro-

gram grant (NRF-2014R1A2A2A01002608) funded by the Min-

istry of Science, ICT, and Future Planning. This work was also 

supported by a grant from Advanced Neural Technologies 

(0620182930). 

References 

1. Stojanovich L, Marisavljevich D. Stress as a trigger of autoimmune dis-

ease. Autoimmun Rev 2008;7:209–213. 

2. Calcia MA, Bonsall DR, Bloomfield PS, Selvaraj S, Barichello T, Howes 

OD. Stress and neuroinflammation: a systematic review of the effects 

of stress on microglia and the implications for mental illness. Psycho-

pharmacology (Berl) 2016;233:1637–1650. 

3. Weber MD, Godbout JP, Sheridan JF. Repeated social defeat, neuroin-

flammation, and behavior: monocytes carry the signal. Neuropsycho-

pharmacology 2017;42:46–61. 

4. Barnum CJ, Pace TW, Hu F, Neigh GN, Tansey MG. Psychological 

stress in adolescent and adult mice increases neuroinflammation and 

attenuates the response to LPS challenge. J Neuroinflammation 

2012;9:9. 

5. Finnell JE, Lombard CM, Padi AR, et al. Physical versus psychological 

social stress in male rats reveals distinct cardiovascular, inflammatory 

and behavioral consequences. PLoS One 2017;12:e0172868. 

6. Zhu Y, Klomparens EA, Guo S, Geng X. Neuroinflammation caused by 

mental stress: the effect of chronic restraint stress and acute repeated 

social defeat stress in mice. Neurol Res 2019;41:762–769. 

7. Harrison EL, Baune BT. Modulation of early stress-induced neurobio-

logical changes: a review of behavioural and pharmacological inter-

ventions in animal models. Transl Psychiatry 2014;4:e390. 

8. Maydych V. The interplay between stress, inflammation, and emotion-

al attention: relevance for depression. Front Neurosci 2019;13:384. 

9. Yuan N, Chen Y, Xia Y, Dai J, Liu C. Inflammation-related biomarkers 

in major psychiatric disorders: a cross-disorder assessment of repro-

ducibility and specificity in 43 meta-analyses. Transl Psychiatry 

2019;9:233. 

10. Slavich GM, Irwin MR. From stress to inflammation and major de-

pressive disorder: a social signal transduction theory of depression. 

Psychol Bull 2014;140:774–815. 

11. Lafuse WP, Gearinger R, Fisher S, Nealer C, Mackos AR, Bailey MT. Ex-

posure to a social stressor induces translocation of commensal lacto-

bacilli to the spleen and priming of the innate immune system. J Im-

munol 2017;198:2383–2393. 

12. Dutcher EG, Pama E, Lynall ME, et al. Early-life stress and inflamma-

tion: a systematic review of a key experimental approach in rodents. 

Brain Neurosci Adv 2020;4:2398212820978049. 

13. Bergamini G, Mechtersheimer J, Azzinnari D, et al. Chronic social 

stress induces peripheral and central immune activation, blunted me-

solimbic dopamine function, and reduced reward-directed behaviour 

in mice. Neurobiol Stress 2018;8:42–56. 

14. Kaiser S, Sachser N. The effects of prenatal social stress on behaviour: 

mechanisms and function. Neurosci Biobehav Rev 2005;29:283–294. 

15. Kayser MS, Dalmau J. Anti-NMDA receptor encephalitis in psychiatry. 

Curr Psychiatry Rev 2011;7:189–193. 

16. Lee ST. Symptomatic treatments of N-methyl-D-aspartate receptor 

encephalitis. Encephalitis 2021;1:4–6.  

17. Haller J, Harold G, Sandi C, Neumann ID. Effects of adverse early-life 

events on aggression and anti-social behaviours in animals and hu-

mans. J Neuroendocrinol 2014;26:724–738. 

18. Susman EJ. Psychobiology of persistent antisocial behavior: stress, 

early vulnerabilities and the attenuation hypothesis. Neurosci Biobe-

hav Rev 2006;30:376–389. 

19. Veenema AH. Early life stress, the development of aggression and 

neuroendocrine and neurobiological correlates: what can we learn 

from animal models? Front Neuroendocrinol 2009;30:497–518. 

20. Sachser N, Hennessy MB, Kaiser S. Adaptive modulation of be-

havioural profiles by social stress during early phases of life and ado-

encephalitisjournal.org

Daejong Jeon et al. Unique social behaviors of MS/SD/SI mice

52 encephalitis |Vol. 2, No. 2| March 11, 2022

https://doi.org/10.1016/j.autrev.2007.11.007
https://doi.org/10.1016/j.autrev.2007.11.007
https://doi.org/10.1007/s00213-016-4218-9
https://doi.org/10.1007/s00213-016-4218-9
https://doi.org/10.1007/s00213-016-4218-9
https://doi.org/10.1007/s00213-016-4218-9
https://doi.org/10.1038/npp.2016.102
https://doi.org/10.1038/npp.2016.102
https://doi.org/10.1038/npp.2016.102
https://doi.org/10.1186/1742-2094-9-9
https://doi.org/10.1186/1742-2094-9-9
https://doi.org/10.1186/1742-2094-9-9
https://doi.org/10.1186/1742-2094-9-9
https://doi.org/10.1371/journal.pone.0172868
https://doi.org/10.1371/journal.pone.0172868
https://doi.org/10.1371/journal.pone.0172868
https://doi.org/10.1080/01616412.2019.1615670
https://doi.org/10.1080/01616412.2019.1615670
https://doi.org/10.1080/01616412.2019.1615670
https://doi.org/10.1038/tp.2014.31
https://doi.org/10.1038/tp.2014.31
https://doi.org/10.1038/tp.2014.31
https://doi.org/10.3389/fnins.2019.00384
https://doi.org/10.3389/fnins.2019.00384
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1038/s41398-019-0570-y
https://doi.org/10.1037/a0035302
https://doi.org/10.1037/a0035302
https://doi.org/10.1037/a0035302
https://doi.org/10.4049/jimmunol.1601269
https://doi.org/10.4049/jimmunol.1601269
https://doi.org/10.4049/jimmunol.1601269
https://doi.org/10.4049/jimmunol.1601269
https://doi.org/10.1177/2398212820978049
https://doi.org/10.1177/2398212820978049
https://doi.org/10.1177/2398212820978049
https://doi.org/10.1016/j.ynstr.2018.01.004
https://doi.org/10.1016/j.ynstr.2018.01.004
https://doi.org/10.1016/j.ynstr.2018.01.004
https://doi.org/10.1016/j.ynstr.2018.01.004
https://doi.org/10.1016/j.neubiorev.2004.09.015
https://doi.org/10.1016/j.neubiorev.2004.09.015
https://doi.org/10.2174/157340011797183184
https://doi.org/10.2174/157340011797183184
https://doi.org/10.47936/encephalitis.2020.00045
https://doi.org/10.47936/encephalitis.2020.00045
http://dx.doi.org/10.1111/jne.12182
http://dx.doi.org/10.1111/jne.12182
http://dx.doi.org/10.1111/jne.12182
https://doi.org/10.1016/j.neubiorev.2005.08.002
https://doi.org/10.1016/j.neubiorev.2005.08.002
https://doi.org/10.1016/j.yfrne.2009.03.003
https://doi.org/10.1016/j.yfrne.2009.03.003
https://doi.org/10.1016/j.yfrne.2009.03.003
https://doi.org/10.1016/j.neubiorev.2010.09.002
https://doi.org/10.1016/j.neubiorev.2010.09.002
http://encephalitisjournal.org


lescence. Neurosci Biobehav Rev 2011;35:1518–1533. 

21. Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress through-

out the lifespan on the brain, behaviour and cognition. Nat Rev Neu-

rosci 2009;10:434–445. 

22. Sandi C, Haller J. Stress and the social brain: behavioural effects and 

neurobiological mechanisms. Nat Rev Neurosci 2015;16:290–304. 

23. Yang H, Jung S, Seo J, et al. Altered behavior and neural activity in con-

specific cagemates co-housed with mouse models of brain disorders. 

Physiol Behav 2016;163:167–176. 

24. Sunwoo JS, Jeon D, Lee ST, et al. Maternal immune activation alters 

brain microRNA expression in mouse offspring. Ann Clin Transl Neu-

rol 2018;5:1264–1276. 

25. Jeon D, Kim S, Chetana M, et al. Observational fear learning involves 

affective pain system and Cav1.2 Ca2+ channels in ACC. Nat Neurosci 

2010;13:482–488. 

26. Jang Y, Lee SH, Lee B, et al. TRPM2, a susceptibility gene for bipolar 

disorder, regulates glycogen synthase kinase-3 activity in the brain. J 

Neurosci 2015;35:11811–11823. 

27. Deacon RM. Assessing nest building in mice. Nat Protoc 2006;1:1117–

1119. 

28. Toth I, Neumann ID. Animal models of social avoidance and social 

fear. Cell Tissue Res 2013;354:107–118. 

29. Jeon D, Kim S, Lee SK, Chu K. Changes in laboratory mice after obser-

vation of deceased conspecifics: a pilot suicidality study in animals. 

Encephalitis 2021;1:103–110. 

30. Li M, Xu H, Wang W. An improved model of physical and emotional 

social defeat: different effects on social behavior and body weight of 

adolescent mice by interaction with social support. Front Psychiatry 

2018;9:688. 

31. Rivera-Irizarry JK, Skelly MJ, Pleil KE. Social isolation stress in adoles-

cence, but not adulthood, produces hypersocial behavior in adult 

male and female C57BL/6J mice. Front Behav Neurosci 2020;14:129. 

32. Frick PJ, Viding E. Antisocial behavior from a developmental psycho-

pathology perspective. Dev Psychopathol 2009;21:1111–1131. 

33. Boes AD, Grafft AH, Joshi C, Chuang NA, Nopoulos P, Anderson SW. 

Behavioral effects of congenital ventromedial prefrontal cortex mal-

formation. BMC Neurol 2011;11:151. 

34. Takahashi A, Nagayasu K, Nishitani N, Kaneko S, Koide T. Control of 

intermale aggression by medial prefrontal cortex activation in the 

mouse. PLoS One 2014;9:e94657. 

35. Caramaschi D, de Boer SF, de Vries H, Koolhaas JM. Development of 

violence in mice through repeated victory along with changes in pre-

frontal cortex neurochemistry. Behav Brain Res 2008;189:263–272. 

36. Laviola G, Terranova ML. The developmental psychobiology of be-

havioural plasticity in mice: the role of social experiences in the family 

unit. Neurosci Biobehav Rev 1998;23:197–213. 

37. Melloni M, Lopez V, Ibanez A. Empathy and contextual social cogni-

tion. Cogn Affect Behav Neurosci 2014;14:407–425. 

38. Lehmann ML, Herkenham M. Environmental enrichment confers 

stress resiliency to social defeat through an infralimbic cortex-depen-

dent neuroanatomical pathway. J Neurosci 2011;31:6159–6173. 

39. Tulogdi A, Biro L, Barsvari B, Stankovic M, Haller J, Toth M. Neural 

mechanisms of predatory aggression in rats-implications for abnor-

mal intraspecific aggression. Behav Brain Res 2015;283:108–115. 

40. Takahashi A, Miczek KA. Neurogenetics of aggressive behavior: stud-

ies in rodents. Curr Top Behav Neurosci 2014;17:3–44. 

41. Koenigs M. The role of prefrontal cortex in psychopathy. Rev Neurosci 

2012;23:253–262. 

Daejong Jeon et al. Unique social behaviors of MS/SD/SI mice

encephalitisjournal.org encephalitis |Vol. 2, No. 2| March 11, 2022 53

https://doi.org/10.1016/j.neubiorev.2010.09.002
https://doi.org/10.1038/nrn2639
https://doi.org/10.1038/nrn2639
https://doi.org/10.1038/nrn2639
https://doi.org/10.1038/nrn3918
https://doi.org/10.1038/nrn3918
https://doi.org/10.1016/j.physbeh.2016.05.031
https://doi.org/10.1016/j.physbeh.2016.05.031
https://doi.org/10.1016/j.physbeh.2016.05.031
https://doi.org/10.1002/acn3.652
https://doi.org/10.1002/acn3.652
https://doi.org/10.1002/acn3.652
https://doi.org/10.1038/nn.2504
https://doi.org/10.1038/nn.2504
https://doi.org/10.1038/nn.2504
https://doi.org/10.1523/jneurosci.5251-14.2015
https://doi.org/10.1523/jneurosci.5251-14.2015
https://doi.org/10.1523/jneurosci.5251-14.2015
https://doi.org/10.1038/nprot.2006.170
https://doi.org/10.1038/nprot.2006.170
https://doi.org/10.1007/s00441-013-1636-4
https://doi.org/10.1007/s00441-013-1636-4
https://doi.org/10.47936/encephalitis.2021.00080
https://doi.org/10.47936/encephalitis.2021.00080
https://doi.org/10.47936/encephalitis.2021.00080
https://doi.org/10.3389/fpsyt.2018.00688
https://doi.org/10.3389/fpsyt.2018.00688
https://doi.org/10.3389/fpsyt.2018.00688
https://doi.org/10.3389/fpsyt.2018.00688
https://doi.org/10.3389/fnbeh.2020.00129
https://doi.org/10.3389/fnbeh.2020.00129
https://doi.org/10.3389/fnbeh.2020.00129
https://doi.org/10.1017/s0954579409990071
https://doi.org/10.1017/s0954579409990071
https://doi.org/10.1186/1471-2377-11-151
https://doi.org/10.1186/1471-2377-11-151
https://doi.org/10.1186/1471-2377-11-151
https://doi.org/10.1371/journal.pone.0094657
https://doi.org/10.1371/journal.pone.0094657
https://doi.org/10.1371/journal.pone.0094657
https://doi.org/10.1016/j.bbr.2008.01.003
https://doi.org/10.1016/j.bbr.2008.01.003
https://doi.org/10.1016/j.bbr.2008.01.003
https://doi.org/10.1016/s0149-7634(98)00021-9
https://doi.org/10.1016/s0149-7634(98)00021-9
https://doi.org/10.1016/s0149-7634(98)00021-9
https://doi.org/10.3758/s13415-013-0205-3
https://doi.org/10.3758/s13415-013-0205-3
https://doi.org/10.1523/jneurosci.0577-11.2011
https://doi.org/10.1523/jneurosci.0577-11.2011
https://doi.org/10.1523/jneurosci.0577-11.2011
https://doi.org/10.1016/j.bbr.2015.01.030
https://doi.org/10.1016/j.bbr.2015.01.030
https://doi.org/10.1016/j.bbr.2015.01.030
https://doi.org/10.1007/7854_2013_263
https://doi.org/10.1007/7854_2013_263
https://doi.org/10.1515/revneuro-2012-0036
https://doi.org/10.1515/revneuro-2012-0036
http://encephalitisjournal.org


Introduction 
Acute disseminated encephalomyelitis (ADEM) is a rare auto-

immune demyelinating disease of the central nervous system. 

ADEM is associated with preceding infection or vaccination 

[1-3]. Vaccines that can cause ADEM include those for rabies, 

diphtheria, tetanus, polio, rubella, measles, and mumps [4]. 

Herein, we report a case of a refractory fulminant ADEM that 

occurred 25 days after human papillomavirus quadrivalent 

(Gardasil; Merck, Kenilworth, NJ, USA) vaccination. 

Case Report 
A 32-year-old female patient came to our hospital due to uri-

nation difficulty and decreased sensation in the lower extrem-

ities. A week before her visit, back pain and numbness in the 

hands and feet occurred but improved after 3 days sponta-

neously. On the day of the hospital visit, the patient could not 

urinate at all, and her sensation below the navel was reduced. 

She had a history of hypothyroidism and had received a hu-

man papilloma quadrivalent vaccine 25 days before the visit. 

At the time of the hospital visit, initial vital signs included a 
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blood pressure of 153/71 mmHg, heart rate of 99 beats/min, 

and body temperature of 39.4°C. During the neurologic exam-

ination, she was alert and orientated. The cranial nerve exam-

ination was unremarkable. She displayed Medical Research 

Council (MRC) grade IV+ results for all limbs, and she felt 

paresthesia below the T10 level. The response levels of her 

deep tendon reflexes were preserved and symmetric in all 

limbs, and Babinski sign was confirmed bilaterally. 

During routine laboratory testing, her white blood cell count 

was mildly elevated to 10,100/μL, but her erythrocyte sedi-

mentation rate and C-reactive protein level were normal. In 

addition, kidney, liver, and thyroid function tests were nor-

mal. The cerebrospinal fluid (CSF) was clear, with an opening 

pressure of 140 mmH2O, and showed red blood cells of 5/μL, 

white blood cells of 95/μL (76% lymphocyte-dominant), total 

protein concentration of 107 mg/dL, and glucose level of 51 

mg/dL (capillary blood glucose level, 107 mg/dL).  

CSF polymerase chain reaction for herpes simplex virus types 

1 and 2, cytomegalovirus, Epstein-Barr virus, varicella-zoster 

virus, and human herpesviruses 6 and 8, and parvovirus B19; 

CSF gram stain and culture; Bactigen latex agglutination test; 
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India ink stain; CSF tuberculosis/nontuberculous mycobacte-

ria real-time, rapid plasma regain test; fluorescent treponemal 

antibody absorption test; and specific antibodies to parasites 

(Clonorchis sinensis, Paragonimus westermani, cysticercus, 

and sparganum) were all negative. Additionally, oligoclonal 

bands, aquaporin-4 antibodies, and paraneoplastic antibod-

ies were negative, while her immunoglobulin G index was el-

evated to 0.85. Spine magnetic resonance imaging (MRI) per-

formed on the day of hospitalization showed diffuse swelling 

with an extensive T2 high signal change without contrast en-

hancement (Figure 1), so we initiated intravenous acyclovir, 

meropenem, and vancomycin therapy as well as steroid pulse 

treatment for myelitis of an unknown cause. On the 2nd day 

of hospitalization, the MRC grade was decreased to IV in the 

upper extremities and II in the lower extremities, respectively. 

Brain MRI showed diffuse and relatively symmetric T2/flu-

id-attenuated inversion recovery signal change in the fron-

to-parieto-occipital periventricular area bilaterally and deep 

white matter (Figure 2). She experienced convulsions on the 

4th day of hospitalization and then showed decreased con-

sciousness. Her systemic blood pressure dropped to 50 mmHg 

temporarily, but oxygen saturation was normal. Electroen-

cephalography showed generalized continuous theta to delta 

slowing and no epileptiform discharges, and a follow-up brain 

MRI taken on the 7th day of hospitalization showed newly de-

veloped T2 high signal intensity at the cerebral cortex, thala-

mus, and cerebellum (Figure 3). We have been treating her 

using intravenous immune globulin, cyclophosphamide, and 

rituximab, but she remains in a persistent vegetative state. 

Discussion 
ADEM is an autoimmune demyelinating disorder that occurs 

2 days to 4 weeks after infection or vaccination as a preceding 

event [1,3]. Its pathogenesis is the activation of autoimmune 

responses by molecular mimicry of pathogens and myelin 

proteins [1,3]. Initially, systemic symptoms, such as fever, 

headache, and muscle pain appear, and then rapidly pro-

gressing neurologic symptoms appear within a few days. 

Symptoms such as acute onset mental change, motor or sen-

sory deficits, ataxia, and optic neuritis have been reported, 

and most of these are monophasic [1-3]. Seventy percent of 

ADEM cases are known to occur following an infection or 

vaccine, although less than 5% are caused by a vaccine [1,3]. 

In our patient, there was no history of acute illness or medica-

tion history prior to the event, and there was a temporal rela-

tionship with vaccine administration [5]. In addition, MRI 

showed a finding that was suitable for diagnosing ADEM, so 

we diagnosed this case as an instance of ADEM following 

Gardasil administration. However, the diagnosis is limited in 

its applicability because we did not test for myelin oligoden-

drocyte glycoprotein antibody or ganglioside antibody. 

Gardasil is a human papilloma quadrivalent (types 6, 11, 16, 

It shows diffuse swelling with an extensive high signal intensity of the spinal cord.

Figure 1 Spine magnetic resonance imaging
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(A) Diffusion-weighted imaging. (B) Susceptibility weighted image. (C) Fluid-attenuated inversion recovery (FLAIR). Axial FLAIR image showing diffuse 
and relatively symmetric hyperintensity involving bilateral periventricular and deep white matter.

Axial fluid-attenuated inversion recovery images show newly developed 
swelling and high signal intensity involving the cerebral cortex, cerebellar 
cortex, and both thalami.

Figure 2 Brain magnetic resonance imaging

Figure 3 Follow-up brain magnetic resonance imaging taken 
7 days after administration

A

B

C

and 18) vaccine that prevents cervical, vulvar, and vaginal 

cancer and genital warts. It was approved by the U.S. Food 

and Drug Administration in 2006 and is administered as three 

doses in total [6]. Side effects include local injection site reac-

tion, syncope, headache, nausea, Guillain-Barré syndrome, 

and venous thromboembolic events, and some cases of 

ADEM have been reported rarely [7]. Although some patients 

experience permanent disability or death, ADEM itself has a 

favorable outcome [1,2]. Like in this case, it is known that the 

prognosis is poor when there are convulsions or a loss of con-

sciousness [8]. In addition, in cases of ADEM caused by hu-

man papillomavirus vaccination reported so far, the prognosis 

was not bad [9,10]. Wildemann et al. [11] reported that their 

patient received immunosuppression therapy due to symp-

tom deterioration, but it is very rare to experience mental 

changes and refractory fulminant ADEM as seen in this case. 

Therefore, it can be helpful to diagnose and treat patients if 

we consider that ADEM can occur in patients who receive the 

Gardasil vaccine. 
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Introduction 
Transient signal abnormalities of magnetic resonance imag-

ing (MRI) have been attributed to functional changes due to 

seizure activity. Periictal cerebral imaging can show reversible 

abnormalities, and postictal diffusion-weighted MRI (DWI) 

can be used to delineate epileptic areas [1]. 

Likewise, in patients with status epilepticus (SE), transient 

and permanent changes of micro- or macroscopic brain 

structures by persistent ictal discharges have been demon-

strated [2,3]. Moreover, hemodynamic and ultrastructural 

changes in areas remote from the site of primary epileptogen-

ic activity have been reported in generalized and focal SE such 

as the hippocampal formation, thalamus, and cerebellum 

[4,5]. Comparative or quantitative morphological changes 

caused by prolonged SE have not been well investigated, es-
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curred during the FSE. 
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pecially those resulting from FSE. 

We report an interesting case in which distinct morphological 

evolution was observed by conventional MRI and magnetic 

resonance (MR) volumetric measurement in the course of ex-

ceptionally prolonged and uncontrolled FSE. 

Case Report 
A 16-year-old male was admitted to the pediatric department 

of our hospital for two recent episodes of bilateral tonic clonic 

seizure (BTCS) in January 2015. He had undergone two bone 

marrow transplantations for acute myelogenous leukemia 

(M3) and had been maintained on immunosuppressant ther-

apy with tacrolimus and mycofenolate mofetil since August 

2014. In December 2014, he had experienced a few episodes 

of eyeball deviation to the left side with or without brief loss of 
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consciousness and without secondary BTCS. At the first ad-

mission (department of pediatrics of our hospital), his blood 

pressure and heart rate were normal and mental status was 

intact. Also, there was no definite focal change in his first MRI 

scan (M1) except for minimal, diffuse cortical atrophy and 

ventricular dilation bilaterally (Figure 1B). Electroencephalo-

gram (EEG) showed a few spikes with regional slowing in both 

occipital areas. Although the typical findings in posterior 

brain areas of reversible posterior leukoencephalopathy syn-

drome (RPLS) were not seen on MRI, neither the normal se-

rum level of tacrolimus (5.1 μg/L) nor the dose of tacrolimus 

was reduced in anticipation of tacrolimus-induced RPLS. Af-

ter antiepileptic medication with carbamazepine (200 mg/

day), no additional motor seizures occurred, and the patients 

were discharged without any sequelae. However, at 3 months 

after discharge, he complained of a newly developed visual 

symptom described as near-constant, unformed, fragmented 

flashes of multicolored lights in the left upper visual field. The 

Figure 1 Conspicously changing pattern of electroencephalogram, MRI, and SPECT findings performed before, during, and after 
FSE

(A) After proper treatment with high-dose clobazam (1 mg/kg/day), continuous ictal discharges over the right occipital area (left) resolved 1 week after 
admission (right). (B) Serial MRI. Images obtained at admission to the pediatric department (baseline, M1) showed no particular abnormalities except 
slight, diffuse cortical atrophy with mild ventricular dilatation of both sides. During and after incessant FSE, more prominent sulci and enlargement of 
the overlying subarachnoid spaces were observed mainly in the right occipital, temporoparietal, and hippocampal areas, in addition to ventricular dila-
tation (M2 and M3). Moreover, the site of prominent ictal hyperperfusion and leptomeningeal enhancement, as well as cortical laminar necrosis (yellow 
arrow) over the right occipitotemporal area, overlapped the area of high signal intensity of T2WI (M2). In follow-up MRI performed 10 months after ces-
sation of FSE (M3), further atrophy was seen as ventricular dilatation and sulcal enlargement of subarachnoid space. Relative discrete hypoperfusion 
was observed in the same region on follow-up SPECT performed at 2 months after the first scan.
MRI, magnetic resonance imaging; SPECT, single-photon emission tomography; FSE, focal status epilepticus; T1WI, T1-weighted image; T2WI, 
T2-weighted image; GE-T1WI, gadolinium-enhanced T1WI.
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subsequent EEG displayed continuous paroxysmal fast activi-

ty in the right occipital area and frequent spike-and-waves 

over the right posterior temporooccipital region (not seen 

here). Before his second admission, regardless of the antiepi-

leptic medication, he experienced focal onset impaired 

awareness seizures that manifested as oroalimentary automa-

tism and unresponsiveness without any episodes of second-

ary generalization for more than 7 months. 

In January 2016, he was readmitted to the neurology depart-

ment of our hospital for management of uncontrolled partial 

SE. At the time of admission, his mental status was clear and 

oriented under medication of carbamazepine (800 mg/day), 

topiramate (100 mg/day), and lamotrigine (100 mg/day). Se-

rum level of carbamazepine was within the therapeutic range 

(5.62 μg/mL), while that of tacrolimus was low (0.8 μg/L). He 

showed normal blood pressure and no signs of infectious dis-

ease. Single-photon emission tomography (SPECT) and brain 

MRI (M2) performed that day revealed distinct hyperperfu-

sion on the right temporooccipital area, which was matched 

to the lesion seen on MRI and the focal and perpetuating ictal 

discharges on scalp EEG (Figure 1A). During the tests, he in-

cessantly experienced habitual visual hallucinations. 

Fortunately, with an add-on of high-dose clobazam (1 mg/kg/

day), the fragmented, multicolored scintillation decreased 

markedly. A few days later, the symptom had completely re-

solved in conjunction with cessation of the EEG seizure pat-

tern observed 5 days after clobazam add-on therapy (not 

seen here). The next week, he was discharged in a symp-

tom-free state but complained of remnant left homonymous 

hemianopsia. Follow-up SPECT 2 months after the first scan 

showed discrete perfusion decrease in the corresponding ar-

eas (Figure 1B). In the EEG performed three months after 

cessation of visual symptoms, complete resolution of ictal ep-

ileptiform discharges and restoration to normal background 

(Figure 1A, ‘after FSE’) were found. Ten months after cessa-

tion of FSE, he was seizure-free and underwent follow-up 

MRI (M3) for identification of the interval changes in his 

brain. 

Single-photon emission tomography, magnetic 
resonance imaging acquisition, and volumetric 
analysis 
Two SPECT (‘during FSE’ and ‘after FSE’ in Figure 1B) images 

were acquired within 40 minutes after injection of 925 MBq 

(25 mCi) 99mTc-ethyl cysteinate dimer. Using a dual-headed 

multidetector scanner (ECAM plus; Siemens, Erlangen, Ger-

many) that was equipped with high-resolution low-energy 

fan-beam collimators and a full width at half maximum of 8.0 

mm, data were acquired as 128 ×  128 matrices over a 40-min-

ute period during which each of the two heads made a 180° 

orbit. Transaxial images were reconstructed using filtered 

back-projection. Attenuation correction was performed using 

Chang’s algorithm with a 0.12/cm correction factor, and the 

calibration factor of 0.6 mm/pixel was applied for selection of 

the brain region. 

MRI data from three stages (before FSE [M1], during FSE 

[M2], and post-FSE [10 months after cessation of FSE, M3]) 

(Figure 1B) were obtained with a 1.5-T Magnetom Vision Plus 

(Siemens; M1) and 3.0-T MRI machine (Skyra, Siemens; M2 

and M3). The conventional routine examinations consisted 

of a standard fast spin-echo T2-weighted axial sequence (M1: 

TR/TE/NEX of 4,000/99/2, 6-mm thickness; M2 and M3: TR/

TE/NEX of 4,000/92/2, 5-mm thickness), axial fluid-attenuat-

ed inversion recovery (M1: 9,999/105/1; M2 and M3: 

9,902/123/1), axial T1-weighted axial images (M1: 665/14/1; 

M2 and M3: 550/16/1) with gadolinium enhancement (only 

M2 and M3). In addition, three-dimensional T1-weighted 

coronal gradient-echo sequences (M1 [magnetization-pre-

pared rapid gradient echo, MPRAGE]: 9.7/4.0/1; M2 and M3 

[MPRAGE]: 22/6/1) were acquired in the coronal plane with 

1.6 mm (M1) or 1.0 mm (M2 and M3) thickness for volumetric 

measurement. 

The DICOM (Digital Imaging and Communications in Medi-

cine) files of volumetric spoiled gradient echo (SPGR) images 

were transferred to a computer using a Windows operating 

system. Analyze 7.0 (Biomedical Imaging Resource, Mayo 

Foundation, 2006) was used for manual delineation of dis-

crete anatomical structures. According to prior methods [6,7], 

the volumes of cerebral structures were measured by one rat-

er (Cho JH). To assess intra-rater reliability, each volume was 

measured three times, and the average value was selected to 

represent the volume status of three time points (M1, M2, and 

M3). The cerebral regional volume was computed by multi-

plying the surface of each region of interest by the slice thick-

ness. 

Conventional magnetic resonance imaging findings 
Contrary to the nonspecific findings, except for minimal corti-

cal atrophy and slight ventricular dilation for his age, not only 

were prominent and widespread cortical atrophy manifested 

as salient sulci markings and markedly enlarged ventricles in 

M1and M2, but also remarkably high T2-signal intensities 

were recorded over the right occipitotemporal area (both gray 
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and white matter were involved). Moreover, in the same corti-

cal region, high signal intensity suggestive of cortical laminar 

necrosis (CLN) was observed in T1-weighted and SPGR imag-

es of M2, accompanied by the cortical gyral enhancement in 

the corresponding regions (yellow arrow in Figure 1B). Similar 

findings were observed in the follow-up images (M3), but 

there was some progression of parenchymal atrophy and 

higher intensity CLN at the right occipitotemporal area in 

which the FSE had occurred. 

Regional cerebral volume measured by magnetic 
resonance volumetry 
We performed consistent volumetric measurements, with in-

tra-rater reliability coefficient of 0.975 (M1) to 0.994 (M2). 

Compared to M1, widespread regional atrophy was evident in 

M2, especially over the right posterior region (parietal, tem-

poral, and occipital lobes) and right hippocampus. A remark-

able decrease (greater than 5%) of regional cerebral volume 

was determined not only in the ipsilateral hemisphere of ictal 

onset (occipital [17.6%], parietal [8.7%], and hippocampus 

[7.0%]) but also in the contralateral side (left occipital [8.0%], 

left parietal [5.0%]). A significant volume change after cessa-

tion of FSE (regional volume decrease between M2 and M3) 

was evident only in right occipitotemporal areas (temporal, 

13.8%; occipital, 12.4%), corresponding to the ictal onset zone 

of FSE (Figure 2). 

Discussion 
We described a patient under a relentlessly persisting FSE and 

subsequent irreversible neuronal damage as demonstrated by 

serial conventional MRI findings and corresponding MR vol-

umetric measurement. 

Our case report has some interesting points for discussion. 

First, unlike the changes demonstrated as T2 hyperintensity, 

leptomeningeal enhancement and cytotoxic or vasogenic 

edema, which are usually reversible, our case showed irre-

versible hyperattenuated T2 signal intensity after prolonged 

FSE. Similar to previous reports, early apparent diffusion co-

efficient (ADC) decrease from 14% to 49% of baseline value 

was maximal at 24 hours after seizure onset and normalized 

within several days. The ADC changes were correlated with 

the presumed area of seizure onset and the resulting histo-

pathologic changes. The decrease of ADC in SE has been at-

tributed to cytotoxic edema as a consequence of not ischemia 

but blood flow-metabolism uncoupling due to prolonged ictal 

discharge. Energy failure of the adenosine phosphatase pump 

and subsequent anaerobic glycolysis occur regardless of com-

pensatory regional hyperperfusion. 

Except for a few recent cases [2,8], most studies have men-

tioned acute changes only during the short-term (a few hours 

to a few days) period of SE. Our patient, in contrast, showed 

T2 hyperintensity suggesting increased water content origi-

nating from increased extracellular space after tissue loss 

Compared to the first magnetic resonance imaging (before FSE), regional atrophy was discrete (*), especially over the right posterior region (parietal, 
temporal, and occipital lobes) and right hippocampus (HP) identified with the volumetry data of M2 images. However, the volume changes after FSE (M3) 
were obvious in the right occipitotemporal areas (**) but nowhere else (right frontal, parietal, and hippocampus and left hemisphere).
FSE, focal status epilepticus; R, right; L, left.

Figure 2 Evolution of regional volume loss after FSE
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rather than from vascular or cytotoxic edema. Gadolinium 

enhancement was prominent in the ictal onset zone, where 

irreversible breakdown of the blood-brain barrier had persist-

ed for a long time. 

Second, with serial MR volumetry, we determined the transi-

tion of cerebral regional damage from prolonged FSE and 

identified the areas susceptible to intractable seizure-induced 

permanent atrophy. Progressive neuronal damage by SE has 

been confirmed by signs of ongoing neuronal cell death even 

after cessation of SE. A few case reports using MR changes 

over time have documented, despite full recovery of imaging 

abnormalities, some permanent brain injury such as enlarge-

ment of the lateral ventricle and sulci on the affected side, in-

dicating volume loss after SE [3,5,8]. Moreover, studies have 

provided further evidence that hippocampal sclerosis can oc-

cur as a result of neuronal insult during SE [4,8] and can de-

velop within 2 months of SE and progress during the following 

3 to 4 years. 

In our case, repetitive cell firing from undertreated, prolonged 

FSE for at least several months resulted in marked regional at-

rophy manifested as widening of sulci and cortical thinning of 

areas adjacent or functionally connected to the ictal onset 

zone (M2). Moreover, progression of atrophy (right tempo-

rooccipital region, M3) was conspicuous in the region of dis-

crete CLN. 

Third, we assume that the CLN of our patient was primarily a 

consequence of FSE, considering its overlapping locus corre-

sponding to the area displaying hyperperfusion shown by ic-

tal SPECT as well as contemporary ictal EEG pattern. CLN  

is radiologically defined as high-signal cortical lesions on 

T1-weighted MRI images following a gyral distribution. Histo-

pathologically, CLN is characterized by pannecrosis of the 

cortex involving neurons, glial cells, and blood vessels [9]. It 

has been reported to be associated with hypoxia, metabolic 

disturbances, drugs, and infections. Our patient showed focal 

neurological deficit (left hemianopia) after cessation of FSE 

that remained unchanged during follow-up. Therefore, pro-

longed FSE can cause permanent brain damage, as indicated 

by progression of concurrent CLN and its underlying regional 

cerebral atrophy in the absence of other metabolic or toxic 

causes. 

Tacrolimus (FK506), one of the most popular immunosup-

pressants used in bone marrow and organ transplantation 

treatment, shows neurotoxicity by inhibiting phosphatase ac-

tivity of calcineurin (CaN). The highly enriched distribution of 

CaN in the dentate gyrus of the hippocampus suggests selec-

tive susceptibility of the hippocampus to injury from FK506. 

One case report showed MRI changes in hippocampal injury 

associated with tacrolimus [10], but the causal relationship 

between epileptic seizures and hippocampal damage from 

tacrolimus illustrated as high signal intensity of DWI in bilat-

eral hippocampi has not been settled. 

We cannot rule out that meningeal gadolinium enhancement 

was due to the effect of RPLS from tacrolimus or concomitant 

medical conditions. However, these are not likely the predom-

inant cause of MRI changes considering several factors. First, 

our initial scan (M1) showed no cerebral edema involving a 

posterior lesion with hyperintensity in T2-weighted image. 

Second, the MRI features during and after FSE (M2, M3) were 

distinct from typical findings of RPLS in previous reports 

(usually bilateral, symmetrical, and sparing of calcarine fis-

sure and paramedian occipital lobe areas). Third, during the 

period of relentless FSE, the patient did not experience any 

clinical or laboratory signs of infection or hypertension. 

Our report has some limitations in that the serial MRI acquisi-

tion was performed with different MR machines (Siemens 

[M1] vs. GE Healthcare [M2 and M3]), with uneven acquisi-

tion parameters, and had discordant slice thickness of T1-vol-

ume images. However, as the volume decrease of the patient 

was more prominent than the predictable error from different 

MR machines measured for comparison, it seems justifiable 

to determine the pattern of interval changes of volume with 

our MR data.  

In conclusion, we present a case in which a chronic focal SE 

caused not only prominent regional atrophy and its progres-

sion even after termination of the ictal process, but also con-

current CLN only on the same site, which was confirmed by 

conventional and volumetric MRI analyses. 
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starts with the title page, abstract and keywords, introduction, 

materials and methods, results, discussion, acknowledgments, 

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

ure legends.

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

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

figure files should not be uploaded as PDF files.

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

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

margins at the top, bottom, and left margin. Left-aligned text 

http://publicationethics.org/resources/flowcharts
https://cris.nih.go.kr/
https://cris.nih.go.kr/
https://www.who.int/ictrp/network/primary/en/
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ttps://creativecommons.org/licenses/by-nc/4.0/
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should be used.

• The authors should not number the pages or the lines. The 

page and line numbers will automatically be generated when 

the uploaded manuscript is converted to PDF format.

• Use only standard abbreviations; use of nonstandard abbrevi-

ations can be confusing to readers. Avoid abbreviations in the 

title of the manuscript. The spelled-out abbreviation followed 

by the abbreviation in parentheses should be used on first 

mention.

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

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

• Authors should express all measurements in convention- al 

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

- Biological names of organisms:

Saccharomyces cerevisiae, E. coli

- Restriction enzymes and some enzymes:

EcoRI, Taq polymerase

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

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

- Centrifugation force: 100,000 × g

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

of the manufacturers of equipment and generic names should 

be given.

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

studies of diagnostic accuracy, meta-analyses, observational 

studies, and nonrandomized studies, authors are encouraged 

to also consult the reporting guidelines relevant to their specif-

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

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

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

port_guide.html).

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

cephalitis for style.

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

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

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

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

ure legends.

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

- Title

- Abbreviated title

- Names, affiliations, and addresses of all authors

- Contact information of the corresponding author

- Type of manuscript

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

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

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

name).

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

the published paper and should be within 10 words.

• When authors from different institutions/addresses are includ-

ed, the authors should be matched with their organizations by 

placing the relevant organization number in superscript after 

each author’s name.

• The contact information of the corresponding author should 

include the mailing address, and e-mail address.

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

authors are recommended to be provided. To have ORCID, 

authors should register in the ORCID web site available from: 

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

world.

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

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

within the abstract by the full term followed by its abbreviation 

in parentheses.

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

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

abstract for an original article must be structured to include a 

Purpose, Methods, Results, and Conclusion as follows:

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

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

The purpose stated here should be identical to the one given 

in the title of the paper and the introduction.

Methods: The methods used to achieve the purpose explained 

in the first paragraph should be described succinctly, stating 

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

collected, and how the data were analyzed.

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

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

results should flow logically from the methods described.

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

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

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

stract.

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

mini-review articles consist of a single paragraph without sep-

arate sections. The most recently published articles should be 

https://orcid.org/
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consulted for style.

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

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

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

mesh).

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

cal investigations, which are sufficiently well documented to be 

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

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

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

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

ditional tables and figures may be provided using the online 

data supplement system

Introduction

The introduction provides the research background and specific 

purpose or objectives, generally enough to inform the readers of 

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

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

and pertinent as possible.

Materials and Methods

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

ducted under an approval by the institutional review board 

(with or without patient informed consent) and animal care 

committee of the institution where the study took place for any 

investigation involving humans and animals, respectively.

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

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

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

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

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

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

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

done involving an exclusive population, for example in only 

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

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

mined race or ethnicity and justify their relevance.

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

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

vant.

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

per, the experimental process should be described in detail so 

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

as closely as possible.

• The methods of statistical analysis and criteria for statistical 

significance should be described.

• If the study includes reuse/overlap of materials previously 

published or under consideration for publication elsewhere, 

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

Results

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

ing to the Methods section.

• Tables and figures are recommended when they can present 

data more succinctly and clearly. Do not duplicate the content 

of tables or figures in the Results section.

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

text when data are provided in tables or in figures.

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

Supplementary results can be placed in the Appendix

Discussion

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

briefly summarized, then possible explanations for these find-

ings should be explored, and these results should be compared 

and contrasted with the findings of other relevant studies.

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

tioned repeatedly, but any concordance or discordance should 

be noted.

• The core findings and the conclusions derived from them 

should be emphasized according to the best available evi-

dence.

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

future research suggestions or plans, and the conclusion 

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

the introduction section, whether it was supported should be 

stated.

Conflict of interest

• State any potential conflict of interest that could influence the 

authors’ interpretation of the data, such as financial support 

from or connections to pharmaceutical companies, political 

pressure from interest groups, or academically related issues.

Acknowledgments and Author contribution

• All persons who have made substantial contributions but have 

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

sources of funding applicable to the study should be explicitly 

stated here.

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

this section. To qualify for authorship, all contributors must 

meet at least one of the seven core contributions by CRediT 

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

the writing contributions (original draft preparation, review 

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

ticle, and they should accurately reflect contributions to the 

work. The submitting author is responsible for completing this 

information at submission, and it is expected that all authors 

will have reviewed, discussed, and agreed to their individual 

contributions ahead of this time.

References

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

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

• In the references section, the references should be numbered 

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

• List all authors when there are six or fewer; for seven or more, 

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

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

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

should be supplied.

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

line.

• Other types of references not described below should follow 

“Samples of Formatted References for Authors of Journal Arti-

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

html).

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

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

communication), (Smith DJ, unpublished data).

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

chapters should follow the format illustrated in the following 

examples:

- Journal article

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

thrombolysis in stroke patients: predictors and prognostic im-

plications. Neurology 2007;68:39-44.

- Journal article published electronically ahead of print

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

tus in patients with refractory myasthenia gravis treated with ec-

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

ogy 2020 Nov 23 [Epub]. https://doi.org/10.1212/WNL.00000 

00000011207.

- Conference paper

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

body disease. Presented at the 10th International Symposium 

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

- Forthcoming

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

balancing selection in Arabidopsis. Proc Natl Acad Sci USA. 

Forthcomming 2002.

- Book

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

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

Gilstrap LC 3rd, Cunningham FG, VanDorsten JP, editors. Oper-

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

Meltzer PS, Kallioniemi A, Trent JM. Chromosome Alterations 

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

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

2002. p. 93-113.

- Online book or Web site

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

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

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

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

Tables

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

be numbered using Arabic numerals. The title of the table 

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

graph.

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

at least four lines and two columns of data.

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

in the text.

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

ble.

• Tables should be self-explanatory and readily comprehensible.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published tables and copies 

of the permission letter should be submitted.

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

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

that copyright permission was granted, if relevant, should be 

made. All non-standard abbreviations should be explained in 

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

Statistical measures such as SD or SE should be identified.

Figure Legends

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

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

Arabic numerals.

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

lowed by a description using one complete sentence rather 

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
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than a phrase or paragraph for each figure part.

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

tence is described in present tense. For a description regarding 

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

scribed in past tense.

• For microscopic findings, the staining method and the scale 

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

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

source must be revealed in the figure legend.

Figures

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

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

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

• Multiple figures mentioned in the text should be described as 

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

• Multiple figures within the same figure number mentioned in 

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

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

• Labels/arrows should be of professional quality.

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

authors’ institutions should be removed from the figures.

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

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

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

should be black on a white background.

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

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

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

uscript.

• Written permission from the prior publisher should be ob-

tained for the use of all previously published illustrations and 

copies of the permission letter should be submitted.

• The authors may wish to make written suggestions about the 

arrangement of the illustrations

Video clips

• Video clips can be submitted for placement on the journal 

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

loaded as supplementary materials.

• A video file submitted for consideration for publication should 

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

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

the author.

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

RealMedia file formats of less than 5 minutes duration.

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

a separate file.

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

cle are automatically transferred to encephalitis.

Supplementary data

• Supplementary data: If there are complementary materials 

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

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

Supplementary data should be as concise as possible and 

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

mentary data can include electronic files of high resolution 

images, background datasets, video materials, animations, and 

more. Supplementary data will be published online alongside 

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

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

the video or animation content. Since video and animation 

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

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

portions of the article that refer to this content

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

the request of the editor(s).

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

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

and figure legends.

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

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

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

cluded.

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

quired, and headings should be used appropriately to separate 

and organize the text.

• Please send us a Presubmission Inquiry before writing a review 

article. All review articles undergo the same review process as 

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

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

However, authors should eliminate redundancy, emphasize 

the central message, and provide only the data necessary to 

convey that message. The approximate length should be less 

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

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

200 references.

• The most recent Review articles published in encephalitis 

should be consulted for further details on formatting.

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

stances, if they illustrate a rare occurrence of clinical impor-
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tance. These manuscripts should be organized in the following 

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

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

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

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

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

or tables are allowed.

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

subject of interest to our readers as a commissioned paper at 

the request of the editor(s).

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

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

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

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

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

alitis is welcome.

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

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

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

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

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

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

maximum of 5 references. A maximum of 2 figures including 

tables is allowed.

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

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

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

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

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

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

mum of 3 figures including tables is allowed.

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

Original article Structured, 250 5,000 50 8

Review article 250 5,000 200 Not limited

Perspective Not required 3,000 30 0

Case report 250 2,000 30 5

Letter to the editor Not required 1,000 5 2

Editorial Not required 1,000 5 3

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

al office regarding the completeness of the submitted materials 

and their suitability to encephalitis. Modifications/corrections 

may be requested from the authors at this stage before starting 

the peer review.

• Submitted manuscripts will generally be reviewed by the edi-

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

mitted subject matter and the peer reviewers will make sug-

gestions to the editor(s).

• Authors may suggest preferred and non-preferred reviewers 

during manuscript submission. However, the ultimate selec-

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

• The authors can monitor the progress of the manuscript 

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

submit.encephalitisjournal.org).

• Submitted manuscripts will be rendered one of the following 

decisions:

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

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

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

submission.

Major Revisions: A revision needs to be submitted within 120 

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

as a new submission.

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

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

able to respond to the various reviewer comments and make 

substantial changes to the study. The resubmitted manuscript 

will be treated as a new submission.

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

considered for publication.

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

scientific validity and originality of the study content; other 

factors are considered, including the extent and importance of 

new information in the paper as compared with that in other 

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

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

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

sidered for a particular decision. Occasionally, the comments 

to the authors may appear to be inconsistent with the editorial 

decision, which takes into consideration reviewers’ comments 

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

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

cle in error, perhaps because the reviewers have misunder-

stood its scientific content, an appeal may be submitted by 

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

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

couraged.

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

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

sponding author. Once you have logged into your account, the 

on-line system will lead you through the submission process 

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

available at the website. All articles submitted to the journal 

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

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

publication.

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

Author’s Checklist. Before submitting the new manuscript, 

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

been addressed.

• Document forms: Before you log into the online submission 

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

will be asked to upload them during the electronic submission 

process.

- Author statement forms

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

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

sponding author.

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

an obligatory demand, authors may show that their manu-

script has been edited through English proofreading

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

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

manuscript will be treated as a new submission.

• Please carefully read and follow the instructions written here 

and those included in the manuscript decision e-mail.

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

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

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

the submission you wish to start the revision process for and 

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

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

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

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

continue with and then click on the “Continue Submission” 

button.

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

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

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

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

the “File Upload” page

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

in the cover letter.

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

original version and upload the revised file. To designate the 

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

der” column on the “File Upload” page.

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

Each should be a Microsoft Word document. The FIRST COPY 

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

SECOND “annotated” COPY should have changes tracked us-

ing the track changes function in Microsoft Word with margin-

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

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

ment #3 of Reviewer #2).

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

parts of the manuscript.

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

ble for recommended maximums for articles).

• Include institutional review board approval, informed consent, 

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

cle.

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

with the text.

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

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

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

markings).

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

• Authors will be asked to confirm their compliance with the 

journal’s policies and guidelines during the initial manuscript 

submission on the web page.

• Verify the accuracy of reference information to enable hyper-

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

• For previously published materials, send written permission to 

reprint any figure or any other applicable permissions.

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

your manuscript (see Redundant Publication)

mailto:encephalitis.editor@gmail.com
http://submit.encephalitisjournal.org/
http://submit.encephalitisjournal.org/
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MANUSCRIPTS ACCEPTED FOR 
PUBLICATION
Final Version
After a paper has been accepted for publication, the names and 

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

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

olution image files should be submitted at this time. Symbols 

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

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

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

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

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

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

figures are cited in numeric order.

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

script such that it meets the standard publication format. The 

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

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

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

next issue.

Proofs
The corresponding author will receive page proofs for final 

checking, which should be corrected and returned within 48 

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

rors are corrected and queries from editors answered. Keep a 

copy for your records.

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

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

scription of the proposed correction. Corrections that profound-

ly affect the interpretation or conclusions of the article will be 

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

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