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COVID-19–ASSOCIATED ACUTE DISSEMINATED 
ENCEPHALOMYELITIS–LIKE DISEASE  

IN 2 CHILDREN
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Background: The coronavirus disease 2019 pandemic was caused by the 
novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Although the predominant clinical presentation is a respiratory disease, 
neurologic manifestations are being recognized increasingly.
Case Report: We report 2 children 9 years of age who developed acute dis-
seminated encephalomyelitis-like disease associated with SARS-CoV-2. 
Seizures and encephalopathy were the main central nervous system symp-
toms. The cerebrospinal fluid analysis performed within the first week of 
disease onset showed elevated protein in both children with normal cell 
count and no evidence of infection including negative SARS-CoV-2 by 
antibody and polymerase chain reaction. Brain magnetic resonance imag-
ing revealed T2A, fluid-attenuated inversion recovery cortical and sub-
cortical hyperintensity without restricted diffusion consistent with acute 
disseminated encephalomyelitis–like disease. They received methylpred-
nisolone followed by therapeutic plasma exchange. One of them showed 
complete clinical improvement and resolution in magnetic resonance 
imaging findings. The other developed laminar necrosis in brain magnetic 
resonance imaging and showed significant clinical improvement after 
therapeutic plasma exchange. He was positive for positive SARS-CoV-2 
antibody in cerebrospinal fluid on day 55 of admission. They were both 
positive for SARS-CoV-2 antibodies in serum after 2 weeks.
Conclusions: Our two cases highlight the occurrence of acute disseminated 
encephalomyelitis–like disease as a postinfectious/immune-mediated com-
plication of SARS-CoV-2 infection.
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Coronavirus disease 2019 (COVID-19) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) was 

first identified in patients presenting with pneumonia in China 
in December 2019.1 Although the predominant clinical presen-
tation is a respiratory disease, neurologic manifestations are 
being recognized increasingly. The pathophysiologic mechanisms 
including direct viral effects upon the nervous system, endothelial 
injury, and downstream effects of para- and postinfectious inflam-
mation have been suggested as the potential cause of neurologic 
involvement in COVID-19.2 Postinfectious inflammation induced 
by SARS-CoV-2 may trigger autoimmune phenomena, such as 
demyelinating disease and encephalopathy.2 Acute disseminated 
encephalomyelitis (ADEM) is a rare, immune-mediated demyeli-
nating central nervous system (CNS) disorder with a predilection 
to early childhood. ADEM is characterized by acute encephalopa-
thy with neurologic deficits and brain magnetic resonance imag-
ing (MRI) findings consistent with multifocal demyelination. 
ADEM often occurs with postinfectious inflammation.3 Postin-
fectious encephalomyelitis is caused by viral pathogens such as 
varicella zoster virus, rubella virus, herpes simplex virus, human 
herpes virus-6, Epstein-Barr virus, HIV, mumps virus, influenza 
virus, coxsackie B virus, and cytomegalovirus. It has also been 
described in association with bacterial pathogens, including 

FIGURE 1.  Brain MRI of a 9-year-old boy at presentation. In the fluid-attenuated inversion recovery sequences, pathologic 
signal changes were observed in cortical and subcortical areas in bilateral frontoparietal regions (A–C). These lesions showed 
contrast enhancement after contrast enhancement (D–F) and marked diffusion restriction in apparent diffusion coefficient 
mapping in diffusion-weighted sequences (G and H).
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infections with Legionella cincinnatiensis, Mycoplasma pneu-
monia and other atypical pneumonic infections.4 We present 2 
pediatric patients who developed neurologic involvement with 
MRI changes indicative of SARS-CoV-2–associated ADEM-like 
disease.

CASE REPORT
The written informed consent to publication has been 

obtained from the parents on behalf of the patient.

Case 1
A 9-year-old previously healthy boy presented with status epi-

lepticus after 3 days of fever, headache and vomiting. He had recurrent 
epileptic seizures. Brain MRI and his clinical course were consistent 
with ADEM. Methylprednisolone 30 mg/kg intravenous daily for 5 days 
and intravenous immunoglobulin 1 g/kg daily for 2 days were adminis-
tered for presumed ADEM. His immunization status was appropriate to 
his age. His parents had an SARS-CoV-2 infection 1.5 months ago. He 
was admitted to our pediatric intensive care unit (PICU) on day 5 since 
he neurologically deteriorated and his demyelinating lesions on MRI 
aggravated (Fig. 1). On physical examination, he was unconscious and 
unoriented. His Glasgow Coma Scale was 6 (E 2, V 2, M 2), the pupil-
lary light reflex was positive in both eyes. He had no signs of menin-
geal irritation. He was intubated due to lower Glasgow Coma Scale 
and mechanical ventilation commenced. SARS-CoV-2 real-time poly-
merase chain reaction (PCR) on nasopharnygeal swab and antibodies 

both in serum and cerebrospinal fluid (CSF) were negative on admis-
sion. Clinical, laboratory and imaging findings are shown in Table 1. In 
PICU, 10 consecutive therapeutic plasma exchange (TPE) sessions with 
5% albumin replacement were performed daily using the Prismaflex 
TPE 1000 filter set (Gambro Lundia AB, Lund, Sweden), methylpred-
nisolone (30 mg/kg/day for 2 days) was administered for 2 more days. 
Levetiracetam, midazolam, and ketamine treatments were initiated 
after he sustained several episodes of generalized tonic-clonic convul-
sions. After 10 consecutive TPE sessions, brain MRI showed cortical 
linear hyperintense lesion, consistent with laminar necrosis (Fig.  2). 
In terms of the etiology of laminar necrosis, rheumatologic examina-
tions (erythrocyte sedimentation rate, antinuclear antibodies, C3-C4, 
lupus anticoagulant, anticardiolipin antibodies, anti-ds DNA, c-ANCA, 
p-ANCA, pathergy test), other infection examinations (varicella zos-
ter virus, rubella virus, herpes simplex virus, human herpes virus-6, 
Epstein-Barr virus, HIV, mumps virus, influenza virus, coxsackie B 
virus, and cytomegalovirus), and MRG angiography tests were per-
formed, and it was found to be normal. Four TPE sessions on alternate 
days were performed after the initial 10 consecutive TPEs. On day 20, 
brain MRI showed prominent areas of necrosis in both frontoparietal 
regions (Fig. 3). On day 25, because of the inadequate response to treat-
ment, second cure of intravenous immunoglobulin (2 g/kg)  was given 
and a tracheostomy was performed while in the PICU. Following 14 
TPE sessions and second-dose intravenous immunoglobulin, his mental 
and general condition improved. On day 30, he was separated from the 
mechanical ventilator. On day 33, a brain MRI showed chronic changes 
(Fig. 4). On day 55, SARS-CoV‐2–specific antibodies were positive in 

TABLE 1.  Clinical Characteristics, MRI Findings, Laboratory Findings and Outcome in 2 
Patients With COVID-19 Infection–Related Acute Disseminated Encephalomyelitis

 Case 1 Case 2

Age/gender 9/male 9/female
Concomitant illness No No
Symptoms Fever, headache, vomiting Fever, vomiting, diarrhea
Presentations Status epilepticus Hallucinations, afebrile seizure
Vital signs (PICU adminission)   
  SpO2 (%) 97 100
  Pulse rate (per minute) 128 113
  Blood pressure (mm Hg) 113/76 130/93
  Respiratory rate (per minute) 38 29
  Body temperature (°C) 36.4 39
Laboratory findings (PICU adminission)   
  White blood cell (per μL) 3290 9420
  Lymphocyte (per μL) 820 990
  Neutrophil (per μL) 2200 7560
  Platelet (per μL) 175,000 317,000
  Hemoglobin (g/dL) 10.6 10.8
  CRP (mg/L) 2 10
  Procalcitonin (ng/mL) 0.18 0.16
  Urea (mg/dL) 31 16
  Creatinine (mg/dL) 0.32 0.4
  AST (U/L) 40 35
  ALT (U/L) 14 17
  CK (U/L) 271 808
CSF analysis   
  Glucose (mg/dL) 75 88
  Protein (mg/dL) 117 108
  Cell count (per mm3) No No
  Oligoclonal band Negative Negative
Autoimmune encephalitis panel Negative Negative
Anti-MOG antibody Negative Negative
Antiaquaporin-4 antibody Negative Negative
Chest radiograph Prominent bronchovascular markings Prominent bronchovascular markings
EEG Diffuse slowing Diffuse slowing
Treatment MP (30 mg/kg/day) 7 days MP (30 mg/kg/day) 5 days

IVIG (1 g/kg/day) 2 days TPE
TPE 14

SARS-CoV-2 antibody Positive (serum and CSF) Positive (serum)

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CRP, C-reactive protein; EEG, electroencephalog-
raphy; IVIG, intravenous immunoglobulin; MOG, myelin oligodendrocyte glycoprotein; MP, methylprednisolone.

Autoimmune encephalitis panel, including anti–NMDA-R-Ab, AMPA-R1 Ab, AMPA-R2 Ab, CASPR2 Ab. (VGKC), lg11 Ab. (VGKC) and GABA-R-Ab.
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FIGURE 2.  Brain MRI of a 9-year-old boy on day 9. The lesions continued in fluid-attenuated inversion recovery sequences 
(A and B) and cortical linear hyperintensities compatible with laminar necrosis occurred in T1A sequences (C). It was found 
that the restriction disappeared in the diffusion-weighted sequences (D) and contrast enhancement continued in the 
frontoparietal regions after contrast agent administration (E and F) and necrotic areas began to occur in these regions.

CSF. On day 60, he was discharged from the hospital. He was con-
scious and tracheostomized. He had eye contact, object tracking, and 
head control. He was able to sit unsupported and walk short distances 
with one-hand support. His muscle strength was reduced with the upper 
limbs and the lower limbs of 4/5. He was executing commands.

Case 2
A 9-year-old previously healthy girl presented with halluci-

nations, lethargy and afebrile seizure after 5 days of fever, vomit-
ing and diarrhea. Her immunization status was appropriate to her 
age. She was admitted to PICU with a prediagnosis of encephali-
tis. She had no history of contact with a symptomatic COVID-19 
patient. On physical examination, she was unconscious and unori-
ented. Her Glasgow Coma Scale was 8 (E 2, V 2, M 4), the pupil-
lary light reflex was positive in both eyes. She had no signs of 
meningeal irritation. The nasopharyngeal swab for SARS-CoV-2 
with real-time PCR and antibody was negative. She was intubated 
due to lower Glasgow Coma Scale and mechanical ventilation 
commenced. Clinical, laboratory and imaging findings are shown 
in Table 1. Brain MRI and her clinical course were consistent with 
ADEM (Fig. 5). Methylprednisolone 30 mg/kg intravenous daily 
for 5 days was administered for presumed ADEM. On day 5, she 
was seizure free under treatment. Sedation and mechanical ventila-
tor parameters were weaned, and she was extubated. On day 9, she 
became hypertensive despite antihypertensive treatment, and on 
day 10, her seizures returned. In PICU, 5 consecutive TPE sessions 

with 5% albumin replacement were performed daily using Pris-
maflex TPE 1000 filter set (Gambro Lundia AB). On day 12, brain 
MRI revealed posterior reversible encephalopathy. Anti–SARS-
CoV-2 antibody was detected in her serum before discharge on 
day 17, and she was diagnosed with encephalitis associated with 
SARS-CoV-2. The patient was discharged on day 17, recovering 
completely. During her routine follow-up visit, she had no symp-
toms and signs; MRI findings regressed totally within 3 months, 
and no new lesions were seen in follow-up MRI scans.

DISCUSSION
We, herein, describe 2 children with ADEM-like disease 

associated with COVID-19. Both cases were diagnosed with SARS-
CoV-2 infection based on the detection of anti–SARS-CoV-2 anti-
body. In a multinational and multicenter study focusing on neu-
roimaging manifestations in children with SARS-CoV-2 infection, 
the presence of ADEM-like lesions was notified in 16 children. The 
most common neurologic manifestation of SARS-CoV-2 infection 
was ADEM. In this study, acute-phase and delayed-phase, SARS-
CoV-2–related ADEM-like disease was reported in children. Two 
of the patients with ADEM-like neuroimaging had CNS-directed 
antibodies (anti-N-methyl-D-aspartate receptor and anti-mye-
lin oligodendrocyte glycoprotein antibodies).5 In our patients, 
T2-weighted hyperintensity was present in the white matter. In our 
laboratory examination CNS-directed antibodies, SARS-CoV-2 
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FIGURE 4.  Brain MRI of a 9-year-old boy on day 33. Pathologic signal changes, contrast enhancements, and laminar necrosis 
continued in both frontoparietal regions, areas of cystic necrosis became prominent, and atrophy occurred in the brain (A–H).

FIGURE 3.  Brain MRI of a 9-year-old boy on day 20. Prominent areas of necrosis in both frontoparietal regions (A–F).

PCR, and antibody were determined negative, but in our delayed 
laboratory examination, SARS-CoV-2 antibodies were deter-
mined positive. We confirmed delayed-phase SARS-CoV-2–related  
ADEM-like disease. In a study, antibody responses to SARS-CoV-2 

in serum and CSF specimens of COVID-19 patients with neuro-
logic symptoms were assessed. This study showed IgG specific for 
the virus spike protein was detected in serum (81%) and CSF (56%) 
of the patients. Also, 2 patients who were negative for SARS-CoV-2 
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FIGURE 5.  Brain MRI of a 9-year-old girl at presentation. In the fluid-attenuated inversion recovery (FLAIR) sequences, 
pathologic signal increases were observed in the bilateral temporal region in the hippocampal areas, bilateral thalamus, 
putamen and deep white matter. Diffusion restriction was not observed in these lesions in diffusion-weighted sequences. 
These lesions were evaluated as acute disseminated encephalomyelitis–like diseases (A–D). MRI 12 days later (E–H) showed 
the lesions previously detected in FLAIR sequences disappeared but new lesions developed in the right temporal lobe inferior, 
bilateral occipital localization, cortical and subcortical areas extending toward the corona radiata and showing no diffusion 
restriction. These newly formed lesions were considered as posterior reversible encephalopathy syndrome.

IgG in serum had positive levels of IgG in CSF.6 ADEM is charac-
terized by encephalopathy in association with polyfocal neurologic 
deficits, sometimes preceded by prodromal symptoms. Neurologic 
manifestations in ADEM include pyramidal signs, ataxia, acute 
hemiparesis, optic neuritis or other cranial nerve involvement, sei-
zures, spinal cord syndrome, and impairment of speech. Seizures 
with fever are described more frequently in ADEM compared with 
other acute demyelinating syndromes. Seizures may develop into 
status epilepticus.3 Seizures and encephalopathy were the main 
CNS symptoms in our patients, also both of them developed sta-
tus epilepticus. ADEM incidence reported of 0.1–0.3 per 100 000 
children per year also severe presentation resulting in admission to 
a PICU has been reported in 15%–25% of children with ADEM.3 
Our patients were followed up in the PICU due to severe presenta-
tion. Further one of them was tracheostomized.

In children, cortical laminar necrosis is caused by 
hypoxia and metabolic disorders, like hypoglycemia, intoxica-
tion and hypoxic-ischemic encephalopathy, renal and hepatic 
dysfunction.7 It may also be seen in patients with infections 
disease like influenza A and dengue encephalitis.8,9 One of our 
patients had cortical laminar necrosis. This is the first laminar 
necrosis reported in SARS-CoV-2–related ADEM-like disease. 
We do not know why laminar necrosis developed in one of our 
patients and the other fully resolved. Probably, genetic factors 
are responsible for this.10

Our case series have limitations. Both cases were diagnosed 
with SARS-CoV-2 infection based on the detection of SARS-CoV-2 
antibody. SARS-CoV-2 antibody in CSF of one of the children was 

found to be positive, but SARS-CoV-2 antibody in CSF of the other 
patient was not detected.

In conclusion, we described the clinical course of children 
with ADEM-like disease associated with SARS-CoV-2 infection. 
While the initial SARS-CoV-2 antibody of the patients was nega-
tive, the SARS-CoV-2 antibody sent afterward was found to be 
positive in the blood.
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ACUTE INGUINAL BACTERIAL LYMPHADENITIS IN 
INFANTS YOUNGER THAN 1 YEAR OF AGE
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Abstract: We examined 17 infants under age 1 year with inguinal bacterial 
lymphadenitis; 8 had a prior episode of omphalitis or an umbilical proce-
dure, and one-third were afebrile and initially received the misdiagnosis of 
incarcerated hernia. Our findings suggested a possible association between 
inguinal bacterial lymphadenitis in infants and umbilical problems.
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Acute localized lymphadenitis in children is usually caused by 
a bacterial infection. Owing to lymphatic drainage from the 

pharynx, bacterial cervical lymphadenitis is very common, fre-
quently affecting children from ages 1 to 4 years.1 In contrast, 
inguinal bacterial lymphadenitis is relatively rare in children, espe-
cially infants. Recently, we managed several cases of acute inguinal 
bacterial lymphadenitis which occurred in infants with a history 
of recent omphalitis or an umbilical procedure. The vulnerability 
of the umbilicus in infants makes it susceptible to various com-
plications, such as granuloma, cellulitis and necrotizing fasciitis.2 
However, no association between the umbilicus and inguinal lym-
phadenitis has ever been reported. We herein reviewed the medi-
cal records of all infants with the diagnosis of inguinal bacterial 
lymphadenitis at our center to characterize their clinical features.

METHODS
We retrospectively reviewed the electronic medical records 

of patients at Tokyo Metropolitan Children’s Medical Center 
between March 2010 and April 2020. Children younger than age 
1 year with the diagnosis of acute inguinal bacterial lymphadeni-
tis who received antibiotic treatment were included. Their clinical 
characteristics, including age, gender, perinatal history, clinical 
symptoms, portal of entry, causative agents, treatment and out-
comes, were evaluated. A bacterial culture was performed for all 
samples of drained pus. Fever was defined as an axillary tempera-
ture ≥ 37.5 °C. An additional questionnaire screening for underly-
ing diseases was administered by telephone or in paper form to 
the patients’ legal guardians and asked whether the patients had 
a recurrence of inguinal lymphadenitis after discharge or a severe 
adverse reaction to a Bacille Calmette-Guérin vaccination, which 
is administered universally at age 5–8 months in Japan. The ten 
warning signs of primary immunodeficiency (PID) were also inves-
tigated using the questionnaire.3 Study approval was obtained from 

the institutional review board at Tokyo Metropolitan Children’s 
Medical Center (2020b-74).

RESULTS
Seventeen infants were found to have inguinal bacterial 

lymphadenitis during the study period (Table 1). The median age 
at presentation was 56 days, and 3 patients were preterm (range: 
35–36 weeks of gestational age). Fever was observed in five 
patients (29.4%) at the initial presentation. The suspected portal 
of entry was found in 12 patients (70.6%). Among these, 8 had an 
umbilical lesion, including 4 with omphalitis and the remaining 4 
with umbilical granuloma, which was ligated or cauterized with 
silver nitrate. Three patients had a genital and anal lesion, 2 had 
a perianal abscess, and one had genital cellulitis. One patient had 
cellulitis in a thigh. Three patients (17.6%) had bilateral inguinal 
lymphadenitis, and 2 of these had an umbilical lesion. Six patients 
(35.3%) initially received the misdiagnosis of incarcerated ingui-
nal hernia, and in 2 of these, manual reduction was attempted. All 
6 of these patients were afebrile at presentation. A bacterial cul-
ture of pus samples was performed in 12 patients (70.6%), in 11 
of whom methicillin-susceptible Staphylococcus aureus was identi-
fied. Although no etiologic agents were identified in the remaining 
patients, the clinical findings and a favorable response to antibiotic 
therapy led to the diagnosis of inguinal bacterial lymphadenitis. 
Thirteen patients (76.5%) required admission to receive intrave-
nous antibiotic therapy. The remaining 4 patients were treated with 
oral antibiotic therapy alone on an outpatient basis.

Sixteen patients (94.1%) responded to the questionnaire. 
Data on one patient with unilateral inguinal lymphadenitis were 
missing. The duration of follow-up was 8–96 months. Fifteen 
patients had no signs suggestive of PID or an underlying disease. 
The remaining one patient was a 5-month-old male who presented 
with multifocal S. aureus lymphadenitis, including bilateral axil-
lary, cervical and right inguinal lesions. In addition to the ini-
tial screening test, a dihydrorhodamine test was performed after 
chronic granulomatous disease was suspected, but the result was 
negative. The patient had no recurrence of S. aureus lymphadenitis 
at the 1-year follow-up. Five patients (29.4%) underwent a labora-
tory PID screening test, including tests for serum IgA, IgG, IgM, 
C3, C4 and CH50, which all returned negative. No malignancy was 
diagnosed in any of the patients.

DISCUSSION
The present case series reported novel findings of infantile 

inguinal bacterial lymphadenitis in about half of patients with a pre-
vious episode of an umbilical lesion. Commonly reported causes of 
inguinal lymphadenopathy in adults are sexually transmitted infec-
tions or lower extremity skin infections,4 which are related to geni-
tal and lower extremity drainage of the inguinal lymph nodes. The 
latter are also known to drain lymph from the umbilicus5; it may, 
therefore, be reasonable to suspect the umbilicus as the portal of 
bacterial entry in the patients in the present study. Omphalitis or 
a previous umbilical procedure may increase the risk of inguinal 
bacterial lymphadenitis.

Differentiating inguinal bacterial lymphadenitis from 
other noninfectious causes of acute inguinal swelling in children 
is reportedly difficult.6 The fact that one-third of our patients had 
received the misdiagnosis of incarcerated inguinal hernia supports 
this view. Around 70% of patients in our study presented without 
fever despite having a bacterial infection, which may had contrib-
uted to the misdiagnoses. Both the clinical manifestations and age 
distribution of patients with incarcerated inguinal hernia, which has 
its peak in 1- to 3-month-old children,7 overlap with the features 
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