
S12

Saudi Variant of Multiple
Sulfatase Deficiency
A. Al Aqeel, MD, MRCP; P.T. Ozand, MD, PhD; J. Brismar, MD, PhD;
G.G. Gascon, MD; G. Brismar, MD; M. Nester, PhD; N. Sakati, MD

Received July 23, 1991. Received revised August 19, 1991.

Accepted for publication Oct 9, 1991.
From the Departments of Pediatrics (Drs Al Aqeel, Ozand,

Gascon, and Sakati), Biological and Medical Research (Dr Ozand),
Radiology (Dr J. Brismar) and Ophthalmology (Dr G. Brismar),
King Faisal Specialist Hospital and Research Centre, and the Ri-
yadh Armed Forces Hospital (Dr Al Aqeel), Riyadh, Saudi Arabia.

Address correspondence to Dr P.T. Ozand, Department of
Pediatrics, King Faisal Specialist Hospital and Research Centre,
PO Box 3354, Riyadh 11211, Saudi Arabia.

Abstract 

We describe eight patients with multiple sulfatase deficiency (MSD, or Austin’s disease) who differ phenotypically from
classic neonatal-, childhood-, or juvenile-onset MSD. The age of onset was in childhood. The patients presented with
somatic and facial features of mucopolysaccharidosis reminiscent of Maroteaux-Lamy and Morquio syndromes. They dif-
fered from classic MSD by the presence of corneal cloudiness, macrocephaly, severe dysostosis multiplex, and gibbus and
the absence of ichthyosis, retinal degeneration, severe deafness, severe mental retardation, and dementia. The main neu-
rologic presentation was cervical cord compression due to axis abnormalities. Despite neuroradiologic evidence of white-
matter changes, neurologic presentation was not like metachromatic leukodystrophy. The sulfatase deficiencies were
more marked than in the classic juvenile form of MSD, but less marked than in the classic childhood-onset form of MSD.
Steroid sulfatase activity was spared except in one patient. This Saudi variant of MSD accounts for 5% of all lysosomal
storage diseases in the Cell Repository Registry of our Inborn Errors of Metabolism Laboratory. (J Child Neurol

1992;7(Suppl):S12-S21.)
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Multiple sulfatase deficiency (MSD, or Aus-tin’s disease) is an autosomal recessive dis-
ease of unknown etiology, characterized by the

deficient activity of many sulfatases and lysosomal
storage of sulfatides, glycosaminoglycans, glycolip-
ids, and sulfated steroids. The storage of glycolipids
may be caused by the inhibition of other lysosomal
hydrolases due to the accumulation of mucopolysac-
charides.1 Since its description by Austin et al, 2,3
more than 31 patients have been identified.4 Initially,
the deficiency of three sulfatases, arylsulfatases A, B,
and C, were reported.3 The number of sulfatases now
known to be involved is at least nine.l4 The clinical

presentation of patients with MSD combines features
of the individual enzyme defects5 In its usual or
classic form, it may present during early childhood
with the progressive myelin degeneration of meta-
chromatic leukodystrophy5 or in the neonatal period

with features of a severe mucopolysaccharidosis
(MPS).6 A mild juvenile form has been reported. This
report describes another phenotype observed in eight
patients.

Methods
We performed general physical, neurologic, and

ophthalmologic evaluations and developmental as-
sessments. Radiologic studies included radiographs
of the skeleton, ultrasound studies of abdomen, a
computed tomographic (CT) scan (GE 9800; 10-mm
consecutive tomograms) or magnetic resonance imag-
ing (MRI) scan (Picker 1.5 T; SE 2000/40, 80; 7-mm con-
secutive slices) of the brain and cervical spinal cord.

The collection of lymphocytes, growth and har-
vesting of fibroblasts, and the enzymatic procedures
used have been described previously.g The activity
of steroid sulfatase was measured according to

Fedde and Horwitz9 and Conary et ail. 10

Case Descriptions

Patient 1
This 6-year-old boy was referred for work-up of proptosis,
failing vision, hydrocephalus, and dysmorphia. He
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showed facial features of MPS (Figure 1A). His skin was
thick but without ichthyosis. His height and weight were
below the 2nd percentile, while the dolichocephalic head
was 2 SD above normal. Bilateral diffuse haziness of cornea
and moderate optic atrophy were found. Retina and lens
were normal. He had a grade 4 to 6 pansystolic murmur at

5th intercostal space and umbilical hernia. Liver was 5 cm,
and spleen 3 cm, below costal margins. He had a crouched
stance, with flexion contracture of joints. Deep-tendon re-
flexes were hyperactive, with bilateral Babinski signs. He
showed a moderate developmental retardation. Hemato-
logic studies revealed Alder-Reilly granules in polymor-

FIGURE 1

Appearance of patients. A. Patient 1: MPS, dwarf, proptosis, hydrocephalus. B. Patient
2: MPS, macrocephaly with abnormally shaped head. C. Patient 7: abnormally shaped
head with frontal crest, short neck. D. Patient 7: MPS, short neck. E. Patient 4: coarse
facial appearance. F. Patient 6: MPS. G. Patient 7: dwarf, Morquio-like appearance. H.
Patient 3: dwarf, Morquio-like appearance. I. Patient 8: dwarf, pes equinus, Morquio-
like appearance.
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phonuclear neutrophil leukocytes, in basophils, in

monocytes, and in lymphocytes on light microscopy, and
excess lysosomal vacuoles with autophagic debris on elec-
tron microscopy. Urine screening indicated excessive

mucopolysaccharides. Skeletal survey revealed bone in-
volvement suggestive of Hurler or Maroteaux-Lamy syn-
drome (Table 1). Echocardiogram revealed mitral valve

prolapse with mild mitral insufficiency. Parents refused
further follow-up.

Patient 2
This 7-yr-old boy was referred with a presumptive diagno-
sis of Maroteaux-Lamy syndrome. He walked at 18 months
and started speaking at 2.5 years, at which time parents
noted proptosis and stertorous breathing. At 3 years of
age, he was studied for poor vision and difficulty hearing.
He had numerous chest infections from age 3 years on. At

6 years of age, he had bilateral inguinal herniorrhaphy.
Growth arrested at age 5 years. He was referred because an

ophthalmologist noticed corneal cloudiness. His height and

weight were below the 2nd percentile, and his head cir-
cumference was at the 50th percentile. He had a crouched
stance, with flexion contracture of joints, and the appear-
ance of MPS (Figure 1B). Skin was thick but was without
ichthyosis. Echocardiogram revealed thickened mitral
valves with prolapse and mild regurgitation. He had an
umbilical hernia. Liver was 4 cm, and spleen 3 cm, below
costal margins. Neurologic examination showed no motor
signs, and psychometric assessment showed developmen-
tal level of 5 years at age 7 years. Ophthalmologic examina-
tion showed bilateral pronounced corneal cloudiness with
whitish dots in stroma. Retina could not be visualized.
Glaucoma was present bilaterally. Hematologic examina-
tion revealed metachromatic granules, and electron micros-
copy showed vacuolated lymphocytes. There was sig-
nificant mucopolysacchariduria. Skeletal survey showed
severe bone involvement characteristic of MPS (Table 1).
Brain-stem auditory evoked response showed normal left
side but poorly identifiable waves on right side. The pa-
tient was followed for 2 years, at which time bilateral ankle
clonus appeared. Parents refused further studies.

TABLE 1

Radiologic Findings in Cranium, Axis, and Vertebrae
- . . - . , T .........,........

*Axial abnormalities were detected by CT or MRI.
Cl = first cervical vertebra; AP = anteroposterior.
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Patients 3 and 4

These two patients were sisters from a first-cousin mar-
riage. The younger sister at the age of 4.5 years was
referred with the diagnosis of MPS. Her height and weight
were below the 2nd percentile, her head circumference
was at the 25th percentile. She had hirsutism, stertorous
breathing, coarse features (Figure IE), bilateral corneal

cloudiness, and nystagmus. She had thick skin but no

ichthyosis. Liver was 6 cm, and spleen 4 cm, below costal
margin. She was moderately retarded. She showed severe
dysostosis and gibbus. There were Alder-Reilly granules in
various types of leukocytes, and significant mucopolysac-
chariduria. Radiologic studies suggested Morquio’s syn-
drome (Figure 2, Table 1).

At the same time, the older sister was referred for
MPS work-up at age 6 years. While her height and weight
were severely retarded (approximate 1-year level) (Figure
1H), her dolichocephalic head circumference measured at
the 50th percentile. Skin was thick but without ichthyosis.

She had coarse features, stertorous breathing, bilateral cor-
neal cloudiness, and nystagmus. Liver was 3 cm, and

spleen 2 cm, below costal margin. She had gibbus, multiple
bone deformities, and joint contractures. She was moder-
ately retarded. Alder-Reilly granules in various types of
leukocytes and significant mucopolysacchariduria were

found. Radiologic studies of the skeleton suggested
Morquio disease (Table 1).

Patient 5
This 4.5-year-old girl was referred for work-up of MPS. The
stertorous breathing was noticed at birth, gibbus at 2 years
of age, and other deformities subsequently. Her height and
weight were much more than 2 SD below normal. She had
macrocephaly, with head circumference 53.5 cm, which
was more than 2 SD above normal. Her skin was thick but
without ichthyosis. She stood in a crouched position and
had multiple joint contractures, mucoid rhinorrhea, hirsut-

FIGURE 2

Radiologic findings in patient 3. A. Dysplastic V-shaped termination of radius and ulna;
coarse and proximally tapered metacarpals, broad phalanges. B. Ovoid vertebral bod-
ies, hook-shaped L2 and L3 with moderate gibbus formation. C. J-shaped sella, upper
cervical spine abnormality with anterior location of the posterior arch of Cl. D. MRI of
cervical spinal cord (sagittal midline Tl-weighted slice) shows dislocation and compres-
sion of cord at Cl level. E and F. The T2 weighted axial MRI sections of the brain dem-
onstrate white-matter disease at trigonal regions bilaterally and multiple small high-
intensity spots in the centrum ovale bilaterally.
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ism, coarse facial features, umbilical hernia, skeletal anom-
alies of MPS, pectus carinatum, gibbus, thick gingiva, and
macroglossia. Liver was 4 cm, and spleen 3 cm, below cos-
tal margins. Cornea were cloudy bilaterally; maculae, lens,
and retina were normal. She showed severely exaggerated
reflexes in both upper and lower extremities with bilateral
sustained ankle clonus and bilateral Babinski signs. A child
psychologist assessed her IQ at 91 to 105, despite her se-
vere motor handicap. Radiologic studies showed severe
dysostosis multiplex and maxillary sinusitis (Table 1).

Patient 6
This 17-month-old boy was referred for MPS. He had con-
genital dislocation of hip at birth. Motor development was
mildly delayed. Coarse features and dorsolumbar scoliosis
were noticed after he stood at 16 months. Growth parame-
ters, including the skull, were at the 10th percentile. He
had a coarse face with bushy eyebrows, flaring of costae,
gibbus, and bilaterally cloudy cornea. He had a grade 3
systolic murmur over the left precordium and back. Neu-
ropsychologic examination was within normal limits except
for mildly delayed milestones. Cardiac work-up indicated
right ventricular hypertrophy and pulmonary stenosis. Ra-
diologic survey of skeleton was consistent with MPS (Table
1). At a visit 2 years later, his coarse features and hirsutism
resembled more that of a Maroteaux-Lamy syndrome. The
patients refused further work-up.

Patient 7

This 18-month-old boy was referred for sudden quadri-
paresis and possible MPS. Cranial deformity was noticed at

’ 

birth. By 6 months of age, he had short neck and limbs and
an abnormal thoracic cage. Parents did not worry, since his

development remained normal. Six days before referral, he
collapsed suddenly and lost the ability to move all extrem-
ities. His height and weight were at the 50th percentile.
His forehead showed a crest, and he had mildly coarse fea-
tures (Figure 1C, D, and G). His costae were flared. Cornea
were clear. Liver was 3 cm, and spleen 2 cm, below costal
margins. There was an inguinal herniotomy scar. Neuro-
logic evaluation revealed slightly increased muscle tone,
deep-tendon reflexes, and quadriparesis. His Bayley men-
tal age was 13 months at 17 months of age. Metachromatic

granules were observed in polymorphonuclear leukocytes.
Radiologic survey detected the constriction of the spinal
cord at the Cl level, and skeletal findings were suggestive
of Maroteaux-Lamy syndrome (Table 1). The father refused
emergency surgery for cervical cord decompression and Cl
stabilization; he discharged the child against medical ad-
vice. We learned later that the child died at home.

Patient 8
This 26-month-old boy was referred for possible MPS. He
had sepsis and seizures shortly after birth and had re-

mained in intensive care for 45 days. His development had
been slow; he gained head control at 3 to 4 months, sat at 1
year, and attempted to walk only recently, at which time
his pes equinus was noticed. He had had recurrent chest
infections and stertorous breathing since infancy. A 5-year-
old sister has the same disease. Parents are first cousins.

His height and weight were at the 10th percentile, and his

head circumference was 2 SD below the mean. He had
coarse facial features, hirsutism, and flexion contractures of
elbows, fingers, and ankle (Figure 11). Liver was 4 cm, and
spleen 3 cm, below costal margins. He had umbilical and
bilateral inguinal hernia. He had bilateral corneal cloudi-
ness. His muscle tone and deep-tendon reflexes were in-
creased, with positive Babinski on left and equivocal on
right. He showed bilateral sustained ankle clonus. Mental
development was approximately 10 months at age 26
months. His skeletal survey suggested MPS (Table 1). Al-
though cervical MRI did not show cord compression, the
child suddenly collapsed with quadriparesis at home and
died during transport to the hospital.

Results
Our patients presented as MPS dwarfs (Figure 1).
While some looked like patients with Maroteaux-
Lamy syndrome, others appeared like Morquio syn-
drome patients. Consanguinity, as first or second

cousins, was present in the parents of six patients.
Corneal cloudiness was present in seven of eight pa-
tients. None had tapetoretinal degeneration or

cherry red macula. None had clinically detectable
deafness; one patient whose brain-stem auditory
evoked response was available showed an abnormal
result on one side. Seven had hepatosplenomegaly,
and three of eight had cardiac valvular involvement.
Hirsutism was present in seven of eight patients.
None of the patients had ichthyosis. All children

had the clinical appearance of dysostosis multiplex.
Clinically or radiologically observed gibbus was
present in all patients. The neurologic signs indi-
cated pyramidal tract involvement. Electroencepha-
lograms were normal in four patients tested. The
psychometric assessment indicated four of eight to
be moderately, and three of eight to be mildly, men-
tally retarded and one of eight to be normal. None
of the patients showed progressive dementia.

Enzyme assays revealed the deficiencies of

arylsulfatase A (metachromatic leukodystrophy),
arylsulfatase B (Maroteaux-Lamy syndrome), N-ace-
tylgalactosamine-6-sulfate sulfatase (Morquio syn-
drome), heparan sulfate sulfatase (San Filippo A),
and sulfiduronate sulfatase (Hunter syndrome) ac-
tivities. However, the activity of steroid sulfatase
was normal, except in patient 1 (Tables 2 through 4).

Detailed radiologic survey of the skeleton con-
firmed the clinically observed skeletal abnormalities
(Figure 2 and Table 1). The cranial vault, cervical

spine, and vertebral findings are summarized in Ta-
ble 2. All patients had premature synostosis of one
or more of the cranial sutures, leading to cranial de-
formities as trigonocephaly, brachiocephaly, doli-
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TABLE 2
Sulfatase Activity in Patients and Controls

*Mean ± SD.

chocephaly, macrocephaly, or microcephaly. The
dense calvarial bones led to a smaller neurocranium
than splanchnocranium. The six patients whose cer-
vical spine could be studied showed various abnor-
malities of the odontoid process (Table 1, Figure 2).
The abnormal axis led to cord impingement with

TABLE 3
Steroid Sulfatase Activity in Patients and Controls

*Mean ± SD.
tPatient 1 excluded.
NA = not applicable.

subsequent narrowing. The clinical presentation of
patient 7 was with sudden quadriparesis. Patient 8
initially showed no extradural compression of cervi-
cal cord. However, he collapsed at home suddenly,
becoming quadriparalytic, and died with symptoms
suggestive of sudden transection of the cervical
cord. The abnormality of the odontoid process was
the extension of the generally present vertebral dys-
ostosis (Table 1).

The brain CT or MRI showed the presence of
white-matter changes (Table 5) in seven patients.
This demyelination is shown in patient 3 (Figure 2).
An arachnoid cyst was detected in patient 2, and hy-
drocephalus was seen in patient 1.

Discussion
A review of the clinical features of MSD indicates

variability according to age of onset. The more com-
monly encountered early childhood form is that of a
metachromatic leukodystrophy4,5 with mild features
of MPS.11-14 This usual or classic form usually ap-
pears with ichthyosis,4,15,16 severe deafness,4,5 clear
cornea, 4,5,17 microcephaly,5,15,16 hepatosplenomeg-
aly,2~3,11,12,18 progressive encephalopathy, and even-
tual dementia. 4,5,15,17 The presumed initial diagnosis
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TABLE 4
Sulfate and Sulfiduronate Sulfatase Activity in Patients and Controls

*N = 27 for N-acetylgalactosamine-6-sulfate sulfatase, 46 for heparan sulfate sulfatase, and
32 for sulfiduronate sulfatase.
tMean ± SD.
NA = not applicable.

TABLE 5 
’

MRI and CT Findings in Brain and Cervical Spinal Cord

*In none of the patients did CT or MRI demonstrate severe atrophic changes nor was there
any suggestion of white-matter destruction.
MRI = magnetic resonance imaging; CT = computed tomography; AP = anteroposterior.

 at PENNSYLVANIA STATE UNIV on April 8, 2016jcn.sagepub.comDownloaded from 

http://jcn.sagepub.com/


S19

may be a type of Hunter or San Filippo syndrome. 4,17
A second phenotype presents at birth, the neonatal
form, with severe features of MPS such as dys-
ostosis multiplex, hydrocephalus, cloudy cornea,

hepatosplenomegaly, and severe encephalopathy,
with early death .6,17, 19 Lastly, a rare juvenile-onset
type as reported by Tanaka et af presents with short
stature, ichthyosis, a slowly progressive quadriple-
gia, retinitis, and blindness.

The present report details yet another pheno-
type with early childhood onset appearing as either
Maroteaux-Lamy or Morquio syndrome, with no

ichthyosis, no deafness, mild to moderate mental re-
tardation, symptoms and signs of cranial synostosis,
cervical cord compression, or transection of the

cord, with clinically absent, radiologically present
evidence of central white-matter disease (Tables 1

and 5). These four different phenotypic expressions
of MSD are summarized in Table 6.

Notable was the presence of mild to severe cor-
neal cloudiness in seven of our patients, whereas
this feature is almost always absent in the classic
childhood presentation 4,15,17 (Table 6). Retinal in-

volvement as pigmented degeneration 4,20 or cherry
red maculae12,21 described in classic childhood MSD
were absent in our patients. Interestingly, our pa-
tient 2 had lenticular opacities, described as a rare
occurrence.4 4

The steroid sulfatase deficiency and ichthyosis
have been found in classic childhood MSD.4,9,1O,21-23
While our patients exhibited the thick and coarse
skin of MPS, they did not have ichthyosis. Steroid
sulfatase activity was normal in all (Table 3) except
patient 1. The activities of arylsulfatases were 3% to
10%; of Hunter enzyme, 13% to 33%; of Morquio en-
zyme, 6% to 20%; and of San Filippo A enzyme,
20% to 61% of normal (Table 2). The sulfatase activi-
ties are absent in the severe neonatal form of the dis-

TABLE 6

Comparative Features of Multiple Sulfatase Deficiency

*From references 4, 5, 11, 12, 15-18, 20, 23, and 25.
NR = not reported.
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ease19,24,25 and severely deficient in the childhood
form.1.24,25 The activities of various sulfatases in

lymphocytes and fibroblasts of the juvenile-onset
patient reported by Tanaka et ah showed 20% to

60% of normal activity. The residual enzyme ac-
tivities in our patients were higher than in the clas-
sic neonatal and childhood onset forms, but

significantly lower than in the patient of Tanaka
et al. ~ 7

The different phenotypic expressions of MSD

may be due to different pathogenic mechanisms and
not to the amount of residual activity. 7,24,25 The basic
defect of MSD has not been yet identified, and the
question of how a single genetic defect results in the
deficiency of various sulfatases located on different
chromosomes has not been answered. 1,7,24,25 The
deficient sulfatase activity in fibroblasts is governed
by the growth conditions. For example, in media
buffered with N-2-hydroxyethylpiperasine-N-2-
ethanulfonic acid rather than bicarbonate, sulfatase
activity may reappear.26 The rate of synthesis of var-
ious sulfatases may be normal in MSD, but their

degradation may be rapid. 27 In fact if a thiol protease
inhibitor, leupeptin, is added to the medium, aryl-
sulfatase A activity will appear in MSD fibroblasts,
and their capability to break down labeled sulfatides
added to the medium will be restored.25 The early
complementation studies in cell hybrids indicated
that the sulfatase structural genes were intact.9 The

presence of several complementation groups sug-
gests involvement of different enzymes.~ All studies
with MSD cells are consistent with a defect in cellu-
lar regulatory processes for the expression of sulfa-
tases. 24 One such mechanism may involve the
cerebroside sulfatase activator proteins, of which
three different molecules have been identified. 28,29
We postulate that the pathogenesis of the Saudi
form of MSD may be different from those described

previously. In particular, the prominence of the mu-
copolysaccharide disorder and the usual sparing of
the steroid sulfatase component may account for the
unique phenotype. Tissue studies may clarify how
much of a sulfatide lipidosis accompanies the aryl-
sulfatase A deficiency.
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