
encephalitisjournal.org Vol 2 · No 1 · January 2022

Vol 2 · N
o 1 · January 2022

A case report of critical ischemic stroke in 
moyamoya-like vasculopathy accompanied 
by systemic lupus erythematosus
Wooseong Jeong, Gil Myeong Seong, Jung-Hwan Oh,  
Jay Chol Choi, Joong-Goo Kim

Clinical significance of Epstein-Barr virus 
polymerase chain reaction in cerebrospinal 
fluid
Yong Woo Shin, Jun-Sang Sunwoo, Han-Sang Lee,  
Woo-Jin Lee, Seon-Jae Ahn, Sang Kun Lee, Kon Chu

[전문의약품]
[성분·함량] 안플레이드정 1정 중 사포그릴레이트염산염 100밀리그램, 안플레이드SR정 1정 중 사포그릴레이트염산염 속방부 100밀리그램, 서방부 
200밀리그램 [효능·효과] 만성 동맥폐색증(버거씨병, 폐색성동맥경화증, 당뇨병성 말초혈관병증 등)에 의한 궤양, 통증 및 냉감 등의 허혈성 증상 개
선 [용법·용량] 안플레이드정 : (성인) 사포그릴레이트염산염으로서 1회 100 mg을 1일 3회 식후 경구투여한다. 증상에 따라 적절히 증감한다. 안플레
이드SR정 : (성인) 사포그릴레이트염산염 서방 300 mg 1일 1회 식후 경구투여한다. 이 약은 씹거나 부수지 말고 그대로 복용하여야 한다. [사용상 주
의사항] 1. 다음 환자에는 투여하지 말 것. 1) 출혈이 있는 환자(혈우병, 모세혈관위약증, 소화관궤양, 요로출혈, 객혈, 초자체출혈 등)(출혈을 증가시킬 
가능성이 있다). 2) 임부 또는 임신하고 있을 가능성이 있는 여성(임부·수유부에 대한 투여 항 참고) *자세한 내용은 제품설명서 참고 바랍니다.

Open Access pISSN 2765-4559   eISSN 2734-1461





Aims and Scope
encephalitis is a peer-reviewed, Open Access journal that publishes original research articles, review/mini-review articles, and experimental 

or clinical studies/case reports on encephalitis and neuroinflammation. The journal was launched in January 2021 and is published quarter-

ly on the 10th of every January, April, July, and October. 

Encephalitis is a disease caused by the neuroinflammation in the brain. Neuroinflammation refers to inflammation that occurs in the nerves 

system. It can be triggered by a variety of causes or events, including infection, traumatic brain injury, seizure, toxic metabolites, and autoim-

mune responses. Acute inflammation is characterized by transient changes in inflammatory molecules, endothelial cell activation, and 

platelet deposition, but chronic inflammation is involved in the prolonged activation of glial cells and recruitment of other immune cells into 

the brain. The symptoms of encephalitis include severe headache, fever, confusion, seizures, trouble speaking, and memory problems. Al-

though viral infections are considered the most common cause of encephalitis, in many cases the cause remains unknown, although it can 

be life-threatening. It is important to get a timely diagnosis and treatment.

Priority of encephalitis is given to work that provides translational and/or fundamental insight into the workings of encephalitis and neu-

ro-immune interactions in the brain. covers a wide range of topics related to encephalitis/neuroinflammation including neuroscience, im-

munology, pathophysiology, pharmacology, microbiology, genomics, diagnosis, cure of infectious diseases, and related general experimen-

tal and clinical research on the nervous system. encephalitis serves as the major conduit of top-quality information for neuroscientist or 

neurobiologist community, as well as the neurologist community.

Acceptance for publication of submitted manuscript is determined by the editors and peer reviewers, who are experts in their specific fields 

of each topic. Review processing is performed by the editorial board members of journal and outside experts. All published articles will be 

assigned DOI provided by CrossRef.

Open Access
This is an Open Access journal distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-

commons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, pro-

vided the original work is properly cited.

Publisher

Manho Kim, Seoul National University, Korea 

Editor-in-Chief

Kyung-Il Park, Seoul National University Hospital Healthcare System Gangnam Center, Korea

Editorial Office

Korean Encephalitis and Neuroinflammation Society 

101 Daehak-ro, Jongno-gu, Seoul 03080, Korea

Tel: +82-2-2072-0629    Fax: +82-2-765-7920    E-mail: encephalitis.office@kens.or.kr                            

Printing Office 

M2PI

8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea

Tel: +82-2-6966-4930   Fax: +82-2-6966-4945    E-mail: support@m2-pi.com

Published on January 10, 2022

encephalitisjournal.org

pISSN 2765-4559   eISSN 2734-1461

Copyright       2022 Korean Encephalitis and Neuroinflammation Society   
      This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39. 48-1992 (Permanence of paper)

Vol 2 · No 1 · January 2022

https://www.encephalitisjournal.org/


Editorial board

Editor-in-Chief

Kyung-Il Park Department of Neurology, Seoul National University Hospital Healthcare System Gangnam Center, Korea

Associate Editors

Daejong Jeon Advanced Neural Technologies, Korea

Jangsup Moon Department of Neurology, Rare Disease Center, Seoul National University Hospital, Korea

Editorial Board

Kon Chu Department of Neurology, Seoul National University Hospital, Korea

Keun-Hwa Jung Department of Neurology, Seoul National University Hospital, Korea

Kwang Ki Kim Department of Neurology, Dongguk University Ilsan Hospital, Korea

Yong Seo Koo Department of Neurology, Asan Medical Center, Korea

Sang Kun Lee Department of Neurology, Seoul National University Hospital, Korea

Soon-Tae Lee Department of Neurology, Seoul National University Hospital, Korea

Byung Chan Lim Department of Pediatrics, Seoul National University Children's Hospital, Korea

English Editor

Eworld Editing Korea

Manuscript Editor

Yoon Joo Seo InfoLumi, Korea

Layout Editor

In A Park M2PI, Korea

Website and JATS XML File Producer

Min Young Choi M2PI, Korea



Contents

pISSN 2765-4559   eISSN 2734-1461

Vol 2 · No 1 · January 2022

Original Article

1 Clinical significance of Epstein-Barr virus polymerase chain reaction in cerebrospinal fluid 
 Yong Woo Shin, Jun-Sang Sunwoo, Han-Sang Lee, Woo-Jin Lee, Seon-Jae Ahn, Sang Kun Lee, Kon Chu

Case Reports 

9 Direct brain involvement of Takayasu arteritis treated with rituximab and infliximab: a case report 
 Seondeuk Kim, Seon-Jae Ahn, Han Sang Lee, Woo-Jin Lee, Jangsup Moon, Jin Kyun Park, Kon Chu

14 Successful treatment with rituximab for central nervous system vasculitis caused by Epstein-Barr virus- 
 associated lymphoproliferative disorder with immunoglobulin M gammopathy 
 Juhee Lee, Han Sang Lee, Kon Chu

19 Angiography-negative childhood primary angiitis of the central nervous system diagnosed by open brain  
 biopsy: a case report 
 Dayun Kang, Soo Yeon Kim, Jong Hee Chae, Ki Joong Kim, Sung-Hye Park, Byung Chan Lim

24 A case report of critical ischemic stroke in moyamoya-like vasculopathy accompanied by systemic lupus  
 erythematosus 
 Wooseong Jeong, Gil Myeong Seong, Jung-Hwan Oh, Jay Chol Choi, Joong-Goo Kim



Introduction 
The Epstein-Barr virus (EBV) is a double-stranded DNA virus 

and a member of the herpes virus family. EBV is a widespread 

infectious agent worldwide that causes infectious mononu-

cleosis and has a prevalence rate of 90% [1]. After the first 
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Purpose 

Epstein-Barr virus (EBV) is implicated in various neurological conditions. However, the relationship between EBV DNA in cerebrospinal fluid (CSF) 
and central nervous system (CNS) infection is unclear. We evaluated the clinical manifestation of patients with EBV DNA detected in CSF. 

Methods 

We reviewed the medical records of patients admitted to Seoul National University Hospital from January 2000 to March 2021 who underwent 
EBV polymerase chain reaction (PCR) tests in CSF. The subjects were divided into positive and negative groups depending on the presence of 
EBV DNA, and further clinical information was obtained from positive patients. 

Results 

CSF EBV PCR tests were performed in 807 patients, and 57 (7.1%) tested positive. Pleocytosis was common (81.1%) in CSF samples with EBV 
DNA detected, and the proportion was significantly higher than that in samples that were EBV PCR negative (44.5%, p < 0.0001). Among 57 pa-
tients with EBV DNA detected in CSF, 51 (89.5%) were diagnosed with CNS infection or inflammatory disorders. Of the 51 patients, 31 (60.8%) 
had possible etiologies other than EBV. Follow-up evaluation was conducted in 19 of 20 patients, and 63.2% showed a favorable outcome. 

Conclusion 

Positive EBV PCR in CSF is mostly nonspecific and should be interpreted with caution. A comprehensive workup is needed to identify other etiol-
ogies before considering EBV as the sole culprit. 

Keywords: Human herpesvirus 4, Cerebrospinal fluid, Central nervous system infections, Epstein-Barr virus infections

identification of EBV in Burkitt lymphoma in 1964 [2], the as-

sociation between EBV and other lymphoid malignancies, in-

cluding primary central nervous system (CNS) lymphoma 

and epithelial malignancies, has been confirmed [3,4]. 

EBV infection usually begins in the oral mucosa. Infection re-
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sults from direct fusion of the EBV envelope and the epithelial 

cell membrane, and the virus proliferates through lytic repli-

cation in epithelial cells. After replication in the epithelia, the 

virus enters B-cells by endocytosis and fuses with the endo-

some to enter the cytoplasm. In most cases, EBV is asymp-

tomatic in the early stages of infection. However, EBV can lat-

er become active and cause infectious diseases such as infec-

tious mononucleosis [5]. 

EBV has been reported in various neurological conditions, 

such as encephalitis, meningitis, acute disseminated enceph-

alomyelitis, transverse myelitis, radiculopathy, and cranial 

nerve palsies [6,7]. However, most studies are biased toward 

patients with lymphoma or infectious mononucleosis, and 

whether EBV is related to the disease or exists as a bystander 

is unclear. There are also a few EBV-associated encephalitis 

case reports, but little is known about the role of EBV in CNS 

infection. Therefore, we investigated the clinical features of 

patients with EBV DNA in cerebrospinal fluid (CSF) and pos-

sible causes of infection. 

Methods 
Study design and population 
We retrospectively analyzed patients admitted to Seoul Na-

tional University Hospital from January 2000 to March 2021 

who underwent CSF analysis, including EBV polymerase 

chain reaction (PCR). We excluded subjects aged < 18 years. 

Patients were also excluded if either CSF cell count was not 

measured or EBV PCR was performed more than three days 

after the CSF sample was obtained. We identified 807 adult 

patients who met the criteria. Based on the EBV PCR results, 

we categorized the patients into positive and negative groups, 

and additional clinical information was pursued for the posi-

tive patients. Patients who had never tested positive for EBV 

PCR were labeled as negative patients, and the other cases 

were labeled positive. As a result, we identified 750 negative 

patients and 57 positive patients. This study was approved by 

the Institutional Review Board of Seoul National University 

Hospital (No. 2009-040-1155) with a waiver of consent be-

cause of its retrospective nature. 

Data collection 
Demographic and clinical characteristics were collected from 

electric medical records. If a patient was admitted multiple 

times, only the initial admission data were selected to obtain 

demographic information and EBV serology results. For pa-

tients with positive CSF EBV PCR, the hospitalization period 

in which positive samples were obtained for the first time was 

regarded as the first admission. 

All available CSF profile data, including initial and follow-up 

CSF evaluation, were used for analysis. A CSF specimen was 

regarded as blood-contaminated if one or more red blood cell 

(RBC) per mm3 was present in the CSF sample. White blood 

cell (WBC) count was corrected using blood WBC and RBC 

count ratio for these samples. We labeled a CSF sample as 

pleocytosis if the corrected WBC count was greater than five 

cells/mm3. 

We performed magnetic resonance imaging (MRI) analysis 

on the EBV-positive patients. The analysis was performed pri-

marily on lesion location, and the lesions were divided into 

the cortex, subcortical white matter, deep gray matter, brain-

stem, leptomeninges, and temporal lobe. Temporal lobe le-

sions were recorded separately. Mass lesions such as tumor or 

abscess and stroke lesions were excluded from the analysis.  

Clinical outcomes were measured using the modified Rankin 

Scale (mRS) at first admission, first discharge, and last visit. 

Only patients without another etiology were analyzed to min-

imize the effect of other diseases on the clinical course. 

Statistical analysis 
All statistical analyses were performed using Python (version 

3.7.11; Python Software Foundation, Wilmington, DE, USA) 

and the open-source libraries of SciPy (version 1.4.1; https://

www.scipy.org/). Continuous data are denoted as the median 

(lower range value–upper range value), and categorical data 

are expressed as count (percentage). The chi-square or Fisher 

exact test was used for categorical data, and the Mann-Whit-

ney U-test was used to compare continuous data. The p-val-

ues less than 0.05 were considered significant. 

Results 
Demographics and serologic profiles 
Among the 807 patients analyzed, 57 (7.1%) tested positive for 

CSF EBV PCR (Table 1). The patient group with positive CSF 

EBV PCR had more male patients (70.2% vs. 53.3%, p =  0.02) 

and a lower body mass index (BMI) than the negative patient 

group (22 kg/m2 vs. 23 kg/m2, p =  0.04). There was no differ-

ence in age between the two groups. In the total patient group, 

males had a higher seroprevalence of EBV than females, al-

though the difference was not statistically significant (202 vs. 

133, p =  0.11). Males had lower median BMI than females in 

the study population (23 kg/m2 vs. 22 kg/m2, p =  0.02). 
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EBV viral capsid antigen (VCA) immunoglobulin (Ig) M anti-

bodies, which suggest acute inflammation [8], were found in 

1.6% of patients and demonstrated no significant difference 

between the positive and negative groups. EBV VCA IgG was 

positive in 335 patients (89.6%), and there was no difference 

in frequency between the two groups (Table 1). 

Cerebrospinal fluid profile 
From the 807 patients, 1,005 CSF samples were collected. EBV 

PCR was positive in 74 of 1,005 CSF samples (7.4%), and 931 

of 1,005 CSF samples (92.6%) were negative for EBV PCR. 

Pleocytosis was common (81.1%) in CSF samples with EBV 

PCR positivity, and the proportion was significantly higher 

than that of the samples with EBV PCR negativity (44.5%,  

p <  0.0001). Protein level was higher and glucose level was 

lower in the EBV PCR positive group (Table 2). The blood con-

tamination ratio was high in the positive group (78.4% for the 

positive vs. 59.3% for the negative, p =  0.0019). However,  

only 72 of the contaminated samples (11.8%) showed RBC of 

> 1,000/mm3, and there was no significant difference in fre-

quency of samples with RBC of >1,000/mm3 between the posi-

tive and negative groups (8.1% for the positive vs. 7.1% for the 

negative, p =  0.93). 

Diagnosis in the positive group 
If a patient underwent multiple admissions, patient diagno-

sis was classified based on their disorder on the initial admis-

sion. Of the 807 patients, 57 (7.1%) were positive on EBV PCR 

(Figure 1). Of the 57 patients who tested positive for EBV PCR, 

51 (89.5%) were diagnosed with CNS infection or inflammato-

ry disorder such as encephalitis, meningitis, ventriculitis, or 

pachymeningitis (Table 3). The most frequent diagnosis was 

encephalitis, followed by meningitis and myelitis. The other  

six patients were diagnosed with malignancy or stroke (Table 3). 

Among the 51 patients with CNS infection or inflammatory 

disorders, 24 (47.1%) had another etiology, such as herpes 

simplex virus or N-methyl D-aspartate receptor encephalitis, 

which was identified in the CSF (Table 4). Seven patients 

Table 1 Demographics and serologic information

Variable
CSF EBV PCR

p-value
Positive (n =  57) Negative (n =  750)

Demographics
 Male 40 (70.2) 400 (53.3) 0.02

 Age (yr) 53 (35–65) 52 (35–64) 0.42

 BMI (kg/m2) 22 (20–25) 23 (21–25) 0.04

Serology
 EBV VCA IgM 2/41 (4.9) 5/395 (1.3) 0.13

 EBV VCA IgG 30/31 (96.8) 305/343 (88.9) 0.23

Values are presented as median (range) or count (%).

CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; PCR, polymerase chain reaction; 

BMI, body mass index; VCA, viral capsid antigen; Ig, immunoglobulin.

Table 2 Cerebrospinal fluid (CSF) profiles

Variable
CSF EBV PCR

p-value
Positive (n =  74) Negative (n =  931)

RBC (/mm3) 18 (1–158) 2 (0–43) 0.0004
WBC (/mm3) 63 (17–228) 4 (0–37) <0.0001
WBC, corrected (/mm3) 61 (15–228) 4 (0–34) <0.0001
Glucose (mg/dL) 57 (46–70) 65 (55–75) 0.0005
Protein (mg/dL) 91 (57–161) 57 (41–87) <0.0001
Blood contamination (%) 58 (78.4) 552 (59.3) 0.0019
Pleocytosis (%) 60 (81.1) 414 (44.5) <0.0001

Values are presented as median (range) or count (%).

EBV, Epstein-Barr virus; PCR, polymerase chain reaction; RBC, red blood cell; 

WBC, white blood cell.

Figure 1 Flow chart of the study population

Flow chart of study population selection.
EBV, Epstein-Barr virus; CSF, cerebrospinal fluid.

All 807 Patients

6 With non-inflammatory disease (10.5%)

20 With only EBV (39.2%)

51 With inflammatory disease (89.5%)

7 With clinically suspected pathogens (13.7%) 24 With other pathogens in CSF (47.1%)

750 Negative patients (92.9%) 57 Positive patients (7.1%)
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Table 3 Diagnoses in cerebrospinal fluid Epstein-Barr virus polymerase chain reaction-positive patients

Category Diagnosis Count (n =  57)

Infection/inflammation (89.5%) Encephalitis 25
Meningitis 10
Myelitis 3
Osteomyelitis 2
Brain abscess 2
Viral meningitis, with cauda equina syndrome 1
Meningoencephalitis with ventriculitis 1
Encephalitis with radiculitis 1
Cerebral toxoplasmosis 1
GBS with irAE 1
Encephalomyelitis 1
PML 1
Ventriculitis 1

Malignancy (8.8%) PCNSL 2 (3.5)
Brain metastasis, ovarian cancer 1 (1.8)
Leptomeningeal carcinomatosis 1 (1.8)
Intravascular lymphoma 1 (1.8)

Stroke (1.8%) Cerebral venous sinus thrombosis 1 (1.8)

Values are presented as count only or count (%).

GBS, Guillain-Barre syndrome; irAE, immune-related autoimmune encephalitis; PML, progressive multifocal leukoencephalopathy; PCNSL, primary central nervous system 

lymphoma.

(13.7%) did not show direct evidence of another etiology in 

CSF analysis, but other causes were suspected from clinical 

manifestation, imaging findings, or test results from other 

samples (Table 4). For example, a recurrent meningitis patient 

underwent a brain biopsy, which revealed traces of parasitic 

eggs.  

Only 20 of 51 patients (39.2%) had no possible etiology other 

than EBV. Among these patients, serum EBV VCA IgM anti-

bodies were detected in only one patient who was diagnosed 

with encephalitis. 

Radiographic findings in the inflammatory group 
Among the 51 patients with inflammatory disease, 50 under-

went brain MRI. Computed tomography (CT) alone was per-

formed in the other patient. Normal MRI findings were ob-

served for 13 of 50 patients. Leptomeninges was the most fre-

quently involved site, followed by white matter, temporal lobe, 

and deep gray matter. There was no significant difference be-

tween the patients with only EBV PCR positive and the others 

(Table 5). 

In patients with only EBV identified in CSF, 11 were diagnosed 

with encephalitis. Leptomeningeal enhancement was the 

most common finding, and cortex and deep gray matter were 

the next most frequently involved areas (Table 5 and Figure 2). 

Two patients were diagnosed with myelitis. Both underwent 

spine MRI, which revealed subtle abnormality on post-con-

trast T1-weighted imaging (Figure 2). Among four patients 

with meningitis, three had normal brain MRI. The other pa-

tient did not undergo brain MRI. Instead, a brain CT scan was 

performed and revealed no abnormality. 

Outcomes in Epstein-Barr virus-only patients 
Among the 20 patients with EBV DNA detected in the CSF 

without another possible etiology (EBV-only patients, hereaf-

ter), 19 (95.0%) were eligible for follow-up evaluation. The 

outcome was not available for one patient who was trans-

ferred to another hospital shortly after emergency room eval-

uation. Six patients were lost to follow-up after discharge, and 

the mRS at discharge was regarded as the final mRS. 

All 19 patients received antiviral agents. Except for two pa-

tients who died of underlying malignancies (bladder cancer 

and hemophagocytic lymphohistiocytosis), the overall out-

come was favorable, with 12 patients (63.2%) showing an mRS 

score of three or less at the last follow-up (Figure 3). 

Discussion 
EBV is a highly prevalent virus and has been detected in CSF 

in various clinical conditions. However, the clinical usefulness 

of EBV PCR in the context of neuroinflammatory disease has 

not been determined. In this retrospective study, we evaluat-

ed the clinical significance of EBV PCR in CSF and detection 

encephalitisjournal.org
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Table 4 Etiologies of cerebrospinal fluid (CSF) EBV PCR positive patients with inflammatory disorders

Etiology Count (n =  51) Diagnosis

Only EBV (39.2%) 20 Encephalitis (11), meningitis (4), myelitis (2), encephalomyelitis, encephalitis with radiculitis, GBS with irAEa)

Clinically suspected (13.7%)
 Pseudomonas, Escherichia coli 1 Brain abscess

 JC virus 1 PMLb)

 Tb 2 Tb meningitisc)

 VZV 1 Zoster myelitis

 MOG 1 MOG encephalitis

 Parasite 1 Recurrent meningitis

Directly identified in CSF (47.1%)
 Aspergillus, CMV 2 Osteomyelitis (2)

 CMV 1 Encephalitis

 Enterovirus 1 Meningitis

 HHV8/6 1 Pachymeningitis

 HSV1 2 Encephalitis (2)

 HSV1, VZV 2 Disseminated herpes zoster infection with encephalitis, disseminated VZV infection with encephalitis

 HSV2 4 Meningoencephalitis with ventriculitis, encephalitis (2), meningitis with cauda equina syndrome,

 JBE 1 Japanese B encephalitis

 NMDA receptor Ab 3 NMDARE

 Pseudomonas aeruginosa 2 Ventriculitis (2)

 RSV B 2 Encephalitis (2)

 Streptococcus 1 Brain abscess

 Toxoplasma 1 Toxoplasmosis

 VDRL reactive 1 Probable autoimmune encephalitisd)

Values are presented as count.

EBV, Epstein-Barr virus; PCR, polymerase chain reaction; GBS, Guillain-Barre syndrome; irAE, immune-related autoimmune encephalitis; JC virus, John Cunningham virus; 

PML, progressive multifocal leukoencephalopathy; Tb, tuberculous; VZV, varicella-zoster virus; MOG, myelin oligodendrocyte glycoprotein; CMV, cytomegalovirus; HHV, 

human herpes virus; HSV, herpes simplex viruses; JBE, Japanese B encephalitis; NMDA, N-methyl-D-aspartic acid; NMDARE, N-methyl D-aspartate receptor encephalitis; 

RSV, respiratory syncytial virus; VDRL, venereal disease research laboratory.
a)Two weeks after the patient received atezolizumab for bladder cancer, she developed nonspecific interstitial pneumonia and hepatitis, which led to admission. Sub-

sequently, she showed altered mentality, dysarthria, and limb weakness. Brain magnetic resonance imaging (MRI) revealed leptomeningeal enhancement, and nerve 

conduction study demonstrated demyelinating type sensorimotor polyneuropathy. The patient was treated with immunotherapy for irAE and GBS and discharged in a 

stable condition with slight improvement (the modified Rankin Scale, 5 to 4). Four months later, she died of bladder cancer. b)The patient was on immunosuppressants 

after kidney transplantation when he developed bilateral facial palsy. The CSF revealed pleocytosis, and MRI demonstrated T2 high signal intensity in the left temporal 

lobe. Initially, the patient received valaciclovir, which was discontinued because of pancytopenia and lack of improvement. Radiologically, PML or central nervous system 

lymphoma was suspected. Since the brain fluorodeoxyglucose-positron emission tomograph revealed no hypermetabolism, mefloquine was tried. The patient’s symptoms 

improved, and the MRI showed improvement. Biopsy was not performed. c)A CSF sample showed lymphocytic pleocytosis, the glucose level was low (20 mg/dL), and 

adenosine deaminase was elevated (18 IU/L). Interferon-gamma release assay was positive. d)Human immunodeficiency virus-uninfected individual. He had no history of 

syphilis, and serum rapid plasma regain and fluorescent treponemal antibody absorption test were non-reactive. Hence, the possibility of neurosyphilis was thought to be 

low. He received antiviral treatment and immunotherapy, considering the possibility of autoimmune encephalitis and the presence of the EBV DNA in CSF.

of EBV DNA. We found that 31 of 51 patients (60.8%) who test-

ed positive for EBV PCR and had neuroinflammatory condi-

tions had other discernible pathogens and showed a wide 

range of clinical diagnoses, with encephalitis being the most 

common. Only 20 of 51 patients (39.2%) had no possible etiol-

ogy other than EBV. The patients with only EBV detected in 

CSF had diverse diagnoses. 

The frequency of EBV VCA IgM, which is evidence of acute 

infection [8], was also low at 2%, and there was no difference 

in frequency in the positive patients compared with the nega-

tive patients (1% for positive patients vs. 5% for negative pa-

tients). However, not all patients underwent EBV serologic 

evaluation, which can lead to selection bias. Additionally, EBV 

activity in the blood might not reflect CNS infection. The EBV 

seroprevalence of the study population was high (89.6%), 

consistent with previous reports [9,10], and there is a chance 

that EBV reactivates in the CNS without apparent systemic re-

action. These findings indicate that EBV DNA detection in 

CSF is insufficient to conclude that EBV caused the neuroin-

flammatory condition. 
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Table 5 Magnetic resonance imaging findings of cerebrospinal fluid EBV PCR positive patients with inflammatory disorders

With EBV only (n =  19) With other pathogens (n =  31) All (n =  50)

Normal findings 7 (36.8) 7 (22.6) 14 (28.0)
Abnormal
 Leptomeninges 8 (42.1) 13 (41.9) 21 (42.0)
 Cortex 4 (21.1) 1 (3.2) 5 (10.0)
 Temporal lobe 2 (10.5) 4 (12.9) 6 (12.0)
 Deep gray matter 4 (21.1) 2 (6.5) 6 (12.0)
 Brainstem 2 (10.5) 1 (3.2) 3 (6.0)
 Subcortical white matter 3 (15.8) 3 (9.7) 6 (12.0)

Values are presented as count (percentage).

EBV, Epstein-Barr virus; PCR, polymerase chain reaction.

The high proportion of pleocytosis in the CSF EBV PCR posi-

tive group suggests that EBV positivity in CSF is associated 

with neuroinflammatory conditions. However, it does not 

necessarily mean that EBV caused the neuroinflammation. 

Instead, EBV DNA might be detected in the CSF because 

blood-brain barrier (BBB) permeability increases under neu-

roinflammatory conditions, or EBV in B-cells could have en-

tered the CSF with B-cells during the inflammatory process. 

Alternatively, since previous studies reported the possibility 

that EBV could disrupt or injure the BBB [11,12], EBV might 

predispose patients to other CNS infections. Additionally, the 

study population consists of heterogeneous groups with vari-

ous diagnoses. Although we divided the EBV PCR positive pa-

tients into groups of neuroinflammatory patients and others, 

the EBV PCR negative patients were not classified further. 

Therefore, caution is required in interpretation.  

There was a difference in sex ratio and BMI between the posi-

tive and negative patients. Although not statistically signifi-

cant, males had a higher seroprevalence of EBV. In addition, 

males had a significantly lower BMI. These might partially ex-

plain the differences. However, there are limits to interpreta-

tion because the two groups consisted of heterogeneous pa-

tients. 

Although there was a tendency for clinical improvement in 

EBV-only patients after taking antiviral drugs, whether the ef-

fect is from antiviral agents cannot be determined because 

there was no control group. Considering the insufficient evi-

Figure 2 MRI findings of CSF EBV PCR positive patients with inflammatory disorders

(A) Brain MRI of a 53-year-old woman diagnosed with immune-related autoimmune encephalitis after taking atezolizumab for bladder cancer, showing 
prominent leptomeningeal enhancement along sylvian fissures, frontal bases, and basal cisterns. (B) Brain MRI of a 31-year-old man, diagnosed with 
encephalitis, showing relatively symmetric T2 high-SI lesions (yellow arrows) involving bilateral thalamus, basal ganglia, and suspicious both frontal/
temporal cortex. (C) Spine MRI of a 38-year-old man presented with progressive paresthesia of the lower extremities and diagnosed with myelitis, 
showing subtle multifocal high SI (yellow arrow) at C2–T2 spinal cord on T1CE image. (D) Spine MRI of a 38-year-old woman diagnosed with myelitis, 
showing suspicious, patchy intramedullary enhancement (yellow arrow) at C5–6.
MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; PCR, polymerase chain reaction; SI, signal intensity; T1CE, 
T1-weighted contrast-enhanced.
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dence that antiviral drugs are effective in other EBV-associat-

ed infections, such as infectious mononucleosis [13], the ben-

efits of antiviral agents in patients with EBV infection in CNS 

need further investigation. 

It is still possible that EBV can cause various neuroinfectious 

diseases. However, as it does not show a consistent or distin-

guishing clinical pattern from other neuroinfectious diseases, 

more detailed research (e.g., brain biopsy) is needed. In addi-

tion, no effective antiviral agent is available for EBV. There-

fore, the clinical usefulness of EBV PCR in CSF is not signifi-

cant unless the patient is suspected of having a condition 

known to be associated with EBV, such as CNS lymphoma or 

nasopharyngeal tumor. 

This study has several limitations. First, this is a retrospective 

study. We analyzed clinical and laboratory information using 

only patient medical records. Since there was a lack of stan-

dardized evaluation protocol and treatment strategies, pa-

tients underwent different workups and treatments according 

to clinical status. Second, the study population consists of 

heterogeneous groups with various diagnoses. Although we 

divided the EBV PCR positive patients into groups of neuroin-

flammatory patients and others, the EBV PCR negative pa-

tients were not classified further. Third, the ratio of blood con-

tamination in EBV-positive patients was high in our data, and 

the contaminated blood in CSF samples might have caused 

false-positive results. However, the probability of false posi-

tives might be low given that the amount of contaminated 

RBC was low in most samples. Fourth, the study was conduct-

ed with a small number of samples from a single institution. 

Therefore, the study population might not represent general 

EBV-positive patients. However, the tertiary care setting made 

it possible to conduct comprehensive etiologic evaluation, 

which revealed that a large proportion of the patients with 

CSF EBV PCR had other etiologies. 

In conclusion, patients positive for CSF EBV PCR commonly 

showed pleocytosis and were diagnosed with CNS inflamma-

tory disorders. However, the positive patients had diverse 

clinical aspects, and more than half of the patients had anoth-

er discernable etiology. Additionally, the frequency of EBV 

VCA IgM was low at 1% in EBV PCR-positive patients. There-

fore, positive EBV PCR in CSF is nonspecific and does not 

necessarily indicate that EBV caused neuroinflammation. A 

comprehensive workup is needed to identify another etiology 

before considering EBV as the culprit. Considering that no ef-

fective antiviral agent is available for EBV, and the possibility 

of EBV causing neuroinfection is low, the clinical usefulness 

of EBV PCR in CSF is not significant unless the patient is sus-

pected of having a condition known to be associated with 

EBV, such as CNS lymphoma or nasopharyngeal tumor. 
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Figure 3 Score on modified Rankin Scale

Modified Rankin Scale (mRS) scores at first admission, first discharge, and last visit. Numbers in the different boxes represent the corresponding num-
bers of patients with that specific mRS.
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Introduction 
Takayasu arteritis (TAK) is a systemic vasculitis involving large 

arteries, such as the aorta and its main branches (e.g., subcla-

vian, brachiocephalic, extracranial arteries) [1]. 

The central nervous system (CNS) manifestations (e.g., isch-

emic stroke) in TAK are usually associated with occlusion or 

stenosis of large arteries [2,3]. However, direct CNS involve-

ment in TAK (e.g., intracranial granulomatosis) is extremely 

rare [2,4]. Furthermore, reports regarding the treatment of 

CNS involvement were not found in a literature review. 

Glucocorticoids are the treatment of choice for TAK [5]. How-

ever, approximately two-thirds of patients experience disease 

recurrence or steroid dependency. Therefore, other immune 
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with rituximab and especially infliximab. These findings indicate the usefulness of rituximab and infliximab to treat the direct CNS manifesta-
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suppressants are often used as additive or alternative treat-

ments for corticosteroids. The effectiveness of rituximab as 

second-line treatment for TAK was shown in several studies 

[6]. Infliximab, a tumor necrosis factor (TNF) inhibitor, was 

also used to treat refractory TAK with good efficacy [7]. Here-

in, we describe a case of autoimmune encephalitis in a patient 

with TAK who showed good clinical response to rituximab 

and radiological response to infliximab. 

Case Report 
A 39-year-old male presented with severe headache, myalgia, 

and mild fever for 2 months. He was admitted for evaluation 

of prolonged fever. The patient did not complain of other 

symptoms (e.g., cough, sputum, rhinorrhea, diarrhea, arthral-

Copyright © 2022 by The Korean Encephalitis and Neuroinflammation Society
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gia, claudication, dizziness, dysarthria, or sided weakness). 

His blood pressure was mildly elevated (systolic blood pres-

sure 140–150 mmHg) without a significant difference ( > 10 

mmHg) between both arms, and his body temperature was 

above 38.0°C. Upon physical examination, no oral/genital ul-

cers or skin rashes were observed. In addition, radial and dor-

salis pedis artery pulses were present. Furthermore, bruit was 

not observed in either the carotid or ophthalmic arteries. The 

detailed neurological examination revealed no focal neuro-

logical deficits, including spasticity or dyskinesia. Computer 

tomography (CT) of the abdomen and pelvis was unremark-

able; however, chest CT revealed wall thickening of the as-

cending aorta, right proximal brachiocephalic artery, and left 

proximal common carotid artery (Figure 1A). Brain magnetic 

resonance imaging (MRI) showed T2 high signal intensities 

and T1 contrast-enhanced lesions involving the right basal 

ganglia, corpus callosum genu, and both hypothalamic areas 

without stenotic or occlusive lesions in the intracranial and 

extracranial arteries (Figure 1B–E). CNS vasculitis, demyelin-

ating disease, brain tumor, autoimmune encephalitis, and in-

fectious encephalitis were included as differential diagnoses. 

Torso 18F-fluorodeoxyglucose (FDG) positron emission to-

mography (PET) showed no evi-dence of tumorous condi-

tions. In particular, brain FDG-PET showed hypometabolism 

of the affected lesions (Figure 1F). Based on a cerebrospinal 

fluid analysis showing a normal profile, other infectious etiol-

ogies were also excluded. The autoantibodies and the vasculi-

tis-associated tests were unremarkable. Unspecified inflam-

matory CNS diseases such as CNS vasculitis or demyelinating 

disease were suspected, and an intravenous (IV) corticoste-

roid pulse was administered. After pulse therapy, radiologic 

findings and the symptoms (fever and headache) improved. 

The oral steroid was maintained and then tapered off over an 

approximately 1-month period. 

Figure 1 Initial imaging findings

(A) Chest computed tomography shows thickening (arrowheads) at the ascending aorta and right proximal brachiocephalic artery. (B, C) Brain magnetic resonance imaging 

(MRI) shows the right basal ganglia and corpus callosum genu T2 fluid-attenuated inversion recovery high signal intensity with T1 enhancement (arrowheads). (D, E) Brain 

MRI shows the absence of intracranial steno-occlusive lesions. (F) Follow-up 18F-fluorodeoxyglucose positron emission tomography shows hypometabolism in the right 

basal ganglia.
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Approximately 4 months after the first steroid pulse therapy, 

the patient developed sudden memory impairment, recurrent 

headache, urinary incontinence, and sleeping tendency. Ap-

proximately 2 months after the recurrence, IV steroid pulse 

was readministered, followed by oral steroid and cyclosporine 

combination therapy. Despite immunotherapy, impaired cog-

nitive function (subjectively, 80% of baseline status) and 

headache remained. Although the patient was treated with 

oral steroid and cyclosporine combination therapy, uveitis 

occurred approximately 6 weeks after the second steroid 

pulse therapy. Follow-up brain MRI (3 months after second 

pulse therapy) revealed a few residual patchy T2 high signal 

intensities in both the basal ganglia, hypothalamic areas, and 

optic tracts without enhancement and diffusion restriction. 

Based on clinical symptoms, including remaining cognitive 

dysfunction, rituximab was administered as an alternative 

treatment. After five cycles of rituximab (375 mg/m2/cycle), 

the patient showed complete recovery of neurological symp-

toms. Although clinical response was remarkable, subsequent 

brain images showed no interval changes. 

Figure 2 The disease course and treatment timeline

(A) The time of central nervous system (CNS) attack, uveitis, and systemic attack is indicated by the thick gray arrows. Colored triangles indicate clinical response (yellow) 

and radiologic response (dark green). The degree of response is represented by the number of ‘+’ signs (one ‘+’ sign = partial response, two ‘+’ signs = remarkable re-

sponse, and three ‘+’ signs = complete response). Immunotherapy agents are represented by color shapes. The dark red graph demonstrates erythrocyte sedimentation 

rate (ESR) level (mm/hour) started to increase with the systemic attack. (B) Brain magnetic resonance imaging shows both hypothalamic T2 fluid-attenuated inversion 

recovery high-intensity lesions. Thin lines connect brain image with the time of imaging. The lesions were persistent until infliximab was administered. (C) Follow-up chest 

computed tomography shows the lesion improving at the ascending aorta. Pd, oral prednisolone; IV mPd, intravenous methylprednisolone pulse therapy.
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Around the 12th cycle of rituximab, fever recurred with a 

painful erythematous patchy rash on the abdomen and right 

tibia. Erythrocyte sedimentation rate (ESR) was highly elevat-

ed. After infection was excluded, infliximab (5 mg/kg/cycle 

every 2 months) was administered and ESR levels started to 

normalize (Figure 2A). Furthermore, there were no definite 

residual patchy T2 high signal intensities in the basal ganglia, 

hypothalamic area, or optic tracts, which was a complete ra-

diological response after the five cycles of infliximab (Figure 

2B). Around the eighth cycle of infliximab, wall thickening at 

the ascending aorta and its main branches were not ob-

served on follow-up chest CT (Figure 2C). 

Discussion 
TAK is a large vessel vasculitis affecting the aorta and its major 

branches. However, TAK can exhibit extravascular involve-

ment, including arthritis, erythema nodosum, and uveitis [8]. 

In the present case, uveitis occurred after the second CNS at-

tack, and infliximab ameliorated erythema nodosum and 

CNS lesions. TAK and encephalitis could have occurred inde-

pendently (i.e., coincidentally). However, the temporal asso-

ciation and complete responses of both systemic inflamma-

tion and CNS lesions to treatment indicated that encephalitis 

was an extravascular manifestation of TAK. 

Notably, the persistent CNS lesions were reversed with inflix-

imab. The persistent lesions indicated the remaining vasogen-

ic edema was due to the ongoing inflammatory process. Al-

though B cell immunity was suppressed by rituximab therapy 

and endothelial injury was restored, it was insufficient to re-

construct the disruption of the blood-brain barrier caused by 

other immune mechanisms. In contrast, infliximab therapy 

completely suppressed inflammation and induced a complete 

radiologic response, eliminating vasogenic edema. 

Regarding immunological aspects, Mutoh et al. [9] recently 

reported antiendothelial cell antibodies promote vascular in-

flammation by activating endothelial cells in TAK. Our pa-

tient’s clinical response of CNS symptoms to rituximab thera-

py supports this hypothesis. Despite the clinical response, the 

effect of rituximab on the patient’s disease activity and radio-

logical findings was insufficient. This result is compatible with 

the previous studies in which rituximab was suggested to have 

a role as second- or third-line but not first-line therapy in TAK 

[6]. Hypothetically, the B cell immunity does not play a critical 

role but an accessory role. In several previous studies, natural 

killer (NK) cells and CD8 T cells played essential roles [1]. T 

cells, NK cells, and macrophages produce TNF-α which is im-

portant in the formation of granulomatosis in TAK. Further-

more, TNF-α induces the production of interleukin-12 from 

macrophages, the key cytokine involved in CD4 T cell differ-

entiation into T helper type 1 cells and NK cell activation. In-

fliximab is a TNF-α inhibitor and has been proven efficacious 

in TAK [7]. Although we anticipated infliximab would sup-

press the patient’s disease activity and systemic manifesta-

tions, the complete resolution of CNS lesions was unexpected. 

Notably, encephalitis associated with TAK was partially treat-

able with rituximab and completely with infliximab. To the 

best of our knowledge, this is the first report of the treatment 

options of TAK with direct CNS involvement. 

In conclusion, rituximab and infliximab may be useful for 

managing the direct CNS involvement in TAK. Future investi-

gations regarding the efficacy of this management are need-

ed. However, this report is limited because CNS lesions could 

not be confirmed using brain biopsy. 

Conflicts of Interest 
Kon Chu has been on the editorial board of encephalitis since 

October 2020 and was not involved in the review process of 

the original article. The authors declare no other potential 

conflicts of interest relevant to this article. 

Author Contributions 
Conceptualization: Moon J, Park JK, Chu K; Data curation: 

Kim SD, Ahn SJ, Lee HS, Lee WJ; Investigation: Kim SD, Ahn 

SJ; Writing–original draft: Kim SD, Ahn SJ; Writing–review and 

editing: all authors. 

Acknowledgements 
There is no funding support for this manuscript. 

References 
1. Watanabe R, Berry GJ, Liang DH, Goronzy JJ, Weyand CM. Pathogene-

sis of giant cell arteritis and Takayasu arteritis-similarities and differ-

ences. Curr Rheumatol Rep 2020;22:68. 

2. Zhang S, Yuan D, Tan G. Neurological involvement in primary system-

ic vasculitis. Front Neurol 2019;10:430. 

3. Bond KM, Nasr D, Lehman V, Lanzino G, Cloft HJ, Brinjikji W. Intracra-

nial and extracranial neurovascular manifestations of Takayasu arteri-

encephalitisjournal.org

Seondeuk Kim et al. Encephalitis in Takayasu arteritis

12 encephalitis |Vol. 2, No. 1| October 5, 2021

https://doi.org/10.1007/s11926-020-00948-x
https://doi.org/10.1007/s11926-020-00948-x
https://doi.org/10.1007/s11926-020-00948-x
https://doi.org/10.3389/fneur.2019.00430
https://doi.org/10.3389/fneur.2019.00430
https://doi.org/10.3174/ajnr.a5095
https://doi.org/10.3174/ajnr.a5095


tis. AJNR Am J Neuroradiol 2017;38:766–772. 

4. Chen YQ, Wang Y, Wang F, Wang NS. Proteus Takayasu’s arteritis with 

unusual intracranial granulomatosis as initial manifestation. Rheu-

matol Int 2012;32:2185–2188. 

5. Serra R, Butrico L, Fugetto F, et al. Updates in pathophysiology, diag-

nosis and management of Takayasu arteritis. Ann Vasc Surg 2016; 

35:210–225.  

6. Pazzola G, Muratore F, Pipitone N, et al. Rituximab therapy for Takaya-

su arteritis: a seven patients experience and a review of the literature. 

Rheumatology (Oxford) 2018;57:1151–1155. 

7. Comarmond C, Plaisier E, Dahan K, et al. Anti TNF-α in refractory 

Takayasu’s arteritis: cases series and review of the literature. Autoim-

mun Rev 2012;11:678–684. 

8. Kwon OC, Lee SW, Park YB, et al. Extravascular manifestations of 

Takayasu arteritis: focusing on the features shared with spondyloar-

thritis. Arthritis Res Ther 2018;20:142. 

9. Mutoh T, Shirai T, Ishii T, et al. Identification of two major autoantigens 

negatively regulating endothelial activation in Takayasu arteritis. Nat 

Commun 2020;11:1253. 

Seondeuk Kim et al. Encephalitis in Takayasu arteritis

encephalitisjournal.org encephalitis |Vol. 2, No. 1| October 5, 2021 13

https://doi.org/10.3174/ajnr.a5095
https://doi.org/10.1007/s00296-010-1432-3
https://doi.org/10.1007/s00296-010-1432-3
https://doi.org/10.1007/s00296-010-1432-3
https://doi.org/10.1016/j.avsg.2016.02.011
https://doi.org/10.1016/j.avsg.2016.02.011
https://doi.org/10.1016/j.avsg.2016.02.011
https://doi.org/10.1093/rheumatology/kex249
https://doi.org/10.1093/rheumatology/kex249
https://doi.org/10.1016/j.autrev.2011.11.025
https://doi.org/10.1016/j.autrev.2011.11.025
https://doi.org/10.1016/j.autrev.2011.11.025
https://doi.org/10.1186/s13075-018-1643-7
https://doi.org/10.1186/s13075-018-1643-7
https://doi.org/10.1186/s13075-018-1643-7
https://doi.org/10.1038/s41467-020-15088-0
https://doi.org/10.1038/s41467-020-15088-0
https://doi.org/10.1038/s41467-020-15088-0


Introduction 
Monoclonal gammopathy of undetermined significance 

(MGUS) is an asymptomatic premalignant clonal plasma cell 

or lymphoplasmacytic proliferative disorder [1]. Annually, ap-

proximately 1% of MGUS transform to multiple myeloma or 

other related disorders such as B-cell lymphoma, Walden-

strom’s macroglobulinemia, or immunoglobulin light chain 

amyloidosis [2]. The exact etiology of MGUS has not been 

identified; however, the disease may be associated with sever-

al autoimmune conditions, including central nervous system 

(CNS) vasculitis [3]. Epstein-Barr virus (EBV) has been shown 

to be involved in the occurrence of a wide range of B-cell 

lymphoproliferative disorders. EBV infection is suspected to 

play a central role in the pathogenesis and may contribute to 

the development of autoimmune disease by increasing the 
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system (CNS) vasculitis. Epstein-Barr virus (EBV) is a pathogen capable of triggering a systemic immune response and is involved in the occur-
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in pathogenesis. Here, we present a case that was thought to be a systemic autoimmune disease and CNS vasculitis that developed after EBV 
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proportion of immune cells with autoimmunity [4]. Similarly, 

autoimmune disease can occur post EBV infection, but re-

ports on the CNS are still not sufficient. Here, we present the 

case of a 42-year-old woman with CNS vasculitis associated 

with monoclonal gammopathy of immunoglobulin M (IgM) 

kappa type after infection with EBV. After steroid treatment, 

only a partial effect was shown, but rituximab administration 

caused immediate and complete remission. Rituximab may 

be considered as a treatment option for patients suspected of 

having CNS vasculitis following viral infection, particularly 

EBV infection. 

Case Report 
A 42-year-old woman was admitted to another hospital due to 

headache and fever that began 7 days prior to admission. The 
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patient had a 10-year history of episodic paresthesia in her 

fingers and toes when exposed to cold, which was diagnosed 

as limited systemic sclerosis 3 years before admission. The 

patient also had a history of recurrent umbilical hernia and 

pelvic organ prolapse of unknown etiology. Initial cerebrospi-

nal fluid (CSF) analysis revealed pleocytosis of 459 white 

blood cells/mm3 (leukocytes 88%; lymphocytes 12%), an ele-

vation protein level of 161 mg/dL, and low glucose (36 mg/

dL) with positive EBV DNA polymerase chain reaction (PCR) 

results. The initial magnetic resonance imaging (MRI) showed 

multifocal patchy T2 high signal intensity in bilateral cerebral 

hemispheres with hemorrhagic changes (Figure 1A and B). 

She was treated with intravenous vancomycin (aim for pre-

dose level 15–20 mg/L), ceftriaxone (2 g intravenously [IV] ev-

ery 12 hours), acyclovir (10 mg/kg), and dexamethasone (10 

mg IV every 6 hours). Despite receiving antimicrobial treat-

ment based on the meningoencephalitis diagnosis, the pa-

tient’s headache gradually worsened and her visual field be-

gan to blur. She was referred to our hospital for further evalu-

ation after 7 days of antimicrobial treatment. 

Upon physical examination, neither the liver nor spleen were 

palpable in the abdomen, and there was no edema of the low-

er extremities. Neurological examination revealed a drowsy 

mentality, general weakness (MRC [Medical Research Coun-

cil] grade III), and decreased visual acuity to differentiate only 

hand motion. Vital signs at initial evaluation were: blood 

pressure, 119/87 mmHg; heart rate, 64 beats/min; respiratory 

rate, 18 breaths/min; and temperature, 37.3°C. In the blood 

test, the hemoglobin sedimentation rate was 56 mm/hr, the 

C-reactive protein was 3.09 mg/dL, serum cryoglobulin was 

positive, and mild hyponatremia (133 mEq/L) was observed. 

Except for the above, no abnormal findings such as anemia 

were observed in the blood tests. In the complete blood count, 

leukocytes were 2,660/μL, hemoglobin was 8.6 g/dL, platelets 

were 213,000/μL, mean cell volume was 80.3 fL, and mean 

corpuscular hemoglobin was 23.6 pg. Biochemical tests found 

that the total protein was 10.2 g/dL, albumin was 3.26 g/dL, 

aspartate aminotransferase was 24 IU/L, alanine aminotrans-

ferase was 19 IU/L, alkaline phosphatase was 52IU/L, lactic 

dehydrogenase was 186 IU/L, total bilirubin was 0.6 mg/dL, 

blood urea nitrogen was 12 mg/dL, and creatinine was 0.89 

mg/dL. Serum electrolytes were Na 133 mEq/L, K was 4.4 

mEq/L, Cl was 112 mEq/L, total calcium was 8.4 mEq/L, ion-

ized calcium was 4.63 mEq/L, uric acid was 4.3 mg/dL, serum 

cholesterol was 94 mg/dL, and serum triglyceride was 24 mg/

dL; proteinuria was not observed as a result of urinalysis. 

CSF analysis was conducted in our hospital and showed 32 

white blood cells/mm3 (leukocytes, 12 cells/µL; lymphocytes, 

12 cells/µL; and others, 8 cells/µL), 40 red blood cells/mm3, 

138 mg/dL of protein, and 33 mg/dL of glucose (serum glu-

cose, 99 mg/dL). The opening pressure was normal at 17 cm 

H2O. 

No specific antibodies against neuronal cell-surface or synap-

tic proteins were found in the serum or CSF. In addition, viral 

PCR in the CSF and serum were all negative, including EBV. 

Serum protein electrophoresis was normal (total protein, 7.0 

g/dL; M-spike, 0%), but immune-typing results showed a 

dimmed monoclonal band against the anti-IgM and anti-kap-

pa antiserum suggesting monoclonal gammopathy of the IgM 

kappa type. There was no evidence of clonal plasma cell infil-

Figure 1 Serial brain magnetic resonance images of the patient

(A) A 4.5-cm patchy T2 high signal intensity (SI) in the left hemisphere. (B) A 4.5-cm size lesion with inner hemorrhagic change transformation on 
susceptibility-weighted imaging in the same location (red arrow). (C) Interval increased in the extent of multifocal patchy T2 high SI along the bilateral 
cerebral hemispheres and corpus callosum. (D) Decrease in multifocal patchy T2 high SI along the bilateral cerebral hemispheres and corpus callosum 
after the 4th cycle of rituximab. (E) Further decrease in multifocal patchy T2 high SI along the bilateral cerebral hemispheres and corpus callosum after 
the 11th cycle of rituximab.
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tration in bone marrow biopsies. MRI findings showed aggra-

vated multifocal patchy T2 high signal intensity in bilateral 

cerebral hemispheres compared with the previous study  

(Figure 1C). The positron emission tomography scan revealed 

relatively mild hypometabolic lesions in the left high parietal 

and right occipital cortices, suggesting CNS inflammation 

(Figure 2). Conventional angiography showed stenoses of 

multiple medium-sized brain arteries in the form of beads on 

string, a typical finding of CNS vasculitis (Figure 3). The pa-

tient received a high-dose corticosteroid based on the clinical 

diagnosis of CNS vasculitis. After steroid administration, visu-

al acuity and motor power recovered quickly, but the patient 

continued to complain of gait imbalance. Intravenous ritux-

imab (375 mg/m2) was administered at regular intervals (the 

first four sessions were administered weekly and then month-

ly thereafter). By the end of the fourth cycle, the patient’s clin-

ical symptoms had recovered completely and image findings 

were improved (Figure 1D). The CSF profile was also im-

proved with 3 white blood cells/mm3, as well as a normal 

range of protein (40 mg/dL) and 62 mg/dL of glucose (serum 

glucose, 127 mg/dL). Rituximab was maintained on a month-

ly schedule, and the patient remained symptom-free for over 

a year. Furthermore, the T2 high signal seen on MRI almost 

disappeared after the 11th cycle of rituximab (Figure 1E).  

Discussion 
We present a case of CNS vasculitis that is presumed to have 

developed after EBV infection. At first, brain involvement of 

systemic sclerosis was considered due to past medical history. 

However, the characteristic brain involvement of systemic 

sclerosis, such as small vessel calcification and intracerebral 

calcification [5], was not observed. Cryoglobulin-related vas-

culitis was also considered but was excluded after observing 

that angiography showed the vasculitis invading medium-sized 

blood vessels and not small blood vessels and because it re-

sponded well to steroids [6]. 

Although the precise etiology of CNS vasculitis is unknown, 

infectious agents have been proposed as triggers [7]. EBV is a 

pathogen capable of triggering a systemic immune response, 

including in the CNS [8]. EBV is a human herpes virus, and 

90%–95% of the adult human population carries EBV as a 

chronic latent infection [4]. Most EBV infections are asymp-

tomatic, but EBV sometimes causes a systemic infection or re-

activation that may directly involve the CNS [9]. The nervous 

system is clinically involved in EBV infection in 0.5%–7.5% of 

individuals, and the most common CNS complications of EBV 

infection include encephalitis, cerebellitis, meningitis, cranial 

nerve palsies, and myelitis [7]. However, there are few reports 

of CNS vasculitis associated with EBV infection. Unfortunate-

ly, treatment has not yet been established. 

In our case, CSF pleocytosis persisted even after antimicrobial 

treatment, and considering the negative conversion of EBV 

DNA, the most likely explanation is that CNS vasculitis oc-

curred after EBV infection. Kim et al. [10] recently reported a 

patient who was presumed to have developed acute dissemi-

nated encephalomyelitis after EBV infection and was treated 

with rituximab after failing steroid and IV immunoglobulin 

therapy. As in our case, in the above study, EBV DNA was con-

verted to negative, and the MRI image improved after treat-

ment with rituximab. The pathological development of EBV-re-

lated neurological diseases can be immune-mediated, infected, 

Figure 2 F-18 fluorodeoxyglucose positron emission tomogra-
phy of the brain

Figure 3 Diffuse luminal narrowing with dysplastic change of 
multiple intracranial vessels

Relatively mild hypometabolic lesions in left high parietal and right occip-
ital cortices (round dotted line).
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or both [11]. EBV infection may directly or indirectly contrib-

ute to the development of the pathogenesis of EBV-associated 

vasculitis by an immune-mediated reaction. EBV primarily 

targets B cells via interaction of the viral envelope glycopro-

tein, and EBV activates primary human B lymphocytes [12]. 

The preference of EBV for B cells may explain why the an-

ti-CD20 monoclonal antibody rituximab, which targets B 

cells, has resulted in significant clinical improvements. 

Several studies demonstrated a higher incidence of EBV posi-

tivity in lymphoproliferative disorder patients than in the gen-

eral population [13]. A small percentage of these carriers, par-

ticularly those with immunodeficiency, develop EBV-positive 

lymphoproliferative disorders, even though some disorders 

also develop in the general population [13]. In adults, 

EBV-positive lymphoproliferative disorders may be caused by 

dysregulation of the immune response to EBV infection, re-

duced immunity with aging, and iatrogenic immune suppres-

sion [14]. We believe that several autoimmune responses fol-

lowed sequentially due to changes in immune responses after 

EBV infection. 

Monoclonal gammopathy, whether malignant or of undeter-

mined significance (MGUS), results from clonal proliferation 

of differentiated plasma cells producing homogeneous whole 

immunoglobulin or light chain [15]. Reactivation of EBV has 

been implicated in the pathogenesis of monoclonal gammop-

athy [16]. Excessive production of abnormal clonal gamma 

globulins, or paraproteins, causes changes in the circulation 

by increasing the viscosity [17]. Several studies have been 

conducted to determine the predictive value of the M protein 

as a marker of lymphoid proliferations disease [18], but fur-

ther studies are still needed. 

The patient presented here also had a history of pelvic organ 

prolapse and umbilical hernia, suggesting that she may have 

had a connective tissue disorder. Systemic autoimmune dis-

eases (SADs) are a group of connective tissue diseases with 

diverse, yet overlapping, symptoms and autoantibody devel-

opment [4]. Because of the relationship between SADs and 

MGUS, we tested whether the gene was involved or not, but 

there were no special abnormalities, and no one in the family 

showed similar symptoms.  

In conclusion, we report a lymphoproliferative disorder that 

appeared after EBV infection in the form of systemic sclerosis 

and CNS vasculitis. Steroids can be used as first-line treat-

ment, but if the response to steroids is limited, rituximab can 

be considered as another treatment option for the patient. 
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Introduction 
Primary angiitis of the central nervous system (PACNS) in 

children is a rare and poorly understood disease that can 

cause severe neurological problems. Children with PACNS 

present with various neurological symptoms, from mild (e.g., 

headache, fever, fatigue, concentration difficulties) to severe 

(e.g., intractable seizures, hemiparesis, hemisensory loss, cog-

nitive dysfunction, mood and/or personality changes, de-

creased consciousness) [1,2]. Various neurological outcomes 

have been reported; some children with PACNS have under-

gone devastating courses that progressed to death, while oth-

ers have shown complete neurological recovery after appro-

priate immunosuppressive treatment [3,4]. These outcomes 

suggest that the neurological deficits caused by brain inflam-
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Childhood primary angiitis of the central nervous system (PACNS) is rare and has been poorly defined, which makes it difficult to diagnose and 
treat. Herein, we report a case of childhood PACNS that was diagnosed by open brain biopsy. Clinical symptoms and radiologic findings im-
proved after combination treatment with steroid and cyclophosphamide. In this case, a 16-year-old, previously healthy, adolescent male com-
plained of headache, seizure, and right-side weakness with hypoesthesia. Brain magnetic resonance imaging (MRI) showed multifocal, high-sig-
nal intensity lesions on T2-weighted scans with patch contrast enhancement. The clinical symptoms improved after intravenous steroid pulse 
therapy (methylprednisolone, 1,000 mg/day for 3 consecutive days) and subsequent oral steroid maintenance. However, follow-up brain MRI 
showed aggravation of the previous lesions. Open brain biopsy of the left parietal lobe showed infiltration of lymphoplasma cells to the vessel 
walls with parenchymal necrosis, consistent with PACNS. The patient received four monthly intravenous cyclophosphamide (1,000 mg/dose at 
each cycle) treatments along with oral steroid maintenance. After treatment, he was symptom-free, and follow-up MRI revealed marked lesion 
improvements. This case suggests the important role of brain biopsy and aggressive immunosuppressive treatment in diagnosis and manage-
ment of childhood PACNS. 
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mation can be reversible, and that appropriate immunosup-

pressive treatment is necessary to cure the disease. 

In adults, Calabrese and Mallek [5] proposed a set of diagnos-

tic criteria for PACNS, including (i) a newly acquired neuro-

logic deficit, (ii) angiographic and/or histologic features of 

central nervous system (CNS) vasculitis, and (iii) no evidence 

of a systemic condition associated with the findings. However, 

diagnostic criteria for childhood PACNS have not been estab-

lished, and definitive diagnosis requires both confirmation by 

pathology and exclusion of disorders that mimic the disease. 

Children with PACNS can be classified into two groups based 

on conventional angiography results; angiography positive 

and angiography negative. Angiography-positive PACNS usu-
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ally causes inflammation in medium to large vessels, while 

angiography-negative PACNS usually is associated with small 

vessels. Although angiography-negative PACNS is associated 

with more severe clinical features such as seizure, cognitive 

dysfunction, or speech changes and needs more aggressive 

treatment compared with angiography-positive PACNS, infor-

mation about diagnosis and treatment of angiography-nega-

tive PACNS is limited [6,7]. As angiography-negative PACNS 

often is underevaluated due to its nonspecific clinical presen-

tation and laboratory and imaging findings, brain biopsy often 

is needed to confirm this diagnosis. 

In previous case reports and case series, treatments for angi-

ography-negative PACNS have included intravenous or oral 

corticosteroids, cyclophosphamide, azathioprine, mycophe-

nolate mofetil, methotrexate, intravenous gamma globulin, 

and infliximab at varying doses and for different durations [8-

12]. Only one open-label cohort study by Hutchinson et al. [2] 

proposed a treatment protocol of 6 months of induction ther-

apy with oral prednisone and intravenous cyclophosphamide, 

followed by 18 months of maintenance therapy with oral my-

cophenolate mofetil or azathioprine. 

Herein, we report a case of a 16-year-old boy with angiogra-

phy-negative childhood PACNS, which was confirmed by 

open brain biopsy, who achieved good 1-year follow-up re-

covery outcomes after combined corticosteroid and cyclo-

phosphamide therapy. This case demonstrates the impor-

tance of tissue biopsy in cases of suspected PACNS in chil-

dren. The preferred treatment is combined corticosteroid and 

cyclophosphamide therapy, which was associated with suc-

cessful results in this case. 

Case Report 
A 16-year-old boy presented with generalized tonic-clonic 

seizure that lasted for 2 minutes. Projectile vomiting and 

right-side motor weakness with hypoesthesia followed the 

seizure event. The patient had a 3-year history of severe head-

aches, though brain magnetic resonance imaging (MRI) 1 

year prior to the event showed no abnormality. Fever and my-

algia with upper respiratory symptoms occurred 2 weeks be-

fore the seizure. The patient’s height was 179 cm (90th per-

centile), and weight was 106.3 kg ( > 97th percentile). Brain 

MRI revealed T2 high-signal intensity lesions in the left pari-

etal, right frontal, and right temporal areas, associated with 

patch contrast enhancement (Figure 1A–D). Whole blood 

white blood cell (WBC) count was elevated (10,420/mm3). Se-

rum C-reactive protein (CRP) and erythrocyte sedimentation 

rate (ESR) were increased; CRP, 0.99 mg/dL (reference range, 

0–0.5 mg/dL) and ESR, 31 mm/hr (reference range, 0–9 mm/

hr). Cerebrospinal fluid (CSF) examination showed normal 

WBC count and protein level; WBC, 4/mm3 and protein, 35 

mg/dL. CSF cytospin showed no evidence of malignancy. Se-

rum antinuclear antibody, antineutrophil cytoplasmic anti-

body, rheumatoid factor, and antiphospholipid antibodies 

were all negative. Complements 3 and 4 were within normal 

limits. Anti-aquaporin 4 antibody and antimyelin oligoden-

drocyte glycoprotein antibody results were negative. CSF viral 

polymerase chain reaction studies including Epstein-Barr vi-

rus, herpes simplex 1 and 2 viruses, and human herpesvirus 6 

were negative. Serum immunoglobulin G antibodies to Tae-

nia solium and Sparganums were negative. Because we were 

under the impression that the patient had an acute demyelin-

ating syndrome, such as acute disseminated encephalomyeli-

tis (ADEM) or autoimmune encephalitis, he was treated with 

steroid pulse therapy (methylprednisolone, 1,000 mg/day for 

3 consecutive days) and subsequent oral steroid mainte-

nance. After steroid treatment, his headache was improved, 

and there were no additional seizure events. However, 

1-month follow-up MRI after steroid pulse therapy showed 

aggravation of the lesions (Figure 1E–H). Open brain biopsy of 

the left parietal lobe was performed, and the results showed 

infiltration of lymphoplasma cells, histiocytes, T-cells, and 

B-cells around the small blood vessel walls. Parenchymal ne-

crosis (granuloma) of the brain was observed along with in-

flammation, consistent with the vasculitis noted on histopa-

thology (Figure 2).  

Transfemoral cerebral angiography showed no steno-occlu-

sive lesions or abnormal collateral vessels on cerebral and 

vertebral arteries. The patient received four monthly intrave-

nous cyclophosphamide (1,000 mg/dose at each cycle) treat-

ments along with oral steroid maintenance. He remained 

symptom-free, and brain MRI following the two initial cycles 

of cyclophosphamide and the four subsequent cycles of cy-

clophosphamide revealed marked improvement of the lesions 

(Figure 1I–L and 1M–P, respectively). Six months after com-

pleting the final four cycles of cyclophosphamide, no recurred 

lesions were observed (Figure 1Q–T). 

This study was performed under the principles of the Decla-

ration of Helsinki, and informed consent was obtained from 

the patient and his parents. 
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Discussion 
The patient initially presented with symptoms and brain MRI 

findings that were not specific to PACNS. Steroid pulse and 

maintenance treatment was initiated based on initial differen-

tial diagnosis of acute demyelinating syndrome, such as 

ADEM. Although the clinical symptoms improved quickly af-

ter this treatment, follow-up brain MRI revealed aggravation 

of the lesions, which is unusual in ADEM. Alternate diagnoses 

that should have been considered include vasculitis, CNS ma-

lignancy, and rare causes of infection. We decided to perform 

open brain biopsy because extensive evaluations did not re-

Figure 1 Serial brain MRI findings at onset (A–D), 1 month after onset, after steroid treatment (E–H), 3 months after onset, after 
two cycles of intravenous cyclophosphamide (I–L), after additional two cycles (total four cycles) of intravenous cyclophospha-
mide (M–P), and 1 year after onset (Q–T)

The area of T2 high-signal intensity and contrast enhancement increased at 1 month after onset of steroid treatment compared with that at onset. Af-
ter a combined treatment approach with intravenous cyclophosphamide (CPM) and oral steroids, the area of the T2 high-signal intensity and contrast 
enhancement dramatically decreased. 
mPD, methylprednisolone pulse therapy.
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veal any diagnostic indications. We confirmed the PACNS di-

agnosis and added cyclic intravenous cyclophosphamide 

treatment. This case highlights the importance of brain biopsy 

for confirming a diagnosis and guiding appropriate treatment 

in pediatric patients with undetermined inflammatory CNS 

diseases. One important consideration for patients is that 

brain biopsy can have limited sensitivity (50%–75%) due to 

the uneven distribution of vasculitis lesions [13,14]. To over-

come this limitation, sampling both the leptomeninges and 

underlying cortex is recommended to increase the diagnostic 

yield [15,16]. Similarly, biopsy of a radiographically abnormal 

area, particularly in the presence of abnormal enhancement, 

could improve the sensitivity of the procedure [16]. 

Many pediatric case reports have described good responses to 

combined steroids plus oral or intravenous cyclophospha-

mide therapy [2,6,11]. The reported duration and intervals for 

drug administration in the reports have varied and were de-

termined mainly based on each patient’s symptomatic and 

radiological improvement. Hutchinson et al. [2] recruited 19 

pediatric patients with small-vessel PACNS and used a uni-

form treatment protocol of 6 months of induction and 18 

months of maintenance therapy. They administered seven 

pulses of 500 to 750 mg/m2 intravenous cyclophosphamide 

every 4 weeks, and prolonged oral prednisolone was adminis-

tered during induction therapy. Mycophenolate mofetil or 

azathioprine was maintained during the maintenance period. 

The authors concluded that this aggressive, prolonged im-

mune suppression could contribute to relatively favorable 

clinical outcomes. Therefore, we administered four cycles of 

intravenous cyclophosphamide treatment (1,000 mg at each 

cycle) and maintained 6 months of oral prednisolone for the 

patient in this report. We reduced the number of intravenous 

cyclophosphamide cycles and decided against maintenance 

therapy because the clinical symptoms improved quickly after 

steroid treatment and brain MRI lesions revealed marked im-

provement after two cycles of intravenous cyclophosphamide. 

Although the follow-up duration after therapy was insufficient 

to completely evaluate our treatment regimen, there was no 

Figure 2 Pathology findings from left parietal lobe lesion biopsy

(A) The small blood vessels and leptomeningeal blood vessels showed lymphoplasma cellular infiltration in the vessel wall. (B) The brain parenchyma 
showed a large area of infarction with a trace of blood vessels. (C) CD3 immunostain revealed positive T-cells in the blood vessel and perivascular 
area. (D, E, F) Imaging revealed that the blood vessel was infiltrated by CD8-positive T-cells, CD20-positive B-cells, and CD68-positive histiocytes. The 
B-cells were mainly located in the blood vessel, but CD8-T-cells also were found in the brain parenchyma. The histiocytic cells were densely infiltrated 
around the blood vessel. 
A, B: H&E stain; C: CD3 immunostain; D: CD8 immunostain; E: CD20 immunostain; F: CD68 immunostain. Scale bars in A–F, 200 µm.
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clinical or radiologic evidence of relapse after the 12-month 

follow-up. Considering the relatively high toxicity profile of 

immunosuppressive treatment and limited data on the natu-

ral history of childhood PACNS, the immunosuppressive 

treatment duration must be individualized depending on 

clinical and radiologic treatment responses. We suggest using 

regular brain MRI imaging follow-up to predict disease activi-

ty and detect early disease flare-up. If imaging changes are 

observed, additional treatment should be considered. Al-

though inflammation markers such as CRP or ESR do not al-

ways accompany disease flare, the results might help identify 

early stages of disease flare-up [6].  

CONCLUSION 
We present the case of a 16-year-old male adolescent with 

childhood small-vessel PACNS, confirmed by open brain bi-

opsy and treated with combined corticosteroid and cyclo-

phosphamide. Confirmation of PACNS by brain biopsy in the 

early disease course can lead to earlier administration of ap-

propriate immunosuppressive treatment and prevent long-

term neurological deficits. This approach can be beneficial for 

patients and should be considered during diagnostic differen-

tiation by clinicians. 
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Introduction 
A large spectrum of inherited or acquired systemic diseases 

and conditions can occur in conjunction with progressive bi-

lateral stenosis or occlusion of the major intracranial arteries, 

particularly within the circle of Willis. In addition, prominent 

development of pathological collateral circulation can be ob-

served in the vicinity of steno-occlusive changes in these pa-

tients. This pathologic condition related to systemic condi-

tions is known as moyamoya-like vasculopathy (MMV) [1]. 

MMV can develop in association with autoimmune disorders; 

several cohorts have reported a higher prevalence of autoim-

mune diseases in MMV than in the general population [2]. 

The clinical features and prognosis of MMV accompanied by 

autoimmune disease are unknown, and it is challenging to 

determine treatment in clinical practice. In this article, we re-
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Moyamoya-like vasculopathy (MMV) is a rare, chronic, progressive cerebrovascular disorder characterized by stenosis or occlusion of the termi-
nal portion of the bilateral internal carotid arteries and development of abnormal collateral vessels at the base of the brain. This disorder devel-
ops in association with various systemic diseases and conditions, including neurofibromatosis type 1, Down syndrome, thyroid disease, radiation 
therapy, and autoimmune disease. We report a case of a 51-year-old female patient with low-activity systemic lupus erythematosus (SLE) who 
had a sudden onset of global aphasia and right hemiplegia. Three months previous, she had been on antiplatelet medication due to a single 
transient ischemic attack. Brain magnetic resonance imaging demonstrated a massive infarct of the left middle cerebral artery territory. Conven-
tional angiography showed complete occlusion of the left middle cerebral artery with poor development of basal collateral vessels. This case 
demonstrates that a patient with underlying autoimmune disease such as SLE accompanied by MMV should be considered vulnerable to isch-
emic stroke. 
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port a female patient with systemic lupus erythematosus 

(SLE) who experienced a massive ischemic stroke a short time 

after a transient ischemic attack (TIA). We also analyzed 

high-resolution, 3-Tesla magnetic resonance vessel-wall im-

aging of the vessels before the occlusion. 

Case report 
A 51-year-old female patient visited the hospital with tran-

sient right hemiparesis and dysarthria. Initial magnetic reso-

nance angiography (MRA) revealed severe narrowing of a dis-

tal segment of both internal carotid arteries and near occlu-

sion at the M1 segment of a left middle cerebral artery (MCA), 

suggesting MMV (Figure 1A). High-resolution vessel-wall 

magnetic resonance imaging (MRI) revealed diffuse concen-

tric vascular narrowing and absence of atherosclerotic plaque 
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without significant mural enhancement in the stenotic seg-

ment. Characteristics of the stenotic segment showed rela-

tively concentric, nonremodeled lesions, without T2 wall 

high-signal intensity (Figure 2A–C). The patient also was diag-

nosed with SLE based on photosensitivity, thrombocytopenia, 

high titers of antinuclear antibody (ANA; 1:1,280) and an-

ti-double-stranded DNA (anti-dsDNA) (80 IU/mL), and de-

creased complement 3 (C3). Aspirin and a statin were admin-

istered after diagnosis of TIA associated with MMV. The 

RNF213 gene was negative. Evaluation for antiphospholipid 

syndrome, such as testing for lupus anticoagulant, anticardio-

lipin antibodies, and anti-beta2-glycoprotein antibodies, was 

negative. The SLE disease activity index score was 4 (mild ac-

tivity), so we decided to follow up with hydroxychloroquine. 

Three months later, the patient was admitted to our hospital 

with global aphasia and right hemiplegia with a power of 1/5 

in the upper and lower extremities after waking in the morn-

ing. MRI showed acute infarctions in the left MCA territory. 

MRA showed complete occlusion of the left MCA at the proxi-

mal M1 segment (Figure 1B, C). Conventional angiography 

demonstrated diffuse luminal narrowing in both internal carot-

id arteries (ICAs) and complete occlusion of the left MCA with 

minimal development of basal collateral vessels (Figure 1D). 

Laboratory tests revealed a white blood cell count of 9,400 

cells/mm3 (reference, 4,000–10,000 cells/mm3), a hemoglobin 

level of 12.7 g/dL (reference, 12–16 g/dL), a platelet count of 

161,000 cells/mm3 (reference, 150,000–450,000 cells/mm3), an 

erythrocyte sedimentation rate of 63 mm/hr (reference, 0–20 

mm/hr), a C-reactive protein level of 0.81 mg/dL (reference, 

0– 0.3 mg/dL), a serum protein level of 6.3 g/dL (reference, 

6.7–8.3 g/dL), a serum albumin level of 3.1 g/dL (reference, 

3.8–5.3 g/dL), a blood urea nitrogen level of 22.3 mg/dL (8–20 

mg/dL), a serum creatinine level of 0.69 mg/dL (reference, 

0.6–1.1 mg/dL), a C3 level of 59 mg/dL (reference, 65–135 mg/

dL), a C4 level of 13 mg/dL (reference, 13–35 mg/dL), and a 

total complement activity level of 30.5 U/mL (reference, 23–46 

U/mL). The patient’s test results were negative for cytoplas-

mic-antineutrophil cytoplasmic autoantibody and perinucle-

ar antineutrophil cytoplasmic autoantibody. The lipid profile 

showed a total cholesterol level of 115 mg/dL (reference, 130–

250 mg/dL), a triglyceride level of 80 mg/dL (reference, 50–

130 mg/ dL), a high-density lipoprotein cholesterol level of 33 

mg/dL (reference, 33–83 mg/dL), and a low-density lipopro-

tein cholesterol level of 57 mg/dL (reference, 0–130 mg/dL). 

Urinalysis showed 1+ proteinuria, microscopic hematuria 

(20–29 red blood cells/high-power field [HPF]), and micro-

scopic pyuria (many white blood cells/HPF). An immunolog-

ic study showed ANA 1:1,280 (homogeneous pattern), an-

ti-dsDNA 75 IU/mL (reference, 10–15 IU/mL), anti-Smith (−), 

anti-ribonucleoprotein (−), anti-Ro/anti-La (+/−), venereal 

disease research laboratory (−), lupus anticoagulant (−), an-

ti-cardiolipin IgG/IgM (−/−), and anti-β2 glycoprotein I anti-

body (−). The anti-thrombin III level, prothrombin time, and 

activated partial thromboplastin time were within normal 

limits. 

Fortunately, extensive territorial infarct did not advance to se-

vere hemorrhagic transformation or brain swelling. Ninety 

days later, the patient’s motor power in the upper and lower 

Figure 1 Initial and follow-up neuroimaging of the patient

(A) Axial projected three-dimensional (3D) time-of-flight (TOF) magnetic resonance angiography (MRA) shows severe stenosis of both terminal internal 
carotid arteries, proximal arteries, middle cerebral arteries (MCAs), and the A1 segment of anterior cerebral arteries. (B) Three months later, axial pro-
jected 3D TOF MRA shows complete occlusion of the left MCA with M1 stump. (C) Diffusion-weighted image at the level of the lateral ventricle demon-
strated massive acute infarctions in the left MCA territory. (D) Digital subtraction angiography shows occlusion of the proximal portion of the left MCA 
with minimal basal collateral vessel development.
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extremities had improved to grade II, but there was no further 

improvement of language function (modified Rankin scale 4). 

Discussion 
This patient satisfied the Systemic Lupus International Col-

laborating Clinics criteria for a diagnosis of SLE, with a clini-

cal spectrum disorder characterized by photosensitivity, 

thrombocytopenia, and an array of immunological abnormal-

ities [3]. Cerebrovascular disease has been reported in 15% to 

19% of patients with SLE [4,5]. The incidence ratio of stroke in 

patients with SLE was significantly higher than in the general 

population [5]. Among patients with SLE, baseline disease ac-

tivity, hyperlipidemia, and hypertension are risk factors for 

cerebrovascular disease [5]. However, about 50% of cases of 

cerebrovascular disease in patients with SLE showed no evi-

dence of increased disease activity [6]. About 40% of symp-

tomatic large-vessel steno-occlusive disease in SLE resulted 

in poor outcomes [6], but there are few reports of an associa-

tion between SLE and MMV. 

The precise pathomechanism for MMV associated with SLE is 

unclear. In contrast to MMV, in vasculitis related to SLE, mul-

tiple vascular changes were observed in relatively small-di-

ameter vessels. This case showed localized stenosis and char-

acteristic development of collateral circulation around the 

circle of Willis. Thus, it can be assumed that the pathophysiol-

ogy of our case is different from that caused by vasculitis relat-

ed to SLE flare. Similar to our case, Kim et al. [7] reported 

high-resolution MRI findings that MMV was associated with 

smaller diameter and concentric stenosis compared with 

symptomatic atherosclerotic lesion. Most imaging patterns of 

acute ischemic stroke in patients with SLE and MMV were 

predominantly embolic type [8,9]. A characteristic finding in 

our case is an embolic pattern involving the whole territory 

despite ongoing stenosis. This pattern can be distinguished 

from the atherosclerotic occlusion pattern and is presumed to 

be due to rapid progression of steno-occlusion and poor de-

velopment of collateral flow. Positivity for serum autoantibod-

ies has been reported in patients with MMV, suggesting an 

autoimmune component in its pathogenesis [2]. Our case had 

no significant underlying vascular risk factors of cerebrovas-

cular disease, such as high lupus activity, hypertension, dia-

betes mellitus, or hyperlipidemia. Thus, it was challenging to 

establish an optimal strategy for predicting and preventing 

disease progression. There was no evidence to support 

whether medical or surgical treatment would be effective for 

cerebrovascular disease in SLE-related MMV. In previous re-

ports, immunosuppression indicates an effect for patients 

with high SLE activity, but proper drug selection and duration 

of treatment are unclear for MMV-related SLE [10,11]. Surgical 

management of MMV might prevent ischemia by restoring 

and enhancing cerebral blood flow [12]. However, several re-

ports have shown successful disease control with only medi-

cal treatment [11]. There are no clear and definite criteria for 

surgical treatment in MMV. In our case, medical rather than 

surgical management was chosen because the patient experi-

enced only one event of TIA and showed a stable clinical 

course for three months. Additionally, there was no significant 

evidence of SLE flares such as fever, erythema, arthritis, or 

laboratory abnormalities, and we could not properly assess 

SLE activity due to severe neurologic dysfunction. Also, ves-

sel-wall evaluation was performed with high-resolution ves-

sel-wall MRI when the patient first visited the hospital. Al-

though previous studies have shown that high-resolution ves-

sel-wall MRI can help differentiate the cause of vasculopathy 

[13,14], it has not been used to evaluate disease activity or 

predict prognosis as shown in our case. 

However, medical treatment for our patient failed, and fatal 

Figure 2 T2 vessel-wall magnetic resonance imaging

On axial (A), coronal (B), and sagittal (C) T2 vessel-wall magnetic resonance imaging at 3 months prior, the left middle cerebral arteries territory infarc-
tion shows severe stenosis without significant wall thickening or vascular remodeling proximal to the level of stenosis (white arrows).

A B C
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cerebral infarction with severe residual sequelae occurred 

three months after the first symptom. Although high-resolu-

tion MRI was used to evaluate the characteristics of intracra-

nial stenosis diagnosed at the first TIA, it did not help predict 

progression to occlusion. Mikdash et al. [5] reported that stroke 

in SLE patients might be more severe than in non-SLE controls. 

In a prospective cohort study, about 77% of patients with stroke 

exhibited National Institutes of Health Stroke Scale > 6. Addi-

tionally, individuals with SLE have a lower rate of survival after 

stroke compared to the general population [15]. 

In conclusion, it is important to recognize early progression in 

patients who have MMV with coexisting autoimmune diseas-

es such as SLE. Surgical treatment should be considered for 

patients with MMV with lupus who had symptomatic elo-

quent location stenosis resulting in a critical impact on clini-

cal outcome and quality of life.
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stated.
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than a phrase or paragraph for each figure part.
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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.
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• Video clips can be submitted for placement on the journal 
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possible. Any editing of the video will be the responsibility of 
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the request of the editor(s).
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limited literature analysis. A perspective is a report of the au-
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2.3.5. Letter to the Editor
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ters to the editor is in response to a published article, the Edi-
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words or less (excluding references and figure legends) with a 
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2.3.6. Editorials
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tables, and figures. References should not exceed 5. A maxi- 
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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 
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e-mail to the editorial office (encephalitis.editor@gmail.com). 

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

couraged.

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

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

sponding author. Once you have logged into your account, the 

on-line system will lead you through the submission process 

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

available at the website. All articles submitted to the journal 

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

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

publication.

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

Author’s Checklist. Before submitting the new manuscript, 

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

been addressed.

• Document forms: Before you log into the online submission 

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

will be asked to upload them during the electronic submission 

process.

- Author statement forms

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

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

sponding author.

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

an obligatory demand, authors may show that their manu-

script has been edited through English proofreading

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

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

manuscript will be treated as a new submission.

• Please carefully read and follow the instructions written here 

and those included in the manuscript decision e-mail.

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

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

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

the submission you wish to start the revision process for and 

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

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

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

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

continue with and then click on the “Continue Submission” 

button.

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

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

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

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

the “File Upload” page

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

in the cover letter.

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

original version and upload the revised file. To designate the 

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

der” column on the “File Upload” page.

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

Each should be a Microsoft Word document. The FIRST COPY 

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

SECOND “annotated” COPY should have changes tracked us-

ing the track changes function in Microsoft Word with margin-

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

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

ment #3 of Reviewer #2).

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

parts of the manuscript.

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

ble for recommended maximums for articles).

• Include institutional review board approval, informed consent, 

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

cle.

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

with the text.

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

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

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

markings).

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

• Authors will be asked to confirm their compliance with the 

journal’s policies and guidelines during the initial manuscript 

submission on the web page.

• Verify the accuracy of reference information to enable hyper-

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

• For previously published materials, send written permission to 

reprint any figure or any other applicable permissions.

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

your manuscript (see Redundant Publication)

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


encephalitisjournal.orgx

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

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

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

olution image files should be submitted at this time. Symbols 

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

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

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

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

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

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

figures are cited in numeric order.

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

script such that it meets the standard publication format. The 

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

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

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

next issue.

Proofs
The corresponding author will receive page proofs for final 

checking, which should be corrected and returned within 48 

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

rors are corrected and queries from editors answered. Keep a 

copy for your records.

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

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

scription of the proposed correction. Corrections that profound-

ly affect the interpretation or conclusions of the article will be 

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

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

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

ARTICLE PROCESSING CHARGE

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

fee since all costs of the publication process are underwritten by 

the Korean Encephalitis and Neuroinflammation Society.
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☐  Keep the Abstract, if required, within the word limits (See Table for recommended maximums for articles).

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

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

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

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

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

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

sion on the web page.

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

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

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