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Abstract Background: Outbreak of Omicron BA.2 in Taiwan led to an increased number of
acute encephalitis/encephalopathy cases in children and several fatal cases drew public atten-
tion. In pre-Omicron period, pediatric cases of COVID-19-associated acute encephalitis have
been reported and during Omicron epidemic, febrile convulsions, encephalitis were mentioned
more frequently. The outcome of patients with neurological complications was worse. Howev-
er, few studies investigated the risk factors, pathophysiology and prognosis of COVID-19-
associated encephalitis/encephalopathy. Here, we describe the presentation of pediatric
cases of COVID-19-associated acute encephalitis/encephalopathy and explore the associated
risk factors.
Methods: Pediatric patients with confirmed SARS-CoV-2 infections were prospectively enrolled
at admission at Chang Gung Memorial Hospital between April and August 2022. Patients were
categorized into groups of acute encephalitis/encephalopathy, febrile convulsions or mild dis-
ease. Demographic descriptions, clinical manifestations and laboratory data were collected.
of Pediatrics, Linkou Chang Gung Memorial Hospital, No. 5, Fuxing Street, Guishan District, Taoyuan
0.
.tw (Y.-C. Hsieh).

8.010
ociety of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

mailto:ychsieh@cgmh.org.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2023.08.010&domain=pdf
https://doi.org/10.1016/j.jmii.2023.08.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2023.08.010
https://doi.org/10.1016/j.jmii.2023.08.010


C.-W. Huang, J.-J. Lin, C.-Y. Kuo et al.
Results: Of 288 acute COVID-19 patients, there were 38 (13.2%) acute encephalitis/encepha-
lopathy, 40 (13.9%) febrile convulsions, and 210 (72.9%) mild disease. Among acute encephali-
tis/encephalopathy group, the mean age was 68.3 � 45.0 months. The common neurological
symptoms were lethargy (65.8%), seizures (52.6%), and impaired consciousness (34.2%). Over
3 years old (adjusted odds ratio [aOR]: 7.57, p < 0.001), absolute neutrophil count �3150/
mL (aOR: 5.46, p Z 0.008), and procalcitonin �0.5 ng/mL (aOR: 4.32, p Z 0.021) were inde-
pendent factors for acute encephalitis/encephalopathy.
Conclusions: Most cases of COVID-19-associated acute encephalitis/encephalopathy showed
no evidence of direct viral invasion but associations with older age, increased peripheral
neutrophil, and serum procalcitonin. These findings may imply the neutrophil-mediated sys-
temic inflammatory response plays an important role on central nerve system, leading to ce-
rebral dysfunction.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The emergence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has had a significant global
impact in the last three years. The Omicron variant first
reported in South Africa in November 2021 has rapidly
replaced the Delta variant globally, and BA.2 sub-variant
became the dominant strain in the US between March and
June, 2022.1 In this wave, nearly one-fifth of the cases
occurred in children, among whom, 1.5% required hospi-
talization, 20% admitted due to seizure.2,3 In hospitalized
children, 7e24.8% had neurological involvements, and
0.4e9.1% patients had encephalitis/encephalopathy, which
were more common in Omicron-predominant period.4e6

The outcome of the patients with neurologic complica-
tions was worse with longer length of hospital stay, more
intensive care unit (ICU) admissions, and higher mortality
rate.4 The spectrum of neurological involvement ranges
widely. In the pre-Omicron period, studies focused on life-
threatening conditions such as severe encephalopathy,
stroke, acute fulminant cerebral edema, Guillain-Barre
syndrome and acute disseminated encephalomyelitis
(ADEM) in adults or children with chronic comorbidities.7,8

In the Omicron period, increasing numbers of children
admitted owing to febrile seizures, convulsions or other
severe neurological complications including severe en-
cephalitis/encephalopathy, aseptic meningitis, and acute
necrotizing encephalitis in childhood (ANEC) have been
described.9

In Taiwan, COVID-19 vaccine coverage rate for children
�11 years old was low during the first half of 2022. How-
ever, due to previous strict non-pharmaceutical in-
terventions policies, the COVID-19 pandemic did not
significantly affect Taiwan until the outbreak of the Omi-
cron BA.2 variant in April 2022. Burden of hospitalization
has received exclusive attention. Due to a fulminant dis-
ease course with poor outcomes in several cases during the
first Omicron pandemic, COVID-19-associated encephalitis
in pediatric patients was highly publicized in Taiwanese
society.10,11 Therefore, COVID-19-associated acute en-
cephalitis/encephalopathy became our interests.

In the acute phase of COVID-19, seizures, altered con-
sciousness, lethargy, disorientation, hallucinations, and
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behavioral changes are symptoms of acute encephalitis/
encephalopathy. The disease course can be benign, with
spontaneous resolution, and it can be morbid or fatal due to
rapid progression.12 It involves several mechanisms,
including direct viral invasion, immune-mediated hyper-
inflammatory response, hypoxia, and metabolic de-
rangements.12 Direct virus invasion demonstrated possible
SARS-CoV-2 neurotropic properties, either hematogenous
by infecting central nerve system (CNS) endothelial cells
and gaining access across the braineblood barrier (BBB) or
olfactory axonal retrograde dissemination.13 The second
major mechanism is the activation of the innate and
adaptive immune systems and an upgraded inflammatory
cytokine storm that crosses the disrupted BBB.14

Most of the current studies on COVID-19 encephalitis/
encephalopathy in children have consisted of case reports
or case series, showing a higher incidence rate among pa-
tients with chronic illnesses, while rarely discussing the risk
factors. We observed that a subset of previously healthy
children with acute Omicron infection also developed en-
cephalitis. This study aimed to elucidate the clinical man-
ifestations of COVID-19-associated acute encephalitis/
encephalopathy in previously healthy children as well as to
identify the risk factors of acute encephalitis/encepha-
lopathy and those associated with impaired consciousness.
Methods

Study population and design

All patients were prospectively enrolled in the admission
date at two medical centers, Chang Gung Memorial Hospital
e Lin Kou branch and Chang Gung Memorial Hospital e
Kaohsiung branch between April 1, 2022, and August 15,
2022, and between May 5, 2022, and July 17, 2022,
respectively.

Eligible participants were inpatients �18 years with
confirmed SARS-CoV-2 infection within 7 days of the acute
infection phase. We excluded patients with pre-existing
chronic medical conditions (Supplementary Document).
Additionally, we excluded patients with incidental positive
SARS-CoV-2 test but admitted due to other infections,
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patients diagnosed with SARS-CoV-2 over seven days before
admission. For the purpose of finding associated factors
with acute encephalitis/encephalopathy, we categorized
non-encephalitis/encephalopathy patients into two com-
parison groups, mild disease and febrile convulsion group
according to clinical manifestation. Croup patients have
distinct clinical features. Moderate to severe cases of croup
need active treatment and may even require ICU care;
therefore, to remove the confounding factors, they are
excluded from the mild disease group. The diagnosis and
severity of croup is clinically made (Supplementary
Document).

The diagnosis of COVID-19 was based on either positive
real-time polymerase chain reaction (PCR) or rapid antigen
test results for SARS-CoV-2 in nasopharyngeal or throat
swabs. The blood samples were collected at the emergency
department or on the first day of admission after obtaining
informed consent.
Clinical and laboratory evaluation

We collected demographic, biochemical and radiological
data from electronic medical and nursing records of the
patients, including age, sex, typical symptoms (fever,
cough, rhinorrhea, diarrhea, and abdominal pain), and
nervous system symptoms. Patient histories, clinical cour-
ses, and diagnoses were confirmed by physicians (pediatric
infectiologists, pediatric neurologists, or general pediatric
fellows). Laboratory data, including full blood count, dif-
ferential counts, biochemical data, and serum inflamma-
tory markers were recorded.
Clinical definitions

Encephalitis/encephalopathy

In clinical practice, the definition of acute encephalitis/
encephalopathy is based on the International Encephalitis
Consortium definition, Brighton criteria.15e17 The criterion
for acute encephalitis is defined as encephalopathy
(altered level of consciousness including personality or
behavior changes, lethargy, irritation) lasting >24 h with at
least two of the following item: [1] fever �38 �C, [2]
seizure, [3] new onset focal neurological signs, [4] cere-
brospinal fluid (CSF) pleocytosis (�5 WBC/mL in children >2
months old, �9 WBC/mL in infant 29e56 days old,
�19 WBC/mL in infant �28 days old), or increased CSF
protein content >40 mg/dL; [5] electroencephalography
(EEG) compatible with encephalitis e.g.,: diffuse or focal
slow activity or epileptiform; [6] abnormal neuroimaging
results consistent with encephalitis (Supplementary
Document).15e17 Herein, we analyzed these diagnostic
criteria for acute encephalitis/encephalopathy and
excluded post-infectious encephalitis due to different
mechanism from acute viral encephalitis. That the en-
cephalitis occurs when fever lasts over one week or fever
relapses after subsides is considered as post-infectious
encephalitis. Impaired consciousness was defined by Glas-
gow Coma Scale �12 and febrile convulsions are defined as
previously described (Supplementary Document).
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Outcome

The primary outcome is defined as 30-mortality or neuro-
logical sequelae on 1-month outpatient department (OPD)
follow-up (Supplementary Document).

Statistical analysis

Descriptive continuous data are described as median with
interquartile ranges or means with standard deviations,
while categorical data are presented as percentages. The
chi-square (X2) test or Fisher’s exact test was used to
compare categorical data. Independent t-test or one-way
ANOVA was used to compare continuous variables among
the mild disease, febrile seizure, and acute encephalitis/
encephalopathy groups. The Youden’s J test was used to
determine the optimal cut point values in statistically sig-
nificant variables. Binary logistic regression was used to
model the characteristic factors of acute encephalitis/en-
cephalopathy and impaired consciousness. IBM SPSS for
windows version 25.0 (SPSS Corp., Armonk, NY, USA) was
used for statistical analysis. P < 0.05 was considered to be
statistically significant.

Ethical approval

The Institutional Review Board of the Chang Gung Memorial
Hospital approved this study (approval number:
202200145A3).

Results

During the study period, 418 children with laboratory-
confirmed COVID-19 were admitted to our hospital. 357
(85%) patients were previously healthy after excluding 61
(15%) patients with chronic medical condition. Subse-
quently, we excluded patients with incidental COVID-19
(n Z 26) and positive COVID-19 PCR results (n Z 3) over 1
week before admission. The clinical data of 328 patients
representing for acute COVID-19 illness in previously
healthy children was shown in Supplementary Table 1. For
removing other confounding factors, we excluded the
moderate and severe croup patients (n Z 40). Finally, 288
patients were divided into three groups: mild disease 210
(72.9%) patients, febrile convulsions 40 (13.9%) patients,
and acute encephalitis/encephalopathy 38 (13.2%) patients
(Fig. 1).

In the mild disease group, the mean age was 36.3 � 43.4
months, 119 (56.7%) patients were boys and the mean fever
duration was 1.9 � 1.2 days. The top three diagnoses in the
mild disease group were as follows: upper respiratory tract
infection (31.9%), young infant fever (13.8%), and mild
croup (10.5%) (Supplementary Table 2).

Demographic and clinical characteristics

In the acute encephalitis/encephalopathy group, the mean
age was 68.3 months (SD 45.0) (2.5e171 months), which
was significantly higher than the mean age of the other two
groups (p < 0.001), and 71.1% of the children were �3



Figure 1. Flow chart describing case selection. aUrinary tract infection. bHerpes simplex virus.
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years; 23 (60.5%) patients were boys (Table 1). Further-
more, the acute encephalitis/encephalopathy group was
significantly characterized by longer length of hospital stay
(mean [SD] days, 5.8 [3.0] vs. 4.4 [2.8]; p Z 0.003), high
fever with peak temperature of 39.2 �C (mean [SD] [0.76]
vs. 39.13 [0.76]; p Z 0.013) than in mild disease group;
fever duration and lower throat/nasopharyngeal cycle
threshold value was not significantly different between the
three groups (Table 1).

Laboratory parameter

The elevated blood neutrophil, lymphopenia and higher
neutrophil-to-lymphocyte ratio were significantly seen in
acute encephalitis/encephalopathy group than in the mild
disease group; a lower platelet count was found in the
acute encephalitis/encephalopathy group; however, only 1
(2.7%) patient had thrombocytopenia (Table 1). Patients
with acute encephalitis/encephalopathy were prone to
elevated serum procalcitonin (PCT) levels than patients
with mild disease or with febrile convulsions (percentage
test of PCT �0.5 ng/mL: 43.5% vs. 11.4% vs. 13.3%,
p Z 0.001) (Table 1).

Acute encephalitis/encephalopathy

The number of children with COVID-19eassociated acute
encephalitis/encephalopathy in children increased
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simultaneously with the peak number of COVID-19 infec-
tion-hospitalized patients (Fig. 2). In the 38 cases, 37
(97.4%) patients had fever and the top four neurological
symptoms were ranked as follows: lethargy (65.8%), seizure
(52.6%), impaired consciousness (GCS �12) (34.2%), head-
ache/dizziness (31.6%) (Supplementary Table 3). Of the 38
patients, 12 (31.6%) required ICU care, 2 (5.2%) patients
were under mechanical ventilator support and 1 (2.6%)
patient died due to ANEC with acute fulminant cerebral
edema. Patients with acute encephalitis/encephalopathy
with impaired consciousness (GCS �12) as symptom pre-
sentation were all admitted in ICU and had significantly
higher percentage of seizure attack than patients without
impaired consciousness (76.9% vs. 40%, p Z 0.043) (Table
2). With or without impaired consciousness, over 16% of
patients had normal serum CRP levels and there was no
significant difference in viral load was found in the throat
or nasopharynx (Table 2).

Table 2 and Supplementary Table 4 show subsequent
surveys on acute encephalitis/encephalopathy. In the CSF
analysis, 14 of the 38 patients underwent spinal tapping;
only one patient was diagnosed with rhombencephalitis
and had mild pleocytosis in CSF and one patient with
fulminant cerebral edema had elevated CSF protein level.
All CSF samples for SARS-CoV-2 PCR were negative. Seven
of the 28 patients showed positive results on neuroimaging,
using either computed tomography (CT) or magnetic reso-
nance imaging (MRI). The MRI neuroimaging features
included occipital corona radiata hyperintense spots,



Table 1 Characteristics of included pediatric patients with acute SARS-CoV-2 infection patients according to mild disease,
febrile convulsions and acute encephalitis/encephalopathy.

Mild disease (n Z 210) Febrile convulsions
(n Z 40)

Acute Encephalitis/
Encephalopathy (n Z 38)

P value

Age, mean � SD, months 36.26 � 43.41 27.39 � 13.85 68.32 � 45.03 <0.001
Age �36 months old, n (%) 70 (33.3) 7 (17.5) 27 (71.1) <0.001
Sex, no (%)
Female 91 (43.3) 17 (42.5) 15 (39.5) 0.906
Male 119 (56.7) 23 (57.5) 23 (60.5)

LOS, mean � SD, days 4.38 � 2.83 3.90 � 1.77 5.76 � 3.03 0.003
NP Ct value, mean � SD
Ct value of documented at admission 18.85 � 6.06 (n Z 170) 18.26 � 6.37 (n Z 31) 16.87 � 4.01 (n Z 32) 0.213
Ct value of symptoms onset in 24 h 18.20 � 5.72 (n Z 145) 18.26 � 6.37 (n Z 31) 15.71 � 3.04 (n Z 23) 0.133
Ct value of symptoms onset in 48 h 18.51 � 5.76 (n Z 156) 18.26 � 6.37 (n Z 31) 15.71 � 2.91 (n Z 27) 0.057

Fever, n (%) 184 (87.6) 40 (100) 37 (97.4) 0.015
Duration, mean � SD, days 1.92 � 1.18 2.05 � 0.94 1.78 � 0.92 0.578
Peak, mean � SD, �C 39.13 � 0.76 39.31 � 0.60 39.20 � 0.76 0.013

Laboratory data, mean ± SD

WBC, 1000/mL 7.15 � 3.20 7.11 � 2.02 6.37 � 2.32 0.329
Neutrophil, 1000/mL 3.83 � 2.79 (n Z 206) 5.11 � 1.56 (n Z 38) 4.53 � 2.41 (n Z 37) 0.013
ANC �3150/mL, n (%) 98 (47.6) 34 (89.5) 28 (75.7) <0.001

Lymphocyte, 1000/mL 2.47 � 1.69 1.24 � 0.68 1.32 � 0.78 <0.001
Segment, % 51.37 � 21.68 71.99 � 9.49 68.16 � 2.74 <0.001
Lymphocyte, % 35.99 � 19.46 17.55 � 7.94 23.46 � 15.49 <0.001
N/L ratio 2.81 � 3.77 5.74 � 4.41 6.29 � 7.28 <0.001
Hemoglobin, g/dL 12.06 � 1.77 12.14 � 0.72 12.60 � 1.09 0.161
Platelet, 1000/mL 289.50 � 108.58 246.71 � 61.31 233.62 � 60.60 0.001
D-dimer, ng/mL 1090.9 � 1086.4 (n Z 44) 473.1 � 255.8 (n Z 7) 1146.4 � 2061.9 (n Z 23) 0.529
CRP, mg/L 8.18 � 21.19 (n Z 204) 2.70 � 2.45 (n Z 40) 7.35 � 14.15 (n Z 37) 0.244
Procalcitonin, ng/mL 0.27 � 0.48 (n Z 105) 1.08 � 2.57 (n Z 15) 2.39 � 4.23 (n Z 23) <0.001
PCT �0.5 ng/mL, n (%) 12 (11.4) 2 (13.3) 10 (43.5) 0.001

CK, U/L 923.0 � 3210.6 (n Z 53) 175.9 � 69.5 (n Z 21) 182.3 � 123.6 (n Z 28) 0.278
AST, U/L 51.99 � 71.16 (n Z 190) 37.31 � 14.13 (n Z 36) 42.57 � 58.22 (n Z 35) 0.383
ALT, U/L 43.04 � 100.57 (n Z 119) 20.05 � 9.29 (n Z 21) 20.41 � 21.48 (n Z 22) 0.341
Ferritin, mg/mL 188.08 � 190.13 (n Z 32) 78.03 � 3.46 (n Z 3) 304.84 � 693.73 (n Z 23) 0.554
LDH, U/L 322.69 � 100.86 (n Z 34) 345.33 � 23.42 (n Z 6) 349.48 � 129.15 (n Z 21) 0.648
BNP, pg/mL 23.00 � 17.58 (n Z 14) 67.00 � 1.41 (n Z 2) 79.96 � 63.10 (n Z 14) 0.009

Abbreviations: SD, standard deviation; LOS, length of stay; NP, nasopharyngeal; Ct, cycle threshold; WBC, white blood cell; ANC, ab-
solute neutrophil count; N/L, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; CK, creatine kinase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; BNP, B-type Natriuretic Peptide.
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lacuna infarcts, and hypodense lesion over occipital lobe.
On EEG, 11 of the 17 patients had positive findings
compatible with encephalitis.

Characteristic factors for acute encephalitis/
encephalopathy

Table 3 shows the logistic regression multivariate analysis
of the distinguishing factors associated with acute en-
cephalitis/encephalopathy in previously healthy children
excluding croup patients. Over 3 years old (aOR: 7.57,
95% CI: 2.46e23.31, p < 0.001), neutrophil �3150/mL
(aOR: 5.46, 95% CI: 1.56e19.08, p Z 0.008), and pro-
calcitonin �0.5 ng/mL (aOR: 4.32, 95% CI: 1.25e14.97,
p Z 0.021) were independently associated with acute
encephalitis/encephalopathy in children hospitalized with
COVID-19.
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Treatment and outcome

The Supplementary Table 4 summarized the treatment
strategy and outcome of the encephalitis/encephalopathy
patients. The ICU-patients received significantly higher
percentages of remdesivir, intravenous immunoglobulin and
pulse therapy than non-ICU patients. The mortality was
2.6% (1/38) and the 1-month outpatient department follow-
up revealed 31.6% (12/38) patients with neurological
sequelae. ICU patients had significantly higher percentage
of sequelae than non-ICU patients (75% vs. 15.4%,
p Z 0.01).

Discussions

The COVID-19 outbreak in Taiwan was unique and different
from other countries due to the lack of prior SARS-CoV-2



Figure 2. Children hospitalized with COVID-19 infection stratified by weeks during study period.
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infection in children. The majority of pediatric patients had
not been previously infected or vaccinated, and conse-
quently, they contracted the primary Omicron variant
infection. The natural infection of the Omicron variant in
previously healthy children in our study is characterized by
a significant level of neurological involvements, including
encephalitis/encephalopathy and febrile convulsions. The
increasing numbers of pediatric patients with neurological
complications during the Omicron epidemic may be due to
different mechanism of cell entry.18 The Omicron variant
has neurotropic property and uses cathepsin-mediated
pathways to invade cells.19 Consequently, the spectrum of
pediatric diseases in children predominantly encompasses
upper respiratory tract infections, croup, encephalitis, and
seizures, whereas occurrences of pneumonia are less
frequent.20

The pathophysiology of SARS-CoV-2-associated acute
encephalitis/encephalopathy is mainly attributed to indi-
rect mechanisms including hypoxemia, immune-mediated
hypercytokinemia or microvascular thrombosis rather than
direct infection of neurons.12,21 COVID-19 associated en-
cephalitis develops within an average of 14.5 days after the
onset of respiratory tract symptoms in adult but usually
occurs rapidly during acute infection phase in children.22,23

In adult, cerebral vascular endothelial cells injury or lung
parenchymal disruption, and the subsequent thrombo-
embolism events or hypoxic/metabolic changes are pri-
marily responsible for brain dysfunction.22 Clinical physi-
cians have sufficient time to monitor disease progression.

Omicron infection rarely causes pneumonia or lower
respiratory tract disease in children, and the hypoxic event
could not be the cause of brain dysfunction. The rapid
disease course of COVID-19 encephalitis/encephalopathy is
suspected due to immune-mediated hyperinflammation.
The CNS innate immune signaling pathway is provoked by
SARS-CoV-2 spike protein (S1) binding to ACE-2 expressing
cells in CNS and the circulation of cytokines (IL-10, IL-18)
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and chemokines (CCL2, CCL3, CXCL10) recruits neutrophils,
macrophages, monocytes, and T cells, which subsequently
secrete pro-inflammatory cytokines (IL-6, IL-17, TNF-a, IL-
1b).24,25 These hyper-inflammatory conditions can cause
endothelium injury, increase the permeability of BBB,
induce lymphocytic apoptosis, and activate CNS microglia
cells. The cytokines across the broken BBB account for
cerebral dysfunction and encephalopathy.26,27

Concerning the possibility of rapidly deteriorating and
missing the golden time for treatment, when children
present with fever, altered consciousness, seizures,
behavioral changes or post-ictal drowsiness in the emer-
gency department, a precise judgment to differentiate
encephalitis from febrile convulsions or mild disease is
important for clinicians.

Several studies have demonstrated that a higher number
of neutrophils, relative lymphopenia, and increased
neutrophil-to-lymphocyte ratios are associated with severe
COVID-19 disease.28e30 The elevated neutrophil count was
seen in peripheral blood circulation and in the nasopha-
ryngeal epithelium, pulmonary capillaries and alveolar
spaces.31 In addition to the increase in number, neutrophil
activation signature genes in blood transcriptomes were
upregulated upon severe infection and dysregulation of the
immune response, including impaired T cell regulation and
over-activation of innate immunity.28 These conditions can
heighten the release of neutrophil extracellular traps
associated with unfavorable coagulopathy and immuno-
thrombosis and play a role in developing neurological
dysfunction or lung fibrosis.28,32 Additionally, the early
neutrophil and macrophage migration into brain causing
BBB dysfunction and neuroinflammatory pathogenesis also
accounted for other viral encephalitis.26,33,34

Procalcitonin is another well-known prognostic
biomarker for COVID-19 severity prediction; high serum
procalcitonin is related to up-regulation of interleukin-6
and tumor necrosis factor alpha; the hypercytokinemia is



Table 2 Characteristics of patients with acute encephalitis/encephalopathy and comparison of GCS >12 and GCS �12.

Acute Encephalitis/Encephalopathy

GCS >12, n (%) GCS �12, n (%) P-value

Cases numbers 25 13a

Age, mean � SD, months 70.0 � 41.6 65.0 � 52.7 0.553
Sex
Male 14 (56) 9 (69.2) 0.751
Female 11 (44) 4 (30.8)

LOS, mean � SD, days 4.6 � 1.2 8.1 � 4.1 0.009
ICU admission, no (%) 0 (0) 12 (92.3) <0.001
Mechanical ventilator, no (%) 0 (0) 2 (15.4) 0.111
NP Ct, mean � SD
Ct value of documented at admission 15.67 � 2.33 (n Z 19) 18.61 � 5.27 (n Z 13) 0.078
Ct value of symptoms onset in 24 h 15.47 � 2.38 (n Z 14) 16.09 � 4.00 (n Z 9) 0.681
Ct value of symptoms onset in 48 h 15.52 � 2.30 (n Z 18) 16.09 � 4.00 (n Z 9) 0.938

Onset time, mean � SD, days 1.52 � 0.92 2.08 � 1.71 0.289
Fever, n (%) 25 (100) 12 (92.3) 0.342
Duration, mean � SD, days 1.8 � 0.9 1.8 � 1.1 0.879
Peak, mean � SD, �C 39.4 � 0.6 39.9 � 1.0 0.147

Seizure, n (%) 10 (40) 10 (76.9) 0.043
CSF study number, n (%) 6 (24) 8 (61.5) 0.028
Elevated protein in CSF, n (%) 0 (0) 1 (12.5)
Pleocytosis for age in CSF, n (%) 0 (0) 1 (12.5)
Positive SARS-CoV-2 PCR in CSF, n (%) 0 (0) 0 (0)

Laboratory findings, Mean ± SD

WBC, 1000/mL 6.04 � 2.10 (n Z 24) 6.97 � 2.65 (n Z 13) 0.251
Neutrophil, 1000/mL 4.18 � 2.18 5.17 � 2.75 0.236
Lymphocyte, 1000/mL 1.28 � 0.80 1.39 � 0.79 0.702
N/L ratio 5.67 � 5.83 7.46 � 9.57 0.481
Hemoglobin, g/dl 12.73 � 0.92 12.35 � 1.37 0.315
Platelet, 1000/mL 217.33 � 54.50 263.69 � 61.77 0.024
CRP, mg/L 8.99 � 17.08 (n Z 24) 4.31 � 5.10 (n Z 13) 0.344
CRP �5 mg/L, n (%) 7 (29.2) 5 (38.5) 0.716

Procalcitonin, ng/mL 1.38 � 2.27 (n Z 11) 3.32 � 5.40 (n Z 12) 0.271
PCT �0.5 ng/mL, n (%) 5 (45.5) 5 (41.7) 1.00

CK, U/L 200.94 � 141.33 157.33 � 95.22 0.365
Ferritin, mg/mL 215.26 � 270.07 (n Z 11) 386.96 � 938.53 (n Z 12) 0.565
AST, U/L 48.82 � 72.84 32.00 � 11.36 0.417
ALT, U/L 23.10 � 31.11 18.17 � 8.75 0.604
LDH, U/L 351.56 � 106.97 347.91 � 148.32 0.951
IL-6, pg/mL 2.51 � 1.74 (n Z 3) 2222.34 � 7018.44 (n Z 11) 0.022

Abbreviations: GCS, Glasgow Coma Scale; SD, standard deviation; LOS, length of stay; ICU, intensive care unit; NP, nasopharyngeal; Ct,
cycle threshold; CSF, cerebral spinal fluid; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus
2; WBC, white blood cell; N/L ratio, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; CK, creatine kinase; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; IL-6, interleukin-6. a One 6 years old girl was not
admitted to ICU with diagnosis of mild encephalitis. The patient presented with fever, frequent generalized tonic-clonic seizures and
prolonged post-ictal lethargy (GCS Z 12). Consciousness regained within one day after steroid treatment.
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associated with severe COVID-19 disease.35 The acute en-
cephalopathy with biphasic seizures and late reduced
diffusion (AESD), one subtype of acute encephalopathy,
caused by viral infection were reported to have elevated
serum procalcitonin level.36 However, we did not examine
the neutrophil and T-cell functions, and lack of serum cy-
tokines level, which are our confounding factors. Whether
neutrophil activation or impairment of adaptive T cell im-
munity due to lymphopenia contributed to immune-
mediated CNS hyperinflammation required more studies
to prove.
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In clinical practice, if previously healthy children with
acute COVID-19 infection display neurological symptoms,
the clinicians should be aware of encephalitis/encepha-
lopathy rather than febrile convulsions when the patients
were over 3 years old with higher neutrophil and procalci-
tonin levels although the sensitivity and specificity of these
parameters remain to be determined.

In our study, we found no significantly difference in
throat or nasopharyngeal viral load among patients with
acute encephalitis/encephalopathy, febrile convulsions
and mild disease groups. Although, higher viral load in the



Table 3 The univariate and multivariate analysis by logistic regression for risk factors of acute encephalitis/encephalopathy.

Risk factors Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age �3 years old 5.52 (2.60e11.68) <0.001 7.57 (2.46e23.31) <0.001
PCT �0.5 ng/mL 5.82 (2.15e15.76) 0.001 4.32 (1.25e14.97) 0.021
Neutrophil �3150/mL 2.64 (1.20e5.83) 0.016 5.46 (1.56e19.08) 0.008
Lymphocyte �1000/mL 3.19 (1.55e6.59) 0.002 0.86 (0.24e3.05) 0.810
Platelet �150,000/mL 0.58 (0.07e4.66) 0.611 e e

Variables with p value < 0.1 were calculated in the multivariate analysis. Abbreviations: PCT, procalcitonin; CI, confident interval; “e,”
no data in multivariate analysis.

C.-W. Huang, J.-J. Lin, C.-Y. Kuo et al.
respiratory tract and delayed virus clearance in adult are
associated with greater severity of COVID-19 in several re-
ports, more longitudinal studies including viral load in blood
are needed to clarify the relationship in encephalitis.37

Both of influenza and COVID-19-associated encephalitis/
encephalopathy can occur in previously healthy children
and have rapid onset disease course. No virus detection and
rare pleocytosis in CSF is their characteristics.38,39 The risk
factors for poor outcomes in influenza-associated enceph-
alitis were high CSF protein, under 2 years of age, throm-
bocytopenia and severe transaminase elevation, which was
not observed in COVID-19-associated acute encephalitis/
encephalopathy.40

Our study had some limitations including smaller number
of cases, no genomic analysis of infected strains, and the
absence data of inflammatory cytokines in CSF. Our study has
some strengths. First, all the patients were primary care
patients with reliable clinical information. Second, because
few children between 0 and 11 years had COVID-19 vacci-
nation or previous COVID-19 infection, the natural charac-
teristics of Omicron infection in children could be presented
well.

In conclusion, the majority of cases of COVID-19-
associated acute encephalitis/encephalopathy showed no
evidence of direct viral invasion but was associated with
increased age, peripheral neutrophil count, and procalci-
tonin levels. These findings suggest that neutrophil-
mediated systemic hyper-inflammatory response or mal-
adaptive innate immunity might play an important role on
the central nerve system, leading to cerebral dysfunction.
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