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5 6 7 | o
5F 14M aM 0.9F
8. species* S. enteritidis S. enteritidis S. enteritidis
NA 01 09 NA
v,D D F,V,D F,D
30h 28h 13d 10d
3 5 5 NA
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NA NA 280 NA
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NA NA ARF, decreased PLT Respiratory failure
2h 8h 3-104 5d
Death (autopsied) Desath (autopsied) Mental retardation Death}

consciousness and generalized seizures followed by pro-
gression to coma with or without signs of inereasing intra-
cranial pressure, whereas focal signs such as partial
seizures or pyramidal tract signs were recognized in only
two patients. Hyperventilation was observed in two pa-
tients at the advanced stage of encephalopathy but with no
evidence of hepatic dysfunction. Encephalopathic features
continued for 3 to 20 days, but two patients died unexpect-
edly within several hours after onset. Despite the absence
of severe dehydration (severe dehydration was an exclu-
sion criterion), six patients were complicated by eirculatory
failure of varying degrees. None of the survivors required
mechanical ventilation or renal dialysis.

Patients 5 and 6, who died after a brief illness lasting
several hours, represented the most severe form in the
clinical spectrum of these patients. The clinical courses of
Patients 1 and 2 represented the benign form with full
recovery. Patients 7 and 8 were late-onset cases but
showed rapid progression with focal neurologic deficits.
The oufcome was death in three patients, severe motor or
intellectual sequelae in three patients, and full recovery in
two patients.

Laboratory findings. Hematologic and biochemical
tests at the onset of encephalopathic symptoms showed
normal or minimally abnormal findings in liver enzymes
(aspartate aminotransferase 26 te 161 IU/L, alanine ami-
notransferase 10 to 40 ITU/L), glucose (6.5 to 19.6 mmol/L),
ammonia (5 to 56 pmol/L), platelet count (218 to 440 X
10%/11), hemoglobin {11.2 to 17.2 g/dL), urea nitrogen (8.7
to 27 mg/dL), and creatinine (0.3 to 0.9 mg/dL). Blood
gases showed mild metabolic acidosis. CSF opening pres-

sures were normal or moderately elevated (100 to 280 mm
H,0), and cell counts, protein, and glucose levels in the
CSF specimens were normal. From the third or fourth
hospital day, other complications including renal failure
(4), thromboeytopenia (3), liver dysfunction (2), and rhab-
domyolysis (2) appeared gradually. Serum ammonia level
was never elevated and peak aspartate aminotransferase
levels were 381 IU/L (Patient 3) and 347 IU/L (Patient 4)
on the eighth hospital day. The initial EEG showed diffuse
slow waves in six patients. No paroxysmal activities were
observed, although one patient had localized siow waves in
the occipital area. Brain CT performed on the first hospital
day demonstrated diffuse brain edema in all six patients
examined (figure). ‘

Fathologic findings. At autopsies of Patients 5 and 6,
the brains were heavy and edematous, weighing 1,340
grams (Patient 5) and 1,730 grams (Patient 6). No appar-
ent inflammations, microangiopathy, ischemie, or localized
suppurative legions were detected in the brain. Severe mi-
crovesicular fatty changes of the liver were recognized in
both patients, Lipid droplets were observed in the peripor-
tal hepatocytes in both patients. No ultrastructural mito-
chondrial alterations were found in the liver of Patient 5.
Renal histopathology showed no tubular necrosis or glo-
merular changes, except mild microvesicular fatty change
in the epithelial cells of the renal tubule in Patient 6.

Discussion. According to the .infectious agents
surveillance report by the Ministry of Health and
Welfare, the estimated number of NTS infections is
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Figure. Patient 4. Brain CT on the first hospital day
showing diffuse low-density area in the cerebral white matter
and cortex. The patient was assessed with the Glasgow
Coma Scale and scored 10 of 15 {eye opening: 3 of 4; best
verbal response: 3 of 5; best motor response: 4 of 6).

approximately 10,000 per year in Japan. The per-
centage resulting in serious condition or death was
19 per 50,000 patients (0.04%) with NTS over 5
years (1995 to 1999).7 A population-based study
shows 1,500 patients with NTS in a district of Japan
over five years (1996 to 2000), and two patients with
NTS encephalopathy during the period in the same
district (0.13%). Thus, it appears that encephalopa-
thy is an uncommon, but clinically important, mani-
festation of NTS infection.

Diffuse and rapidly progressive brain dysfunction
and circulatory failure of varying degrees that devel-
oped following enteritis constitute the characteristics
of NTS encephalopathy. Extra-CNS involvement
may develop in some cases, but not always and usu-
ally relatively late. There was no evidence of severe
dehydration and sepsis at the onset of neurologic
symptoms. NTS encephalopathy was rarely accom-
panied by abnormalities in laboratory data, except
elevated CSF opening pressure, brain edema on CT,
and slow wave on EEG. This is the first series of
children with NTS encephalopathy reported in the
literature, although isolated cases of noninfectious en-
cephalopathy associated with S. enteritidis® and S.
choleraesuis infection® have been described previously.
A similar remote effect of gastrointestinal infections
on brain function has been also demonstrated in en-
cephalopathies associated with shigellosis’® and
other Shiga toxin-producing bacteria such as Esche-
richia coli 0157.1* However, the mechanism remains
undetermined,

Pathologic findings in this study are summarized
ag follows: 1) minimal ischemic damage and mild
edema in the brain with no evidence of herniation; 2)
microvesicular fatty change of the liver, which re-
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sembles Reye’s syndrome; 3) severe enterocolitis
with no evidence of dehydration in any organ; and 4)
no fatal organ damage, including microvasculature

" or endothelial cells, These findings are different from

a previous report of an adult case of NTS nephropa-.
thy and septicemia, which showed hemorrhagic ne-
crotic enteritis and tubular epithelial damage in the
kidney with no abnormal pathologic findings in the
brain and liver.?

Pathologically, noninflammatory encephalopathy
and microvesicular fatty change of the liver are com-
mon features both in Reye's syndrome and Ekiri. NTS
encephalopathy resembles a variant form of Reye’s
syndrome that manifests prodromal diarrhea found in
5% of the patients.’? However, N'TS encephalopathy is
clearly different from Reye’s syndrome in metabolic
profile, including hypoglycemia, hyperammonemia,
and increased concentration of hepatic enzymes,*? and
ultrastructural mitochondrial abnormalities in the
liver that is an essential diagnostic feature of Reye’s
syndrome,’® It has been claimed that microvesicular
fatty change in the liver pathology alone does not
justify the diagnosis of Reye’s syndrome because
fatty metamorphosis of the liver is found in other
conditions.* Vomiting, frequently found in our se-
ries, is also a common enteric feature. Hyperventila-
tion was observed in Patients 4 and 8 at the
advanced stage of encephalopathy but without labo-
ratory evidence of hepatic dysfunction. Metabolic al-
kalosis and respiratory acidosis were absent. These
findings may support the presence of increasing in-
tracranial pressure, but there is no laboratory data
suggesting mitochondrial dysfunction seen in Reye’s
syndrome. Ekiri is an acute encephalopathy mainly
associated with shigellosis prevalent in Japan until
the 1950s,'5 although many physicians believe that it
no longer exists because of drastic improvements in
nutritienal, hygienic, and medical conditions.*® Ekiri
is similar to NTS encephalopathy in clinical, labora-
tory, and pathologic pictures, including unexplained
fatty changes of the liver without clinical signs of
liver dysfunction,*® but brain ischemia and edema in
ekiri was more remarkable and fatal. It is possible
that the fatal disease progressed too rapidly to in-
duce definite pathologic responses in the brain of our
two patients. Therefore, we conclude that the clinical
and pathologic characteristics of NTS encephalopa-
thy may establish this form of primary encephalopa-
thy as a new disease entity.

The pathogenesis of salmonella gastroenteritis re-
mains unclear, but both inflammatory and toxigenic
mechanisms have been speculated.’” For the inflam-
matory mechanism, bacterial invasion of the colonic
mucosa results in neutrophil infiltration that causes
tissue damage through inflammatory mediators. For
the toxigenic mechanism, bacterial enterotoxin stim-
ulates the adenyl cyclase system fo inhibit water
absorption in the epithelium. S. enteritidis endotoxin
also has been shown to independently damage the
microvasculature of the kidney, liver, and lung in
young rats.!® Therefore, endotoxemia may be respon-
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sible for the progression to extra-CNS involvement
in NTS through toxigenic mechanism. However, en-
dotoxemia is unlikely to be directly responsible for
the CNS involvement in NTS encephalopathy be-
cause bacteriologic analyses in this study indicated
that the bacteria were localized in the intestine with-
out inducing the bacteremia or endotoxemia that
might have caused CNS dysfunction at the early
stage of the enteric illness. Moreover, clinical pro-
gression to extra-CNS complications was neither
rapid nor severe. In conclusion, we believe that CNS
and extra-CNS involvement may occur indepen-
dently by different pathogenetic mechanisms, de-
spite parallel progression of clinical features. Altered
consciousness and signs of circulatory failure require
prompt systemic monitoring and intensive treatment
for circulatory failure,

Recently, our colleagues purified a factor from the
lysate of the S. enteritidis strain isolated from Patient
4 which inhibited cell-free protein synthesis, showed
cytopathic activity against Chinese hamster ovary
cells, and was identical to E. coli L-asparaginase.l®
This study also suggests that the sum total of salmo-
nella cytotoxicity may be the combined actions of mul-
tiple toxic substances, one of which is L-asparaginase.
E. coli 1-asparaginase, recognized as having an antitu-
mor activity,? also has cytotoxic activity and protein
synthesis inhibition activity.¥ When used for thera-
peutic purposes in cancer patients, the enzyme in-
duces apoptosis of lymphoma cells or stimulates a
thrombophilic state by altering coagulation pro-
teins.?! The pathologic role of L-asparaginase pro-
duced by Salmonella strains remains unknown, but
it might play a role in the development of encepha-
lopathy. Whether 1-asparaginase is a determinant of
salmonella virulence should be established using an-
imal models.
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Peroxisomal acyl CoA oxidase deficiency

Yasuyuks Suzuki, MD, Mizue Iai, MD, Atsushi Kamei, M, Yuzo Tanabe, MD, Shoichi Chida, 1D,
Seiji Yamaguchi, MD, Zhongyi Zhang, phD, Yasubiko Takemoto, MD, Nobuyuki Shimozawa, MD, and

Naomi Kondo, #D

G178C. (J Pediatr 2002;140:128-30)

Three Japanese patients with peroxisomal acyl coenzyme A oxidase deficien-
¢y who manifested psychomotor retardation and regression during the late
infantile period showed characteristic patterns of demyelination in the ponto-
medullary corticospinal tracts and in the cerebellar and cerebral white matter.
Molecular investigations revealed 2 novel missense mutations, M278V and

Acyl coenzyme A oxidase (AOX) defi-
ciency is autosomal recessive and the
mildest form of peroxisomal J-
oxidation enzyme deficiency. Patients
can usually walk with support or speak
a few words, but neurologic regression
occurs and they die during the late in-
fantile period.I" AOX deficiency has
been diagnosed either from a lack of en-
zyme proteinl' or by complementation
analyses®!; however, little is known
about the molecular bases of AQX defi-
ciency and there has been no report re-
garding magnetic resonance imaging
(MRI) findings. We describe charac-
teristic patterns of demyelination and
novel mutations in 3 Japanese patients

with AOX deficiencgy.

CASE REPORT

The clinical courses and biochemical
studies of the Japanese sibling patients
1 and 2 have been described. d Patient 1,

the elder boy, wallked without support

" at 32 months of age, but regression

began at 34 months. He is deaf and
needs tube feeding at 11 years. Patient
2, the younger sister, walked with sup-
port and spoke a few words at 22
months. At 26 months, regression oc-
curred and at 4 years of age, she died

from respiratory problems.

Patient 3 was a female child of
other consanguineous Japanese par-
ents, Mild hypotonia and horizontal
nystagmus were observed from the
neonatal period. At 2 months of age,
convulsions occurred and phenobar-
bital treatment was started. She con-
trolled her head at 7 months, rolled
over at 10 months, spoke a few words
at 18 months, crawled at 24 months,
but she could not sit alone. Regres-
sion occurred at 28 months, and she
showed severe hypotonia, dysphagia,
increased tendon reflexes of the
lower extremities, positive Babinski
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reflex, and retinal degeneration (at 37
months). No dysmorphic features or
hepatosplenomegaly were observed.
She died of respiratory failure at 42
months of age.

MRI Findings

Patient 1 showed T2-high signals in
the cerebeller white matier, peduncles
of the cerebellum, and the transverse
tracts of the pons at 3.5]years of age
(Fig 1, A). The cerebellar vermis was
atrophic, and there was T1-shortening
in the upper ventral pons and TI1-

prolongation in the central ventral
pons (Fig 1, B). T2-high intensity areas
expanded as follows: cerebral pedun-
cles in the mesencephalon at 4 years of
age, posterior limbs of the internal cap-
sule at 6 years, periventricular white
matter of the posterior horn and optic
radiation at 6 years, posterior periven-
tricular and subcortical white matter
and splenium of the corpus callosum at
9 years (Fig 1, C), and frontal white
matter at 10 years of age. Patient 2
showed T2-prolongation of the pon-
tomedullary corticospinal tracts at 2
years (Fig 1, D). Expansion was simi-
lar but faster than in patient 1. Patient
3 showed a similar distribution of T2-
high intensity areas.

Biochemical and Molecular
Analyses .

Patient 3 showed increased serum
very long chain fatty acid ratio:
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Fig L MR images of acyl-CoA oxidase deficiency. A, T2-high signals in the cerebellar white matter,

oty

peduncles of the cerebellum and the transverse tracts of the pons (patient [, 3.5 years old). B, at-
rophic cerebellar vermis, T [ -shortening in the upper ventral pons and T |-pralengation in the central
ventral pons (patient 1, 3.5 years old). €, T2-high signals in the posterior periventricular and subcor-
tical white matter and splenium of the corpus callosum (patient |, 9 years old). D, T2-high signals in
the pontomedullary corticospinal tracts (patient 2, 2 years old).

C24:0/C22:0=1.20 (control, 0.7 = 0.1).5
Absolute values of C24:0 and C26:0
were also increased. Nonketotic dicar-
boxylic aciduria and 3,6-epoxy dicar-
boxylic aciduria,§ reduced C24:0
ox-idation activity in fibroblasts (23
pmol/h/mg protein; contrel, 432 + 112
pmol/h/mg),” and large peroxisomes
were observed in fibroblasts as de-
seribed.d Metabolism of phytanic acid,
bile acid, and ether phospholipid was
normal. AOX protein was detected
normally on immunoblot analysis.
C24:0 oxidation activity did not
change (33 pmol/h/mg) when the pa-
tient’s fibroblasts were fused with
the authentic AOX deficient cells,®
whereas the activity increased (82
pmol/h/mg) when the patient’s cells

were fused with the authentic D-bi-
functional protein deficient cells.?

These results indicated that patient 3

had AOX defi¢iency.

Sequence analysis of the AOX com-
plementary DNAS from patients 1 and
2 revealed a 832A >G substitution
which led to a missense mutation
M278V. Siblings were homozygous for
this mutation, and the consanguineous
parents were heterozygous (data not
shown). Patient 3 had a 532G >T sub-
stitution which led to a G178C missense
mutation (Fig 2). The latter mutation is
also considered to be homozygous;
however, the possibility of preferential
amplification of 1 allele cannot be ruled
out. Thirty healthy control patients did

not show this mutation.

— 240 —

SUZUK) ET AL

coniro

G G P

Fig 2. Partial nucleotide sequence of patient
3.532G >T substitution which led to a mis-
sense mutation, G178C, was identified. This mu-
tation is considered to be homozygous.

DiIscuUsSION

Demyelination is the main neuropatho-
logic finding of AOX deficiency, although
subtle migration disorders or other abnor-
malities may be present because neuro-
logic manifestations occur soon after
birth.2 We clarified that demyelination of
the ponto-medullary corticospinal tracts
and cerebellar white matter is the charac-
teristic feature of AOX defictency during
the early stage of regression. The distribu-
tions are similar to those observed in adult
patients with cerebellar and brainstem
phenctype of X-linked adrencleukodys-
trophy (ALD).? MRI findings during the
late stage resemble those observed in
childhood or adult cerebral ALD. Aceu-
mulation of very long chain fatty acids
would be a main factor of demyelination
in AOX deficiency. However, it remains
to be determined why demyelination in
this disorder begins earlier than in X-
linked ATLD. Zeilweger syndrbme, ase-
vere generalized peroxisome biogenesis
disorder, shows neuronal migration disor-
ders and delayed myelination rather than
demyelination.1?

The molecular basis of AOX deficien-
¢y is poorly understood. The only one
reported case described 2 patient who
had alarge deletion in the AOX gene.}?
We identified novel two exonie missense
mutations, M278V and G178C, which
presumed to be responsible for the AOX
deficienay. High similarity at residues
172 to 181 and at residues 276 to 285
among species sﬁggests that these re-
gions have important functions, and
G178 is perfectly conserved.1? AOX de-
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ficiency might be 2 candidate for gene
therapy. Because the clinical manifesta-
tions are less severa than those in other
peroxisomal disorders, attention should
be paid for the characteristic clinical
course, biochemnical abnormalities, and

MRI findings of AOX deficiency to di-
agnose this disorder earlier.

We thank Professor Wanders (Amaterdam
University) for kindly providing ws the au-
thentic cell lines with AOX deficiency.
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