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Two patients with clinically mild encephalitis/encephalopathy with a reversible splenial lesion (MERS)
exhibiting lesions in the white matter and entire corpus callosum (type 2) are reported. The time course
differed between the splenial lesion and other lesions in the white matter and corpus callosum other than
the splenium; the latter disappeared earlier than the former. These findings strongly suggest that MERS type

2 resolves completely through MERS type 1 exhibiting an isolated splenial lesion, and MERS types 1 and 2
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MRI

Diffusion

Splenium

White matter

have the same pathophysiology. The possible prior white matter lesions in patients with MERS type 1 may
explain the neurological symptoms or EEG abnormalities.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The MR imaging finding of a reversible isolated lesion with
transiently reduced diffusion in the splenium of the corpus callosum
(SCC) has been reported in patients with clinically mild encephalitis/
encephalopathy, leading to a new clinical-radiological syndrome,
clinically mild encephalitis/encephalopathy with a reversible splenial
lesion (MERS) [1-3]. Reversible lesions with transiently reduced
diffusion have also been found with lateral extension from the
splenium into the subcortical white matter [4], and with anterior
extension involving the entire corpus callosum {5]. Because of the
clinical and radiological similarities, we have suggested that these
comprise a clinico-radiological spectrum (MERS spectrum), type 1
with an isolated SCC lesion and type 2 with extensive white matter
and/or entire callosal lesions. We herein report two patients with
MERS in whom MRI on admission revealed type 2 lesions, but on the
next day revealed an isolated SCC lesion (type 1), the other lesions
having greatly decreased in size and signal intensity, which suggests
that MERS type 2 resolves completely through MERS type 1.

* Corresponding author. Department of Pediatrics, Kameda Medical Center, 929
Higashi-cho, Kamogawa-shi, Chiba 296-8602, Japan. Tel.: +81 470 92 2211; fax: +81
47099 1198.

E-mail address: jtaka@kameda,jp (J. Takanashi).

0022-510X/$ ~ see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2010.02.013

2. Case report
2.1. Patient 1

A previously healthy 10-year-old boy was admitted because of
recurrent seizures after a 3-day prodromal high fever, which were
stopped by intravenous administration of mitazolam. There was no
family history or past history of neurological disorders, including
epilepsy and developmental retardation. Afterwards, he was drowsy
foraround 24 h, leading to a clinical diagnosis of acute encephalopathy.
The results of neurological examination were unremarkable except for
his consciousness level and a positive extensor plantar response.
Routine laboratory examination showed a slightly increased C-reactive
protein level (0.53 mg/dl) and hyponatremia (Na 131 mEq/l). Cere-
brospinal fluid (CFS) examinations revealed normal cell counts, and
protein and glucose levels. He was treated with a steroid, acyclovir,
and became alert on day 5. Diffusion-weighted images (DWI) on
admission (day 4) showed markedly hyperintense lesions in the
bilateral white matter and entire corpus callosum with a reduced
apparent diffusion coefficient (ADC) (Fig. 1A, B). Second DWI on day
5 showed a markedly hyperintense lesion in the SCC (Fig. 1C), but the
lesions in the white matter and corpus callosum other than the SCC
had decreased in size and signal intensity (Fig. 1D). Third DWI on day
17 showed the complete resolution of these lesions (Fig. 1E, F).
Electroencephalography (EEG) on day 11 showed bilateral occipital
slow waves, but no follow-up study was performed. A diagnosis of
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Fig. 1. DWI on admission (day 4) showed markedly hyperintense lesions in the bilateral white matter and entire corpus callosum (A, B). Second DW1 on day 5 showed a markedly
hyperintense lesion in the SCC (C), but lesions in the white matter and corpus callosum other than the SCC had decreased in size and signal intensity (D). Third DWI on day 17

showed complete resolution of these lesions (E, F).
MERS (type 2) was retrospectively made based on the clinical and
radiological features.
2.2. Patient 2
A previously healthy 6-year-old Japanese girl was admitted with

recurrent delirious behavior and consciousness disturbance, following a
1-day prodromal fever, cough, and rhinorrhea. Before admission, she
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had received zanamivir hydrate and acetaminophen based on the
diagnosis of influenza A with a positive rapid antigen-detection assay
result. There was no family history or past history of neurological
disorders, including epilepsy and developmental retardation. On ad-
mission (day 2), she was drowsy and presented with recurrent delirious
behavior, such as laughter and dancing, but the results of neurological
examination were unremarkable. Blood examination revealed an in-
creased white blood cell count (13.300/ul), an increased C-reactive
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protein level (5.8 mg/dl), and hyponatremia (Na, 127 mEq/1), but
normal levels of ammonia and glucose. CSF examination showed normal
cell counts, and protein and glucose levels. EEG on day 1 showed
bilateral occipital high voltage slow waves, which had normalized on
day 5. She was treated with zanamivir hydrate, and her clinical mani-
festations improved and completely recovered within 24h (day 3). MR
imaging on admission (day 2) revealed lesions in the diffuse white
matter and entire corpus callosum with marked hyperintensity on DWI
with a homogenously reduced ADC (Fig. 2A). Second DWI on day 3
showed a markedly hyperintense lesion only in the SCC (Fig. 2B), and
mildly hyperintense lesions in the white matter and corpus callosum
other than the SCC, which had completely resolved on day 6 (Fig. 2C). A
diagnosis of MERS (type 2) was made based on the clinical and radio-
logical features.

3. Discussion

The most important finding in our two patients is that the time
course differed between a lesion in the SCC and lesions in the white
matter and corpus callosum other than the SCC; the latter disappeared
earlier than the former. Only one patient with clinically mild
encephalopathy exhibiting the same longitudinal MRI changes has
been reported [6]. MRI of the patient on admission showed extensive
lesions in the white matter and entire corpus callosum with
homogenously reduced diffusion (type 2); a follow-up study after
60 h revealed an isolated SCC lesion (type 1) with no lesions in the
white matter or corpus callosum other than the SCC [6]. Our two
patients and the previously reported one suggest that type 2 lesions
resolve through a period with a type 1 lesion (isolated SCC lesion)
within a few days, finally complete resolution; and strongly support
the hypothesis that types 1 and 2 have the same pathophysiology.

Among the 54 patients with MERS previously reported, 40 were
classified as MERS type 1 with an isolated SCC lesion, and the other 14
as MERS type 2, i.e., 3 patients with lesions in the splenium plus genu,
2 with ones in the entire corpus callosum, and 9 with ones in both the
corpus callosum and symmetrical white matter [1]. Among the 14
patients with MERS type 2, there were none in whom MRI showed a
longitudinal change from type 2 to type 1, and finally complete
resolution. The interval between the initial and follow-up MRI in the
14 patients with MERS type 2 was more than 4 days, during which all
the lesions might have disappeared. Follow-up MRI within a few days
may have revealed a longitudinal change from type 2 to type 1.
Among the 40 patients with MERS type 1, it is reasonable to consider

that some had had lesions in the white matter and/or entire corpus
callosum prior to the initial MR study.

The most common neurological symptom of MERS is delirious
behavior in 54% (29/54), as observed in patient 2, followed by
consciousness disturbance in 35%, and seizures in 33%, all of which
completely disappear within a month [1,7]. No clinical difference
between types 1 and 2 has been reported. Though the pathophysi-
ology of delirium is poorly understood, delirium is more likely to
involve both cerebral hemispheres than the hemisphere on one side
or the brainstem alone [8]. Neuroimaging and neuropsychological
studies have revealed generalized disruption of higher cortical
functions in adults with delirious behavior [9]. Therefore, lesions in
the bilateral white matter and corpus callosum seen in patients with
MERS type 2 may result in disconnection of the bilateral cerebral
hemispheres, leading to disruption of higher cortical function, and
finally delirium. If patients with type 1 MERS have prior white matter
lesions, or have white matter involvement too faint to be detected on
routine DWI, that would also explain the neurological symptoms,
including delirium. An EEG abnormality has been found in around half
of the patients with MERS (21/39 patients), including diffuse slow
waves in 17 patients, occipital slow waves in four (as observed in the
present two patients), and paroxysmal discharges in two [1]. Almost
all the EEG abnormalities normalized on the follow-up study.
Transient involvement of the bilateral white matter in MERS may
result in disruption of higher cortical function, also leading to
transient slow waves on EEG.

The reason for the transiently reduced diffusion within the lesions,
and that for the longitudinal difference in the lesions are unknown;
we have suggested transient development of intramyelinic edema
due to separation of the myelin layers as a possible mechanism [1,2]. A
reversible SCC lesion with transiently reduced diffusion, however, has
been reported in a 12-day-old neonate [10]. At that age, the SCCis still
completely unmyelinated; therefore, another mechanism must be
responsible for the reversible SCC lesion in at least some cases.
Laboratory evaluation revealed that hyponatremia is common in
patients with MERS [11], as observed in the present two patients.
Hypotonic hyponatremia results in entry of water into the brain,
resulting in cerebral edema. As the axons in the SCC are very tightly
packed, it is possible that interstitial edema (water situated between
the unmyelinated axons) could have reduced diffusion. The lesions in
the white matter, however, cannot be explained by this hypothesis,
because interstitial edema in the white matter usually causes
increased diffusion. Another possible explanation is the development
of a transient inflammatory infiltrate, which might cause reduced

Fig. 2. MR imaging of patient 2. MR imaging on admission (day 2) revealed lesions in the diffuse white matter and entire corpus callosum with marked hyperintensity on DWI (A).
Second DWI on day 3 showed a markedly hyperintense lesion only in the SCC (B), which had completely resolved on day 6 (C).
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diffusion, as observed in multiple sclerosis. These speculation,
however, do not explain why the SCC is specifically involved, why
the SCC is involved longer than the white matter or corpus callosum
other than the SCC, or why the cerebellar white matter is not affected.
Recently, some familial patients with MERS were reported, suggesting
a genetic factor might be involved in at least some patients [12].
Further clinical, radiological and genetic studies are, of course,
necessary for a definite conclusion.
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Abstract

The high incidence of acute encephalopathy in East Asia suggests the role of genetic factors in its pathogenesis. It has recently been
reported that variations of the CPT II (carnitine palmitoyl transferase II) gene may be associated with fatal or severe cases of influ-
enza-associated encephalopathy. In the present study, we examined the genotype of CPT II in cases of acute encephalopathy associ-
ated with various preceding infections. Twenty-nine Japanese patients with acute encephalopathy with biphasic seizures and late
reduced diffusion (AESD) or acute necrotizing encephalopathy (ANE) were studied. The frequency of F352C of CPT II exon 4
was significantly higher in patients than in controls. All patients who had allele C in F352C had allele I in V3681 and allele M in
M647V (CIM haplotype), which reportedly decreases CPT IT activity to one third of that with FIM or FVM haplotype. The frequency
of CIM haplotype was significantly different between patients and controls, but not between AESD and ANE. Our results revealed
that having at least one CIM allele is a risk factor for the onset of acute encephalopathy, regardless of its antecedent infections.
© 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Acute necrotizing encephalopathy; Acute encephalopathy with biphasic seizures and late reduced diffusion; Carnitine palmitoyltrans-
ferase II; Single nucleotide polymorphism

1. Introduction diseases with high fever. Its main symptoms are
impaired consciousness and signs of increased intracra-

Acute encephalopathy is an acute brain dysfunction nial pressure, often accompanied by convulsions or sei-
which usually occurs at the early stage of infectious zures. Its incidence is highest in infancy and early

childhood [1]. Acute encephalopathy consists of several
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patients, whereas in other syndromes, the diagnostic cri-
teria are less clear cut.

The antecedent infection of acute encephalopathy is
viral, such as influenza [4] and exanthema subitum [5],
in the majority of cases. There is no specific relationship
between the viruses and the types of encephalopathy,
suggesting that the pathogenesis of acute encephalopa-
thy is mediated primarily by host factors. Moreover,
the incidence of acute encephalopathy is higher in East
Asians than in Caucasians, implying a role of genetic
factors [1].

It has recently been reported that genotypic variants
of the carnitine palmitoyl transferase II (CPT II) gene
are associated with fatal or severe cases of influenza-
associated encephalopathy [6]. CPT 1I is an enzyme
localized on the mitochondrial inner membrane, and
removes fatty acids from carnitine [7]. Mutations of
the CPT II gene cause CPT II deficiency, an inborn met-
abolic error affecting mitochondrial fatty acid § oxida-
tion. When patients with CPT II deficiency are
infected with viruses, some develop energy failure, and
show a clinical course resembling that of acute enceph-
alopathy [8].

It has recently been reported that thermolabile phe-
notype variations, formed by single nucleotide polymor-
phisms (SNPs) of the CPT II exon 4 [1055T > G/F352C
and 1102G > A/V3681] and exon 5 [1939A > G/M647V]
produce thermolabile phenotypes [6]. These variations
cause a severe reduction of CPT II activity at high body
temperature, although this reduction is minimal or mild
at normal body temperature.

In the previous study [6], the subjects were limited to
severe cases of acute encephalopathy associated with
influenza. In the present study, we conducted a single
nucleotide polymorphisms (SNPs) analysis of CPT Il
in patients with acute encephalopathy, including those
following antecedent infections other than influenza,
and those with a better prognosis. We focused on cases
of AESD and ANE in which a diagnosis was definitely
made.

2. Materials
2.1. Patients

We recruited patients with AESD and ANE from
hospitals in the Kanto District, Japan. In this study,
we regarded AESD as synonymous with acute enceph-
alopathy with febrile convulsive status epilepticus
(AEFCSE) [1]. Of the various syndromes of acute
encephalopathy, we selected AESD (or AEFCSE) and
ANE because concrete diagnostic criteria are available
3,9]. In total, twenty-nine patients, nineteen with
AESD and ten with ANE, participated in this study.
All the patients were Japanese, aged from & months
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to 8 years and 5 months. About 80% of patients were
under 2 years of age. Nineteen patients were female,
and ten were male. Pathogens of antecedent infections
included human herpes virus 6 (HHV®6), influenza
virus, respiratory syncytial (RS) virus, rotavirus, ade-
novirus and mycoplasma. The most frequent virus
was HHV6 (8 cases), followed by influenza virus (4
cases). The preceding pathogens were not identified in
11 cases (Table 1). We obtained written informed con-
sent from the parents of the patients. This study was
approved by the Ethics Committee of the University
of Tokyo.

2.2. Controls

We also analyzed the CPT II genotype of control
subjects, consisting of 100 healthy Japanese adults, 50
male and 50 female, at 20-69 years of age. Purified
DNA from controls was extracted from PSC (Pharma
SNP Consortium) B cell lines, and supplied by the
Human Science Research Resources Bank.

3. Methods
3.1. CPT II genotyping

Peripheral blood samples were collected from the
patients. Genomic DNA was extracted from the blood
using standard protocols. PCR amplification of CPT
II exons 4 and 5 were performed using AmpliTaq
PCR kits (Applied Biosystems). The reaction mixture
contained 2 pl buffer, 2 pl of 2 mM dNTP, 1 pl forward
and reverse primers (10 pmol), 0.12 ul AmpliTaq and
1 pl genomic DNA (30 ng). Primer sequences for exons
4 and 5 were constructed based on the GenBank data-
base in the National Center for Biotechnology Informa-
tion (NCBI). For exon 4, forward and reverse primers
were  5-GGAAATCCAGGCACATCTGA-3  and
S-TAGCTGCTGTGATGCCTGTC-3, respectively,
and for exon 5, 5-TCCTGAGACTCTGGTTTTCCA-3
and 5-TGATGGTAGCTTTTCATCTGC-3. The PCR
amplification protocol was as follows: denaturation at
95 °C for 9 min, followed by 35 cycles of denaturation
at 95 °C for 30 s, annealing at 55 °C for 30 s, and exten-
sion at 72°C for 1 min. The final extension was per-
formed at 72 °C for 7 min. The sequences of the PCR
products of CPT II exons 4 and 5 were analyzed with
an ABI PRISM BigDye Terminator Cycle Sequencing
FS Ready Reaction Kit using a sequencer (310 Genetic
Analyzer; Applied Biosystems). When two heterozygous
genotypes ([1055T > G/F352C] and [1102G > A/V368I))
in CPT II exon 4 were recognized in the patients, TA
cloning was performed (Invitrogen). After purification
of CPT II exon 4 PCR products by the QIAquick purifi-
cation kit (Qiagen), they were subcloned into pCR2.1 vec-
tor (Invitrogen). The cloned CPT II gene was sequenced,
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Table 1
Patients, clinical information and CPT II genotype.
Patient number Pathogen Sex Age, y:m Diagnosis Outcome CPT II genotype
Motor Intellectual
1 Influenza A Female 3:01 AESD Mild Moderate 6
2 NI Female 1:01 AESD Severe Severe 8
3 HHV6 Female 0:09 ANE Mild Mild 8
4 NI Male 1:00 ANE Normal NA 6
5 HHV6 Male 0:08 AESD Moderate Normal 6
6 HHVé6 Female 1:00 AESD Normal Normal 6
7 HHV6 Female 0:10 AESD NA NA 5
8 HHV6 Female 0:11 AESD Mild Mild 6
9 NI Female 0:09 ANE NA NA 8
10 Influenza Female 1:05 ANE Severe Severe 5
11 RS virus Male 0:11 ANE Profound Profound 9
12 NI Female 0:11 AESD NA NA 8
13 NI Female 1:11 AESD NA NA 6
14 RS virus Female 1:09 AESD NA NA 6
15 HHV6 Male 1:00 AESD Profound Profound 9
16 HHV6 Male 0:10 AESD Normal Normal 7
17 NI Female 3:04 AESD NA NA 9
18 Rotavirus Male 1:03 ANE Normal Normal 6
19 HHV6 Female 1:11 AESD NA NA 8
20 Influenza B Female 3:02 AESD Severe Severe 9
21 Adenovirus Male 1:02 AESD Normal Normal 1
22 NI Male 0:09 ANE Normal Normal 8
23 RSvirus Female 0:07 AESD Normal Normal 5
24 NI Female 1.01 ANE NA NA 6
25 NI Female 3:00 AESD NA NA 6
26 Mycoplasma Male 0:09 AESD Normal Normal 1
27 NI Male 1:07 ANE Normal Normal 9
28 Influenza Female 8:05 ANE Normal Normal 9
29 HHV6 Female 1:05 AESD Normal Normal 7

NI, not identified.
NA, not available.

CPT IT genotype numbers are the same as those defined by Chen et al. [5)].

and the haplotype of CPT II was determined. Instead of
direct sequencing, real-time PCR was conducted using a
Tag-Man probe in control subjects. Two genotypes in
CPT II exon 4 were discriminated after PCR amplifica-
tion using Faststart Universal Probe Master ROX
(Roche). The reaction mixture contained 12.5 pl Faststart
Universal Probe Master ROX, 2.2 ul of each primer,
6.4 ul distilled water, 1.2 pl of each probe, and 1 ul geno-
mic DNA (30 ng). Sequences of the primers and real-time
PCR probes were constructed based on the GenBank
database in the NCBI. For real-time PCR, forward and
reverse primers were 5'-ATTAAGGACCTTGTCCACT-¥
and 5-TGAGCACTGCCACACCATCA-3, respectively.
Real-time PCR probes for F352C were 5'-FAM-ACA-
AACCGCTGGTTTGATAAA-Y and 5-VIC-ACAAA
CCGCTGGTGTGATAAA-3, and those for V3681
were 5-FAM-TGGCTCTACTGCCGTCCACTTT-3" and
5-VIC-TGGCTCTACTGCCATCCACTTT-3. Real-time
PCR was performed under the following conditions: the
first denaturation at 95 °C for 10 min, followed by 40 cycles
of denaturation at 95 °C for 15 s, and annealing at 60 °C for
1 min using the ABI PRISM 7000 sequence detection sys-
tem (Applied Biosystems).
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3.2. Statistical methods

Differences in the demographic characteristics of the
genotypes between patients and controls were assessed
by y*-test, or when the y’-test was not valid, Fisher’s
exact test was used for categorical data. Significant dif-
ferences were defined as p < 0.05 in conditional analysis.
Odds ratios and associated 95% confidence intervals
were calculated using Microsoft Office Excel 2007.

4. Results

Direct sequencing of exons 4 and 5 showed heterozy-
gosity for [1055T > G/F352C]}, [1102G > A/V3681], and
[1939A > G/M3681] in a subpopulation of both patients
and controls. When a patient showed heterozygosity in
two SNPs of exon 4, TA cloning was performed. We
screened 100 controls by allelic discrimination using
Tag-Man probes before direct sequencing. TA cloning
was also performed in the controls classified into the
heterozygous SNP group. According to the genotype
definition of CPT II by Chen et al. [6], twenty-nine
patients and one hundred controls were assorted into
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six and eight genotype groups, respectively. In regard to
the three polymorphic variations of CPT II, F352C,
V3681 and M647V, nine of the thrity-six expected geno-
types were observed in the controls. The [1055T > G/
F352C] substitution has been reported only in East
Asians and not in Caucasians (rs2229291 on NCBI,
http://www.sanger.ac.uk), whereas [1102G > A/V368I]
and [1939A > G/M647V] substitutions have been
reported in both races [9,10]. The [1939A > G/M647V]
polymorphism has rarely been reported in humans. In
this study, allele C in F352C was linked to both allele
Iin V3681 and allele M in M647V in patients. Polymor-
phism [1939A > G/M647V] of CPT II was not found in
patients; therefore, only six groups were recognized in
the patients. The most frequent genotype was FVM-
FIM (type 6) in both patients and controls. Each geno-
typic distribution revealed no significant difference
between patients and controls. (p = 0.176, Table 2).
Next, we studied the allelic frequency of F352C
between patients and controls, since this SNP was pres-
ent only in Asian populations (rs2229291 on NCBI,
http://www .sanger.ac.uk). The frequency of F352C
was significantly higher in patients than in controls
(p=0.011, OR =2.44, 95%CI = 1.21-4.94) (Table 3).
The frequency of C allele was higher in patients
(27.6%) than in controls (13.5%). All patients who had

C allele in F352C had C-I-M combination. CPT II enzy-
matic activity with CIM haplotype is reported to be
about one third of that with the FVM or FIM haplotype
[6]. Therefore, we compared the frequency of having 0, 1
and 2 CIM alleles in patients and controls (Table 4). The
frequency of having the CIM allele was significantly
higher in patients than in controls (p = 0.029). To inves-
tigate whether the genotypes relate to different syn-
dromes, we compared genotype distribution between
patients with AESD and ANE, and found no difference
in genotype distribution between them (p = 0.773) (data
not shown).

Finally, we compared the allelic frequency of F352C
between patients with a good and poor prognosis.

Table 4
The number of CIM haplotype in patients and controls.
CIM Patients Control
N Frequency (%) N Frequency (%)
2 2 0.07 1 0.01
1 12 0.41 25 0.25
0 15 0.52 74 0.74
Total 29 100

The frequency of having CIM haplotype was significantly different
between patients and controls (p = 0.029).

Table 2
Genetic distribution of CPT II.

Genotypes Alleles Patients Controls

F352C V3681 M647V N Frequency (%) N Frequency (%)
Type 1 FF A\'AY MM FVM-FVM 2 0.069 8 0.080
Type 2 FF 11 \'A% FIV-FIV 0 0.000 0 0.000
Type 3 FF VI MV FVM-FIV” 0 0.000 4 0.040
Type 4 FF II MV FIM-FIV 0 0.000 10 0.100
Type 5 FF I MM FIM-FIM 3 0.103 18 0.180
Type 6 FF VI MM FVM-FIM 10 0.345 34 0.340
Type 7 CC 11 MM CIM-CIM 2 0.069 1 0.010
Type 8 FC i1 MM FIM-CIM 6 0.207 13 0.130
Type 9 FC VI MM FVM-CIM 6 0.207 12 0.120
Total 29 100

The nine genotypes were classified according to the diffinition by Chen et al. [6].
The difference in distribution between patients and controls was not statistically significant (p = 0.176).

" Haplotypes not determined.

Table 3
Allelic frequency of F352C and V3681.
Polymorphism Allele Patients(N = 29) Controls(N = 100) Test for allele frequency
N Frequency (%) N Frequency (%) . p Value Odds ratio (95%Cl)

F352C F 42 7241 173 86.5 0.011 2.44

C 16 27.59 27 13.5 (1.21-4.91)
V3681 v 20 34.48 66 33 0.832 1.07

1 38 65.52 134 67 (0.58-1.98)

p value was calculated by chi-square test.

0dds ratio was shown for minor allele (C in F352C and V in V368I) versus major allele (F in F352C and I in V368I).
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Table 5
Comparison of outcomes among genotypes in F352C
of patients.

Genotypes Outcome

Good Poor Total
F/F 9 1 10
F/C 4 4 8
C/C 2 0 2
Total 15 S 20

There was no statistical difference of genotype distri-
bution between good and poor prognosis (p = 0.154).

Descriptions of the prognoses were available in twenty
out of twenty-nine patients (Table 1). Of the ten patients
who had F/F genotype, nine recovered completely or
survived with mild neurological dysfunction, whereas
one patient (Case 10) had severe sequelae. Of the eight
patients who had the F/C genotype, four had a good
prognosis, and the remaining four were left with severe
neurological dysfunction. Both patients with the C/C
genotype recovered completely. In regard to genotype
distribution, there was no statistical difference between
the good and poor prognosis (p = 0.154) (Table 5).

We paid attention to the clinical findings of two
patients with the C/C genotype (Cases 16 and 29). In
both cases, the antecedent infection was exanthema sub-
itum. Clinical symptoms and brain MRI findings were
typical of AESD. Case 16 had rhabdomyolysis, with a
transient elevation of serum creatine kinase up to
30,040 U/ml, whereas Case 29 showed no particular lab-
oratory data, except for transient thrombocytopenia.

5. Discussion

The results of the present study demonstrated that
several SNPs in the CPT II gene are a risk factor for
the onset of AESD and ANE, following various anteced-
ent infections. The frequency of acute encephalopathy is
higher in East Asians than in Caucasians [1]. It is note-
worthy that the frequency of this substitution was signif-
icantly higher in our patients than in controls, since the
[1055T > G/F352C] SNP in CPT II exon 4 has been
reported only in East Asians, and not in Caucasians
(rs2229291 on NCBI, http://www.sanger.ac.uk). More-
over, it has already been reported that this substitution
induces an alteration of enzyme activity [11]. Chen
et al. measured CPT II activity at 37 and 41°C in
COS-7 cells over-expressing CPT II variants, and found
that the CIM haplotype shows the lowest activity in both
conditions. They also reported a difference in the fre-
quency of the FVM-CIM genotype between patients
with influenza-associated encephalopathy and control
subjects [6]. In the present study, we demonstrated that
the frequency of the CIM haplotype, including not only
FVM-CIM but also CIM-CIM and FIM-CIM, was sig-
nificantly higher in patients than in controls. Considering
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the lowest enzyme activity of CPT II with the CIM geno-
type, our finding is in good agreement with the previous
study [6], and extends the association to acute encepha-
lopathy following various infectious diseases caused by
HHV6, RS virus, rotavirus, adenovirus and myco-
plasma. With regard to the F/F, F/C and C/C genotypes
and the clinical outcome, the present study failed to show
a significant correlation, possibly due to the limited num-
ber of patients.

We paid special attention to the clinical findings in the
two patients with the homozygous C/C genotype, since
this genotype is assumed to show the most prominent
thermolability, thereby producing the most severe clini-
cal presentation. Contrary to our expectations, the two
patients recovered without any sequelae; however, the
clinical features of Case 16 were noteworthy because this
patient presented with transient rhabdomyolysis during
the clinical course of acute encephalopathy. In this con-
text, there is a report of a patient with CPT II deficiency
due to homozygous S113L mutation, who showed recur-
rent rhabdomyolysis and myoglobinemia [12]. In some
patients with CPT II deficiency, virus infection or long
fasting triggers an episode resembling acute encephalop-
athy [8]. These similarities in clinical picture implicate the
alteration of CPT II activity in the cerebral and muscular
disorders of Case 16 with the C/C genotype.

We also compared CPT II genotype distribution
between AESD and ANE patients, and found no signif-
icant difference. Our results show that the same
polymorphism of CPT II is associated with both syn-
dromes. This finding is interesting because their clinical
phenotypes are quite different from each other, suggest-
ing distinct pathomechanism. One possible explanation
is that AESD and ANE share a common route of path-
ogenesis, which is affected by the alteration of CPT II
activity at high body temperature. Another possibility
is that changes of CPT II are linked to the pathogenesis
via a pathway specific to each syndrome.

In conclusion, the present study extended the findings
of the previous study of Chen et al. that revealed the asso-
ciation of a single CPT II genotype with influenza-associ-
ated encephalopathy with a poor prognosis [6]. We found
that the frequency of the CIM allele was associated with
the onset of acute encephalopathy with various preceding
infections and variable prognosis. The thermolabile phe-
notype of CPT II variation predisposes infants and chil-
dren to two distinct syndromes, AESD and ANE.
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We reported four patients (2 to 10 years) with Kawasaki disease complicated by clinically mild encephalitis/
encephalopathy with a reversible splenial lesion (MERS). All were treated with y-globulin (2 to 6 g/kg) after
the diagnosis of Kawasaki disease, the fever being alleviated between day 6 and 25. One of two patients exhi-
biting a poor response to y-globulin had a cardiac aneurysm as a sequela. Their neurological manifestations

(delirious behavior and drowsiness), laboratorial hyponatremia, and radiological abnormalities completely
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disappeared. It is important for pediatricians to acknowledge that MERS can be observed in patients with
Kawasaki disease, especially in older children, and that they might be at high risk for cardiac abnormalities.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Kawasaki disease (KD) is an acute febrile, systemic vasculitis of
unknown pathogenesis, most often affecting young children under
5 years old. The most important complication of KD is coronary arte-
rial aneurysms (in 15-25% of untreated children), which may cause
ischemic heart disease and sudden death [1,2]. Irritability, lethargy,
transient unilateral facial nerve palsy are sometimes observed, and
pleocytosis in the cerebrospinal fluid (CSF) is found in around 40%
[1-4], however, febrile convulsions and acute encephalopathy are
extremely rare [5~7].

Magnetic resonance imaging (MRI) finding of a reversible lesion
with transiently reduced diffusion in the splenium of the corpus callo-
sum has been reported in patients with clinically mild encephalitis/
encephalopathy, leading to a new clinical-radiological syndrome, clini-
cally mild encephalitis/encephalopathy with a reversible splenial lesion
(MERS) [8,9]. We present here four patients with KD complicated by
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MERS, which suggest that MERS is a more common neurological com-
plication than previously considered.

2. Methods

Information on patients with KD who developed MERS was
collected retrospectively after approval by the institutional review
board of the Kameda Medical Center. The diagnosis of KD and MERS
were established according to diagnostic criteria [1,2,8], respectively.
We reviewed the clinical charts of the patients in order to accrue in-
formation on symptoms, medication, treatment, outcome, and results
of CSF analysis, MRI, and electroencephalography (EEG).

3. Results

Four previously healthy Japanese patients (1 male and 3 females,
aged from 2 to 10 years) met the criteria for enrollment in this
study, with the onset from March 2010 to February 2011. The clinical
and radiological records of the four patients are summarized in
Table 1. All were treated with <y-globulin (2 to 6 g/kg) after the
diagnosis of KD, the fever being alleviated between day 6 and 25. Two
patients exhibiting a poor response to y-globulin were additionally
treated with cyclosporine and infliximab (patient 1), and prednisolone
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Table 1
Data for Kawasaki disease with MERS.
Pt. Age/Sex Tx for KD End Na level (lowest) Coronary Consciousness Duration
¥-globulin Other therapies of fever follow up sequelae disturbance delirium
1 8/M 2 g/kgx3 (D5, D7, D9) cyclosporine D21 119 (D6) AN (5 mm) Mild drowsiness D1-8
infliximab 137 (D40) D1-8
2 7/F 2 g/kg (D5) D6 129 (D3) No Drowsiness D3-5
139 (D9) D3-5
3 10/F 2 g/kgx2 (D3, D5) D6 127 (D4) No Drowsiness D3-5
138 (D13) D3-5
4 2/F 2 g/kg x 2 (D9, D20) prednisolone D25 134 (D9) No Drowsiness D10-12
139 (D45) D10-14
14/F 1.8 g/kg (D5) D13 128 (D6) AN (8 mm) Mild drowsiness D5-7
142 (D25) D5-7
7/F 2 g/kg (D4) D5 131 (D3) No Drowsiness D2-3
141 D2-3
ABBREVIATIONS
Pt, patient; Tx, therapy; M, male; F, female; D, day; AN, aneurysm; CC, cell count; WM, white matter; CR, complete recovery.
Delirious behavior Seizure CSF study MRI results EEG results Neurological
Components outcome
Incoherent speech, unresponsiveness No Normal (D6) Splenium (D7) Frontal slow (D6) CR
Normal (D15) Normal (D14)
Impulsive behavior, visual hallucinations, No Normal (D3) Splenium (D4) Diffuse slow (D4) CR
incoherent speech Normal (D10) Normal (D9)
Emotional changes (laughter, weeping, fear), No Normal (D3) Splenium +WM (D3) Diffuse slow (D3) CR
visual hallucinations, incoherent speech Normal (D7) Normal (D6)
Visual hallucinations, misperceptions No Normal (D10) Splenium (D10) Normal (D10) CR
Normal (D17)
Visual hallucinations No CC 16/mm> (D7) Splenium (D10) Normal (D11) CR [10]
Normal (D14)
Impulsive behavior, visual hallucinations, No Normal (D3) Sp (D3) Diffuse slow (D3) CR [11]

incoherent speech

Normal (D11)

(patient 4). One patient (patient 1) had a cardiac aneurysm (5 mm) as a
sequela.

All four patients presented with fluctuating delirium with onset
between day 1 and 10, and a duration of 3 to 8 days, and all showed
mild to moderate drowsiness between the episodes of delirious be-
havior. The results of neurological examinations were unremarkable
except for the delirium and drowsiness. CSF analysis was normal in
all patients. The Na level during neurological symptoms decreased to
119-134 mEq/l, which had become normal at the time of follow-up.
MRI performed during their neurological manifestations (day 3
to 10) revealed homogenously reduced diffusion in the splenium
(patients 1, 2, and 4) (Fig. 1-A) or the splenium and symmetrical sub-
cortical white matter (patient 3), which had completely disappeared
by the time of follow-up (day 7 to 17) with an interval of 4 to
8 days (Fig. 1-B). No specific treatment for MERS was performed for
any patient; however, their neurological manifestations disappeared
completely. EEG showed slow waves in three patients (became nor-
mal on follow-up EEG), and normal in another.

4. Discussion

Encephalitis or encephalopathy is an extremely rare complica-
tion of KD. Actually, none of 540 patients with KD presented with
encephalitis/encephalopathy {4]. As far as we know, there have
been only six patients with KD complicated by MERS (Table 1)
[10,11], including the present four patients, their onset ranging
from March 2010 to February 2011. The number of KD patients in
2010 in Japan has been reported to be 12,755, and that over 6 years
being 466 [12]. The incidence of MERS in KD over 6 years, therefore,
seems to be at least 1% (5/466).

All six patients (mean age, 8.0 years) presented with delirious
behavior and drowsiness with hyponatremia (119-134 mEq/1); and
a homogenously reduced diffusion in the splenium, all of which
completely recovered or disappeared. These clinical, laboratorial, and
radiological findings are typical of MERS (mean age, 9.0 years; serum

sodium level, 131.8 + 4.1 mEql/l) [8,13]. MERS has been reported to
be an encephalitis or encephalopathy associated with infection,
such as influenza or rotavirus [8,9]. It is important for pediatricians
to acknowledge that MERS can be observed in patients with KD,
which is an acute febrile systemic vasculitis, not directly related to a
pathogen.

What is the possible mechanism underlying MERS with KD?
The exact pathogenesis of MERS is uncertain, however, MERS seems
to comprise cerebral edema due to electrolyte/water imbalance,
including hyponatremia, as an underlying pathophysiology [8,13].
Activation of the immune system seems to be a central feature of
KD, and the concentrations of many proinflammatory cytokines and
chemokines, including tumour necrosis factor «, interleukins 1, 6,
and 8, and vascular endothelial growth factor (VEGF), are elevated
during the acute phase [1,2]. Elevated VEGF could result in vascular
leakage, hypoalbuminemia, and noncardiac edema [14]. Actually,
cerebral edema has been histopathologically observed in patients
with KD [15], which could possibly progress to MERS.

Two of the six patients with KD complicated by MERS (Table 1,
patient 1 and one patient previously reported [10]) had a cardiac
aneurysm as a sequela. The duration of a fever has been confirmed
to be a predictor of a coronary artery aneurysm in KD [1]. Other inde-
pendent risk factors have been reported, including an elderly onset
and the presence of hyponatremia. Children 6 years and older account
only for around 5% of patients with KD [16], however, they often
have delays in diagnosis, and an increased incidence of cardiovascular
abnormalities (20% vs. 15% under 6 years) [16,17]. The hyponatremia
observed in 45% in patients with KD has also been reported to be an
independent risk factor for cardiovascular sequelae [18]. Actually,
the two patients having a cardiac aneurysm fulfilled the triple risks,
prolonged fever (21 and 13 days), elderly onset (8 and 14 years), and
hyponatremia (119 and 128 mEq/1). Elderly onset and hyponatremia
are also characteristic of MERS, therefore, it is reasonable that patients
with KD complicated by MERS likely have risk factors for cardiac
abnormalities.
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Fig. 1. Diffusion-weighted image of patient 1 on day 7 (A) shows a high signal lesion in
the splenium of the corpus callosum, which disappears on day 15 (B).

It seems that cardiac abnormalities are more common in patients
with KD having neurological manifestations, for example, two of
the six patients with MERS, 2/2 and 2/5 with transient hemiplegia
and facial nerve palsy, respectively [4,7]. Those with transient con-
sciousness disturbance during the acute phase of KD have also
been reported to have coronary aneurysms in 19% (6/32) {7]. It is

possible that the severity of KD (severe vasculitis) may result in neu-
rological manifestations. Further clinical, radiological and immuno-
logical studies are necessary to clarify the frequency, mechanism,
and prognosis of KD complicated by MERS.
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