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Abstract

Background: Norovirus is a major pathogen of gastroenteritis and is known to cause encephalitis/encephalopathy. The aim of
this national survey was to clarify the clinical features of norovirus-associated encephalitis/encephalopathy (NoVE) among children
in Japan.

Methods.: A nationwide survey of children with NoVE was conducted using a structured research form. The initial survey asked
pediatricians about children with NoVE treated between January 2011 and March 2016. The second survey obtained patient informa-
tion from two sources: hospitals that responded to the initial survey and those identified as having treated cases from a literature search.

Results: Clinical information was available for 29 children. Their median age was 2 y 8§ m. The outcome was good in 13 patients
and poor in 15. The interval between the onset of gastrointestinal symptoms and that of encephalitis/encephalopathy was signifi-
cantly shorter in those with a poor outcome. At the onset of an elevated serum creatinine level and an abnormal blood glucose level
were correlated with a poor outcome. Regarding the subtypes of encephalitis/encephalopathy, acute encephalopathy with biphasic
seizures and late reduced diffusion and hemorrhagic shock and encephalopathy syndrome were frequent.

Conclusion: The outcome of children with NoVE was poor. Early onset of neurological symptoms, an elevated serum creatinine
level, and an abnormal blood glucose level were associated with a poor outcome. No effective treatment was identified and this
should be the subject of future studies.
© 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Norovirus (NoV) is one of the main causes of out-
breaks of gastrointestinal infections, predominantly in
winter. In Japan, several million people are thought to
have NoV infections every year, although no precise
data are available. NoV infection is usually character-
ized by a self-limited episode of nausea, vomiting,
non-bloody diarrhea, and low-grade fever, lasting for a
few days. Although deaths from NoV illness are rare,
many children require hospitalization to treat
dehydration.

Gastrointestinal infections may be complicated by
central nervous system disorders, such as febrile sei-
zures, gastroenteritis-related convulsions, and encephali-
tis/encephalopathy. Rotavirus infection is seen in
approximately half of the children with gastroenteritis-
related convulsions [1]. Rotavirus is the third most com-
mon pathogen in children with acute encephalitis/
encephalopathy in Japan [2]. Kawamura et al. estimated
that 21.6 children develop rotavirus-associated
encephalitis/encephalopathy every year in Japan [3].
Several investigators have reported a relationship
between NoV infection and gastroenteritis-related con-
vulsions [4-6]. There have also been a few reports of
children with acute encephalitis/encephalopathy associ-
ated with NoV infection [7-9]. However, the clinical fea-
tures of NoV-associated encephalitis/encephalopathy
(NoVE) remain unknown (Fig. 1).

Therefore, this study sought to clarify the clinical fea-
tures of NoVE in children in Japan. We performed a
nationwide survey of NoVE, including the symptoms,
neuroimaging findings, and outcome. We also explored
factors associated with a poor outcome in children with
NoVE.

2. Patients and methods

We conducted a nationwide survey of NoVE in chil-
dren in Japan. The study was approved by the Ethics
Committee of Aichi Medical University. In this study,
NoVE was defined as present in children with both a
clinical diagnosis of acute encephalitis/encephalopathy,
based on altered consciousness lasting for 24 h or longer
with or without seizures, and virologically proven NoV
infection.

The initial survey consisted of a brief structured ques-
tionnaire to determine the number of children with
NoVE. Questionnaires were sent to board-certified pedi-
atricians at 513 training hospitals approved by the Japa-
nese Pediatric Society requesting information on the
number of children with NoVE diagnosed between Jan-
uary 2011 and March 2016.

We also performed a search of the Japan Medical
Abstracts Society database using the following search
terms: (norovirus/TH or norovirus/AL), and (encephali-

tis/or encephalitis/AL) or (encephalopathy/TH or
encephalopathy/AL). From the database search, we
identified hospitals where children with NoVE were
admitted between 2003 and 2016.

The second survey consisted of a structured research
questionnaire. We obtained patient data from two dif-
ferent sources: hospitals that reported having children
with NoVE in the initial survey and those identified as
having treated children with NoVE from the literature
search. In the second questionnaire survey, we asked
for information on (1) the patient characteristics, includ-
ing age, sex, pre-existing neurological disorders, and a
history of febrile seizures; (2) the method used to diag-
nose NoV infection; (3) laboratory data, including the
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), lactate dehydrogenase (LD), creatinine
kinase (CK), blood urea nitrogen (BUN), creatinine
(Cr), sodium (Na), glucose (Glu), and bicarbonate
(HCO3) levels; (4) neuroradiological findings; (5) treat-
ment; and (6) outcome. The outcome was evaluated
using the pediatric cerebral performance category score
(PCPCS). A good outcome was defined as the PCPCS of
1 or 2 at the last follow-up. A poor outcome was defined
as the PCPCS of 3 to 6 at the last follow-up.

The subtypes of NoVE were classified based on the
clinical course, neurological symptoms, and neuroradio-
logical findings. Regarding the neuroradiological find-
ings, the study group, which included an expert
pediatric neurologist (AO), collected representative
images and interpreted them. Table 1 shows the defini-
tions of the four distinct subtypes of NoVE used in this
study: acute encephalopathy with biphasic seizures and
late reduced diffusion (AESD); hemorrhagic shock and
encephalopathy syndrome (HSES); clinically mild
encephalitis/encephalopathy with a reversible splenial
lesion (MERS); and acute necrotizing encephalopathy
(ANE). The definitions of AESD, MERS, and ANE
were adopted from previous studies [2,10-13] and were
modified to fit this study. No definition of HSES has
been established, and it differs among researchers [14—
17]. We consider the main features of HSES to be
rapidly worsening consciousness associated with multi-
organ failure and marked brain edema. Patients who
did not meet the definition of one of these four subtypes
were categorized as “‘other”.

We performed statistical analyses to determine the
relationships between several variables and outcome.
Each variable was compared between the patients with
good and poor outcomes. We used Fisher’s exact prob-
ability test and the Mann—Whitney U test to compare
categorical and numerical variables, respectively. A p-
value < 0.05 was considered to reflect statistical signifi-
cance. All statistical analyses were performed using
EZR ver. 1.33 (available at http://www.jichi.ac.jp/sai-
tama-sct/SaitamaHP.files/statmed.html).
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Fig. 1. Cranial MRI findings. A. Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) 3 days after the onset. The
diffusion-weighted image (right) shows high signal intensities in the subcortical white matter and sparing around the Sylvian fissure bilaterally. B.
Hemorrhagic shock and encephalopathy syndrome (HSES) 5 days after the onset. T2-weighted images (left) revealed marked edema predominant in
cerebral cortex. Diffusion-weighted image (right) shows high signal intensities predominant in the subcortical white matter. C. Clinically mild
encephalitis/encephalopathy with a reversible splenial lesion (MERS) the day after onset. T2-weighted (left) and diffusion-weighted (right) images
show high signal intensities in the splenium of the corpus callosum. D. Acute necrotizing encephalopathy of childhood (ANE) 2 days after the onset.
The T1-weighted image (left) shows low signal intensities in the bilateral thalami and basal ganglia. The T2-weighted image (right) shows high signal
intensities in the same regions. TIWI, T1-weighted images; T2WI, T2-weighted images; DWI, diffusion-weighted images.

3. Results

A response to the initial questionnaire survey was
obtained from 349 (67%) of the 513 hospitals. Within
the survey period, 33 children with NoVE were reported
by 27 hospitals. An additional 12 children with NoVE
were identified from the database search. Therefore, 45
children were the subjects of the second questionnaire
survey.

The attending pediatricians of 36 children responded
to the second questionnaire survey, while no informa-
tion on nine children was available because there was
no response. Seven children were excluded from the
analyses because four had profound underlying diseases
(severe combined immune deficiency in two and mito-
chondria disease and carnitine deficiency in one each)
and three were determined to have causes of
encephalopathy other than NoV (hypoxic-ischemic
encephalopathy, Wernicke’s encephalopathy, and
human herpesvirus-6 infection in one case each). As a
result, the following analyses were performed on 29 chil-
dren with NoVE.

Table 2 summarizes the patient characteristics. The
median age was 2y 8m (range 4 m—12y 6 m; SD 2y
7m) and 21 patients were below three years of age.
There were 10 boys and 19 girls. Five children had
pre-existing neurological disorders (perinatal hypoxic-
ischemic injury in two and hypoplasia of the corpus cal-
losum, multiple congenital anomalies, and autism spec-
trum disorder in one each). These five children had
delayed psychomotor development before the onset of
NoVE. No history of febrile seizures was seen in any
child. The symptoms were pyrexia in 20 patients, diar-
rhea in 20, and vomiting in 19. Shock was observed in
12. The median interval between the onset of gastroin-
testinal symptoms and that of encephalitis/encephalopa-
thy was 1.5 (range 0-5) days. The neurological
symptoms included impaired consciousness in all
patients, seizures in 23, status epilepticus in 10, and
delirious behavior in three.

To identify the NoV infection, a rapid antigen test
was performed in 23 patients and was positive in 21.
Polymerase chain reaction (PCR) of stool or vomit
was performed in 15 patients and was positive in 13.



266 T. Shima et al. | Brain & Development 41 (2019) 263-270

Table 1
Subtypes and definition of encephalitis/encephalopathy.
Subtypes of encephalitis/encephalopathy All Good outcome Poor outcome
MERS 3 3 0
HSES 7 0 7
AESD 8 2 6
ANE 1 0 1
Others 10 8 1

Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD)

1. Onset with convulsion (status epilepticus convulsivus in most cases)

2. Subsequent, transient improvement in consciousness.

3. Recurrence of convulsions on the fourth to sixth day of illness, followed by worsened consciousness.

4. Normal MRI on the first to second day of illness.

5. High signal intensity lesions in the cerebral subcortical white matter on diffusion-weighted images on the third to ninth day of illness. T2-
weighted and FLAIR images may show high signal intensities along U-fibers.
Hemorrhagic shock and encephalopathy syndrome (HSES)

1. Rapid and severe impairment of consciousness.

2. Shock, multiorgan failure, and disseminated intravascular coagulation.

3. Diffuse brain edema on CT and/or MRI.

4. All these features appear within a day after the onset.

5. Exclusion of similar diseases such as AESD, ANE, Reye syndrome, heat stroke, overwhelming bacterial and viral infections, fulminant hepatitis,
toxic shock, hemolytic uremic syndrome, and other toxin-induced disorders.
Clinically mild encephalitis/encephalopathy with a reversible splenial lesion (MERS)

1. Onset with neuropsychiatric symptoms, such as abnormal behavior and mildly impaired consciousness.

2. Complete recovery without sequelae, mostly within ten days after the onset of neuropsychiatric symptoms.

3. High signal intensity lesion in the splenium of corpus callosum, in the acute stage. T1 and T2 signal changes are mild.

4. Lesion may involve the entire corpus callosum and the cerebral white matter in a symmetric fashion.

5. Lesion disappears within a week, with neither residual signal changes nor atrophy.
Acute necrotizing encephalopathy of childhood (ANE)

1. Rapid deterioration of consciousness with or without convulsions.

2. No CSF pleocytosis. Increase in CSF protein commonly observed.

3. Symmetric, multifocal brain lesions. Involvement of the bilateral thalami. Lesions also common in the cerebralperiventricular white matter,
internal capsule, putamen, upper brain stem tegmentum and cerebellar medulla.

4. Elevation of serum aminotransferases of variable degrees. No increase in blood ammonia.

5. Exclusion of similar diseases such as AESD, HSES, Reye syndrome, heat stroke, overwhelming bacterial and viral infections, and fulminant
hepatitis, toxic shock, hemolytic uremic syndrome, and other toxin-induced disorders.

Table 2
Patients background and outcome.
All Good outcome Poor outcome
N=29 N=13 N=15
Age (y, mo) 2.8 (0.4-12.6) 2.6 (0.6-12.6) 2.6 (0.4-6.11) =093
Sex (M:F) 10:19 3:10 7:8 p=0.25
Pre-existing neurological disorders 5/29 (17%) 0/13 (0%) 5/15 (33%) p=0.039
The interval from the onset of GI symptoms (days) ~ 1.5 (0-5) 2.6 (1-5) 0.6 (0-2) »=0.00011
N=27 N=13 N=14
General symptoms
Pyrexia 20/29 (69%) 10/13 (77%) 9/15 (60%) p=043
Vomiting 20/29 (69%) 10/13 (77%) 9/15 (60%) p=043
Diarrhea 19/29 (66%) 10/13 (77%) 9/15 (60%) p=043
Shock 12/29 (41%) 2/13 (15%) 10/15 (67%) p =0.0093
Neurological symptoms
Seizures 23/28 (82%) 9/13 (69%) 14/15 (93%) p=0.15
Status epilepticus 10/28 (36%) 1/13 (8%) 9/15 (60%) p=0.01
Delirious behavior 3/27 (11%) 2/12 (15%) 1/14 (7%) p=0.58
Treatment
Steroid pulse 22/28 (79%) 9/13 (69%) 12/14 (71%) p=0.38
Immunoglobulin 11/28 (39%) 5/13 (38%) 6/15 (40%) p>0.99

FS: febrile seizures, GI: gastrointestinal.
* Values are show as median (range).
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PCR of the serum was performed in five patients and
was positive only in one. PCR of cerebrospinal fluid
(CSF) was negative in all six patients from whom CSF
samples were obtained. The NoV subtype was deter-
mined in nine patients; all had the GII genotype. Viral
isolation from stool and CSF was performed in five
patients and was positive in one in stool sample.

Table 3 summarizes the laboratory data at the onset
of NoVE. Severe laboratory abnormalities were com-
mon: a platelet count < 50,000/uL. was seen in 5,
AST >200IU/L in 13, ALT>200IU/L in 10,
LD > 500 IU/L in 18, CK>500IU/L in 7, BUN >
20 mg/dL in 9, Cr > 1 mg/dL in 3, Glu > 200 mg/dL in
5, Glu<40 in 4, Na> 150 mEq/L in 9, and HCO;
~ <22 mmol/L in 21. CSF analysis revealed a cell count
>10/uL in two children. No patient had an increased
CSF protein level.

Steroid pulse therapy was given to 22 patients and
intravenous immunoglobulin to 11. Other treatments
performed in some patients included therapeutic
hypothermia, plasma exchange, vitamin supplementa-
tion, thrombomodulin, mannitol, edaravone, cyclospor-
ine, and dextromethorphan. The outcome was good in
13 patients and poor in 15. Four patients died. The out-
come was unknown in one patient who was transferred
to another hospital. All five patients with pre-existing
neurological disorders were judged as having poor out-
comes because the psychomotor development was mark-
edly worse after NoVE.

Table 3

Laboratory data at the onset of encephalitis/encephalopathy and outcome.

4. Comparison between patients with good and poor
outcomes

Tables 2 and 3 include the results of the statistical
analyses. There were no significant differences in age
or sex between the patients with good and poor out-
comes. Shock and status epilepticus were significantly
more frequent in those with poor outcomes. The interval
between the onset of gastrointestinal symptoms and that
of encephalitis/encephalopathy was significantly shorter
in those with poor outcomes (0.6 wvs. 2.6 days,
P =0.00011). Regarding the laboratory data at the
onset of NoVE, there were significant differences in
AST, Cr, and abnormal Glu (<40 mg/dL or >200 mg/
dL). Steroid pulse therapy or intravenous immunoglob-
ulin was not correlated with outcome.

5. Subtypes of NoVE

Eight patients were classified as AESD, seven as
HSES, three as MERS, and one as ANE. The remaining
10 patients were not classified into any of these subtypes
of NoVE (Table 1).

The median age of the AESD patients was 17 (range
4-55) months. The median interval between the onset of
gastrointestinal symptoms and that of encephalitis/
encephalopathy was 1.5 (range 0—4) days. At the onset
of AESD, status epilepticus was seen in two and shock
in three. One patient had rhabdomyolysis before the
onset of AESD. A biphasic clinical course, characterized

All Good outcome Poor outcome
N=29 N=13 N=15

PLT (x10%/uL) 337 (77-713) 337 (77-509) 394 (124-713) p=0.097
N=23 N=12 N=11

AST (IU/L) 233 (17-2522) 244 (34-2522) 239 (17-1052) p=10.022
N=24 N=13 N=11

ALT (IU/L) 104 (9-1134) 116 (15-1134) 98 (9-326) p=10.052
N=24 N=13 N=11

LD (IU/L) 622 (176-4236) 655 (235-4236) 622 (176-1523) p=0.087
N=24 N=13 N=11

CK (IU/L) 4868 (57-104400) 4868 (57-104400) 906 (77-3460) p=0.12
N=23 N=12 N=11

BUN (mg/dL) 23.5 (6.3-158) 24.0 (6.3-158) 24.1 (7.7-42.7) p=0.056
N=24 N=13 N=11

Cr (mg/dL) 0.44 (0.05-1.81) 0.36 (0.05-1.81) 0.51 (0.31-0.75) p=10.0017
N=24 N=13 N=11

Na (mEq/L) 140 (123-175) 143 (126-175) 150 (123-162) p=0.38
N=24 N=13 N=11

HCO3 (mmol/L) 15.7 (3.6-27) 17.4 (5.4-27) 14.2 (3.6-17.9) p=0.10
N=17 N=38 N=9

Glu <40 (mg/dL) or >200 (mg/dL) 10 (53%) 1 (9%) 8 (100%) p=0.0001
N=19 N=11 N=38

Values are shown as median (range).

PLT: platelet, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LD: lactate dehydrogenase, CK: creatinine kinase, BUN: blood

urea nitrogen, Cr: creatinine, Glu: glucose.
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by transient recovery of consciousness, followed by
worsening of consciousness associated with clustering
seizures, was observed in all patients. The outcome
was poor in six patients: PCPCS 3 in one and PCPCS
4 in five.

The median age of the patients with HSES was 35
(range 6-83) months. The median interval between the
onset of gastrointestinal symptoms and that of
encephalitis/encephalopathy was 0.6 (range 0-2) days.
At the onset of HSES, five patients had status epilepti-
cus and all had shock, and renal dysfunction, metabolic
acidosis, and hyper- or hypoglycemia were observed in
all patients. During the clinical course, all patients had
metabolic acidosis, disseminated intravascular coagula-
tion, and multiorgan failure. The outcome was poor in
all: three patients died within two days of the onset,
PCPCS 4 in three, and PCPCS 5 in one.

The median age of the patients with MERS was 74
(range 31-150) months. The median interval between
the onset of gastrointestinal symptoms and that of
encephalitis/encephalopathy was 2 (range 1-3) days.
One patient had seizures. No patient had status epilepti-
cus or shock throughout the clinical course. No severe
laboratory abnormalities were seen in any patient. The
outcome was good in all patients.

The patient with ANE was four years old. The ANE
developed six hours after the onset of gastrointestinal
symptoms. The patient became delirious, followed by
rapid worsening of consciousness and status epilepticus.
Although the patient was treated with steroid pulse and
intravenous immunoglobulin, the patient died of multi-
ple organ failure three days later the onset of ANE.

Regarding the 10 patients who were not classified
into these four subtypes, the outcome was good in eight,
poor in one, and unknown in one. In the patients with
good outcomes, the neuroimaging findings were normal
in six. One patient had an abnormal signal intensity in
the cerebellar hemispheres suggesting cerebellitis, and
the other had multiple high-intensity areas in both cere-
bral hemispheres on T2-weighted images suggesting
acute disseminated encephalomyelitis. No neuroimaging
was performed in one patient with a poor outcome or
the one with an unknown outcome who was transferred
to a tertiary emergency center.

6. Discussion

Our first nationwide survey of NoVE among children
in Japan obtained data on the clinical and neurological
features of 29 patients. The majority of the patients with
NoVE were younger than three years of age. Neurolog-
ical symptoms appeared mostly within three days of the
onset of gastrointestinal symptoms. Marked laboratory
abnormalities were common after the onset of NoVE.
AESD and HSES were the most frequent subtypes of
NoVE and were associated with poor outcomes. An ele-

vated serum creatinine level and abnormal blood glu-
cose level at the onset were correlated with poor
outcomes.

We identified 29 patients with NoVE during a 14-year
period. Kawamura et al. estimated that the incidence of
rotavirus-associated  encephalitis/encephalopathy in
Japan was approximately 21.6 cases/year [3]. The inci-
dence of NoVE should be lower based on the annual
number of NoV infections in Japan. According to the
Ministry of Health, Labor and Welfare in Japan, more
than one million people in Japan develop NoV infec-
tions annually. However, the number of patients is
strongly believed to be underestimated. The rapid anti-
gen test was not marketed until 2012, so NoV infection
was difficult to prove virologically because of the limited
availability of PCR or viral isolation tests. Even after
2012, the rapid antigen test is not always performed in
children with gastrointestinal symptoms. In addition,
some patients with NoVE are presumed to be left unre-
ported, because it is unrealistic to expect all attending
pediatricians to respond to questionnaire surveys. We
believe that the true incidence of NoVE is difficult to
determine based on our results.

In our study, the majority of the patients were infants
and young children below three years of age, which sug-
gests that infants and young children are at high risk of
developing encephalitis/encephalopathy when NoV
infection occurs, considering that NoV infection can
occur at any age, including in adults [18,19].

Regarding the subtypes of encephalitis/encephalopa-
thy, AESD and HSES were frequent in patients with
NoVE, implying that NoV infection tends to cause these
severe  subtypes of  encephalitis/encephalopathy,
although the incidence of NoVE is presumed to be infre-
quent. The incidence of the subtypes of encephalitis/
encephalopathy differs with the causative viruses. AESD
is the most common subtype in patients with HHV-6-
associated encephalopathy, whereas HSES is uncom-
mon. MERS is the most common subtype in patients
with rotavirus-associated encephalitis/encephalopathy
and influenza-associated encephalopathy [2]. The differ-
ent incidence of subtypes according to the viruses is dif-
ficult to explain and the cause is likely to be
multifactorial, including patient genetic factors, the
acute immune response of the host to the infection,
the virulence of the viruses, and the maturation of the
brain.

Our study suggested that the outcome will be poor in
patients with NoVE. A majority of the patients died or
survived with neurological sequelae. This may be partly
explained by the fact that severe subtypes of encephali-
tis/encephalopathy (HSES and AESD) were dominant
in patients with NoVE; 13 of the 15 patients with poor
outcomes were classified into these two subtypes. Ster-
oid pulse therapy and intravenous immunoglobulin did
not improve the outcome of the patients in our study.
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Novel treatments for AESD and HSES are necessary to
improve the outcomes of patients with NoVE.

Several factors predicted a poor outcome in the
patients with NoVE. Although the subtypes of
encephalitis/encephalopathy were clearly correlated
with the outcome, they are not always determined easily
at the onset. Of note, magnetic resonance imaging
(MRI) does not show abnormal findings in patients with
AESD during the first few days after the onset [10,20].
Therefore, predictors of a poor outcome at the onset
of NoVE will help clinicians to determine the intensity
of treatment. Interestingly, a shorter interval between
the onset of gastrointestinal symptoms and that of
encephalitis/encephalopathy was strongly associated
with a poor outcome. Intensive treatment should be
considered in such patients. Among the laboratory
parameters at the onset of NoVE, the serum creatinine
level and an abnormal blood glucose level were strongly
correlated with poor outcomes. These two variables are
easily measured in most hospitals in Japan. Therefore, if
the usefulness of these variables is established, they can
be used clinically. The serum creatinine level indicates
the presence of acute kidney injury, as a marker of mul-
tiorgan failure. Acute kidney injury worsens the out-
come of patients with sepsis, trauma, burns, and after
cardiothoracic surgery. Recent studies have proposed
the concept of brain—kidney crosstalk, indicating that
acute kidney injury predisposes to brain dysfunction
by causing generalized inflammation, leading to
increased permeability of the blood-brain barrier [21].
Therefore, it is logical that an elevated serum creatinine
level was strongly correlated with a poor outcome. We
believe that the abnormal blood glucose level is
explained by metabolic derangement due to multiorgan
dysfunction. There is accumulating evidence that both
hypoglycemia and hyperglycemia are associated with a
poor outcome in critically ill patients [22-26]. We believe
that these three parameters — a shorter interval from the
onset of gastrointestinal symptoms, an elevated serum
creatinine level, and an abnormal blood glucose level —
will be useful for predicting the outcome of patients with
NoVE.

The pathogenesis of NoVE is insufficiently under-
stood. PCR and virus isolation were negative in all
CSF samples, although the number of samples was
small. This suggests that direct invasion of the brain
by NoV is unlikely. Interestingly, the NoV genotype
was GII in all PCR-positive samples. A previous study
revealed that the GII/4 genotype caused more severe dis-
ease than other NoV genotypes in young children with
acute gastroenteritis due to primary infection [27]. Fur-
ther studies need to clarify the relationship between
NoVE and the genotypes of NoV. At present, the patho-
genesis of encephalitis/encephalopathy is presumed to
differ according to the subtype.

The strength of our study is that it covered all of
Japan. There have been no other nationwide studies of
NoVE in children. The central review of the neuroradi-
ological findings is another strength of our study. As a
result, the diagnosis of subtypes of NoVE was objective,
based on the assessment of multiple interpreters.

Nevertheless, there are several limitations to our
study. First, the results may have been influenced by
the retrospective study design. The response rate to the
initial questionnaire was poor. Moreover, as mentioned
above, a virological examination was not always per-
formed in patients with possible NoVE, especially in
patients with milder clinical presentations. Therefore,
the number of patients with NoVE is presumed to be
underestimated and the severity of NoVE may be over-
estimated. Second, the number of patients was too small
to perform multiple comparison tests. Our study showed
that some clinical variables are correlated with a poor
outcome in patients with NoVE based on univariate
analyses. However, multivariate analyses are necessary
to clarify the predictors of a poor outcome more clearly.
A prospective study of more patients with NoVE is nec-
essary to overcome these problems. The virological anal-
ysis was not sufficient in our study. PCR or viral
isolation is the gold standard for confirming viral infec-
tion. The rapid antigen test is a useful screening test, but
its diagnostic value has not been established [28-30]. At
present, the sensitivity of rapid antigen tests is not
always sufficient compared with that of PCR. To con-
firm the presence or absence of NoV infection, PCR
should be performed.

In conclusion, NoVE had a poor prognosis compared
with other forms of encephalopathy, and the HSES sub-
type was relatively common. There is no known effective
treatment. When the neurological symptoms appear
early, the risk of a poor prognosis will be high if there
is a blood glucose abnormality or the renal function is
deteriorating. Future studies should seek to develop
effective treatment methods.

Acknowledgment

The following investigators participated in the
Norovirus-associated Encephalitis/Encephalopathy
Collaborative Study: Jun-ichi Fujiyama, Yamagata Pre-
fectural Central Hospital; Hiroshi Sakata, Asahikawa-
Kosei General Hospital; Saoko Takeshita and Hikari
Kaba, Yokohama City University Medical Center;
Takeshi Hasegawa, Soka Municipal Hospital; Shiro
Ozasa, Kumamoto University Hospital; Hiroshi Akuta-
gawa, Kishiwada City Hospital; Shinji Kadotani, Nishi-
nomiya Municipal Central Hospital, Haruka Takei,
Funabashi Municipal Medical Center; Jun Odaka, Jichi
Medical University Hospital, Daisuke Harada, JCHO
Osaka hospital; Rika Okano, JA Onomichi General



270 T. Shima et al. | Brain & Development 41 (2019) 263-270

Hospital; Katsuhiko Yamaguchi, Machida Municipal
Hospital; Nobuko Moriyama, Hitachinaka General
Hospital; Mitsuru Nawate, KKR Sapporo Medical
Center; Hiromichi Ito, Tokushima University Hospital;
Go Kawano, St. Mary’s Hospital, Kentaro Iwasawa,
Saiseikai  Yokohamashi Nanbu Hospital; Keiji
Kinoshita, Koshigaya municipal hospital; Yuuki Abe
and Hideshi Kawashima, Niigata City General Hospi-
tal; Hiromichi Hamada, Tokyo Women’s Medical
University Yachiyo Medical Center; Yuri Etani, Osaka
Women’s and Children’s Hospital, Keita Sakaguchi,
Saitama Children’s Medical Center; Seiji Watanabe,
Shizuoka Children’s Hospital, Sato Suzuki, Miyagi
Children’s Hospital; Tetsuhiro Fukuyama, Nagano
Children’s Hospital; Shino Shimada, Takahiro Niizuma,
and Naho Matsushima, Juntendo University Urayasu
Hospital; Noboru Yoshida, Juntendo University Ner-
ima Hospital; Mika Nakazawa and Ayuko Igarashi,
Juntendo University Hospital.

Appendix A. Supplementary data

Supplementary data to this article can be found
online at https://doi.org/10.1016/j.braindev.2018.11.
001.

References

[1] Uemura N, Okumura A, Negoro T, Watanabe K. Clinical
features of benign convulsions with mild gastroenteritis. Brain
Dev 2002;24:745-9.

Hoshino A, Saitoh M, Oka A, Okumura A, Kubota M, Saito Y,

et al. Epidemiology of acute encephalopathy in Japan, with

emphasis on the association of viruses and syndromes. Brain Dev
2012;34:337-43.

[3] Kawamura Y, Ohashi M, lhira M, Hashimoto S, Taniguchi K,

Yoshikawa T, et al. Nationwide survey of rotavirus-associated

encephalopathy and sudden unexpected death in Japan. Brain

Dev 2014;36:601-7.

Kawano G, Oshige K, Syutou S, Koteda Y, Yokoyama T, Kim

BG, et al. Benign infantile convulsions associated with mild

gastroenteritis: a retrospective study of 39 cases including

virological tests and efficacy of anticonvulsants. Brain Dev
2007;29:617-22.

Chen SY, Tsai CN, Lai MW, Chen CY, Lin KL, Lin TY, et al.

Norovirus infection as a cause of diarrhea-associated benign

infantile seizures. Clin Infect Dis 2009;48:849-55.

[6] Chan CM, Chan CW, Ma CK, et al. Norovirus as cause of benign
convulsion associated with gastro-enteritis. J Paediatr Child
Health 2011;47:373-7.

[7] Obinata K, Okumura A, Nakazawa T, Kamata A, Niizuma T,
Kinoshita K, et al. Norovirus encephalopathy in a previously
healthy child. Pediatr Infect Dis J 2010;29:1057-9.

[8] Sanchez-Fauquier A, Gonzalez-Galan V, Arroyo S, Roda D,
Pons M, Garcia JJ. Norovirus-associated encephalitis in a
previously healthy 2-year-old girl. Pediatr Infect Dis J
2015;34:222-3.

[9] Ito S, Takeshita S, Nezu A, Aihara Y, Usuku S, Noguchi Y, et al.
Norovirus-associated encephalopathy. Pediatr Infect Dis J
2006;25:651-2.

—
[ 5]
[l

=

—
w
=

[10] Takanashi J, Oba H, Barkovich AJ, et al. Diffusion MRI
abnormalities after prolonged febrile seizures with encephalopa-
thy. Neurology 2006;66:1304-9.

[11] Tada H, Takanashi J, Barkovich AJ, Tada H, Tanabe Y,
Yamanouchi H, et al. Clinically mild encephalitis/encephalopathy
with a reversible splenial lesion. Neurology 2004;63:1854-8.

[12] Takanashi J. Two newly proposed infectious encephalitis/en-
cephalopathy with a reversible splenial lesion. Brain Dev
2009;31:521-8.

[13] Mizuguchi M, Abe J, Mikkaichi K, Noma S, Km Yoshida,
Yamanaka T, et al. Acute necrotising encephalopathy of child-
hood: a new syndrome presenting with multifocal, symmetric
brain lesions. J Neurol Neurosurg Psychiatry 1995;58:555-61.

[14] Gefen R, Eshel G, Abu-Kishk I, Lahat E, Youngster I,
Rosenbloom E, et al. Hemorrhagic shock and encephalopathy
syndrome: clinical course and neurological outcome. J Child
Neurol 2008;23:589-92.

[15] Chaves-Carballo E, Montes JE, Nelson WB, Chrenka BA.
Hemorrhagic shock and encephalopathy. Clinical definition of a
catastrophic syndrome in infants. Am J Dis Child
1990;144:1079-82.

[16] Levin M, Pincott JR, Hjelm M, Taylor F, Kay J, Holzel H, et al.
Hemorrhagic shock and encephalopathy: clinical, pathologic, and
biochemical features. J Pediatr 1989;114:194-203.

[17] Bacon CJ, Hall SM. Haemorrhagic shock encephalopathy
syndrome in the British Isles. Arch Dis Child 1992;67:985-93.

[18] Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis. N
Engl J Med 2009;2009(361):1776-85.

[19] Robilotti E, Deresinski S, Pinsky BA. Norovirus. Clin Microbiol
Rev 2015;28:134-64.

[20] Takanashi J. Two newly proposed infectious encephalitis/en-
cephalopathy syndromes. Brain Dev 2009;31:521-8.

[21] Nongnuch A, Panorchan K, Davenport A. Brain-kidney cross-
talk. Crit Care 2014;18:225.

[22] Finfer S, Liu B, Chittock DR, Norton R, Myburgh JA, McArthur
C, et al. Hypoglycemia and risk of death in critically ill patients. N
Engl J Med 2012;367:1108-18.

[23] Faustino EV, Hirshberg EL, Bogue CW. Hypoglycemia in
critically ill children. J Diabetes Sci Technol 2012;6:48-57.

[24] Mesotten D, Preiser JC, Kosiborod M. Glucose management in
critically ill adults and children. Lancet Diabetes Endocrinol
2015;3:723-33.

[25] Deane AM, Horowitz M. Dysglycaemia in the critically ill —
significance and management. Diabetes Obes Metab
2013;15:792-801.

[26] Fahy BG, Sheehy AM, Coursin DB. Glucose control in the
intensive care unit. Crit Care Med 2009;37:1769-76.

[27] Huhti L, Szakal ED, Puustinen L, Salminen M, Huhtala H, Valve

O, et al. Norovirus GII-4 causes a more severe gastroenteritis than

other noroviruses in young children. J Infect Dis 2011;203:1442-4.

Jonckheere S, Botteldoorn N, Vandecandelaere P, Frans J, Laffut

W, Coppens G, et al. Multicenter evaluation of the revised

RIDA® QUICK test (N1402) for rapid detection of norovirus in a

diagnostic laboratory setting. Diagn Microbiol Infect Dis

2017;88:31-5.

Vyas K, Atkinson C, Clark DA, Irish D. Comparison of five

commercially available immunochromatographic tests for the

detection of norovirus in faecal specimens. J Hosp Infect
2015;91:176-8.

Ushijima H, Thongprachum A, Khamrin P, Takanashi S, Okitsu

S, Maneekarn N, et al. Evaluation of immunochromatographic

tests and a new enzyme immunoassay for detection of a novel

GII.17 norovirus in stool samples. Jpn J Infect Dis 2017;70:326-8.

[28

[

[29

—

—
[9%)
(=]

=


https://doi.org/10.1016/j.braindev.2018.11.001
https://doi.org/10.1016/j.braindev.2018.11.001
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0005
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0005
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0005
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0010
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0010
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0010
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0010
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0015
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0015
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0015
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0015
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0020
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0020
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0020
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0020
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0020
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0025
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0025
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0025
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0030
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0030
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0030
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0035
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0035
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0035
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0040
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0040
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0040
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0040
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0045
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0045
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0045
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0050
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0050
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0050
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0055
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0055
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0055
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0060
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0060
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0060
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0065
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0065
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0065
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0065
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0070
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0070
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0070
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0070
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0075
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0075
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0075
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0075
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0080
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0080
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0080
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0085
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0085
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0090
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0090
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0095
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0095
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0100
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0100
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0105
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0105
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0110
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0110
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0110
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0115
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0115
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0120
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0120
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0120
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0125
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0125
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0125
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0130
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0130
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0135
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0135
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0135
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0140
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0145
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0145
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0145
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0145
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0150
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0150
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0150
http://refhub.elsevier.com/S0387-7604(18)30363-2/h0150

	A nationwide survey of norovirus-associated �encephalitis/encephalopathy in Japan
	1 Introduction
	2 Patients and methods
	3 Results
	4 Comparison between patients with good and poor outcomes
	5 Subtypes of NoVE
	6 Discussion
	Acknowledgment
	Appendix A Supplementary data
	Appendix A Supplementary data
	References


