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Lumbar puncture is an important technique used to obtain cerebrospinal fluid, administer medications, and monitor intracerebral pressure. As 
essential invasive approach to diagnosing and treating central nervous system disorders, clinicians should be familiar with lumbar puncture. 
This review includes the considerations, contraindications, procedures, and complications of lumbar puncture. 

Keywords: Spinal puncture, Cerebrospinal fluid, Post-dural puncture headache, Complications 

Introduction 
Cerebrospinal fluid (CSF) is critical in the homeostasis of the 

central nervous system (CNS) and provides important infor-

mation for diagnosing neurological diseases and disorders. 

Lumbar puncture is a commonly used neurological tech-

nique. Since being developed by Heinrich Irenaeus Quincke 

in 19th century, this procedure has been the gold standard for 

obtaining CSF for chemical evaluations of the CNS. Its indica-

tions include CNS infection, inflammation, stroke, neoplasm, 

sleep disorder, and intrathecal administration for spinal anes-

thesia or chemotherapy [1]. In addition, lumbar puncture can 

provide a channel for intracranial pressure measurement and 

CSF drainage. 

“Spinal tap“ is another well-known name for lumbar puncture 

since this medical procedure is performed on the individual’s 

back with a fine needle to obtain CSF. Despite major advances 

in non-invasive evaluation techniques such as neuroimaging, 

lumbar puncture remains a basic skill of clinicians and an es-

sential diagnostic tool in neuroscience. It is a procedure that 

can be used in virtually all fields of medicine, except for sever-

al contraindications. In this review, the considerations, proce-

dure, and complications of lumbar puncture will be discussed 

to enable a thorough understanding. 

Procedure 
In real-world practice, informed consent must be obtained 

prior to procedures. Written informed consent includes mak-

ing patients aware of potential complications since lumbar 

puncture is an invasive procedure. The patient’s ideal position 

is the lateral recumbent position with the knees and the neck 

flexed, or the seated position with the neck flexed. The lateral 

recumbent position is preferred to the sitting position. The 

opening pressure of the lateral recumbent posture is more re-

liable than that of the sitting position, and lowering the posi-

tion of the head may reduce the risk of post-dural puncture 

headache (PDPH). The proper position and posture of the pa-

tient are critical to the success of the lumbar puncture proce-

dure [2]. The needle will miss the route if the individual’s back 

is misaligned due to the shoulder or pelvis being tilted. In ad-

dition, if the patient provides insufficient flexion of the neck 

and back, the approach becomes more difficult.  

The ideal points of needle insertion are either L3-4 or L4-5. 

Copyright © 2022 by The Korean Encephalitis and Neuroinflammation Society
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This “ideal” location is derived from the level of the conus 

medullaris, which the spinal needle should not injure. There 

are reasonable grounds for the level of safe practice. In adults, 

the spinal cord ends with wide variability, ranging from T12 to 

L3 [2,3]. The level is higher than L1-2 in half of the population, 

while the conus medullaris extends to the L2-3 level in 6% [2]. 

However, there should be consideration of clinical landmarks. 

Tuffier’s line, also known as the intercristal line, refers to a 

transverse line that connects both iliac crests and intersects 

the spine at L4-5. Tuffier’s line has been a reliable landmark 

for finding the spinal level; however, the application of this 

method can be challenging. Location of this landmark has an 

accuracy of 30% to 60% depending on the user [4-6]. Half of 

the total attempts do not match the target level [7]. Caution is 

needed as the Tuffier’s line cannot guarantee an accurate spi-

nal level, and the needle may enter one level higher than in-

tended. This is why the L3-4 or L4-5 level is ideal for lumbar 

puncture. 

To begin a lumbar puncture, the skin around the needle in-

sertion point should be thoroughly cleaned. Using the classic 

concentric circular fashion with a cleaning agent such as po-

vidone-iodine is recommended. The lumbar puncture should 

be performed after the skin has been cleansed and sterile 

drapes have been applied. An aseptic procedure is obligatory 

to avoid iatrogenic infection. Local anesthesia remains op-

tional. 

The spinal needle should be inserted at the midline with the 

stylet. Although there is still controversy [8], it is common 

sense to keep the bevel parallel to the direction of the dural fi-

ber to reduce trauma at the dura (Fig. 1). Let the needle gently 

proceed toward the patient’s umbilicus. The human body 

structures through which the needle breaks are as follows: 

skin, subcutaneous tissue, supraspinous ligament, interspi-

nous ligament, ligamentum flavum, epidural space including 

internal vertebral venous plexus, dura mater, arachnoid, and 

subarachnoid space. The spinal needle will be inserted 2/3 

(4–5 cm) of its length to reach the subarachnoid space 

[2,9,10]. During the procedure, the patient may experience 

pain when the needle pierces the skin and when the needle 

contacts bony structures or spinal nerve roots. 

The route of the needle should be a single direction. If the 

needle contacts a bony structure without obtaining CSF, redi-

rection of the needle is required. In this case, the needle 

should be withdrawn without removal from the skin, and then 

redirected. A traumatic puncture may occur when the needle 

damages the venous plexus. Due to the clotted blood at the 

puncture site, the procedure should be repeated at another 

site with a new needle. There may be a “pop” when the needle 

reaches the subarachnoid space, and CSF can be observed in 

the needle’s hub. If the CSF does not flow, the needle can be 

advanced by 1 to 2 mm or can be rotated 90º. The stylet must 

be in place as the needle moves forward and backward (Fig. 

2). If a strand of arachnoid flows into the needle hub and can 

stick out with its movement, the arachnoid may remain out-

side the dura to cause a protracted CSF leak [11]. The stylet 

will fill the hollow caused by the spinal needle to prevent this 

situation (Fig. 3). 

Once the CSF begins to flow, passive drainage is ideal for ob-

taining the CSF. Aspiration can be dangerous. The speed of 

CSF flow depends on the gauge of the spinal needle, but gen-

tle pressure applied to the patient’s abdomen can reduce the 

time needed to collect CSF. Do not forget to replace the stylet 

before the needle is removed. Apply a dressing with sterile 

gauze at the puncture site, and cover with gentle pressure. 

Vague pain around the puncture site, such as stiffness or dis-

comfort, is common and may last for days or weeks. 

Contraindications 
There are several contraindications that must be excluded 

prior to performing lumbar puncture. Underlying diseases 

such as Arnold-Chiari malformation and vertebral abnormal-

ities should be considered. In real-world practice, clinicians 

Figure 1 The tip of the spinal needle and schema of injury to 
the dura

A

↓↓↓The directions of longitudinal fibers of the dura

Parallel insertion: longitudinal injury on the dura

Vertical insertion: perpendicular injury on the dura

B

(A) The sharp tip marked in blue makes an opening in the dura. (B) Note 
that the direction of the bevel can lead to differences in the direction of 
injury to the dura.
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Figure 2 The spinal needle and the stylet

Figure 3 The tip of the spinal needle with and without the sty-
let

Spinal needle

Stylet

Spinal needle with stylet in place Spinal needle without stylet

Stylet 

The Quincke spinal needle, which has an angular and sharp tip, with (A) 
and without (B) stylet. Note that the stylet fills the hollow created by the 
spinal needle (annotation).

usually order brain computed tomography or magnetic reso-

nance imaging (MRI) before lumbar puncture to exclude in-

creased intracranial pressure. Neuroimaging is highly recom-

mended when the clinician finds symptoms or signs that sug-

gest increased intracranial pressure, such as altered level of 

consciousness, focal neurologic deficit, immunocompro-

mised state, new-onset seizure, and malignancy [2,12-14]. 

The clinician’s due diligence is paramount.  

Soft tissue infection near the target site of lumbar puncture is 

another contraindication, because the lumbar puncture 

through the infected tissue may result in new-onset CNS in-

fection [15], and the CSF findings would become less reliable. 

Developmental abnormality such as myelomeningocele also 

is a contraindication. A recent study suggested that a platelet 

count under 40,000 /mm3 and prothrombin time internation-

al normalized ratio (PT INR) over 1.5 are contraindications 

[15-17]. The platelet count and PT INR should be greater than 

50,000/mm3 and less than 1.5, respectively [2,14]. Clinicians 

should beware of anticoagulant and antiplatelet agent admin-

istration, which are relative contraindications, although sup-

porting data are lacking [16,18]. 

Traumatic Tapping 
Traumatic tapping refers to release of a mixture of CSF and 

peripheral blood when the needle damages the blood vessels 

during approach to the subarachnoid space. Traumatic tap-

ping can confound the clinician. Pleocytosis cannot differen-

tiate a false positive from CNS infection, while a high red 

blood cell (RBC) count may lead to a false positive for sub-

arachnoid hemorrhage (SAH). Previous studies showed that 

the cutoff for traumatic tapping was ≥ 400 or ≥ 1,000 CSF 

(RBCs)/mm3 [19-21]. The incidence of traumatic tapping has 

been reported to range from 10.1% to 16.0%, depending on 

the definition [20-23]. Risk factors include thrombocytopenia 

[23,24], high PT INR [24], operator inexperience [25], large-

bore beveled spinal needle [14], and obesity affecting recogni-

tion of the vertebral level [20-22]. 

There are two considerations in traumatic tapping; interpret-

ing pleocytosis and differentiating traumatic tapping from 

SAH. There are several suggestions for the interpretation of 

traumatic tapping. A previous study suggested a formula to 

predict CSF white blood cell (WBC) count: CSF WBC (predict-

ed) =  CSF RBC ×  (blood WBC/blood RBC) [26], and another 

study suggested the correction formulas of one CSF WBC per 

1,000 RBDs [27]. SAH can be excluded if CSF RBC < 2000/mm3 

with no xanthochromia [28], and the risk of SAH is nonsignifi-

cant if CSF RBC < 100/mm3 [29]. However, it should be kept in 

mind that the results of traumatic tapping are not reliable for 

making clinical decisions, and careful consideration based on 

the clinical information is required when traumatic tapping 

occurs. Follow-up lumbar puncture is recommended within 

the next several days. 

Complications 
Understanding the potential complications and their patho-

physiology is essential to improving the quality of lumbar 

puncture and follow-up. 

A B
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Post-dural puncture headache 
Since the first recognition of PDPH reported by Dr. Bier in 

1898 [30], it has been considered a common lumbar puncture 

complication. PDPH is a specific complication for lumbar 

puncture and has a particular pattern of headaches and rela-

tively effective treatments. Subsequently, PDPH is recognized 

as an independent field of headache. The 3rd edition of the 

International Classification of Headache Disorder described 

PDPH as follows [31]; the leakage of CSF through the dural 

puncture results in headaches within several days. Common 

symptoms include positional headache and neck stiffness. 

PDPH is usually self-limiting within 2 weeks; however, it may 

result in a clinically significant situation such as subdural 

hemorrhage due to the traction effect of veins resulting from 

the brain being slumped downward [2,15,16,30,32]. It is be-

lieved that post-lumbar puncture bed rest may prevent PDPH. 

The duration of bed rest has been studied, and from four to 

eight hours is generally recommended [1,14,33]. Prophylactic 

epidural blood patch is not recommended to prevent PDPH 

[30].  

Spinal hematoma  
Due to the post-procedural pain, spinal hematoma may be 

overlooked or underestimated. Spinal hematoma with no 

neurological deficit can be self-limiting, but on the contrary, 

close observation and opportune steps are required if the pa-

tient complains of severe persistent back pain, radiating pain, 

sphincter dysfunction, or new-onset sensory disturbance 

[15,30]. Although very rare, special cautions for spinal hema-

toma and close monitoring followed by an MRI scan are para-

mount. This complication may lead to significant neurological 

deficits such as permanent paraplegia or sphincter dysfunc-

tion. 

Conclusions 
Lumbar puncture is a double-edged sword as an essential di-

agnostic tool and invasive procedure. Clinicians should keep 

the following basic considerations in mind: patient position, 

puncture site, direction of the needle and its bevel, anatomi-

cal structures, and potential complications. These practical 

details are tremendously important. 

In conclusion, lumbar puncture requires the clinician’s atten-

tion, awareness, and commitment from the preparation stage. 

We hope that this review will be helpful for practicing clini-

cians. 
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Purpose 

Early-life stress can cause brain inflammation and affect social behavior in adulthood. In humans, maltreated (abused or neglected) children of-
ten exhibit antisocial behavior, including violent and sadistic behavior, in adulthood. However, it is unknown whether maltreatment behavior oc-
curs in rodents. Here, we developed an assay system to evaluate conspecific maltreatment behavior in the mouse. 

Methods 

To assess maltreatment behavior, we devised a two-chamber apparatus separated by a transparent partition, in which one chamber was provid-
ed with a nose-poking hole that would trigger foot shocks onto the other. Lidocaine was used to inhibit neural activity in vivo. Brain oscillations 
were investigated by electroencephalograph. Enzyme-linked immunosorbent assay was used for protein assay. The mouse model was sequen-
tially subjected to maternal separation (MS), social defeat (SD), and social isolation (SI) in that order (MS/SD/SI model). 

Results 

Inactivation of the anterior cingulate cortex and medial prefrontal cortex increased the level of nose-poking. Maltreatment behavior provoked 
changes in oxytocin, corticosterone, and brain-derived neurotrophic factor levels. MS/SD/SI mice exhibited more sustained nose-poking behav-
ior during the experiment, resulting in increased foot shocks to the mouse in the opposite chamber. Abnormal brain oscillations were observed 
in the MS/SD/SI mice. 

Conclusion 

The MS/SD/SI model and maltreatment-behavior assay may be useful not only to study the relationship between social stress in childhood and 
antisocial behavior in adulthood, but also for study of etiology, pathology, or treatment for brain disorders, such as psychopathy. 

Keywords: Mice, Social stress, Antisocial, Maltreatment behavior, Electroencephalography
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Introduction 
Chronic environmental stress is known to induce inflamma-

tion in the brain, which is closely related to psychiatric or psy-

chosocial behaviors shown in brain disorders such as schizo-

phrenia, dementia, encephalitis, autism, and psychopathy [1-

27]. In humans, repeatedly abused or maltreated children of-

ten fail to develop good social relationships and display anti-

social behaviors, such as aggressive or violent behaviors, as 

adults. Furthermore, child maltreatment is associated with 

increased risks for many disorders including conduct disor-

der, personality disorder, major depression, posttraumatic 

stress disorder, schizophrenia, and anxiety disorder [28-30]. 

Empathy deficit is closely related to antisocial and maltreat-

ment behaviors [31-36], and recent animal studies revealed 

that emotion contagion or empathy and prosocial behavior 

occur in rodents [37-40]. However, maltreatment behavior in-

duced by empathy deficit has never been examined in ro-

dents. 

Studies in animals and humans have revealed that early-life 

stress affects brain development and social behavior in adult-

hood [7,28,30,41-43]. In fact, early-life stress (child and ado-

lescent abuse and neglect) can induce structural or functional 

alterations in the brain [44-52]. In a previous study, we char-

acterized behavioral phenotypes of a mouse model generated 

by a sequential process of early-life social stress imitating 

child abuse or maltreatment composed of maternal separa-

tion (MS), social defeat (SD), and social isolation (SI). The 

MS/SD/SI mice exhibited hyper-phenotypes of social interac-

tion and offensive aggressiveness and hypo-phenotypes of 

predator fear and empathy-related behavior. 

In this study, we developed an assay system to evaluate mal-

treatment behavior using a perpetrator-victim paradigm. The 

system consists of a two-chamber apparatus separated by a 

transparent partition, in which one chamber was provided 

with a nose-poking hole that triggered foot shocks to a con-

specific in the other chamber (Figure 1A). In order to study 

the relationship between early-life social stresses and antiso-

cial maltreatment behavior, we subjected MS/SD/SI model 

mice to this assay system and investigated rhythmic brain ac-

tivities during maltreatment behavior by electrophysiological 

assessment in vivo. 

Methods 
Animals 
Animals were maintained with free access to food and water 

Figure 1 Maltreatment-behavior task

(A) Schematic drawing of the maltreatment-behavior task. (B, C) Number 
of nose-pokes by normal male C57BL/6 mice (perpetrator) in the pres-
ence (with, n = 17) or absence (without, n = 16) of foot shocks or in the 
condition of random (random, n = 10) foot shocks to victim mice every 
10 minutes for 120 minutes. (B) Average number of nose-pokes for a to-
tal of 120 minutes. (C) C57BL/6 perpetrator mice showed a low number 
of nose-pokes in the condition with foot shocks compared to other con-
ditions. **p < 0.01, one-way analysis of variance (ANOVA). (D, E) In the 
condition with foot shocks, administration of lidocaine into the medial 
prefrontal cortex (mPFC, n = 11) and anterior cingulate cortex (ACC, n = 
11) increased the number of nose-pokes by the perpetrator mice com-
pared to those receiving saline injections (n = 16). **p < 0.01, one-way 
ANOVA.

under a 12-hour light/dark cycle. All experiments were ap-

proved by the Institutional Animal Care and Use Committee 

at Seoul National University Hospital (No. 14-0253-S1A1), and 

all animals were maintained in a facility accredited by Associ-

ation for Assessment and Accreditation of Laboratory Animal 

Care International (No. 001169) in accordance with Guide for 

the Care and Use of Laboratory Animals, 8th edition (National 

Research Council 2011). All efforts were made to minimize 

suffering. C57BL/6, BALB/c, and 129S4/Sv mice were used in 

the present study. 
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The apparatus and behavioral task for maltreatment 
behavior 
The apparatus for maltreatment behavior was constructed by 

modifying a shuttle box used for an avoidance test (Med Asso-

ciates, Fairfax, VT, USA). The modified apparatus consisted of 

two chambers partitioned by a transparent polymethyl meth-

acrylate divider and a stainless-steel grid rod floor (5-mm di-

ameter rods, spaced 0.7 cm apart): one chamber was desig-

nated as the victim compartment (10 ×  6 ×  21 cm), and the 

other chamber as the perpetrator compartment (20 ×  10 ×  21 

cm). The grid floor in the victim compartment was exposed, 

whereas an opaque acrylic plate (20 ×  10 ×  0.3 cm) was 

placed on the grid floor in the perpetrator compartment in or-

der to prevent electric shocks. The perpetrator compartment 

contained a nose-poke hole near the transparent divider, 

comprised of an infrared control, source, and detector. When-

ever the beam of the nose-poke was broken by entry of the 

mouse’s (perpetrator’s) nose from the perpetrator compart-

ment, a 2-second foot shock (1 mA) was delivered to the 

mouse (victim) in the victim compartment through a grid 

floor via a computer-controlled animal shocker. We chose 1 

mA foot-shock intensity because it resulted in a homogeneous 

response by victim mice including running, vocalization, and 

jumping. Thus, perpetrator mice received similar inputs from 

all victim mice during the maltreatment behaviors. The num-

ber of nose-pokes (equal to the number of beam breaks and 

the number of electric shocks delivered) was recorded in real 

time, analyzed every 10 minutes, and used for assessing levels 

of maltreatment behavior. All modules and paradigms were 

programmed by the MED-SYST-8 interface and software 

package (Med Associates). 

To assess maltreating behavior, mice (perpetrator and victim) 

were initially individually placed in their apparatus chambers 

for 10 minutes. During the 10-minute habituation, the nose-

poke hole was covered with a panel the same as that used for 

walls in the chamber. When the panel was removed after the 

10-minute habituation, the perpetrator mouse could easily 

find the nose-poke hole. Each experiment was conducted for 

120 minutes. Electric shocks were only delivered to a victim 

mouse at the moment when the perpetrator mouse put its 

nose into the hole (triggering foot shocks). To optimize the 

maltreatment behavior, we performed control experiments 

and obtained a behavior profile of perpetrator mice: (1) the 

victim mice were given no foot shocks (without foot shocks) 

or (2) the victim mice were given random foot shocks regard-

less of nose-poking (random foot shocks). In the random 

shock condition, the total number of electrical shocks was the 

same as the average number of nose-pokes in the foot-shock 

condition. Unless otherwise stated, we used male C57BL/6 

mice in all experiments. 

Generation of the maternal separation/social 
defeat/social isolation model 
The MS/SD/SI model was generated as described previously 

[53]. Male offspring of a C57BL/6 female mouse mated to a 

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

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

and SI procedures. Pregnant females were checked for litters 

daily. If litters were found, the day of birth was defined as 

postnatal day (P) 0 for that litter. The MS procedure was im-

plemented from P4 to P18. During this period, litters were first 

separated from their dams and placed in a new cage for 3 

hours per day and then were returned to their home cages. 

The SD, a second social stress paradigm, proceeded for the 

same mice from P21 to P34. During this period, the mice were 

singly placed as intruders into the cages of singly housed ag-

gressor C57BL/6 mice (territorial residents) for 10 minutes 

per day for 10 days between P21 and P34. Adult 8- to 15-week-

old male mice that show high level of intermale aggression in 

a resident-intruder paradigm were selected and used as ag-

gressor mice. As male mice defend their territory against in-

truding males, the aggressor residents usually initiated a fight. 

At the beginning of the SD procedure (P21), the mice were 

separated from their littermates and housed singly (SI) until 

all experiments were complete. All experiments were started 

at the age of 9 weeks. The MS/SD model was generated only 

by MS and SD without SI, and the SI model was generated 

only by SI, without MS and SD. 

Cannula implantation and microinjection 
In vivo microinjection and surgery were performed as previ-

ously described [39]. For microinjection, a plastic cannula 

(Virginia Plastics Co., Roanoke, VA, USA) was implanted in 

the right hemisphere at anteroposterior (AP) +1.5 mm, lateral 

(L) 0.2 mm, and dorsoventral (DV) 1.25 mm from bregma in 

the anterior cingulate cortex (ACC) and at AP +2.0 mm, L 0.2 

mm, and DV 2.0 mm from bregma in the medial prefrontal 

cortex (mPFC) using a stereotaxic apparatus (Kopf Instru-

ments, Tujunga, CA, USA). Experiments began 7 days after 

surgery. Lidocaine (4%, vol/vol, 0.5 μL) or saline (0.9% NaCl, 

vol/vol, 0.5 μL) was infused into each brain area via an inner 

cannula (33 gauge) connected to a 25-μL Hamilton syringe. 

The flow rate (0.1 μL/min) was regulated by a syringe pump 

(SP100i, WPI). After finishing all experiments, the position of 

the cannula was histologically verified.  
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In vivo electrophysiology for electroencephalography 
In vivo electroencephalography (EEG) and surgery were per-

formed as previously described [39,54]. To monitor brain os-

cillations, the mice were subjected to EEG surgery 2 weeks 

before the maltreatment behavior experiment. For surgery, 

the animals were anesthetized by intraperitoneal injection of 

ketamine (90 mg/kg) and xylazine hydrochloride (40 mg/kg). 

Electrode implantation was performed using a stereotaxic ap-

paratus (Kopf Instruments). EEG recordings were obtained 

using skull screws (stainless steel, 1.0 mm in diameter), which 

were positioned −1.94 to 1.70 mm AP and 0.4 to 0.5 mm ML 

from bregma with grounding over the cerebellum. The elec-

trodes were fixed to the skull with cyanoacrylate adhesive and 

dental acrylic cement. EEG recordings combined with video 

monitoring were performed simultaneously during the be-

havioral task of maltreatment behavior by the perpetrator 

mouse. A 6-second signal immediately before and after the 

second nose-poke of a perpetrator mouse was selected and 

used for analysis. Five EEG frequency-bands—delta (1.5–4 

Hz), theta (4–8 Hz), alpha (8–12 Hz), beta (12–30 Hz), and 

gamma (30–70 Hz)—were analyzed for EEG power. The rela-

tive normalized power at each individual frequency is pre-

sented as a fraction of the sum of powers at all frequencies. 

The electrical activities were recorded after amplification 

( × 1,200), bandpass filtering from 0.1 to 100 Hz and digitiza-

tion at a 400 Hz sampling rate (AS 40) with a digital EEG sys-

tem (Comet XL; Astro-Med, Inc., Warwick, RI, USA). EEG-vid-

eo data were analyzed offline using PSG Twin (Astro-Med, 

Inc.) and Clampfit (Axon Instruments, Foster City, CA, USA). 

Blood and tissue sampling 
Anesthesia was induced by intraperitoneal injection of ket-

amine hydrochloride (100 mg/kg) and xylazine (10 mg/kg). 

Within 1 hour after maltreatment behavior tests, all mice were 

sacrificed and blood samples were obtained by heart punc-

ture with heparin used as an anticoagulant. Samples were 

centrifuged for 3,000 ×  g at 4℃ for 20 minutes, and plasma 

was stored at –70℃ until enzyme-linked immunosorbent as-

say (ELISA) tests. Brain tissues were also rapidly extracted 

within 1 hour after maltreatment behavior test and immedi-

ately frozen in liquid nitrogen. 

Protein sample preparation 
Total protein extracts were obtained from the whole brain. 

The frozen brains were weighed and suspended in 2 mL of ly-

sis buffer, based on ice-cold phosphate-buffered saline (PBS) 

solution, pH 7.2 supplemented with a protease inhibitor cock-

tail, 1-mmol phenylmethylsulfonylfluoride, 0.5% Triton 

X-100, per gram of tissue. Tissue was disrupted using sonica-

tion and centrifuged at 13,000 × g for 30 minutes at 4℃. The 

total protein concentrations in supernatants were quantified 

using bicinchoninic acid (BCA) colorimetric assay kit (Pierce 

BCA protein assay kit, cat.23225; Thermo Fisher Scientific, 

Waltham, MA, USA). The prepared protein samples were used 

for ELISA. 

Enzyme-linked immunosorbent assay 
Plasma corticosterone was measured using a competitive 

ELISA kit (ab108821; Abcam, Cambridge, UK) according to 

the manufacturer’s instructions. Briefly, plasma samples were 

diluted at 1:50 with assay buffer. A 25-μL sample and standard 

were added into the well, immediately followed by biotin cor-

ticosterone antigen and incubation at room temperature for 2 

hours. After washing the well 5 times, streptavidin-peroxidase 

conjugate was added to each well and incubated for 30 min-

utes. After washing, substrate and stop solution were added. A 

VERSAmax microplate reader (Molecular Devices, San Jose, 

CA, USA) was used to measure signal intensity from the wells 

at 450 nm. 

Oxytocin level in extracted blood plasma was measured using 

a competitive ELISA kit (ADI-900-153A; Enzo Life Sciences, 

New York, NY, USA). Briefly, plasma samples were diluted 1:4 

with assay buffer and loaded in duplicate into wells with seri-

ally diluted oxytocin standards. After storage overnight at 4℃, 

the excess reagents were washed away, and the bound oxyto-

cin phosphatase was incubated with substrate. After 1-hour 

incubation time, the enzyme reaction was stopped and the 

optical density read at 405 nm using A VERSAmax microplate 

reader. 

For brain-derived neurotrophic factor (BDNF) assays, brain 

tissue was lysed, homogenized, and diluted to 5 μg/μL in or-

der to quantify the concentration of BDNF using a commer-

cial ELISA kit according to the manufacturer’s instructions 

(KA0331; Abnorva, Taipei, Taiwan). Briefly, brain homoge-

nates and serial BDNF standards were loaded in duplicate 

into a microplate coated with rat-specific BDNF monoclonal 

antibodies and incubated at 37℃ for 90 minutes. A biotinylat-

ed detection polyclonal antibody from goat-specific BDNF 

was added at 37℃ for 60 minutes. After washing with PBS 

buffer, avidin-biotin-peroxidase complex was added. After 

unbound conjugates were washed away with PBS buffer, 

horseradish peroxidase (HRP) substrate 3,3'5,5'-tetramethyl-

benzidine (TMB) was added to visualize HRP enzyme reac-

tions and incubated at 37℃ in the dark for 25 to 30 minutes. 

TMB was catalyzed by HRP to produce a blue product that 
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changed to yellow after adding acidic stop solution. The ab-

sorbance at 450 nm was measured with a microplate reader, 

and BDNF concentration in brain tissue was assessed by com-

paring values to the BDNF standard curve. 

Statistical analysis 
All data are shown as mean ±  standard error of mean. Analy-

sis of variance (ANOVA) was used to conduct multiple com-

parisons of means. Student t-test was performed in order to 

determine significant differences between two means. The 

p-values of < 0.05 were considered significant. 

Results 
Maltreatment behavior in the mouse 
We developed a behavioral system that measures maltreat-

ment or abusive behavior toward a conspecific to study anti-

social behavior in the mouse. We used the perpetrator-victim 

paradigm and a modified two-compartment operant condi-

tioning chamber with a single nose-poke hole (Figure 1A). 

Normal male C57BL/6 perpetrator mice would put their noses 

into the hole several times but clearly stopped nose-poking 

behavior within 30 minutes after seeing the mouse in the vic-

tim compartment suffering from foot shocks (Figure 1B). 

However, normal male C57BL/6 mice exhibited high numbers 

of nose-pokes in the random and without foot-shock condi-

tions (Figure 1B). There was a significant difference in total 

number of nose-pokes among the three foot-shock conditions 

for 120 minutes (with: n =  17, 5.35 ±  0.90; without: n =  16, 

38.25 ±  6.75; random: n =  10, 28.40 ±  2.84) (F1,40 =  15.65, p <  

0.01, one-way ANOVA) (Figure 1C). These results indicate that 

perpetrators can become conditioned to associate their ac-

tions with their conspecific’s distress. 

To examine whether mPFC and ACC, which are considered to 

be important in affective and emotional responses for per-

ceiving others’ pain or fear (i.e., empathic behavior), are in-

volved in this behavior, we locally injected lidocaine (4%) 

through a cannula into mPFC or ACC. With foot shocks, per-

petrators injected with lidocaine into the mPFC exhibited in-

creased nose-poking compared with control mice that were 

similarly treated with saline (Figure 1D). Such increased levels 

were also observed in perpetrators injected with lidocaine 

into the ACC (Figure 1D). There was a significant difference in 

the total number of nose-pokes among the three groups for 

120 minutes (saline: n =  16, 7.13 ±  1.52; mPFC-lidocaine: n =  

11, 16.10 ±  2.62; ACC-lidocaine: n =  11, 19.73 ±  3.36) (F1,35 =  

7.87, p <  0.01, one-way ANOVA) (Figure 1E). These results 

demonstrate that neural functions in mPFC and ACC are in-

volved in maltreatment behavior. 

Taken together, these results suggest that perpetrators may, at 

their own will, empathically stop nose-poking behaviors in 

order not to cause distress to conspecific victims.  

Strain difference in maltreating behavior  
We additionally tested BALB/c and 129S4/Sv mouse strains 

and found that BALB/c mice showed a similar number of 

nose-pokes (Figure 2A and B), but 129S4/Sv mice (n =  11) 

displayed a low number of nose-pokes compared with 

C57BL/6 (n =  17) and BALB/c mice (n =  11) (F1,36 =  3.78, p <  

0.05, one-way ANOVA) (Figure 2D), suggesting variations in 

maltreatment behavior among different inbred mice strains. 

Molecular changes after maltreating behavior 
Oxytocin, corticosterone, and BDNF levels are known to 

change with social stress and during prosocial or empathic 

behavior in human and animals. To determine whether those 

proteins are involved in maltreatment behavior, oxytocin, cor-

ticosterone, and BDNF levels in the perpetrators’ blood and 

brain were measured after maltreatment behavior. We found 

that perpetrator mice subjected to maltreatment behavior 

(maltreated group: n =  14, 139.88% ±  11.71%) had higher lev-

els of oxytocin compared with the non-subjected mice (not 

maltreated group: n =  8, 100% ±  9.72%; p <  0.05, Student 

t-test) (Figure 3A). Corticosterone level also increased in the 

maltreated group (n =  15, 221.27% ±  18.22%) compared with 

the not maltreated group (n =  14, 100 % ±  8.56 %; p <  0.01, 

Student t-test) (Figure 3B). However, the maltreated group (n 

=  15, 63.28% ±  1.94%) showed reduced BDNF level com-

pared to the not maltreated group (n =  9, 100% ±  3.31%; p <  

Figure 2 Maltreatment behavior of inbred mouse strains

(A, B) Number of nose-pokes by male C57BL/6 (n = 17), BALB/c (n = 
11), and 129S4/Sv (n = 11) mouse strains every 10 minutes. (A) Av-
erage number of nose-pokes for a total of 120 minutes. (B) Among the 
strains, 129S4/Sv mice exhibited reduced numbers of nose-pokes com-
pared to the others. *p < 0.05, one-way analysis of variance.
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0.01, Student t-test) (Figure 3C). These results indicate the in-

volvement of oxytocin, corticosterone, and BDNF signaling in 

maltreatment behavior. 

Maltreatment behavior in the maternal separation/
social defeat/social isolation model 
Next, we used MS/SD/SI model mice as perpetrators in the 

maltreatment behavior task [53]. MS/SD/SI mice (n =  46) 

continued nose-poking behavior for the entire 120-minute 

experimental period and exhibited a higher number of nose-

pokes compared to the control mice (n =  17) (F1,61 =  16.44, p 

<  0.01, two-way ANOVA) (Figure 4A). To compare nose-pok-

ing behavior according to social stress paradigm, the MD/SD 

or SI mice were also used in the maltreatment-behavior task. 

MS/SD (n =  11) and SI model mice (n =  15) showed similar 

numbers of nose-pokes to the control mice (Figure 4A). MS/

SD/SI model mice (29.80 ±  5.43) exhibited much higher total 

number of nose-pokes among the models (control, 5.35 ±  

0.90; MS/SD, 9.00 ±  2.53; SI, 8.33 ±  1.80) (F2,85 =  5.13, p <  

0.01, one-way ANOVA) (Figure 4B). These results indicate that 

MS/SD/SI mice exhibit unique behavior in maltreatment-be-

havior tasks and suggest a cumulative effect of social stress on 

antisocial behavior in the mouse. 

Differences in brain oscillations during maltreatment 
behavior 
Many neuropsychiatric or personality disorders with deficits 

in empathy and social behavior, such as schizophrenia, au-

tism, dementia, and psychopathy, show abnormal neural ac-

tivities [38,39,55-62]. Thus, we investigated brain oscillations 

in MS/SD/SI model mice during maltreatment behavior. The 

control mice showed increased theta- (p <  0.01, Student 

t-test) and decreased alpha-rhythms (p <  0.05, Student t-test) 

after the nose-poking behavior compared to before the 

nose-poking (Figure 5A). However, the MS/SD/SI model mice 

exhibited a decrease in theta rhythm (p <  0.05, Student t-test) 

and an increase in alpha rhythm (p <  0.01, Student t-test) af-

ter the nose-poking behavior, opposite that of the control 

(Figure 5B). In addition, MS/SD/SI mice displayed decreased 

gamma-rhythm compared to control mice (p <  0.05, Student 

t-test) (Figure 5B).  

Figure 3 Alterations in oxytocin, corticosterone, and BDNF levels

(A-C) After maltreatment behavior, perpetrator mice in the condition with foot shocks had increased amounts of oxytocin (A) and corticosterone (B) but 
decreased BDNF level (C) compared to control mice in the condition without foot shocks. **p < 0.01, Student t-test.
BDNF, brain-derived neurotrophic factor.
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Figure 4 Maltreatment behavior in the MS/SD/SI model

(A, B) The number of nose-pokes by each MS/SD (n = 11), SI (n = 15), 
or MS/SD/SI mouse (n = 46) every 10 minutes (A) and for 120 minutes 
(B). Among the social stress models, only the MS/SD/SI model mice 
displayed high numbers of nose-pokes. **p < 0.01, two-way analysis of 
variance.
MS, maternal separation; SD, social defeat; SI, social isolation.

A B
Control

SI

Control
MS/SD
SI
MS/SD/SI

MS/SD

MS/SD/SI
10

8

6

4

2

0

60

40

20

010 2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

10
0

11
0

1
2

0

Time (min)
Total

**
**

N
um

be
r o

f n
os

e-
po

ke
s

N
um

be
r o

f n
os

e-
po

ke
s

Daejong Jeon et al. Antisocial maltreatment behavior in mice

encephalitisjournal.org encephalitis |Vol. 2, No. 4| September 21, 2022 103

http://encephalitisjournal.org


Discussion 
In this study, we developed an assay for studying antisocial 

maltreatment behavior in mice. We found that MS/SD/SI 

model mice generated by early-life chronic social stress para-

digms (MS plus SD plus SI) are a suitable candidate mouse 

model of child abuse or maltreatment. 

In the maltreatment-behavior task, maltreatment behaviors of 

perpetrators in the condition with foot shocks were clearly 

different from their behaviors in the condition without foot 

shocks or the condition with random foot shocks. However, 

there was no difference in the number of nose-pokes between 

the condition without foot shocks and the condition with ran-

dom foot shocks. These imply that the reduced number of 

nose-pokes of the perpetrators in the condition with foot 

shocks is due to reduced locomotion or motor activity of per-

petrators by observational fear. 

In our pilot experiment, lower current intensities (0.2–0.6 mA) 

tended to elicit a high number of nose-pokes compared with 

1-mA intensity (data not shown), implying that the behavioral 

response of the victim mouse affects nose-poking behavior of 

the perpetrator mouse. The perpetrator mouse becomes con-

ditioned to, or learns, fear by observing the behavior of a con-

specific victim and perceives the situation in which they may 

elicit noxious or aversive stimuli to the conspecific. In addi-

tion, inactivation of mPFC or ACC, which are considered to be 

engaged in affective and emotional responses for perceiving 

others’ pain or fear in animals and humans [39,63-69], wors-

ened the maltreatment behavior of perpetrators. The differ-

ence only during the first 20 minutes of the session is probably 

due to the acute single injection of lidocaine. Taken together, 

these results suggest that mice can understand, or learn, the 

principle of the relationship between nose-poking behavior 

and foot shocks in the perpetrator-victim paradigm, and they 

may perceive the conspecific victim’s pain or fear in the oppo-

site chamber, and thus they, by their own will, might stop 

nose-poking in order not to give an aversive stimulus, or dam-

age, to a conspecific victim. 

We observed differences between mouse strains in the mal-

treatment-behavior task. First, 129Sv mice exhibited a low 

number of nose-pokes compared with C57BL/6 and BALB/c 

mice. Previous animal studies have suggested strain differenc-

es in empathic behavior and aggressiveness [70-73]. In a pre-

vious study, we observed that MS/SD/SI mice showed in-

creased offensive aggressiveness, reduced predator fear, and 

impairment in empathy-related behavior [53]. These behav-

ioral traits may be involved in the antisocial maltreatment be-

havior of the MS/SD/SI mice. In this context, the maltreat-

Figure 5 Brain oscillations during maltreatment behavior

The control mice (left, n = 11) showed increased theta- and decreased alpha-rhythms immediately after nose-poking behavior. However, the reverse 
pattern was observed in the MS/SD/SI model mice compared with the control (right, n = 13). Comparison between before and after power intensity; 
*p < 0.05, **p < 0.01, Student t-test.
MS, maternal separation; SD, social defeat; SI, social isolation.
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ment-behavior task may be a good behavioral task to measure 

antisocial behavior related to empathy deficit. 

In conclusion, we developed a maltreatment-behavior task as 

an assay for antisocial behavior related to empathy deficit. 

The MS/SD/SI mouse model may be used to better under-

stand personality disorders such as psychopathy showing an-

tisocial behavior, impaired empathy, and excessive boldness. 

Cumulative social stress in early life may make mice suscepti-

ble to antisocial abusive behaviors. Further studies of mal-

treatment behavior following treatment with drugs acting on 

mental disorders would help to characterize the phenotypes 

of MS/SD/SI model mice as well as the maltreating assay in 

more detail. 
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Purpose 
Japanese encephalitis (JE) has emerged as a major public health concern in North East India due to its complex eco-epidemiological risk factors. 
The objective of this study was to understand the various risk factors associated with JE infection in the endemic study location. 

Methods 
A hospital-based case-control study was conducted at Jorhat Medical College and Hospital from August 2017 to September 2018. The study 
participants included 49 confirmed JE cases with two control arms, one consisting of non-JE acute encephalitis syndrome (AES) patients (n = 
91) and the other of non-JE non-AES patients (n = 140), admitted at the same time in the pediatric and medicine wards. A predesigned, pretest-
ed, structured questionnaire was used for data collection. 

Results 
Univariate analysis revealed the following to be risk factors: age at onset, sex, religion, immunization status, proximity to pigs, proximity to paddy 
fields (<100 m), use of a mosquito net, impregnated mosquito net, mosquito repellent, and outdoor activities. Multiple logistic regression analy-
sis identified age at onset (adjusted odds ratio [AOR], 20.900; 95% confidence interval [CI], 2.210–31.815) and proximity to pigs (AOR, 4.190; 
95% CI, 1.592–11.040) as risk factors for the first control arm and proximity to paddy fields (<100 m) (AOR, 8.470; 95% CI, 2.0251–35.438) 
was the only risk factor found for second control arm, whereas impregnated mosquito nets (AOR, 0.082; 95% CI, 0.009–0.725) and mosquito 
repellent (AOR, 0.173; 95% CI, 0.052–0.575) were found to be associated with the second control arm. 

Conclusion 
Age at onset, proximity to pigs, proximity to paddy fields (<100 m), impregnated mosquito nets, and mosquito repellent were the most significant 
risk factors for JE in the NE region to warrant public health actions. 

Keywords: Acute febrile encephalopathy, Japanese encephalitis, Risk factors  

Introduction 
Japanese encephalitis (JE) is mosquito-borne viral encephali-

tis that occurs in temperate and tropical regions of Asia and is 

maintained in a cycle of virus transmission between verte-

brate-amplifying hosts (e.g., pigs, herons, and egrets) and sev-

eral Culex mosquito species [1]. It is a leading viral cause of 

acute encephalitis syndrome (AES) in Asia [2]. In India, JE is 

endemic in 201 districts of 21 states, of which Assam, Bihar, 
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Tamil Nadu, Uttar Pradesh, and West Bengal have been re-

porting outbreaks, contributing 80% of the disease burden [3]. 

The disease is highly fatal if early supportive care is not pro-

vided; the case fatality rate ranges from 0.3% to 60%, and fre-

quent residual neuropsychiatric damage is seen in survivors 

(50%–70%) [4]. 

Assam has witnessed the highest number of JE and AES cases 

in the country. According to the Union Health Ministry, As-

sam registered 435 AES cases and 80 deaths and 212 JE cases 

and 39 deaths till September 2021. Assam accounts for 60.2% 

and 76.4% of the total AES and JE deaths, respectively, in the 

country [5]. JE is also endemic in neighboring NE states like 

Manipur, Nagaland, and Arunachal Pradesh [6]. According to 

the annual report of 2016–2017 (provisional list) by the North 

East Region’s Ministry of Health and Family Welfare, the num-

bers of cases and deaths for AES and JE for the respective 

states are as follows: Assam (AES, 1,713 cases and 187 deaths; 

JE, 416 cases and 85 deaths), Manipur (AES, 475 cases and one 

death; JE, 44 cases and one death), Nagaland (AES, no cases or 

deaths; JE, no cases or death), and Arunachal Pradesh (AES, 

one case and no deaths; JE, no cases or deaths) [6]. 

JE has emerged as a major public health concern in India due 

to its complex eco-epidemiology [7]. Furthermore, there are 

numerous gaps in our understanding of the eco-epidemiolog-

ical risk factors associated with JE infection; therefore, this 

study was undertaken to assess the risk factors associated 

with JE infection in NE states. 

Methods 
This study was approved by the Institutional Ethics Commit-

tee (Human) of Jorhat Medical College and Hospital, Jorhat, 

Assam (No/AMC/EC/10196). Written informed consent was 

obtained from the parents/guardians of all study participants. 

Selection of cases and controls 
A case-control study was conducted among hospitalized pa-

tients admitted to the Pediatric and Medicine wards of Jorhat 

Medical College and Hospital (JMCH). All 49 serologically 

confirmed JE cases (case arm) and 91 cases of AES without JE 

(control arm 1) identified in JMCH from 2017 to 2018 were in-

cluded in the study; another 140 patients admitted in those 

same wards for other medical conditions during the same 

time period (control arm 2) were included in our study. Pa-

tients not willing to give consent were exempted. 

A case of AES is defined as a person of any age, at any time of 

the year, with acute onset of fever and change in mental status 

(including symptoms such as confusion, disorientation, 

coma, or inability to talk), and/or new onset of seizures (ex-

cluding febrile seizures). Other early clinical findings may in-

clude irritability, somnolence, or abnormal behavior greater 

than that seen with usual febrile illness [7]. A laboratory-con-

firmed case of JE is one who fulfills any of the following mark-

ers: (a) presence of immunoglobulin M (IgM) antibody in se-

rum and/or cerebrospinal fluid (CSF) to a specific virus in-

cluding JE/enterovirus or others, (b) four-fold difference in 

IgG antibody titer in paired sera, (c) virus isolation from brain 

tissue, (d) antigen detection by immunofluorescence, or (e) 

nucleic acid detection by polymerase chain reaction [3]. A 

probable or suspected case of JE is one who is in close geo-

graphic and temporal relationship to a laboratory-confirmed 

case of AES/JE in an outbreak. Patients failing to meet the 

above criteria for JE cases were confirmed as non-JE AES. Pa-

tients who were admitted to the above-mentioned wards for 

other medical conditions were recruited into the non-JE non-

AES control group.  

Serum specimens and CSF were tested for detection of 

JE-specific IgM antibody. All specimens were tested in the 

laboratory of the Department of Microbiology, JMCH. All 

blood/CSF samples used in this study were collected by the 

attending physician. Detection of IgM antibodies in serum 

and CSF to JE virus (JEV) was investigated using a commer-

cially available qualitative enzyme-linked immunosorbent as-

say (ELISA) kit. JE diagnosis was confirmed on detection of 

JE-specific IgM antibody in a single sample of CSF and/or se-

rum by Mac ELISA during the acute illness of AES. 

Data collection 
Data on potential risk factors for JE were collected by inter-

viewing the patients/parents/guardians among both cases 

and controls using the same predesigned, pretested, and 

structured questionnaire. The structured questionnaire con-

sisted of sociodemographic variables such as age, sex, caste, 

and residency; in addition, data on behaviors affecting expo-

sure to the peridomestic mosquito population, such as out-

door activities, use of bed nets, use of mosquito repellent, 

proximity to paddy fields ( < 100 m), use of impregnated mos-

quito nets, and proximity to pigs were collected. Before inter-

viewing the participants, informed consent was obtained. 

Statistical analysis 
The baseline data were expressed as overall means of contin-

uous variables such as age or as frequencies of categorical 

variables such as sex, ethnicity, and residency. To evaluate the 
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associations between the potential risk factors with the occur-

rence of JE, both univariate and multivariate analyses were 

used. A logistic regression model was used for calculation of 

maximum likelihood estimates of the odds ratio (OR) [8] us-

ing IBM SPSS version 23.0 (IBM Corp, Armonk, NY, USA). 

Factors that differed between cases and controls at a signifi-

cance level of p <  0.2 in the univariate analyses were included 

in the multivariate logistic analyses. The final model was fitted 

using a stepwise selection procedure that included all signifi-

cant variables with a p-value of ≤ 0.05 [8]. The goodness-of-fit 

of this model was assessed according to the Hosmer-Leme-

show test [9]. Two-sided statistical tests were used. Coeffi-

cients for independent variables were exponentiated to esti-

mate ORs, and standard errors for the coefficients were used 

to estimate 95% confidence intervals (CIs) for the ORs. The 

p-value of ≤ 0.05 was considered to be statistically significant 

for all inferential statistics. 

Results 
The present hospital-based case-control study included 49 

confirmed JE cases in the case arm and 91 non-JE AES cases 

and 140 non-JE non-AES cases in control arms 1 and 2, re-

spectively. Comparison of sociodemographic characteristics 

of cases and controls in arm 1 and arm 2 showed the follow-

ing results: a majority of the participants belonged to the > 15-

year age group, 93.9% of cases vs. 94.5% of participants in 

control arm 1 and 95.0% in control arm 2 lived in rural areas, 

males comprised 63.3% in cases vs. 51.4% in control arm 1 vs. 

44.3% in control arm 2, and Hindu religion comprised 93.9% 

in cases vs. 96.7% in control arm 1 vs. 97.1% in control arm 2. 

Table 1 shows the result of univariate analysis for JE risk fac-

tors. The study extracted data on 17 potential risk factors for 

JE. Out of these, a total of five and 10 risk factors were found to 

be significant for the non-JE AES and non-JE non-AES control 

arms, respectively. The risk factors which were found to be 

Table 1 

Variable Case Controla p-value Controlb p-value

No. of patients 49 91 140
Age at onset (yr) 0.042 <0.001
 <1 0 (0) 14 (15.4) 0 (0)
 1–5 4 (8.2) 18 (19.8) 0 (0)
 5–12 17 (34.7) 19 (20.9) 0 (0)
 12–15 10 (20.4) 2 (2.2) 3 (2.1)
 > 15 18 (36.7) 38 (41.8) 137 (97.9)
Sex 0.188 0.023
 Male 31 (63.3) 47 (51.6) 62 (44.3)
 Female 18 (36.7) 44 (48.4) 78 (55.7)
Religion 0.168 0.675
 Hindu 46 (93.9) 88 (96.7) 136 (97.1)
 Islam 3 (6.1) 2 (2.2) 4 (2.9)
 Others 0 (0) 1 (1.1) 0 (0)
Settings 0.878 0.763
 Urban 3 (6.1) 5 (5.5) 7 (5)
 Rural 46 (93.9) 86 (94.5) 133 (95.0)
Travel history 0.582
 Present 0 (0) 0 (0)
 Absent 49 (100) 91 (100)
Immunization status 0.059 <0.001
 Yes 2 (4.1) 6 (6.6) 26 (18.6)
 No 13 (26.5) 38 (41.8) 99 (70.7)
 Unknown 34 (69.4) 47 (51.6) 15 (10.7)
Duration of illness before admission (day) 0.452
 <7 39 (79.6) 77 (84.6)
  ≥7 10 (20.4) 14 (15.4)

(Continued to the next page)
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Table 1 

Variable Case Controla p-value Controlb p-value

Occupation 0.851 0.023
 Service 1 (2.0) 2 (2.2) 15 (10.7)
 Business 7 (14.3) 22 (24.2) 19 (13.6)
 Wage earner 18 (36.7) 28 (30.8) 32 (22.9)
 Cultivator 10 (20.4) 26 (28.6) 13 (9.3)
 Homemaker 5 (10.2) 4 (4.4) 43 (30.7)
 Others 8 (16.3) 9 (9.9) 18 (12.9)
Pigs nearby 0.009 0.164
 Yes 23 (46.9) 23 (25.3) 50 (35.7)
 No 26 (53.1) 68 (74.7) 90 (64.3)
Piggeries in residence 0.263 0.346
 Yes 10 (20.4) 12 (13.2) 23 (16.4)
 No 39 (79.6) 79 (86.8) 117 (83.6)
Paddy field nearby home (< 100 m) 0.038 0.011
 Yes 43 (87.8) 66 (72.5) 97 (69.3)
 No 6 (12.2) 25 (27.5) 43 (30.7)
Use of mosquito net 0.023 <0.001
 Regularly 25 (51.0) 64 (70.3) 124 (88.6)
 Irregularly 24 (49.0) 27 (29.7) 16 (11.4)
Mosquito net impregnated 0.598 <0.001
 Yes 1 (2.0) 6 (6.6) 54 (38.6)
 No 48 (98.0) 85 (93.4) 86 (61.4)
Mosquito repellent 0.628 <0.001
 Yes 22 (44.9) 37 (40.7) 121 (86.4)
 No 27 (55.1) 54 (59.3) 19 (13.6)
Outdoor activities 0.924 0.004
 Yes 16 (32.7) 29 (31.9) 78 (55.7)
 No 33 (67.3) 62 (68.1) 62 (44.3)
District 0.451 0.528
 Sivasagar 3 (6.1) 4 (4.4) 6 (4.3)
 Jorhat 33 (67.3) 53 (58.2) 82 (58.6)
 Golaghat 5 (10.2) 25 (27.5) 39 (27.9)
 Lakhimpur 1 (2.0) 0 (0) 0 (0)
 Majuli 7 (14.3) 8 (8.8) 12 (8.6)
 Dibrugarh 0 (0) 1 (1.1) 0 (0)
 Karbi Anglong 0 (0) 0 (0) 1 (0.7)
Monthly incidence 0.293
 January 3 (6.1) 4 (4.4)
 February 0 (0) 4 (4.4)
 March 1 (2.0) 3 (3.3)
 April 0 (0) 8 (8.8)
 May 3 (6.1) 2 (2.2)
 June 4 (8.2) 14 (15.4)
 July 12 (24.5) 7 (7.7)
 August 6 (12.2) 8 (8.8)
 September 6 (12.2) 27 (29.7)
 October 8 (16.3) 5 (5.5)
 November 6 (12.2) 7 (7.7)
 December 0 (0) 2 (2.2)

Values are presented as number only or number (%).
JE, Japanese encephalitis; AES, acute encephalitis syndrome.
aNon-JE AES control arm; bnon-JE non-AES control arm.

Continued

Bishnu Ram Das et al. Risk factors of Japanese encephalitis

encephalitisjournal.org encephalitis |Vol. 2, No. 4| September 28, 2022 111

http://encephalitisjournal.org


significant for the non-JE AES arm were age at onset (OR, 

10.560; 95% CI, 2.092–53.257; p =  0.042), sex (OR, 1.610; 95% 

CI, 0.791–3.280; p =  0.188), religion (OR, 0.348; 95% CI, 0.056–

2.160; p =  0.168), immunization status (OR, 0.461; 95% CI, 

0.088–2.423; p =  0.059), proximity to pigs (OR, 2.615; 95% CI, 

1.256–5.447; p =  0.009), proximity to paddy fields ( < 100 m) 

(OR, 2.714; 95% CI, 1.028–7.163; p =  0.038), and use of mos-

quito nets (OR, 0.439; 95% CI, 0.214–0.9013; p =  0.024). Simi-

larly, the significant risk factors for the non-JE non-AES con-

trol arm were age at onset (p <  0.0001), sex (OR, 2.167; 95% 

CI, 1.109–4.233; p =  0.023), immunization status (OR, 0.034; 

95% CI, 0.007–0.161; p <  0.0001), proximity to pigs (OR, 1.590; 

95% CI, 0.082–3.078; p =  0.009), proximity to paddy fields 

( < 100 m) (OR, 3.177; 95% CI, 1.258–3.024; p =  0.011), use of 

mosquito nets (OR, 0.134; 95% CI, 0.063–0.289; p <  0.0001), 

impregnated mosquito net (OR, 0.033; 95% CI, 0.004–0.250; p 

<  0.0001), mosquito repellent (OR, 0.128; 95% CI, 0.061–

0.269; p <  0.0001), and outdoor activities (OR, 0.385; 95% CI, 

0.194–0.764; P =  0.004). 

The results of multiple logistic regression analysis between JE 

cases and the non-JE AES control arm for risk factors associat-

ed with JE infections are depicted in Table 2. The reduced lo-

gistic regression model included seven risk factors that were 

found to be significant during univariate analysis: age at on-

set, sex, religion, immunization status, proximity to pigs, prox-

imity to paddy fields ( < 100 m), and use of mosquito nets. Of 

these seven risk factors included in the model, two risk factors 

were found to be significant at α <  0.05: age at onset for the 

1–5-year age group (adjusted OR [AOR], 0.209; 95% CI, 0.046–

0.952) and the 12–15-year age group (AOR, 20.900; 95% CI, 

2.210–31.815), and proximity to pigs (AOR, 4.190; 95% CI, 

1.590–11.040). 

The results of multiple logistic regression analysis between JE 

cases and the non-JE non-AES control arm for risk factors as-

sociated with JE infection are depicted in Table 3. The reduced 

Table 2 Multivariate logistic regression analysis between JE and non-JE AES for JE risk factors

Variable Case (n =  49), n (%) Control (n =  91), n (%) OR (95% CI) AOR (95% CI) p-value for AOR

Age at onset (yr)
 <1 0 (0) 14 (15.4) - 1
 1–5 4 (8.2) 18 (19.8) 0.469 (0.139–1.589) 0.209 (0.046–0.952) 0.043*
 5–12 17 (34.7) 19 (20.9) 1.888 (0.798–4.472) 0.807 (0.2502–2.210) 0.721
 12–15 10 (20.4) 2 (2.2) 10.56 (2.092–53.257) 20.900 (2.210–31.815) 0.008*
 >  15 18 (36.7) 38 (41.8) Reference Reference
Sex 1.61 (0.791–3.280) 1.800 (0.745–4.450) 0.190
 Male 31 (63.3) 47 (51.6)
 Female 18 (36.7) 44 (48.4)
Religion
 Hindu 46 (93.9) 88 (96.7) 0.348 (0.056–2.160) - 0.990
 Islam 3 (6.1) 2 (2.2) Reference - 0.990
 Others 0 (0) 1 (1.1) - Reference
Immunization status
 Yes 2 (4.1) 6 (6.6) 0.461 (0.088–2.423) 0.690 (0.050–9.310) 0.780
 No 13 (26.5) 38 (41.8) 0.473 (0.219–1.020) 0.952 (0.290–3.070) 0.930
 Unknown 34 (69.4) 47 (51.6) Reference Reference
Pigs nearby 2.615 (1.256–5.447) 4.190 (1.590–11.040) 0.004*
 Yes 23 (46.9) 23 (25.3)
 No 26 (53.1) 68 (74.7)
Paddy field nearby home (< 100 m) 2.714 (1.028–7.163) 2.010 (0.596–6.830) 0.259
 Yes 43 (87.8) 66 (72.5)
 No 6 (12.2) 25 (27.5)
Use of mosquito net 0.439 (0.214–0.901) 0.411 (0.144–1.170) 0.097
 Regularly 25 (51.0) 64 (70.3)
 Irregularly 24 (49.0) 27 (29.7)

JE, Japanese encephalitis; AES, acute encephalitis syndrome; OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio.
*p < 0.05.
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logistic regression model included 10 risk factors: age at on-

set, sex, immunization status, occupation, proximity to pigs, 

proximity to paddy fields ( < 100 m), impregnated mosquito 

nets, use of mosquito nets, mosquito repellent, and outdoor 

activities. Of these 10 risk factors included in the model, one 

risk factor was found to be significant at α <  0.05: proximity to 

paddy fields ( < 100 m) (AOR, 8.470; 95% CI, 2.0251–35.438), 

whereas impregnated mosquito nets (AOR, 0.082; 95% CI, 

0.009–0.725), and mosquito repellent (AOR, 0.173; 95% CI, 

0.052– 0.575) were found to be associated with JE infection. 

Discussion 
We conducted a hospital-based, unmatched case-control 

study to determine the risk factors associated with JE infec-

tion at a tertiary hospital in Jorhat, Assam. Univariate analysis 

was done to identify risk factors, and ORs were calculated. 

Statistically significant risk factors were then analyzed by mul-

tiple logistic regression analysis, and AORs were calculated. 

As far as the association of the demographic factor age with JE 

infection was concerned, we found that participants belong-

ing to the 1–5-year age group and the 12–15-year age group 

were at the greatest risk of developing JE. A similar finding 

was stated in a review article conducted by Tiwari et al. [10], 

that JE is mostly a disease in children and young adults. Rates 

of infection in the 3–15-year age group are five to 10 times 

higher than in older individuals because of high background 

immunity in older individuals. Epidemics in nonendemic re-

Table 3 Multivariate logistic regression analysis between JE and non- E non-AES for JE risk factors

Variable Case (n =  49), n (%) Control (n =  140), n (%) OR (95% CI) AOR (95% CI) p-value for AOR

Sex 2.167 (1.109–4.233) 2.290 (0.602–8.727) 0.224
 Male 31 (63.3) 62 (44.3)
 Female 18 (36.7) 78 (55.7)
Immunization status
 Yes 2 (4.1) 26 (18.6) 0.034 (0.007–0.161) 0.037 (0.005–0.255) 0.001*
 No 13 (26.5) 99 (70.7) 0.058 (0.025–0.134) 0.099 (0.030–0.329) <0.001*
 Unknown 34 (69.4) 15 (10.7) Reference Reference
Occupation
 Service 1 (2.0) 15 (10.7) 0.150 (0.017–1.339) 0.129 (0.003–6.715) 0.309
 Business 7 (14.3) 19 (13.6) 0.829 (0.249–2.757) 1.448 (0.221–9.503) 0.700
 Wage earner 18 (36.7) 32 (22.9) 1.265 (0.459–3.486) 1.694 (0.346–8.310) 0.515
 Cultivator 10 (20.4) 13 (9.3) 1.730 (0.536–5.587) 3.051 (0.466–19.990) 0.245
 Homemaker 5 (10.2) 43 (30.7) 0.262 (0.075–0.909) 0.651 (0.106–4.025) 0.645
 Others 8 (16.3) 18 (12.9) Reference Reference
Pigs nearby 1.59 (0.082–3.078) 0.369 (0.107–1.272) 0.114
 Yes 23 (46.9) 50 (35.7)
 No 26 (53.1) 90 (64.3)
Paddy field nearby home (<100 m) 3.177 (1.258–3.024) 8.470 (2.025–35.438) 0.003*
 Yes 43 (87.8) 97 (69.3)
 No 6 (12.2)
Use of mosquito net 0.134 (0.063–0.289) 0.696 (0.179–2.699) 0.600
 Regularly 25 (51.0) 124 (88.6)
 Irregularly 24 (49.0)
Mosquito net impregnated 0.033 (0.004–0.250) 0.082 (0.009–0.725) 0.025*
 Yes 1 (2.0) 54 (38.6)
 No 48 (98.0)
Mosquito repellent 0.128 (0.061–0.269) 0.173 (0.052–0.575) 0.004
 Yes 22 (44.9) 121 (86.4)
 No 27 (55.1)
Outdoor activities 0.385 (0.194–0.764) 0.499 (0.174–1.432) 0.197
 Yes 16 (32.7) 78 (55.7)
 No 33 (67.3) 62 (44.3)

JE, Japanese encephalitis; AES, acute encephalitis syndrome; OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio.
*p < 0.05.
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gions have affected all age groups, but a bimodal age distribu-

tion (young children and elderly) typically appears, indicating 

an increased risk in elderly people [10,11]. 

In our study, we found an association of JE infection with pigs 

residing nearby (AOR, 4.190; 95% CI, 1.590–11.040), indicating 

its role as a potential risk factor; similar observations were 

made by Liu et al. [12]. Another study conducted by Ren et al. 

[13] found that the minimum infection rate of JEV in mosqui-

to specimens collected from the courtyards of households with 

pigsties was 7.39/1,000, the rate for pig farms was 2.68/1,000 

and the rate for courtyards without pigsties was zero. 

In the present study, immunization status (AOR, 0.099; 95% 

CI, 0.030–0.329) has been found to be associated with JE in-

fection. A similar finding from a study conducted by Kakoti et 

al. [14] stated that nonimmunized people were at higher risk 

of infection with JEV. The authors also mentioned that JE in-

fection was more pronounced among children with no vacci-

nation history (78.5%) than those with an unknown history of 

vaccination (11%). From 2006 to 2007, Assam, India complet-

ed a vaccination campaign for children aged 1–15 years in all 

the districts and vaccinated more than 8.7 million children. 

For the 0–1-year age group and 1–2-year age group, routine 

vaccination is being carried out in all endemic districts of In-

dia. An adult JE vaccination campaign was introduced for in-

dividuals aged 15–65 years in 13 endemic districts of Assam, 

and about 6.4 million adult beneficiaries were vaccinated in 

the years 2013–2014 and 2015–2016 [15].  

In our study, we found that people using impregnated mos-

quito nets (AOR, 0.082; 95% CI, 0.009–0.725) were at a lower 

risk of contracting JE infection. Similar findings were reported 

in a study conducted by Dutta et al. [16], who found that there 

was a significant reduction in human seroconversion in all 

three intervention localities compared with the non-interven-

tion locality (p <  0.001). The relative risk (RR) in the locality 

(Kollolua) using insecticide-treated mosquito nets (ITMNs) in 

both human dwellings and pigsties was (RR, 0.28; 95% CI, 

0.16–0.49), which was a 72% reduction of seroconversion 

compared with the non-intervention locality. The Athabari 

locality, where only humans were covered under ITMNs, and 

the Rajmai locality, where only pigs were covered under 

ITMNs, exhibited reductions of 67% (RR, 0.33; 95% CI, 0.20–

0.56) and 56% (RR, 0.44; 95% CI, 0.28–0.71), respectively [16]. 

Our study was an unmatched case-control study where we in-

terviewed both cases and controls about their prior exposure 

to risk factors of the disease. For the non-JE non-AES controls, 

matching on age and sex to the JE group might have provided 

more useful results. We included questions on known risk fac-

tors of the disease. Although the research associates were 

blinded to the study hypothesis and administered a struc-

tured questionnaire to all study subjects, we could still expect 

cases to selectively and differentially report on their exposure 

status for various risk factors. This could result in a differential 

misclassification and bias the effect estimate away from the 

null value. 

In conclusion, age at onset, proximity to pigs, proximity to 

paddy fields ( < 100 m), impregnated mosquito nets, and mos-

quito repellent were the most significant factors affecting JE 

risk in our study. Identification of risk factors for JE infection 

would help in setting guidelines as well as creating awareness 

regarding the prevention and control of JE infection among 

the general population. Both of these strategies could contrib-

ute to reducing the incidence of JE infection in the concerned 

study area as well as formulating immediate public health ac-

tions. 
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Leucine-rich glioma-inactivated 1 (LGI-1) antibody encephalitis is a type of limbic encephalitis characterized by faciobrachial dystonic seizure and 
short-term memory loss as initial clinical symptoms. We present a case initially misdiagnosed as schizophrenia and finally diagnosed as LGI-1 
antibody encephalitis. A 41-year-old female presented to the neurology clinic with a 4-month history of anxiety and disoriented speech and a 
new onset headache. Her explanation of symptoms was unclear, and she was unable to answer questions properly. Her brain magnetic reso-
nance imaging (MRI) showed no specific lesions. After 6 months, depersonalization, place disorientation and memory impairment were noted. 
Her symptoms continue to progress, experiencing visual/auditory hallucinations. She was diagnosed with schizophrenia and admitted to a 
closed psychiatric ward. In the hospital, she showed mild fever, and her memory loss worsened faster than her psychiatric symptoms, unlike in 
schizophrenia. Follow-up MRI scans showed a diffusely enlarged right hippocampus with a 2.5 × 1.3-cm mass lesion. Electroencephalogram 
showed rhythmic theta activities/interictal spikes in the right frontal lobe, for which she was treated with an antiepileptic drug. Cerebrospinal flu-
id analysis results showed pleocytosis. Based on this, autoimmune encephalitis was diagnosed, and steroid pulse treatment and immunoglobu-
lin treatment were performed. Positivity for LGI-1 antibody was reported and finally led to diagnosis of LGI-1 antibody encephalitis. Clinical symp-
toms gradually improved, and the lesion had shrunk considerably on MRI performed 6 months after immunoglobulin treatment. She reports 
persistent amnesia for 6 months but has returned to her daily life under follow-up observation.

Keywords: Anti-leucine-rich glioma-inactivated 1 autoantibody, Limbic encephalitis, Autoimmune limbic encephalitis, Encephalitis  

Introduction 
Limbic encephalitis involves the medial temporal area and 

can present as abnormal behavior, altered mentality such as 

confusion and short-term memory loss, and convulsions. It 

often is difficult to determine the cause of the disease because 

the clinical symptoms and imaging results are similar for 

paraneoplastic syndrome and infectious causes. Efforts have 

been made to identify the antibodies in various types of auto-

immune encephalitis including limbic encephalitis.  

The protein leucine-rich glioma-inactivated 1 (LGI-1) is a 

voltage-operated potassium channel, dysfunction of which 

can cause limbic encephalitis. The authors experienced a pa-

tient with LGI-1 antibody-related limb encephalitis that was 

initially suspected of schizophrenia and report this case with 

a literature review. 

Case Report 
This report was approved by the Institutional Review Board at 

International St. Mary’s Hospital, Catholic Kwandong Univer-

sity (No. IS22RISI0064).
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A 41-year-old female presented to the outpatient clinic with a 

4-month history of anxiety, disoriented speech, and headache 

involving stinging pain from the back of the head to the right 

shoulder. Brain magnetic resonance imaging (MRI) at another 

hospital a few months prior showed no sign of active lesions. 

One month after imaging, she developed palpitation, dizzi-

ness, lethargy, and dyspnea and showed mild hyponatremia 

(serum Na 131 mEq/L). 

The patient was a housewife with a 10-year career as an ac-

countant. She had visited a psychiatric hospital for depression 

at 20 and 10 years prior but had no other medical history in-

cluding autoimmune diseases, such as thromboembolic vas-

culitis. She had no smoking or drinking history and no family 

history of liver cancer, dementia, or other neurologic or psy-

chiatric diseases. 

At 6 weeks after her first visit, the characteristics of her head-

aches changed, involving depersonalization and memory 

loss, as well as impaired spatial memory and place orienta-

tion. She claimed to recognize nothing in her house, and her 

husband reported poor activity of daily living (ADL) including 

poor hygiene and poor management of housework, place dis-

orientation such as wandering, profoundly disoriented 

speech, and visual hallucination. No specific findings were 

observed on brain computed tomography (CT). 

After 1 week, with a chief complaint of recent memory loss for 

4 days, she was referred to the department of neurology for 

transient global amnesia and special screening for other viral 

diseases. Her cognitive function was below normal (Korean 

version of Mini-Mental Status Examination [K-MMSE] was 

24/30, significant time disorientation, place disorientation, 

impaired concentration and calculation, and impaired recall). 

She presented behavioral psychiatric symptoms like visual 

and auditory hallucinations, agitation, and irritability. The ce-

rebrospinal fluid (CSF) results were negative, and there were 

no specific findings in other laboratory tests, electroencepha-

logram (EEG), and brain CT except mild hyponatremia (se-

rum Na 132 mEq/L). 

One week after discharge against medical advice, this patient 

was readmitted to the department of psychiatry for worsened 

disorganized speech and hallucinations. Treatment with the 

antipsychotics risperidone, quetiapine, and olanzapine and 

antianxiety drugs including lorazepam, clonazepam, and di-

azepam for 1 month produced no symptom improvement. 

Mild hyponatremia (serum Na 132 mEq/L) persisted. Two 

months after her readmission, fever developed and a diffuse, 

enlarged right hippocampus with a 2.5 ×  1.3-cm questionable 

mass lesion was shown on brain MRI (Figure 1). CSF analysis 

showed mild pleocytosis of 9/mm3 with normal levels of pro-

tein (micro total protein, 37.4 mg/dL) and glucose (63 mg/

dL). EEG showed novel rhythmic theta activities/interictal 

spikes in the right frontal lobe, for which she was treated with 

the antiepileptic drug oxcarbazepine at a 900-mg dosage. Fi-

nally, 3 months after her readmission, the CSF antibody study 

showed positivity for LGI-1 antibody, based on which she was 

finally diagnosed with LGI-1 antibody encephalitis. 

EEG continued to show sharp waves in the frontal/temporal 

areas, her cognitive/memory impairment had not recovered, 

and nocturnal altered mentality and wandering/ myoclonic 

symptoms persisted. Therefore, the antiepileptic drugs (clonaz-

epam 1 mg and perampanel 2 mg) were added to her treatment. 

After 5 days of steroid pulse therapy with prednisolone 60 mg 

per day and 10 mg tapering daily, her attention improved, but 

abnormal nighttime behavior persisted. She did not fully re-

Figure 1 Brain MRI scans

(A) T2W-MRI coronal view showing the diffusely enlarged right hippocam-
pus with a 2.5 × 1.3-cm suspicious mass lesion (arrow). (B) T2W-FLAIR 
image showing high signal intensities on the right posterior hippocampus 
and right pulvinar area of the thalamus. (C) T2W image obtained in the 
coronal view 6 months later, showing a mild edematous enlarged right-
side hippocampus (arrowhead). (D) T2W-FLAIR image showing improve-
ment.
MRI, magnetic resonance imaging; T2W, T2-weighted; FLAIR, fluid-atten-
uated inversion recovery.
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cover after steroid pulse therapy and was started on intrave-

nous immunoglobulin (IVIG) treatment for 5 days. Intermit-

tent confusion, abnormal nighttime behavior, and short-term 

memory loss improved dramatically after IVIG treatment. Her 

level of consciousness improved and the fever, headache, and 

nighttime hyperactivity resolved. Memory loss persisted for 

several weeks, but her psychological symptoms such as inter-

mittent confusion and abnormal wandering had recovered 

enough for hospital discharge. 

Two months after discharge, her memory had started to re-

turn, and ADLs had dramatically improved, allowing her to 

cook, drive, and take care of herself and her son. Nighttime 

wandering had resolved, but she reported vivid nightmares 

with a depressive mood. At 6 months after discharge, her cog-

nitive function had recovered to mildly impaired status 

(K-MMSE was 25/30, impaired recall and time and place dis-

orientation), and a follow-up brain MRI also showed im-

provement (Figure 1). The image was similar to that at the 

early stage of encephalitis, showing a diffuse mildly edema-

tous enlarged right hippocampus without remarkable con-

trast enhancement. Her vivid nightmares and depressive 

mood persisted, and her memory impairment had not fully 

recovered but continued to improve. 

In outpatient follow-up, she is treated with antiepileptic drugs 

to prevent seizure during recovery and antidepressants in-

cluding aripiprazole for depressive mood. The antiepileptic 

drugs were changed to oxcarbazepine 600 mg and levetirace-

tam 500 mg after normalization of serum sodium level 10 

months after the initial outpatient visit. After another 6 

months after discharge, her neurologic/psychological status 

had improved, and the oxcarbazepine dosage was decreased 

to 300 mg and levetiracetam was discontinued. Clinical symp-

toms in chronological order showed in Figure 2.

Discussion 
LGI-1 antibody encephalitis is autoimmune encephalitis in-

volving autoantibodies of LGI-1 protein, which is secreted 

from the presynaptic terminal in the hippocampus or neocor-

tex. This antibody triggers epileptiform activity in the hippo-

campus [1]. Faciobrachial dystonia is specifically related to 

LGI-1 protein expression in the basal ganglia [2]. Accordingly, 

an autoimmune disorder with antibodies against LGI-1 pro-

tein may cause limbic encephalitis. LGI-1 antibody encepha-

litis is predominant in males, accounting for 60%-70% of cas-

es, and has been reported at many adult ages, with a median 

age of 60 years, in a range of 31-84 years [3]. The incidence is 

as rare as 0.83/million/year [4], although this might be an un-

derestimation. Of cases, 5%-10% showed an association with 

thymoma [5]. 

According to Jang et al. [6], 75% of patients diagnosed with 

LGI-1 antibody encephalitis manifested psychiatric symp-

toms. Among the Korean case reports, only one reported psy-

chiatric symptom as the initial manifestation of LGI-1 anti-

body encephalitis [7]. The presented case is the only one 

without a clinical seizure. At the early disease stage, there 

were no positive objective findings suggesting encephalitis, 

leading to an exclusionary diagnosis of schizophrenia. How-

ever, short-term memory loss was exacerbated with psychiat-

ric treatments, and another encephalitis work up was per-

formed. Since the disease progression here was different from 

previous case reports, this case is presented for its educational 

value to clinicians. 

Seizure and cognitive disorder are the key symptoms of LGI-1 

antibody encephalitis, and faciobrachial dystonic seizure 

(FBDS) involving the ipsilateral face and limb is typical [8]. 

FBDS (47%) and other subtle focal seizures (66%, autonomic 

Figure 2 Clinical symptoms in chronological description

Disoriented speech, visual hallucination and fever has gone after steroid pulse therapy and IVIG treatment. Memory impairment ameliorated but not 
remissioned after the treatment. However, after the treatment, hyponatremia and poor ADL persisted for 4 months and 2 months each.
*For memory impairment, depth of color describes severity of symptoms.
**Auditory hallucination appeared at 7 weeks after the first outpatient visit.
ADL, activity of daily living; IVIG, Intravenous immunoglobulin.

First outpatient data 1 Mo 6 Wk 7 Wk 2 Mo 3 Mo Steroid therapy & IVIG 5 Mo 6 Mo 7 Mo 
Disoriented speech
Hyponatremia
Memory impairment*
Poor ADL
Visual hallucination + Auditory hallucination**
Fever
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or dyscognitive) often occur before onset of memory distur-

bance [4]. Tonic-clonic seizures (63%) and FBDS developed 

later and not as initial symptoms in 25% of patients [4,8]. Even 

though seizure is a key symptom of LGI-1 antibody encephali-

tis, the present patient experienced no clinical seizure includ-

ing FBDS. 

The most common presentation of cognitive impairment in 

LGI-1 antibody encephalitis is short-term memory impair-

ment. Spatial disorientation, sleep disorders, and autonomic 

dysfunctions also can occur [8]. 

Although neurologic symptoms are more characteristic than 

psychotic symptoms in LGI-1 antibody encephalitis, halluci-

nations, emotional changes, and depressed mood can be 

present [9]. 

In LGI-1 antibody encephalitis, hyponatremia is a very com-

mon (70%) manifestation in serum study. The CSF test shows 

an abnormality in up to 25% of patients, often mild pleocyto-

sis with elevated protein. In the EEG study, an abnormal pat-

tern is shown in 50% of cases, 30% as epileptiform abnormali-

ty, and 20% as focal swelling. Abnormal brain MRI pattern is 

seen in up to 75% of patients, with 40% showing increased 

signal or swelling in the medial temporal lobes. A unilateral 

pattern is more common than a bilateral pattern [10]. Brain 

MRIs which were initially normal, had developed hippocam-

pal atrophy or sclerosis later, suggesting that hippocampal in-

flammation was present but was not detectable by routine 

MRI in the acute phase [11]. Additionally, around 90% of LGI-

1 antibody encephalitis patients show human leukocyte anti-

gen (HLA)-DRB1*07:01 [12]. 

As first-line treatment, high-dose methylprednisolone, IVIG, 

and plasma exchange can be considered. Typical second-line 

therapy is mycophenolate, azathioprine, rituximab, and cy-

clophosphamide. Third-line or experimental therapies in-

clude bortezomib and tocilizumab. Since > 90% of patients 

with LGI1-antibodies carry the HLA-DRB1*07:01 allele, 

T-cell-directed therapies might be an option in the future, as 

generation of antibody secreting cells and memory B cells oc-

curs through engagement of HLA with T cell receptor [10,13, 

14]. Although ascertainment bias should be considered, 1/3 

of patients fully recovered, 1/3 were functionally independent 

but unable to work, and 1/3 were severely disabled or dead 

within 2 years; relapse occurred in 20%–30% of cases and was 

associated with poor outcomes [10]. 

Most central nervous system (CNS) infections including men-

ingitis or encephalitis are accompanied by infectious illness 

signs such as high fever, chills, and sudden neurological 

symptoms. Therefore, it is difficult to suspect CNS infection in 

patients without infectious illness. Here, we report a patient 

who was diagnosed with LGI-1 antibody encephalitis showing 

psychological symptoms similar to those in schizophrenia as 

an initial clinical presentation and absence of convulsive sei-

zure. We present this case to demonstrate the unusual symp-

tomatic progression of LGI-1 antibody encephalitis and to fa-

cilitate the diagnosis of LGI-1 antibody encephalitis with in-

creased awareness. 

We report a case of LGI-1 antibody encephalitis with schizo-

phrenia-like symptoms as a rare initial clinical manifestation. 

The most common initial manifestation of LGI-1 antibody en-

cephalitis is seizure, especially FBDS [8]. Interestingly, the 

presented patient experienced no convulsive seizure, al-

though EEG intermittently showed epileptic waves and rare 

intermittent irregular mixed slow activities. 
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tors are always keeping following responsibilities: responsibility 

and authority to rejected/ accept article; no conflict of interest 

respect to articles they reject/ accept; acceptance of a paper 

when reasonably certain; promoting publication of correction 

or retraction when errors are found; preservation of anonymity 

of reviewers.

COPYRIGHTS, OPEN ACCESS, OPEN DATA, 
ARCHIVING, AND DEPOSIT POLICY
Copyrights
The manuscript, when published, will become the property of 

the journal. Copyrights of all published materials are owned by 

the Korean Society of Encephalitis and Neuroinflammation. All 

authors must sign the Transfer of Copyright Agreement when 

they submit their manuscript. Copyright transfer agreement 

form (https://www.encephalitisjournal.org/authors/copyright_

transfer_agreement.php).

Open Access Policy
encephalitis is an Open Access journal distributed under the 

terms of the Creative Commons Attribution Non-Commercial 

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

which permits unrestricted non-commercial use, distribution, 

and reproduction in any medium, provided the original work is 

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

tables or figures published in encephalitis in other journals, 

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

in accordance with the Budapest Open Access Initiative defini-

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

PubMed Central at the United States National Library of Medi-

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

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

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

pository or encephalitis homepage after acceptance of the man-

uscript. If the data is already a public one, its URL site or sources 

should be disclosed. If data cannot be publicized, it can be ne-

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

data, authors should contact the Editorial Office for more infor-

mation.

Archiving Policy
According to the deposit policy (self-archiving policy) of Sher-

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

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

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

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

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

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

materials and methods, results, discussion, acknowledgments, 

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

ure legends.

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

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

figure files should not be uploaded as PDF files.

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

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

margins at the top, bottom, and left margin. Left-aligned text 
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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 
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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/
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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 
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