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S
Introduction

tatus epilepticus (SE) is an urgent condition in
pediatric emergency care because it causes diseases

with sequelae, such as acute encephalopathy, bacterial
meningitis, intracranial hemorrhage, and metabolic
disorder.1  However, the most common cause of seizures
in children is a febrile seizure.  The prevalence of febrile
seizures is very high, especially in Japan where the
prevalence is approximately 8%.2  In most cases of febrile
seizures, no special treatment is required after the seizures
have stopped; however, cases of SE or prolonged
unconsciousness tend to have poor neurological
prognoses.

SE is defined as a condition in which convulsive
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Objective: To disclose the clinical features of human herpes virus-6 and -7 (HHV-6,7) polymerase
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seizures last for more than 30 minutes, or in which short
seizures occur repeatedly before the patient regains
consciousness.3,4  If the seizures continue longer than 30
minutes, the probability of serious brain damage
increases;5,6 therefore, the condition is highly urgent.

Acute encephalopathy with biphasic seizures and late
reduced diffusion (AESD) is the most common and
important type of acute encephalopathy, which usually
occurs in infancy and is characterized by a biphasic
course.7  Acute encephalopathy is caused by viral
infections such as the human herpes virus-6 and -7 (HHV-
6,7) or an influenza virus and develops as seizures or
status epilepticus within 24 hours after a fever.  Exanthem
subitum tends to become complicated with seizures, with
prolonged seizures and slow recovery of consciousness,
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resulting in AESD, which is a viral eruptive infection
that usually affects children younger than 2 years old and
is caused by HHV-6,7,7,8  After consciousness improves,
in 3 to 6 days, short partial seizures called, "late-onset
seizures," occur in clusters, and the consciousness level
worsens, after which neurological sequelae can develop.7

A characteristic feature of acute encephalopathy is the
difficulty in differentiating it from febrile seizures because
consciousness improves after the initial seizure.
Diffusion-weighted brain magnetic resonance imaging
(MRI) shows dendritic brain edema, i.e., the bright tree
appearance (BTA), in the subcortical white matter at the
time of the biphasic late-onset seizure;9 however, these
findings are not observed before the late-onset seizure,
which makes early prediction of this disease difficult.
Recent research has focused on predictive factors;10-12

however, there is no diagnostic gold standard or
established methods, and currently acute encephalopathy
is usually diagnosed clinically without virological
surveys.  Moreover, the pathogenesis of AESD remains
unknown.

In the present study, therefore, we aimed to disclose
early characteristics of acute encephalopathy by
comparing an AESD group (in which all patients have
been virologically proven) and a non-AESD group of
patients admitted to our hospital with status epilepticus.

Materials and Methods

This study was a retrospective study in a single institution
and was approved by the Kitasato University Hospital
Ethics Committee (B21-020).  The study involved
reviewing medical records from our hospital.  Of the 340
patients admitted to the Department of Pediatrics at the
Kitasato University Hospital for status epilepticus
between May 1, 2014, and March 31, 2021, there were
29 patients with virologically proven HHV-6,7 infection
among them.  The definition of SE was seizures lasting
longer than 30 minutes.  Patients younger than 6 months
of age, or older than 7 years of age, patients with afebrile
seizures,  and pat ients  diagnosed with acute
encephalopathy other than AESD were excluded.

AESD was defined in patients that fulfilled the
following three requirements: patients with  prolonged
unconsciousness or lethargy, "biphasic late-onset seizure"
3−6 days after admission, and  MRI findings with a
BTA on diffusion-weighted brain MRI at the secondary
late-onset seizure stage.  The consciousness level was
evaluated using the Glasgow Coma Scale.  The definition
of  AESD was based on the Pediatr ic  Acute
Encephalopathy Guidelines 2016, supervised by the

Japanese Society of Child Neurology.13

As a statistical method, Pearson's chi-square test was
used to compare the proportions between the AESD and
non-AESD groups.  A t-test was used to compare the
median values between the 2 groups.  P values of <0.05
were considered to be statistically significant.  Statistical
analyses were performed using the statistical software
JMP version 14 (SAS Institute Japan, Tokyo).

HHV-6 and -7 DNA was extracted from 250−500μl
plasma, serum, and/or cerebrospinal fluid using the
QIAmp MinElute Virus Vacuum kit (Qiagen, Hilden,
Germany), according to the manufacturer's protocol.
A volume of 50−100μl elution buffer was used to
collect the purified DNA.  HHV-6 genomes were
detected by quantitative real-time polymerase chain
r e a c t i o n  ( P C R )  u s i n g  t h e  p r o b e  ( F A M -
CACCAGACGTCACACCCGAAGGAAT-MGB-3')
and  p r imer s  t a rge t ing  the  UL67  gene ,  5 ' -
CAAAGCCAAATTATCCAGAGCG-3' and 5'-
CGCTAGGTTGAGAATGATCGA-3', based on the
sequence of HHV6B (Genbank AF157706). 14

Similarly,  HHV-7 genomes were detected by
quantitative real-time PCR using the probe (FAM-
CACGGCAATAACTCTAG-MGB-3') and primers
t a r g e t i n g  t h e  U L 1 0 0  g e n e ,  5 ' -
ATGTACCAATACGGTCCCACTTG-3' and 5'-
AGAGCTTGCGTTGTGCATGTT-3', based on the
sequence of HHV7 (Genbank AF037218).15

PCR reactions were performed using Taqman
Universal PCR Master Mix with the CFX96 Touch Real-
Time PCR Detection System (Bio-Rad, Hercules, CA,
USA) at 50℃ for 2 minutes, 95℃ for 10 minutes, followed
by 45 cycles at 95℃ for 15 seconds, and 58℃ for 1
minute.

Results

The patient flow diagram is shown in Figure 1.  In total,
there were 340 patients with eligible SE.  Of those, 75
patients with afebrile seizures were excluded.  An
additional 12 cases were excluded because of diagnosis
with other types of acute encephalopathy, such as acute
necrotizing encephalopathy, hemorrhagic shock and
encephalopathy syndrome, acute brain swelling, clinically
mild encephalitis/encephalopathy with a reversible
splenial lesion, and posterior reversible encephalopathy
syndrome.  Of the 253 remaining cases, 62 were tested
for HHV-6,7 by PCR.  Twenty-nine patients (46.8%)
were positive and 33 (53.2%) were negative for HHV-
6,7 PCR.  Of the total 253 patients with febrile SE, there
were 19 (7.5%) cases that satisfied the diagnostic criteria
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of AESD; 7 (24.1%) of the 29 HHV-6,7 PCR-positive
cases had AESD, and 4 (12.1%) of the 33 HHV-6,7 PCR-
negative cases had AESD.  The 29 HHV-6,7 PCR-positive
cases were divided into an AESD or non-AESD group,
and the characteristics of each group were investigated.

Patient characteristics are shown in Table 1.  The
median age was the same for both groups.  There were no
significant differences in sex between the groups.  A few
patients had a history of preterm birth, seizures, and
developmental delay.  Approximately half, 14 of 29
(48.3%), of the patients had a family history of seizures.
However, there were no significant differences in those
factors between the groups.

The characteristics of the patients' clinical courses
and treatments are shown in Table 2.  AESD is
characterized by biphasic symptoms with a late-onset
seizure that appears 4−6 days after the initial seizure
(Table 3).  The duration of the initial seizure was longer
than 30 minutes in both groups.  And the median number
of anticonvulsants administered at the initial seizure was
the same thus showing that the seizures were difficult to
stop in both groups.  Regarding specific treatments, all
t he  pa t i en t s  i n  t he  AESD g roup  r ece ived

methylprednisolone pulse therapy as immunotherapy, and
most patients in both groups received therapeutic
hypothermia and mechanical ventilation, although the
administration of these treatments was lower for the non-
AESD group compared with that in the AESD group.
There were 22 cases in the non-AESD group that were
eventually diagnosed with febrile seizure and had good
prognoses.

There were 7 cases in the AESD group, and the details
of the clinical course of each case are summarized in
Table 3.  The age of the patients ranged from 0.8−1.6
years.  The duration of the initial seizure was longer than
30 minutes in 5 of the 7 cases, although 1 case had only
a cluster of repetitive short seizures of 3 minutes each.
The fever lasted 2−5 days, and the time between the
onset of fever and the appearance of a rash was 3−5
days.  However, 2 cases had no rash at all.  The period
between the initial seizure and late-onset seizure was 4
−6 days.  The seizure types of late-onset seizures were
focal clonic seizures in 3 cases, focal tonic seizure in 1
case, generalized tonic clonic seizure in 1 case, and a
non-motor seizure with movement stopping and pallor
in 1 case.  Patient 3 had lethargy only but no seizures

Figure 1.  Patient flow diagram

Of 253 patients with febrile SE, 7 of the 29 HHV-6,7 PCR-positive cases had AESD, and 4 of the 33 HHV-6,7 PCR-
negative cases had AESD.
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Table 3.  Patient characteristics

Initial seizure Initial seizure Febrile period Postfever rash Initial seizure to
Pt. Age Sex

duration (min) anti-convulsants (days) onset (days) late-onset seizure (days)

1 0.8 M 3 0 4 5 6

2 0.8 F 30 1 3 3 4

3 0.9 M 44 2 2 0 5

4 1.3 M 30 2 5 5 6

5 1.3 F 30 1 3 3 4

6 1.4 M 75 2 4 0 4

7 1.6 F 20 1 3 5 5

Table 1.  Patient characteristics

Total AESD group Non-AESD group
Variable P value

(n = 29) (n = 7) (n = 22)

Age (years), median (IQR)   1.3 (0.9−1.6)   1.3 (0.9−1.3)   1.2 (1.0−1.8) 0.1242
Sex
  M, n (%) 17 (58.6)   4 (57.1)   9 (40.9) 1.0000
  F,  n (%) 12 (41.4)   3 (42.9) 13 (59.1) 1.0000
Height (cm), median (IQR) 77.0 (73.0−82.0) 81.0 (74.5−81.5) 77.0 (73.5−85.8) 0.4201
Weight (kg), median (IQR) 10.0 (8.7−10.6) 10.4 (9.3−10.5) 10.0 (8.6−10.5) 0.3363
Premature birth, n (%)   4 (13.8)   1 (14.3)   3 (13.7) 1.0000
Developmental delay, n (%) 1 (3.4) 0 (0) 1 (4.5) 1.0000
Seizure history, n (%)   5 (17.2)   2 (28.6)   3 (13.6) 0.5688
Seizure family history, n (%) 14 (48.3)   3 (42.9) 11 (50.0) 1.0000

IQR, interquartile range

Table 2.  Management of seizures

Total AESD group Non-AESD group
(n = 29) (n = 7) (n = 22)

Intial seizure duration (min), median (IQR) 44.0 (30.0−60.0) 30.0 (25.0−37.0) 55.0 (31.0−60.0)
Intial seizure anticonvulsants, median (IQR)   1.0 (1.0−2.0)   1.0 (1.0−2.0)   1.0 (1.0−2.0)
Glasgow Coma Scale after admission, median (IQR) 10.0 (6.0−15.0) 13.0 (8.0−14.0) 10.0 (6.0−14.8)
Treatment
  Methylprednisolone pulse, n (%) 20 (69.0) 7 (100.0) 13 (59.1)
  Intravenous immunogloblin, n (%) 13 (44.8) 5 (71.4)   8 (36.4)
  Therapeutic hypothermia, n (%) 18 (62.1) 6 (85.7) 12 (54.5)
  Mechanical ventilation, n (%) 18 (62.1) 6 (85.7) 12 (54.5)

Nonoda Y. et al.
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Late-onset seizure

Recurrent tonic seizures with leftward eye
deviation duration ≤1 min

Repetitive unilateral clonic seizures ≤1
min

No seizure; lethargy

Upper limb clonic seizures with blinking
eyes repeated ≤1 min

Clonic seizures on the left upper and lower
extremities ≤10 min with Todd's Paralysis

Generalized tonic-clonic seizure ≤15 min

Stopping motion and pale for ≤30 sec

Treatment

Therapeutic hypothermia, mechanical
ventilation, mPSL pulse

Therapeutic hypothermia, mechanical
ventilation, mPSL pulse, IVIg, aciclovir

Therapeutic hypothermia, mechanical
ventilation, mPSL pulse, IVIg

Therapeutic hypothermia, mechanical
ventilation, mPSL pulse, IVIg, aciclovir

Therapeutic hypothermia, mechanical
ventilation, mPSL pulse, IVIg, aciclovir

Therapeutic hypothermia, mechanical
ventilation, mPSL puse

mPSL pulse, IVIg

Brain MRI DWI

High-intensity areas in the bilateral frontal
subcortical white matter

High-intensity areas in the bilateral frontal
and parietal subcortical white matter

High-intensity areas in the bilateral frontal
subcortical white matter

High-intensity areas in the right dominant
bilateral frontal subcortical white matter

High-intensity areas in the subcortical
white matter on the right hemisphere

High-intensity areas in the bilateral frontal
and parietal subcortical white matter

Widespread high-intensity area mainly in
the subcortical white matter and the
surrounding cortex of bilateral frontal
lobesg

(Table 3).  The duration of the late-onset seizures was
approximately 1 minute in 4 cases, and 2 cases had long
seizures lasting longer than 10 minutes.  Diffusion-
weighted images of the brain MRI showed brain edema
images known as a BTA9 in the dominant frontal lobe
subcortical white matter in all the patients.  A diffusion-
weighted image of the brain MRI of patient 2 is shown in
Figure 2.  Three cases showed edema in the bilateral

frontal lobes, 2 cases in the bilateral frontal and parietal
lobes, and patient 5 showed high-intensity areas in the
subcortical white matter of the right cerebral hemisphere
(Table 3).  In patient 7, high-intensity areas were seen
not only in the subcortical white matter but also in a wide
area of the bilateral frontal lobes, including the cortex
(Table 3).  These findings were typical findings of the
BTA in AESD.  These BTA findings were seen after the
late-onset seizure in all the cases.  Methylprednisolone
pulse was given as a specific therapy in all the cases, and
therapeutic hypothermia and mechanical ventilation were
given to all but patient 7 (Table 3).  The prognoses for the
7 cases in the AESD group included hemiplegia in 2
cases, mental retardation in 2 cases, and no sequelae in 3
cases.

Discussion

In the present study, we were able to determine the status
of HHV-6,7 PCR-positive AESD patients in our acute-
care hospital.  The patients with HHV-6,7 PCR-positive
AESD had a uniformly similar clinical course.

A schema of a typical clinical course in HHV-6,7
PCR-positive AESD is shown in Figure 3.  This course
was demonstrated in the present study as follows.  A 1−
2-year-old child with a history of seizures or a family
history of seizures presents with fever and status

Figure 2.  Diffusion-weighted image of brain MRI (patient 2)

The high intensity areas in the bilateral frontal and parietal
subcortical white matter are better known as BTA (bright tree
appearance).

HHV-6,7 positive AESD with status epilepticus
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epilepticus lasting more than 30 minutes.  The initial
seizure is difficult to stop, as in febrile SE, and the fever
lasts for 2−5 days when a rash appears 3−5 days
subsequent to the fever.  The patient regains consciousness;
however, 4−6 days after the initial seizure, late-onset
seizures with repetitive short focal seizures of about 1
minute in duration occur.  Diffusion-weighted images of
the brain MRI after the late-onset seizure show a BTA in
the subcortical white matter with bilateral frontal lobe
predominance.  To our knowledge, this is the first time
such data have accurately established the clinical image
of virologically proven, HHV-6,7 related AESD.

The largest epidemiological survey on AESD in Japan
was the 2010 nationwide survey conducted by Mizuguchi
et al.16  Therefore, we compared the present study and
that nationwide survey to determine any similarities and
differences.  In the nationwide survey, AESD was found
to be the most common subtype of acute encephalopathy.
In the present study, 19 cases satisfied the diagnostic
criteria for AESD, which accounted for 61% of the total
31 cases diagnosed with any type of acute encephalopathy.
Moreover, the rate of AESD was higher than the other
types of acute encephalopathies.  Regarding age, the
median age of AESD patients was 1.7 years old in the
nationwide survey, which was significantly consistent
with that of 1.3 years in the present study.  The nationwide
survey also reported that HHV-6,7 was the most common
causative pathogen of AESD (38%).16-18  The frequency
of HHV-6,7 infection in the present study is also
consistent with that finding.  Exanthem subitum diagnosis
is usually based on the appearance of a rash without
virological evidence.  Conversely, in the present study,
HHV-6,7 PCR was more useful for the accurate diagnosis

of exanthem subitum because several cases of the PCR-
positive in the present study did not develop a rash.  We
purport that the most important factor when comparing
nationwide surveys with previous and/or current reports
is ensuring that the clinical course and imaging findings
are consistent as they are in the present study.

Early prediction of AESD is important because the
disease can develop into neurological sequelae.  However,
it is difficult to distinguish between febrile seizures and
AESD in the early stages of the disease.  In the present
study, it was also difficult to distinguish between the two
diseases because of the duration of SE and the difficulty
in stopping seizures with anticonvulsants.  Therefore, to
make such a diagnostic judgement, physicians and
researchers have recently focused on cytokines,19

biomarkers,20,21 and predictive scoring.10-12  One of the
most widely known predictive scoring methods is the
AESD predictive score described by Tada et al.10  A
comparison of the findings of the present study with that
scoring method showed similar trends regarding age of
onset and use of mechanical ventilation.

A limitation of the present study was that there were
some patients who had a rash with HHV-6,7 for whom
PCR was not performed.  These patients did not undergo
PCR testing for several reasons, one of which was the
short hospitalization period.  Therefore, the number of
HHV-6,7 patients might have been larger than that
described.

In conclusion, we described the clinical features of
HHV-6,7 PCR-positive AESD.  HHV-6,7 infection is an
important factor in childhood status epilepticus because
it is easily complicated with acute encephalopathy.  The
cases presented in this study had similar epidemiological

Figure 3.  Schema of the typical clinical course in HHV-6,7 positive AESD

Nonoda Y. et al.
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characteristics as those in previous reports and nationwide
surveys of AESD caused by various infections.  Therefore,
it must be important to keep in mind the clinical course
for early diagnosis.
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