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Abstract

spasm syndrome (IESS) is extremely rare.

at the macula.

when the patients show clinically suspicious indications.
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Background Sandhoff disease (SD) i s an autosomal recessive lysosomal disease with clinical manifestations such
as epilepsy, psychomotor retardation and developmental delay. However, infantile SD with onset of infantile epilepsy

Case presentation The case presented here was a 22-month-old boy, who presented with IESS and psychomotor
retardation/regression at 6 months of age. The patient showed progressive aggravation of seizures and excessive star-
tle responses. The whole exome sequencing data, which initially revealed negative results, were reanalyzed and indi-
cated a homozygous mutation at the c.1613 +4del splice site of the HEXB gene. The activities of 3-hexosaminidase

A and total hexosaminidase were significantly decreased. The fundus examination showed cherry red spots

Conclusions |ESS can be an epileptic phenotype of infantile SD. Clinical phenotypes should be adequately col-
lected in genetic testing. In the case of negative sequencing results, gene variant reanalysis can be performed

Keywords Infantile Sandhoff disease , Gene variant reanalysis, HEXB gene, Infantile epilepsy spasm syndrome, Cherry

Background

Infantile Sandhoff disease (SD; OMIM 268800) usu-
ally develops within the first 6 months of life, mostly
with psychomotor retardation and regression as the first
symptom. The characteristic clinical symptoms include
seizures, excessive startle responses, hypotonia, cherry
red spots on the fundus of the eye, and optic atrophy.
Usually, the disease has a poor prognosis among children,
with death occurring at two to three years of age [1]. The
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HEXB gene is the only gene known to cause SD [2]. It is
located on chromosome 5q13.3 and contains 14 exons
distributed in approximately 40 kb of DNA [1], encoding
a B-subunit containing 556 amino acids. Mutations of the
HEXB gene can cause deficiencies of f-hexosaminidase A
(HexA) and B (HexB) enzymes, leading to abnormal deg-
radation of GM2 ganglioside and resulting in disease [1].

Infantile epilepsy spasm syndrome (IESS) is a spe-
cial developmental epileptic encephalopathy in infancy,
which is characterized by clusters of epileptic spasms.
Most IESS patients show quite abnormal interictal EEG
features with hypsarrhythmia or multifocal discharges
[3]. Convulsive seizures are often accompanied by slow
development, arrest or regression.

Thus far, there have been no reports of infantile SD with
onset of IESS. Here, we report a case of infantile SD with
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IESS as the predominant epileptic phenotype. This case
was finally diagnosed with SD by reanalysis of the genetic
raw data due to the remarkable clinical phenotype.

Case presentation

Clinical course

The case was a 22-month-old boy who was born at
38*! weeks with a birth weight of 2.7 kg. He was born
to healthy nonconsanguineous parents as a second
child, with no significant family history of disease. At
6 months old, the child still could not sit steadily by him-
self, and rehabilitation training did not have any effect. At
11 months old, he could not roll over, sit alone, or grasp
objects, and had poor eye-tracking and sound-track-
ing ability. The Peabody Motor Development Scale test
showed that the child had approximately 4-month delay
of motor development. After a respiratory infection at
13 months of age, the child showed obvious regression of
psychomotor development and hypotonia. At the age of
16 months, he had seizures that manifested as nodding,
lifting of both upper extremities, and clusters of epilep-
tic spasms (Fig. 1a, b). At the age of 18 months, he had
a tonic seizure with generalized rigidity and extension
of both upper limbs, with head tilting back, eyes roll-
ing upward, and loss of consciousness. The seizure was
self-resolving and lasted for approximately 5 s. The fre-
quency was a single attack every 1-2 weeks. Upon sound
stimulation, the patient showed a startle response with
postural changes. Video-EEG showed paroxysmal delta
activities during wakefulness with multifocal epilepti-
form discharges significant in bilateral frontal regions,
and a high degree of arrhythmia during sleep (Fig. 1c—f).
Cranial MRI showed abnormal signals in the bilateral
basal ganglia and periventricular white matter and a thin
corpus callosum. The patient was diagnosed with infan-
tile epileptic spasm syndrome. Topiramate, prednisolone
acetate, clobazam and vigabatrin were added succes-
sively, but all showed poor efficacy.

The patient was admitted to our hospital at the age of
22 months. Physical examination indicated that he was
flaccid, lethargic and severely malnourished. The patient
had a head circumference of 48.2 cm. The liver could be
touched at 1 cm below the costal margin of the midline
of the right clavicle, and the spleen was not palpable. The
body weight was below the 3rd percentile of other boys
of the same age. No autonomous movement or sound
chasing was observed. His bilateral pupils were equal in
size, round and sensitive to light reflection. He showed
muscle hypotonia with a grade I strength. His breath-
ing rate was 50 times/min, and thick breath sounds were
present in both lungs with laryngeal stridor and coarse
wet rales; phlegm in the throat was obvious after eating.
Sudden sound stimulation could induce tonic seizures.
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Video-EEG showed slow waves in the bilateral frontal,
parietal, occipital, and temporal lobes, mixed with multi-
focal sharp waves and spikes, slightly significant in bilat-
eral frontal and temporal regions. Cranial MRI showed
multiple abnormal brain signals and sulcus fissure wid-
ening (Fig. 2a—d). Prednisone acetate and aminogluteth-
imide were gradually discontinued, and sodium valproate
and levetiracetam were added for anti-seizure treatment,
but the efficacy was poor.

Reanalysis of raw data of genetic sequencing for genetic
variation

The whole exome sequencing (WES), copy number vari-
ant and mitochondrial DNA test data of all three mem-
bers of the family obtained from the hospital of previous
visits all showed negative results. Bioinformatics analysis
was repeated on the raw data obtained, and after quality
control, the clean reads were mapped to the UCSC hg19
human reference genome using the Sentieon BWA soft-
ware. The parameter BWA of the Sentieon software was
used to remove the duplicated reads and correct the base
so that the mapped reads could be used for detecting
variations. SNP and InDel variants were detected by the
parameter driver. Then, the data were transformed into
the VCF format. Variants were further annotated by the
ANNOVAR software and associated with multiple data-
bases, such as 1000 Genomes, ESP6500, dbSNP, EXAC,
based on the inheritance patterns, variant types, popu-
lation frequencies, and lists of genes associated with the
main phenotypic characteristics of patient variants. Vari-
ant pathogenicity was predicted with the REVEL, SIFT,
PolyPhen-2, MutationTaster and GERP+ +softwares.
Possible disease-associated variants were confirmed by
Sanger sequencing. The reanalysis of the original data
revealed that the child had a homozygous mutation at the
c.1613 +4del splicing site of the HEXB gene (Fig. 3a), and
both parents had heterozygous mutations.

Complementary examinations, treatment and prognosis
Enzymatic activity assessment indicated that the activity
of HexA was 16.6 nmol/g per minute (54.5-140.3) and
that of the total hexosaminidase was 2.7 nmol/mg per
hour (75.4-158.6), both significantly decreased. Oph-
thalmological examination of the fundus film showed a
cherry red spot in the central fovea of each eye (Fig. 2e).

Combined with the clinical manifestations, enzymatic
activity results and other auxiliary examinations, the
patient was finally diagnosed with infantile SD (Fig. 3b).
After oral administration of levocarnitine, vigaba-
trin, sodium valproate, levetiracetam and clobazam for
2 months, his seizure frequency was slightly reduced,
swallowing improved, and weight increased.
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Fig. 1 EEG recordings of the case. a The background EEG at the age of 16 months. b EEG recordings at the attack period of at the age of 16 months.
c The background EEG at the age of 22 months. d The EEG recordings during a tonic seizure at the age of 22 months. e Atypical high arrhythmia
during sleep at the age of 22 months. f The EEG recordings during a sound-evoked startle response in the child, manifested as eye squeezing,

nervousness, and shoulder lifting

Discussion

SD has been widely reported as a metabolic genetic dis-
order in the Jewish population in the United States s, but
only a few cases have been reported in the Chinese popu-
lation [4]. We search the Pubmed, MEDLINE and other
databases and summarize the clinical manifestations of
infantile SD with seizures reported in recent 20 years.

The main forms of seizure in infantile SD are general-
ized tonic—clonic and myoclonus seizures (Table 1).
Other common manifestations are exaggerated startle
responses to noise, psychomotor developmental delay/
regression and presence of macular cherry red spot. This
boy experienced tonic, tonic—clonic and myoclonic sei-
zures successively, which is consistent with the literature.
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Fig. 2 Cranial MRI of the case at age 22 months. a, b T2 weighted images; ¢, d T1 weighted images. Multiple symmetrical patches of slightly longer
T1 and slightly longer T2 signals were seen in the white matter of the bilateral cerebral hemispheres and bilateral basal ganglia nuclei. Myelination
of white matter is delayed. The corpus callosum is slender. The ventricular system, sulcus, fissure and pool are widened. e Fundus film of the case.
The borders of the optic discs of both eyes were clear and pale, and the vascular pathways were acceptable, with cherry red spots visible

in the macula. (white arrows)
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Fig. 3 aThe mutation site of the HEXB gene. Donor loss indicates the missing site. b The diagnostic history of the patient. WES: whole-exome
sequencing; CNV: copy number variants; VUS: variants of uncertain significance

However, IESS was the initial epilepsy phenotype, which
had never been reported in the literature. This case
expands the seizure phenotype of infantile SD.

The Human Phenotype Ontology (HPO) is a compre-
hensive resource for systematically defining and integrat-
ing human phenotypes and contributes to prediction of
pathogenic genes. Studies have demonstrated the impor-
tance of deep phenotyping in improving the diagnostic

power of clinical exome sequencing [15]. The phenotype-
centric and phenotype-driven selection of genes can
avoid missed diagnoses [16]. In this case, mental retarda-
tion and poor myelination were initially sent as HPO for
testing, but the results were negative, which means no
pathogenic gene consistent with clinical manifestations
was found. Reanalysis of the original data after adding
epilepsy, excessive startle response, and hypotonia to the
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HPO revealed a genetic variant that was consistent with
the clinical phenotype. We speculate that the inadequate
combination of the data with the clinical manifestations
may have resulted in inaccurate phenotype entry, or that
practitioners may have only focused on the positions of
canonical “+1-2” during analyzing, ignoring the pos-
sible impact of “44” on splicing, resulting in the failure
to detect any variant during the initial genetic testing of
the case. The homozygous mutation of the c.1613 +4del
splice site of the HEXB gene in this child has not been
previously reported. Our result extends the genetic spec-
trum of infantile SD.

Conclusions

IESS can be the epileptic phenotype of infantile SD.
Genetic testing and enzymatic activity testing are helpful
in obtaining a definitive diagnosis. Genetic testing results
should be comprehensively analyzed in combination with
clinical evaluations. Genetic factors cannot be ruled out
for difficult-to-interpret clinical manifestations in the
nervous system. If necessary, the original genetic data
can be reanalyzed to provide supportive evidence for dis-
ease diagnosis.
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