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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 patients 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 etiologies before considering EBV as the sole culprit.

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

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

identification of EBV in Burkitt lymphoma in 1964 [2], the association between EBV and other lymphoid malignancies, including 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 replication in epithelial cells. After replication in the epithelia, the
virus enters B-cells by endocytosis and fuses with the endosome to enter the cytoplasm. In most cases, EBV is asymptomatic in the early stages of infection. However, EBV can later become active and cause infectious diseases such as infectious mononucleosis [5].
EBV has been reported in various neurological conditions,
such as encephalitis, meningitis, acute disseminated encephalomyelitis, 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 possible causes of infection.

Methods
Study design and population

We retrospectively analyzed patients admitted to Seoul National 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 positive 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 because 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 patients with positive CSF EBV PCR, the hospitalization period
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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 primarily on lesion location, and the lesions were divided into
the cortex, subcortical white matter, deep gray matter, brainstem, leptomeninges, and temporal lobe. Temporal lobe lesions 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 minimize 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-Whitney U-test was used to compare continuous data. The p-values 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 difference in age between the two groups. In the total patient group,
males had a higher seroprevalence of EBV than females, although 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 antibodies, 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 contamination 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

Table 1 Demographics and serologic information
Variable

CSF EBV PCR

Diagnosis in the positive group

If a patient underwent multiple admissions, patient diagnosis was classified based on their disorder on the initial admission. 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 inflammatory 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 2 Cerebrospinal fluid (CSF) profiles
p-value

Positive (n = 57)

Negative (n = 750)

40 (70.2)
53 (35–65)
22 (20–25)

400 (53.3)
52 (35–64)
23 (21–25)

0.02
0.42
0.04

2/41 (4.9)
30/31 (96.8)

5/395 (1.3)
305/343 (88.9)

0.13
0.23

Demographics
Male
Age (yr)
BMI (kg/m2)
Serology
EBV VCA IgM
EBV VCA IgG

> 1,000/mm3, and there was no significant difference in frequency of samples with RBC of >1,000/mm3 between the positive and negative groups (8.1% for the positive vs. 7.1% for the
negative, p = 0.93).

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.

CSF EBV PCR

Variable

Positive (n = 74) Negative (n = 931)

RBC (/mm3)
WBC (/mm3)
WBC, corrected (/mm3)
Glucose (mg/dL)
Protein (mg/dL)
Blood contamination (%)
Pleocytosis (%)

18 (1–158)
63 (17–228)
61 (15–228)
57 (46–70)
91 (57–161)
58 (78.4)
60 (81.1)

2 (0–43)
4 (0–37)
4 (0–34)
65 (55–75)
57 (41–87)
552 (59.3)
414 (44.5)

p-value
0.0004
< 0.0001
< 0.0001
0.0005
< 0.0001
0.0019
< 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
All 807 Patients

750 Negative patients (92.9%)

57 Positive patients (7.1%)

6 With non-inflammatory disease (10.5%)

51 With inflammatory disease (89.5%)

20 With only EBV (39.2%)

7 With clinically suspected pathogens (13.7%)

24 With other pathogens in CSF (47.1%)

Flow chart of study population selection.
EBV, Epstein-Barr virus; CSF, cerebrospinal fluid.
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Table 3 Diagnoses in cerebrospinal fluid Epstein-Barr virus polymerase chain reaction-positive patients
Category
Infection/inflammation (89.5%)

Malignancy (8.8%)

Stroke (1.8%)

Diagnosis
Encephalitis
Meningitis
Myelitis
Osteomyelitis
Brain abscess
Viral meningitis, with cauda equina syndrome
Meningoencephalitis with ventriculitis
Encephalitis with radiculitis
Cerebral toxoplasmosis
GBS with irAE
Encephalomyelitis
PML
Ventriculitis
PCNSL
Brain metastasis, ovarian cancer
Leptomeningeal carcinomatosis
Intravascular lymphoma
Cerebral venous sinus thrombosis

Count (n = 57)
25
10
3
2
2
1
1
1
1
1
1
1
1
2 (3.5)
1 (1.8)
1 (1.8)
1 (1.8)
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 antibodies 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 underwent brain MRI. Computed tomography (CT) alone was performed in the other patient. Normal MRI findings were observed for 13 of 50 patients. Leptomeninges was the most frequently involved site, followed by white matter, temporal lobe,
and deep gray matter. There was no significant difference between 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-

4

encephalitis |Vol. 2, No. 1| November 17, 2021

trast T1-weighted imaging (Figure 2). Among four patients
with meningitis, three had normal brain MRI. The other patient 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, hereafter), 19 (95.0%) were eligible for follow-up evaluation. The
outcome was not available for one patient who was transferred to another hospital shortly after emergency room evaluation. 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 patients who died of underlying malignancies (bladder cancer
and hemophagocytic lymphohistiocytosis), the overall outcome 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 evaluated 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)

Only EBV (39.2%)
Clinically suspected (13.7%)
Pseudomonas, Escherichia coli
JC virus
Tb
VZV
MOG
Parasite
Directly identified in CSF (47.1%)
Aspergillus, CMV
CMV
Enterovirus
HHV8/6
HSV1
HSV1, VZV
HSV2
JBE
NMDA receptor Ab
Pseudomonas aeruginosa
RSV B
Streptococcus
Toxoplasma
VDRL reactive

20

Encephalitis (11), meningitis (4), myelitis (2), encephalomyelitis, encephalitis with radiculitis, GBS with irAEa)

Diagnosis

1
1
2
1
1
1

Brain abscess
PMLb)
Tb meningitisc)
Zoster myelitis
MOG encephalitis
Recurrent meningitis

2
1
1
1
2
2
4
1
3
2
2
1
1
1

Osteomyelitis (2)
Encephalitis
Meningitis
Pachymeningitis
Encephalitis (2)
Disseminated herpes zoster infection with encephalitis, disseminated VZV infection with encephalitis
Meningoencephalitis with ventriculitis, encephalitis (2), meningitis with cauda equina syndrome,
Japanese B encephalitis
NMDARE
Ventriculitis (2)
Encephalitis (2)
Brain abscess
Toxoplasmosis
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. Subsequently, 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 tested positive for EBV PCR and had neuroinflammatory conditions 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 etiology 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 negaencephalitisjournal.org

tive patients (1% for positive patients vs. 5% for negative patients). 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 reaction. These findings indicate that EBV DNA detection in
CSF is insufficient to conclude that EBV caused the neuroinflammatory condition.
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Table 5 Magnetic resonance imaging findings of cerebrospinal fluid EBV PCR positive patients with inflammatory disorders
Normal findings
Abnormal
Leptomeninges
Cortex
Temporal lobe
Deep gray matter
Brainstem
Subcortical white matter

With EBV only (n = 19)

With other pathogens (n = 31)

All (n = 50)

7 (36.8)

7 (22.6)

14 (28.0)

8 (42.1)
4 (21.1)
2 (10.5)
4 (21.1)
2 (10.5)
3 (15.8)

13 (41.9)
1 (3.2)
4 (12.9)
2 (6.5)
1 (3.2)
3 (9.7)

21 (42.0)
5 (10.0)
6 (12.0)
6 (12.0)
3 (6.0)
6 (12.0)

Values are presented as count (percentage).
EBV, Epstein-Barr virus; PCR, polymerase chain reaction.

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

A

B

C

D

(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.

The high proportion of pleocytosis in the CSF EBV PCR positive 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 neuroinflammatory conditions, or EBV in B-cells could have entered 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 various diagnoses. Although we divided the EBV PCR positive patients into groups of neuroinflammatory patients and others,
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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 positive and negative patients. Although not statistically significant, males had a higher seroprevalence of EBV. In addition,
males had a significantly lower BMI. These might partially explain the differences. However, there are limits to interpretation because the two groups consisted of heterogeneous patients.
Although there was a tendency for clinical improvement in
EBV-only patients after taking antiviral drugs, whether the effect is from antiviral agents cannot be determined because
there was no control group. Considering the insufficient eviencephalitisjournal.org
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Figure 3 Score on modified Rankin Scale
mRS = 0

Initial mRS

3
15.8%

3
15.8%

7
36.8%

mRS = 1

6
31.6%

mRS = 2
mRS = 3
mRS = 4
mRS = 5
mRS = 6

Discharge mRS

Last mRS

4
21.1%

5
26.3%

2
10.5%

2
10.5%

4
21.1%

3
15.8%

6
31.6%

2
10.5%

3
15.8%

2
10.5%

2
10.5%

1
5.3%

2
10.5%

Modified Rankin Scale (mRS) scores at first admission, first discharge, and last visit. Numbers in the different boxes represent the corresponding numbers of patients with that specific mRS.

dence that antiviral drugs are effective in other EBV-associated infections, such as infectious mononucleosis [13], the benefits 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 distinguishing clinical pattern from other neuroinfectious diseases,
more detailed research (e.g., brain biopsy) is needed. In addition, no effective antiviral agent is available for EBV. Therefore, the clinical usefulness of EBV PCR in CSF is not significant 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 standardized evaluation protocol and treatment strategies, patients 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 neuroinflammatory patients and others, the EBV PCR negative patients were not classified further. Third, the ratio of blood contamination 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 positives might be low given that the amount of contaminated
RBC was low in most samples. Fourth, the study was conducted with a small number of samples from a single institution.
encephalitisjournal.org

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 inflammatory disorders. However, the positive patients had diverse
clinical aspects, and more than half of the patients had another discernable etiology. Additionally, the frequency of EBV
VCA IgM was low at 1% in EBV PCR-positive patients. Therefore, 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 effective 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 suspected of having a condition known to be associated with
EBV, such as CNS lymphoma or nasopharyngeal tumor.
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Direct brain involvement of Takayasu arteritis treated with
rituximab and infliximab: a case report
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Takayasu arteritis (TAK) is a systemic vasculitis involving large arteries. Reports of direct central nervous system (CNS) involvement in TAK are
extremely rare in the literature. In addition, treatment for direct involvement has not been reported. Herein, we describe a case of encephalitis in
a TAK patient who presented with fever and headache at the first attack, then cognitive impairment at the second attack. The patient improved
with rituximab and especially infliximab. These findings indicate the usefulness of rituximab and infliximab to treat the direct CNS manifestations in TAK.

Keywords: Takayasu arteritis, Central nervous system, Encephalitis

Introduction
Takayasu arteritis (TAK) is a systemic vasculitis involving large
arteries, such as the aorta and its main branches (e.g., subclavian, brachiocephalic, extracranial arteries) [1].
The central nervous system (CNS) manifestations (e.g., ischemic stroke) in TAK are usually associated with occlusion or
stenosis of large arteries [2,3]. However, direct CNS involvement 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]. However, approximately two-thirds of patients experience disease
recurrence or steroid dependency. Therefore, other immune

suppressants are often used as additive or alternative treatments 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]. Herein, 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-
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gia, claudication, dizziness, dysarthria, or sided weakness).
His blood pressure was mildly elevated (systolic blood pressure 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 ulcers or skin rashes were observed. In addition, radial and dorsalis pedis artery pulses were present. Furthermore, bruit was
not observed in either the carotid or ophthalmic arteries. The
detailed neurological examination revealed no focal neurological deficits, including spasticity or dyskinesia. Computer
tomography (CT) of the abdomen and pelvis was unremarkable; however, chest CT revealed wall thickening of the ascending 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, demyelinating disease, brain tumor, autoimmune encephalitis, and infectious encephalitis were included as differential diagnoses.
Torso 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET) showed no evi-dence of tumorous conditions. 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 etiologies were also excluded. The autoantibodies and the vasculitis-associated tests were unremarkable. Unspecified inflammatory CNS diseases such as CNS vasculitis or demyelinating
disease were suspected, and an intravenous (IV) corticosteroid 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

B

C

D

E

F

(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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Figure 2 The disease course and treatment timeline
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(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 response, 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.

Approximately 4 months after the first steroid pulse therapy,
the patient developed sudden memory impairment, recurrent
headache, urinary incontinence, and sleeping tendency. Approximately 2 months after the recurrence, IV steroid pulse
was readministered, followed by oral steroid and cyclosporine
combination therapy. Despite immunotherapy, impaired cognitive 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

encephalitisjournal.org

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 symptoms. Although clinical response was remarkable, subsequent
brain images showed no interval changes.

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

11

Seondeuk Kim et al. Encephalitis in Takayasu arteritis
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 elevated. 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 radiological 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 observed 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 involvement, including arthritis, erythema nodosum, and uveitis [8].
In the present case, uveitis occurred after the second CNS attack, and infliximab ameliorated erythema nodosum and
CNS lesions. TAK and encephalitis could have occurred independently (i.e., coincidentally). However, the temporal association and complete responses of both systemic inflammation and CNS lesions to treatment indicated that encephalitis
was an extravascular manifestation of TAK.
Notably, the persistent CNS lesions were reversed with infliximab. The persistent lesions indicated the remaining vasogenic edema was due to the ongoing inflammatory process. Although B cell immunity was suppressed by rituximab therapy
and endothelial injury was restored, it was insufficient to reconstruct 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 inflammation by activating endothelial cells in TAK. Our patient’s clinical response of CNS symptoms to rituximab therapy supports this hypothesis. Despite the clinical response, the
effect of rituximab on the patient’s disease activity and radiological 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
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cells, NK cells, and macrophages produce TNF-α which is important in the formation of granulomatosis in TAK. Furthermore, TNF-α induces the production of interleukin-12 from
macrophages, the key cytokine involved in CD4 T cell differentiation into T helper type 1 cells and NK cell activation. Infliximab is a TNF-α inhibitor and has been proven efficacious
in TAK [7]. Although we anticipated infliximab would suppress the patient’s disease activity and systemic manifestations, the complete resolution of CNS lesions was unexpected.
Notably, encephalitis associated with TAK was partially treatable 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 investigations regarding the efficacy of this management are needed. However, this report is limited because CNS lesions could
not be confirmed using brain biopsy.
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Successful treatment with rituximab for central nervous system
vasculitis caused by Epstein-Barr virus-associated
lymphoproliferative disorder with immunoglobulin M
gammopathy
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Monoclonal gammopathy of undetermined significance (MGUS) is associated with several autoimmune conditions, including central nervous
system (CNS) vasculitis. Epstein-Barr virus (EBV) is a pathogen capable of triggering a systemic immune response and is involved in the occurrence of a wide range of B-cell lymphoproliferative disorders. In systemic autoimmune diseases, EBV infection is suspected to play a central role
in pathogenesis. Here, we present a case that was thought to be a systemic autoimmune disease and CNS vasculitis that developed after EBV
infection, demonstrating that rituximab is effective for the treatment.

Keywords: Epstein-Barr virus, Central nervous system vasculitis, Rituximab, Monoclonal gammopathy of undetermined significance

Introduction
Monoclonal gammopathy of undetermined significance
(MGUS) is an asymptomatic premalignant clonal plasma cell
or lymphoplasmacytic proliferative disorder [1]. Annually, approximately 1% of MGUS transform to multiple myeloma or
other related disorders such as B-cell lymphoma, Waldenstrom’s macroglobulinemia, or immunoglobulin light chain
amyloidosis [2]. The exact etiology of MGUS has not been
identified; however, the disease may be associated with several 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

proportion of immune cells with autoimmunity [4]. Similarly,
autoimmune disease can occur post EBV infection, but reports 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 cerebrospinal fluid (CSF) analysis revealed pleocytosis of 459 white
blood cells/mm3 (leukocytes 88%; lymphocytes 12%), an elevation 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 predose level 15–20 mg/L), ceftriaxone (2 g intravenously [IV] every 12 hours), acyclovir (10 mg/kg), and dexamethasone (10
mg IV every 6 hours). Despite receiving antimicrobial treatment based on the meningoencephalitis diagnosis, the patient’s headache gradually worsened and her visual field began to blur. She was referred to our hospital for further evaluation 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 lower extremities. Neurological examination revealed a drowsy
mentality, general weakness (MRC [Medical Research Council] 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 aminotransferase 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, ionized 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 glucose, 99 mg/dL). The opening pressure was normal at 17 cm
H2O.
No specific antibodies against neuronal cell-surface or synaptic 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-kappa 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
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D

E

(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.

encephalitisjournal.org

encephalitis |Vol. 2, No. 1| November 15, 2021

15

Juhee Lee et al. EBV-associated CNS vasculitis successfully treated with rituximab
tration in bone marrow biopsies. MRI findings showed aggravated 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 patient received a high-dose corticosteroid based on the clinical
diagnosis of CNS vasculitis. After steroid administration, visual acuity and motor power recovered quickly, but the patient
continued to complain of gait imbalance. Intravenous rituximab (375 mg/m2) was administered at regular intervals (the
first four sessions were administered weekly and then monthly thereafter). By the end of the fourth cycle, the patient’s clinical symptoms had recovered completely and image findings
were improved (Figure 1D). The CSF profile was also improved 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 monthly 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

Figure 2 F-18 fluorodeoxyglucose positron emission tomography of the brain

A

B

sclerosis, such as small vessel calcification and intracerebral
calcification [5], was not observed. Cryoglobulin-related vasculitis 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 responded 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 asymptomatic, but EBV sometimes causes a systemic infection or reactivation 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. Unfortunately, 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 occurred after EBV infection. Kim et al. [10] recently reported a
patient who was presumed to have developed acute disseminated 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 converted to negative, and the MRI image improved after treatment with rituximab. The pathological development of EBV-related neurological diseases can be immune-mediated, infected,

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

Relatively mild hypometabolic lesions in left high parietal and right occipital cortices (round dotted line).
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or both [11]. EBV infection may directly or indirectly contribute 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 glycoprotein, and EBV activates primary human B lymphocytes [12].
The preference of EBV for B cells may explain why the anti-CD20 monoclonal antibody rituximab, which targets B
cells, has resulted in significant clinical improvements.
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Monoclonal gammopathy, whether malignant or of undetermined 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 gammopathy [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 further 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 diseases (SADs) are a group of connective tissue diseases with
diverse, yet overlapping, symptoms and autoantibody development [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 treatment, but if the response to steroids is limited, rituximab can
be considered as another treatment option for the patient.
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Angiography-negative childhood primary angiitis of the central
nervous system diagnosed by open brain biopsy: a case report
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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 improved after combination treatment with steroid and cyclophosphamide. In this case, a 16-year-old, previously healthy, adolescent male complained of headache, seizure, and right-side weakness with hypoesthesia. Brain magnetic resonance imaging (MRI) showed multifocal, high-signal 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 management of childhood PACNS.

Keywords: Primary angiitis of the central nervous system, Cyclophosphamide, Immunosuppressive treatment, Open brain biopsy

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, cognitive dysfunction, mood and/or personality changes, decreased consciousness) [1,2]. Various neurological outcomes
have been reported; some children with PACNS have undergone devastating courses that progressed to death, while others have shown complete neurological recovery after appropriate immunosuppressive treatment [3,4]. These outcomes
suggest that the neurological deficits caused by brain inflam-

mation can be reversible, and that appropriate immunosuppressive treatment is necessary to cure the disease.
In adults, Calabrese and Mallek [5] proposed a set of diagnostic criteria for PACNS, including (i) a newly acquired neurologic 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 established, 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, information about diagnosis and treatment of angiography-negative PACNS is limited [6,7]. As angiography-negative PACNS
often is underevaluated due to its nonspecific clinical presentation and laboratory and imaging findings, brain biopsy often
is needed to confirm this diagnosis.
In previous case reports and case series, treatments for angiography-negative PACNS have included intravenous or oral
corticosteroids, cyclophosphamide, azathioprine, mycophenolate mofetil, methotrexate, intravenous gamma globulin,
and infliximab at varying doses and for different durations [812]. Only one open-label cohort study by Hutchinson et al. [2]
proposed a treatment protocol of 6 months of induction therapy with oral prednisone and intravenous cyclophosphamide,
followed by 18 months of maintenance therapy with oral mycophenolate mofetil or azathioprine.
Herein, we report a case of a 16-year-old boy with angiography-negative childhood PACNS, which was confirmed by
open brain biopsy, who achieved good 1-year follow-up recovery outcomes after combined corticosteroid and cyclophosphamide therapy. This case demonstrates the importance of tissue biopsy in cases of suspected PACNS in children. The preferred treatment is combined corticosteroid and
cyclophosphamide therapy, which was associated with successful 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 headaches, though brain magnetic resonance imaging (MRI) 1
year prior to the event showed no abnormality. Fever and myalgia with upper respiratory symptoms occurred 2 weeks before the seizure. The patient’s height was 179 cm (90th percentile), and weight was 106.3 kg ( > 97th percentile). Brain
MRI revealed T2 high-signal intensity lesions in the left parietal, 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-
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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. Serum antinuclear antibody, antineutrophil cytoplasmic antibody, rheumatoid factor, and antiphospholipid antibodies
were all negative. Complements 3 and 4 were within normal
limits. Anti-aquaporin 4 antibody and antimyelin oligodendrocyte glycoprotein antibody results were negative. CSF viral
polymerase chain reaction studies including Epstein-Barr virus, herpes simplex 1 and 2 viruses, and human herpesvirus 6
were negative. Serum immunoglobulin G antibodies to Taenia solium and Sparganums were negative. Because we were
under the impression that the patient had an acute demyelinating syndrome, such as acute disseminated encephalomyelitis (ADEM) or autoimmune encephalitis, he was treated with
steroid pulse therapy (methylprednisolone, 1,000 mg/day for
3 consecutive days) and subsequent oral steroid maintenance. 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 necrosis (granuloma) of the brain was observed along with inflammation, consistent with the vasculitis noted on histopathology (Figure 2).
Transfemoral cerebral angiography showed no steno-occlusive lesions or abnormal collateral vessels on cerebral and
vertebral arteries. The patient received four monthly intravenous cyclophosphamide (1,000 mg/dose at each cycle) treatments 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 cyclophosphamide revealed marked improvement of the lesions
(Figure 1I–L and 1M–P, respectively). Six months after completing the final four cycles of cyclophosphamide, no recurred
lesions were observed (Figure 1Q–T).
This study was performed under the principles of the Declaration of Helsinki, and informed consent was obtained from
the patient and his parents.
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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 cyclophosphamide (M–P), and 1 year after onset (Q–T)
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The area of T2 high-signal intensity and contrast enhancement increased at 1 month after onset of steroid treatment compared with that at onset. After 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.

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 differential diagnosis of acute demyelinating syndrome, such as
encephalitisjournal.org

ADEM. Although the clinical symptoms improved quickly after 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 malignancy, and rare causes of infection. We decided to perform
open brain biopsy because extensive evaluations did not re-
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Figure 2 Pathology findings from left parietal lobe lesion biopsy
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(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.

veal any diagnostic indications. We confirmed the PACNS diagnosis 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 overcome 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 cyclophosphamide therapy [2,6,11]. The reported duration and intervals for
drug administration in the reports have varied and were determined mainly based on each patient’s symptomatic and
radiological improvement. Hutchinson et al. [2] recruited 19
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pediatric patients with small-vessel PACNS and used a uniform 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 administered during induction therapy. Mycophenolate mofetil or
azathioprine was maintained during the maintenance period.
The authors concluded that this aggressive, prolonged immune 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 improvement after two cycles of intravenous cyclophosphamide.
Although the follow-up duration after therapy was insufficient
to completely evaluate our treatment regimen, there was no
encephalitisjournal.org
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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 natural 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 activity and detect early disease flare-up. If imaging changes are
observed, additional treatment should be considered. Although inflammation markers such as CRP or ESR do not always accompany disease flare, the results might help identify
early stages of disease flare-up [6].
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CONCLUSION
We present the case of a 16-year-old male adolescent with
childhood small-vessel PACNS, confirmed by open brain biopsy and treated with combined corticosteroid and cyclophosphamide. Confirmation of PACNS by brain biopsy in the
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patients and should be considered during diagnostic differentiation by clinicians.
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A case report of critical ischemic stroke in moyamoya-like
vasculopathy accompanied by systemic lupus erythematosus
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Moyamoya-like vasculopathy (MMV) is a rare, chronic, progressive cerebrovascular disorder characterized by stenosis or occlusion of the terminal portion of the bilateral internal carotid arteries and development of abnormal collateral vessels at the base of the brain. This disorder develops 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. Conventional 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 ischemic stroke.

Keywords: Moyamoya disease, Systemic lupus erythematosus, Stroke, Magnetic resonance imaging

Introduction
A large spectrum of inherited or acquired systemic diseases
and conditions can occur in conjunction with progressive bilateral stenosis or occlusion of the major intracranial arteries,
particularly within the circle of Willis. In addition, prominent
development of pathological collateral circulation can be observed in the vicinity of steno-occlusive changes in these patients. This pathologic condition related to systemic conditions is known as moyamoya-like vasculopathy (MMV) [1].
MMV can develop in association with autoimmune disorders;
several cohorts have reported a higher prevalence of autoimmune 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-

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 imaging of the vessels before the occlusion.

Case report
A 51-year-old female patient visited the hospital with transient right hemiparesis and dysarthria. Initial magnetic resonance angiography (MRA) revealed severe narrowing of a distal segment of both internal carotid arteries and near occlusion 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 concentric vascular narrowing and absence of atherosclerotic plaque
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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 projected 3D TOF MRA shows complete occlusion of the left MCA with M1 stump. (C) Diffusion-weighted image at the level of the lateral ventricle demonstrated 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.

without significant mural enhancement in the stenotic segment. Characteristics of the stenotic segment showed relatively concentric, nonremodeled lesions, without T2 wall
high-signal intensity (Figure 2A–C). The patient also was diagnosed with SLE based on photosensitivity, thrombocytopenia,
high titers of antinuclear antibody (ANA; 1:1,280) and anti-double-stranded DNA (anti-dsDNA) (80 IU/mL), and decreased complement 3 (C3). Aspirin and a statin were administered after diagnosis of TIA associated with MMV. The
RNF213 gene was negative. Evaluation for antiphospholipid
syndrome, such as testing for lupus anticoagulant, anticardiolipin antibodies, and anti-beta2-glycoprotein antibodies, was
negative. The SLE disease activity index score was 4 (mild activity), 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 morning. MRI showed acute infarctions in the left MCA territory.
MRA showed complete occlusion of the left MCA at the proximal M1 segment (Figure 1B, C). Conventional angiography
demonstrated diffuse luminal narrowing in both internal carotid 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,
encephalitisjournal.org

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 cytoplasmic-antineutrophil cytoplasmic autoantibody and perinuclear 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 lipoprotein 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 microscopic pyuria (many white blood cells/HPF). An immunologic study showed ANA 1:1,280 (homogeneous pattern), anti-dsDNA 75 IU/mL (reference, 10–15 IU/mL), anti-Smith (−),
anti-ribonucleoprotein (−), anti-Ro/anti-La (+/−), venereal
disease research laboratory (−), lupus anticoagulant (−), anti-cardiolipin IgG/IgM (−/−), and anti-β2 glycoprotein I antibody (−). The anti-thrombin III level, prothrombin time, and
activated partial thromboplastin time were within normal
limits.
Fortunately, extensive territorial infarct did not advance to severe hemorrhagic transformation or brain swelling. Ninety
days later, the patient’s motor power in the upper and lower
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Figure 2 T2 vessel-wall magnetic resonance imaging
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On axial (A), coronal (B), and sagittal (C) T2 vessel-wall magnetic resonance imaging at 3 months prior, the left middle cerebral arteries territory infarction shows severe stenosis without significant wall thickening or vascular remodeling proximal to the level of stenosis (white arrows).

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 Collaborating Clinics criteria for a diagnosis of SLE, with a clinical spectrum disorder characterized by photosensitivity,
thrombocytopenia, and an array of immunological abnormalities [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 activity, hyperlipidemia, and hypertension are risk factors for
cerebrovascular disease [5]. However, about 50% of cases of
cerebrovascular disease in patients with SLE showed no evidence of increased disease activity [6]. About 40% of symptomatic large-vessel steno-occlusive disease in SLE resulted
in poor outcomes [6], but there are few reports of an association between SLE and MMV.
The precise pathomechanism for MMV associated with SLE is
unclear. In contrast to MMV, in vasculitis related to SLE, multiple vascular changes were observed in relatively small-diameter vessels. This case showed localized stenosis and characteristic development of collateral circulation around the
circle of Willis. Thus, it can be assumed that the pathophysiology of our case is different from that caused by vasculitis related 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
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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 development of collateral flow. Positivity for serum autoantibodies 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 cerebrovascular disease, such as high lupus activity, hypertension, diabetes 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 reports, 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 reports have shown successful disease control with only medical 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 experienced 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, vessel-wall evaluation was performed with high-resolution vessel-wall MRI when the patient first visited the hospital. Although previous studies have shown that high-resolution vessel-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
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cerebral infarction with severe residual sequelae occurred
three months after the first symptom. Although high-resolution MRI was used to evaluate the characteristics of intracranial 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. Additionally, 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 diseases such as SLE. Surgical treatment should be considered for
patients with MMV with lupus who had symptomatic eloquent location stenosis resulting in a critical impact on clinical outcome and quality of life.
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data more succinctly and clearly. Do not duplicate the content
of tables or figures in the Results section.
• Briefly describe the core results related to the conclusion in the
text when data are provided in tables or in figures.
• In the Results section, audio or video files are also welcomed.
Supplementary results can be placed in the Appendix
Discussion
• In the first part of the discussion, the main findings should be
briefly summarized, then possible explanations for these findings should be explored, and these results should be compared
and contrasted with the findings of other relevant studies.
• The results of previous relevant studies should not be mentioned repeatedly, but any concordance or discordance should
be noted.
• The core findings and the conclusions derived from them
should be emphasized according to the best available evidence.
• In the last part of the discussion, the limitations of the study,
future research suggestions or plans, and the conclusion
should all be described. If there was a research hypothesis in
the introduction section, whether it was supported should be
stated.
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Tables
• The tables should start on a separate page. The tables should
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at least four lines and two columns of data.
• Tables are to be numbered in the order in which they are cited
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Figure Legends
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than a phrase or paragraph for each figure part.
• For a description regarding the features in the figure, the sentence is described in present tense. For a description regarding
the features not appeared in the figure, the sentence is described in past tense.
• For microscopic findings, the staining method and the scale
should be included in parenthesis (e.g., H&E stain, × 100).
• In case of the use of previously published figures, the original
source must be revealed in the figure legend.
Figures
• All figure parts related to one patient should have the same figure number and use English letters after the numerals to distinguish each figure part, e.g., Figure 1A, 1B, etc.
• Multiple figures mentioned in the text should be described as
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• For initial submission, only the JPG/JPEG format is acceptable.
The authors will later be asked to submit TIF/TIFF files without any arrows or other markings for the finally accepted manuscript.
• Written permission from the prior publisher should be obtained for the use of all previously published illustrations and
copies of the permission letter should be submitted.
• The authors may wish to make written suggestions about the
arrangement of the illustrations
Video clips
• Video clips can be submitted for placement on the journal
website. All videos are subject to peer review and can be uploaded as supplementary materials.
• A video file submitted for consideration for publication should
be in complete and final format and at as high a resolution as
possible. Any editing of the video will be the responsibility of
the author.
• encephalitis recommends Quicktime, AVI, MPEG, MP4, or
RealMedia file formats of less than 5 minutes duration.
• A legend to accompany the video should be double-spaced in
a separate file.
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• All copyrights for video files after acceptance of the main article are automatically transferred to encephalitis.
Supplementary data
• Supplementary data: If there are complementary materials
that help the understanding of readers or if there is a large
amount of data, these may be used as supplementary data.
Supplementary data should be as concise as possible and
must be related to the main conclusion of the paper. Supplementary data can include electronic files of high resolution
images, background datasets, video materials, animations, and
more. Supplementary data will be published online alongside
the electronic version of the article. Video data files can be
submitted in the same way as a figure or table by referring to
the video or animation content. Since video and animation
cannot be embedded in the print version, authors have to provide text for both the electronic and the print version for the
portions of the article that refer to this content

2.3.2. Review Article
• A review is generally published as a commissioned paper at
the request of the editor(s).
• Review articles contain an Abstract, Introduction, Main text,
and Summary (or Conclusion) followed by references, tables,
and figure legends.
• A review article is a comprehensive scholarly review on a specific topic. It is not an exhibit of a series of cases.
• Neither new information nor personal opinions are to be included.
• An introduction that explains the scope of the paper is required, and headings should be used appropriately to separate
and organize the text.
• Please send us a Presubmission Inquiry before writing a review
article. All review articles undergo the same review process as
other types of articles prior to acceptance. Reviews have no restrictions on word count or the number of figures and tables.
However, authors should eliminate redundancy, emphasize
the central message, and provide only the data necessary to
convey that message. The approximate length should be less
than 5,000 words. There should be an unstructured abstract
equal to or less than 250 words. References should not exceed
200 references.
• The most recent Review articles published in encephalitis
should be consulted for further details on formatting.

2.3.3. Case Reports
• Case reports will be published only in exceptional circumstances, if they illustrate a rare occurrence of clinical impor-
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tance. These manuscripts should be organized in the following
sequence: title page, abstract and keywords, introduction, case
report(s), discussion, acknowledgments, references, tables,
figure legends, and figures. Case reports are limited to 2,000
words (excluding the abstract, references, tables, and legends),
and references should not exceed 30. A maxi- mum of 5 figures
or tables are allowed.

2.3.4. Perspective
• A perspective is a report of the authors’ viewpoint on a specific
subject of interest to our readers as a commissioned paper at
the request of the editor(s).
• Little or no new original information is included, and there is
limited literature analysis. A perspective is a report of the authors’ viewpoint on a specific subject of interest to our readers
as a commissioned paper at the request of the editor(s).

2.3.5. Letter to the Editor
• Constructive criticism of a specific thesis published by encephalitis is welcome.
• Letters to the editor may be in response to a published article
or a short, free-standing piece expressing an opinion. If the letters to the editor is in response to a published article, the Editor-in-Chief may choose to invite the article’s authors to write a
reply. No abstraction is required. The letter should be 1,000
words or less (excluding references and figure legends) with a
maximum of 5 references. A maximum of 2 figures including
tables is allowed.

2.3.6. Editorials
• Editorials are invited by the editor and should be commentaries on articles in the current issue. Editorial topics could include active areas of research, fresh insights, and debates in all
fields considered to be of interest to encephalitis readers. Editorials should not exceed 1,000 words, excluding references,
tables, and figures. References should not exceed 5. A maximum of 3 figures including tables is allowed.

Table 1. Specification for publication types

viii

Type of article

Abstract (word)

Text (word)a)

Reference

Original article
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Review article

250
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Perspective
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Letter to the editor
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5

2

Editorial
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1,000

5

3
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