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Biotinidase deficiency: a treatable
genetic disorder in the Saudi
population
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SUMMARY Biotinidase deficiency is an autosomal recessive genetic disorder which is not un-
common in the Saudi population. Bictinidase is responsible for bictin recycling and biotin is an
essential cofactor for activation of the carboxylase enzymes. Abssence of biotinidase leads to
infantile or early childhood encephalopathy, seizure disorder, dermatitis, alopecia, neural deaf-
ness and optic atrophy. The disease can be diagnosed by simple flucrometric enzyme assay.
Treatment with biotin is both cheap and simple, resulting in rewarding clinical recovery and nor-
malization of the biochemical, neuroradiological and neurophysiological parameters. If neglected,
however, a patient may die of acute metabolic acidosis or may suffer from permanent neurai
deafness and optic atrophy, with mental and motor handicap. We describe the detection and
treatment of 20 cases of biotinidase deficiency in our hospital and recommend the introduction of
a neonatal screening programme for this disorder.

Introduction

Biotin is a member of the vitamin B com-
plex group. It is mostly derived from the
diet and possibly also synthesized by in-
testinal microflora. The requirement in
the paediatric age group is very small (35
ug per day). Biotin is a cofactor for four
carhoxylases that are important for amino
acid catabolism, fatty acid synthesis and
gluconeogenesis [/—3]. Biotinidase is an
essential enzyme for endogenous biotin
recycling [4-6].

Absence or deficiency of biotinidase
causes a reduction in free biotin in the
body, leading to the disease state known as
“late-onset multiple carboxylase deficien-
cy”. Therefore, children with hiotinidase
deficiency become secondarily biotin defi-

cient. If they are left untreated, this results
in the development of neurological and cu-
taneous features {6—5]. The clinical presen-
tation includes lethargy and hyperven-
tilation, vomiting, hypotonia, uncontrolled
seizures, global developmental delay, der-
matitis, alopecia, and hearing and visual
impairment [/,2].

Neonatal screening for biotinidase defi-
ciency is performed in about half of the
states in the United States of America and
in over 20 countries [9]. The disorder is rei-
atively common in Saudi Arabia and is esti-
mated to be 1 in 125 000 births [17].

We describe the detection and treatment
of cases of biotinidase deficiency in our
hospital. Our findings highlight the impor-
tance of early recognition of this disorder
preferably through a neonatal screening
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programme, since early treatment with bi-
otin is successful and prevents permanent
neurological complications.

Patients and methods

During the period 1992-1996, at the meta-
bolic unit of King Faisal Specialist Hospital
and Research Centre, we detected 20 chil-
dren with biotinidase deficiency. The cases
were referred mostly with the diagnosis of
uncontrolled infantile myoclonic seizures,
hypotonia and developmental delay. Be-
sides taking a complete medical history and
carrying out a physical examination, the fol-
lowing investigations were performed:
blood gases, lactic and pyruvic acid levels,
blood tandem mass spectrometry, urine gas
chromatography/mass spectrometry, bio-
tinidase assay, computed tomography scan
and/or magnetic resonance imaging of the
brain, and electroencephalography. Brain
stern auditory evoked response and visual
evoked potentials were assessed in all con-
firmed patients. Patients were treated with
biotin (10 mg twice daily) and were fol-
lowed initially every month and after satis-
factory response, every 3 months. Biotini-
dase assay was conducted on serum
specimens, using the fluorometric method
of Wastell et al. [/7]. Informed written con-
sent of the parents was obtained to use photo-
graphs of their children.

Results

There were 14 male and 6 female patients
in the study. The age ranged from 22 days
to 4 years with a mean of 13 months. A his-
tory of consanguinity was found in 12
{60%) of the families. Three families had
another affected sibling with the same dis-
ease. The clinical findings and laboratory
data are summarized in Table 1.
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Table 1 Clinical and laboratory resuits of
patients with biotinidase deficiency

Results No. %

Clinical presentation

(20 patients)

Uncontrolled seizures 11 55

Hypotonia 13 65

Global developmental delay i4 70

Skin rash 4 20

Alopecia 5 25

Coma 4 20

Neural hearing impairment 4 20

Optic atrophy 4 20

Consanguinity 12 60
Biochemical data (20 patients)

Attacks of ketolactic acidosis 12 60

Abnormal findings in blood MS/MS

and urine GC/MS 10 50

Deficient biotinidase (0%—4%

enzyme activity) 20 100

CT/MRI of the brain {13 patienls)
Brain atrophy and white matter
disease 11 85
Efectroencephalogram (10 patients)
Generalized slow waves +/—-spikes 8 80

Abnormal brain stern auditory evoked
potentials {20 patients) 4 20

Blood MS/MS findings: C3 (propionylicarniting) 3-
maethylcrotonylcarnitine, and hydroxy C5 carnitine
(hydroxyisovaleryicarnitine)

Urine organic acids by GC/MS: 3-hydroxyisovaleric,
3-hydroxypropionic, propionic, methyicitric, and lactic
aclds, 3-methylcrotonylglycina, propionyiglycine and
tiglylglycine

MS/MS = tandem mass spectrometry

GC/MS = gas chromatography/mass spactrometry
CT = computed tomography

MAI! = magnetic resonarice imaging

Follow-up

The initial picture and the dramatic im-
provement in the facial appearance and hair
growth of one patient over 3 to 8 weeks of
therapy with biotin are shown in Figures
1a-1c. This was a 3-month-old male infant
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Figure 1 Total alopecia in a 3-month-old male infant who presented with severe myoclonic
seizures unresponsive to various anticonvulsant drugs, hypotonia and developmental
regression (a). The same patient 3 (b) and 8 weeks (c) after biotin therapy. There is dramatic
improvement in the facial appearance and hair growth. The other abnormal clinical
manifestations had normalized after biotin treatment.

who presented with severe myoclonic sei-
zures (unresponsive to various anticonvul-
sant drugs), hypotonia. developmental
regression, dermatitis and alopecia. His
clinical manifestations reverted to normal
after biotin treatment.

In all the patients, seizures were con-
trolled within a few days of biotin therapy
and they were gradually weaned off anti-
convulsants. Skin rash, hypotonia, poor
feeding and activity improved within a few
days. Developmental milestones (including
cognitive function, and motor, adaptive and
social skills) were achieved and alopecia
improved within weeks in all but one child
who initially presented in a coma. Senso-
rineural deafness, confirmed both clinically
and by auditory and neurophysiological
studies, and poor speech were noted in four
patients despite adequate treatment. Mild
optic atrophy was seen in four patients,

without visual acuity being noticeably af-
fected. Cortical atrophy and white matter
disease (Figures 2a and 3a) showed consid-
erable recovery (Figures 2b and 3b). Ab-
normal electroencephalographic findings
completely normalized shortly after biotin
therapy.

Discussion

Biotinidase deficiency should be thought of
in the differential diagnosis of any infantile
or early childhood encephalopathy, espe-
cially if associated with seizures. The sei-
zures are characteristically unresponsive to
conventional anticonvulsant treatment and
are mostly myoclonic in nature. The en-
cephalopathy is probably due to raised lac-
tic acid levels in the brain, secondary to de-
creased pyruvate carboxylase activity as a
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Figure 2 Computed tomography scan of the
brain of a biotinidase-deficient patient, (a)
before and (b) after treatment with biotin.
Note the cerebral atrophy which improved
after therapy.

a b

Figure 3 Magnetic resonance image of the
brain (T,-weighted image) of a biotinidase-
deficient patient, (a) before and (b) after
treatment with biotin. There was a
significant reversal of the white matter
disease.

result of biotinidase deficiency. The alope-
cia, and seborrhoeic and/or atopic dermati-
tis when present, are highly indicative of the
diagnosis and are probably related to fatty
acid abnormalities attributable to the defi-
cient activity of acetyl-CoA carboxylase [1].
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Laboratory studies often reveal ketolac-
tic acidosis and abnormal urinary organic
acids. These findings commonly occur in-
termittently during acute metabolic crisis.
The most frequently observed urine metab-
olite is B-hydroxyisovaleric acid. Other or-
ganic acids are P-methylcrotonylglycine,
B-hydroxypropionate and methylcitrate.
The disease can be easily diagnosed by a
fluorometric or colorimetric enzyme assay
in serum.

Treatment with oral biotin (5 10
mg/day) is both cheap and rewarding, espe-
cially if started early. The clinical symp-
toms, neuroradiclogical and neurophysio-
logical findings, as well as biochemical
tests will normalize after biotin therapy.
However, if treatment is neglected, the re-
current metabolic crises will result in long-
term sensorineural hearing loss and optic
atrophy [1,12,13]. This is possibly caused
by accumulation of organic acids and/or
biocytin or larger biotinyl peptides perma-
nently affecting the developing auditory
and optic pathways.

The high consanguinity frequency (60%
of the families studied) as well as the pres-
ence of more than one affected sibling in
the same family confirm the autosomal re-
cessive mode of inheritance of this genetic
disorder. At present, only patients suspect-
ed clinically of having or being at high-risk
of biotinidase deficiency are tested for this
disorder. Since the disease is relatively
common in Saudi Arabia, and the method
used for enzyme testing is both sensitive
and specific, a nationwide screening pro-
gramme of all neonates is recommended.
Early treatment with biotin substantially al-
ters the outcome by preventing the lifelong
crippling consequences, particularly the
permanent hearing loss. Furthermore, pub-
lic health education about this neurometa-
bolic disease and premarital counselling
are recommended.
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