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1. DISEASE CHARACTERISTICS

1.1 Name of the Disease (Synonyms):

Biotinidase deficiency (late-onset multiple carboxylase deficiency; late-
onset biotin-responsive multiple carboxylase deficiency; juvenile-onset
multiple carboxylase deficiency; BTD deficiency)

1.2 OMIM# of the Disease:
253260

1.3 Name of the Analysed Genes or DNA/Chromosome Segments:
BTD!

1.4 OMIM# of the Gene(s):
609019

1.5 Variant Spectrum:

Biotinidase deficiency is an autosomal recessive metabolic disorder
characterized by neurocutaneous manifestations. Individuals with a
biotinidase deficiency have either homozygous or compound hetero-
zygous variants of BTD. One hundred and sixty-two variants of BTD
that alter biotinidase activity have been reported so far. All types of
variants have been observed: 115 missense, 12 nonsense, one splice-
site, and 32 frameshifting indels, one intronic variant altering mRNA
expression, and one contiguous gene deletion involving BTD, HCLI
and COLQ.>™° In addition, 31 variants of unknown significance have
been identified, including 14 suspected to affect function. No hotspot
variant region has been observed and alterations have occurred
throughout the coding sequence. Based on a worldwide screening of
biotinidase deficiency performed in 1991,7 it was estimated that five
variants account for about 60% of the genetic abnormalities encoun-
tered in individuals who are symptomatic or were identified by
newborn screening (according to NCBI cDNA reference sequence
NM_000060.3): ¢.98_104delGCGGCTGIinsTCC (p. Cys33Phefs*36),
c1368A>C (p. GIn456His), ¢.1612C>T (p. Arg538Cys),
c.1330G>C (p. Asp444His), and the combined allelic alteration c.
[511G> A;1330G > C] (p.[Ala171Thr;Asp444His]).31° Frequency and
repartition of the mutations may vary across countries, more especially
those that were not included in the 1991 survey, but no comparable
worldwide epidemiological investigation was reported since then.
Regularly updated lists of published variants of BTD altering

biotinidase activity and variants of unknown significance are available
in the public BTD database hosted by ARUP Laboratories and the
University of Utah Department of Pathology® (http://www.arup.utah.
edu/database/BTD/BTD_welcome.php), and/or in the LOVD database
dedicated to BTD (www.LOVD.nl/BTD).

1.6 Analytical methods:

Two analytical strategies may be followed. The first strategy targets the
most frequent variants that affect BTD function, and the second one
encompasses the entire coding region of the gene. In populations of
European descent, site-specific variant analysis can focus on the five
most frequent variants cited above using real-time PCR.!%!! The most
recurrent variants observed may however vary across countries, due,
for instance, to a founder effect; the targeted strategy should then be
adapted accordingly. Yet, besides the five most frequent variants
reported, other variants affecting function or even variants of
unknown significance can be found along the entire coding region
of BTD, including exon 1 which was shown to be involved in a
contiguous gene deletion reported recently.® It seems therefore more
cost-effective to analyze the entire coding region at a time. A widely
used method is the bi-directional gene sequencing of all four BTD
exons and their flanking intronic sequences, which increases the
detection rate to 99%;4'% this method is based either on Sanger
sequencing of polymerase chain reaction products or high-throughput
sequencing (HTS) targeting the regions of interest with a recom-
mended minimal read depth of 30X and preferably of at least 100X.
Theoretically, whole-exome sequencing may also be used for variant
detection, provided the sequence quality meets diagnostic require-
ments (Kiiry et al. unpublished data). Alternatively, dHPLC has been
proposed for the screening of BTD variants,'? but its use is not yet
generally used for diagnostic purposes, and the identification of
variants by this method requires confirmation by sequencing. Screen-
ing of large rearrangements is also relevant, as such an alteration was
reported recently.® Recently, quantitative real-time reverse-transcrip-
tion PCR was used to assess the role of an intronic variant altering
BTD expression.”

1.7 Analytical Validation
Using real-time PCR, the validation of the results is accomplished by
comparing the results of positive and negative controls. Using direct
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gene sequencing, validation is performed by sequencing both
DNA strands, thereby excluding possible artifacts. Finding known
variants can be correlated with the biochemical enzymatic results (see
3.1.2 for explanations on classification of biotinidase deficiency
according to enzymatic activity).!>!* Severe variants, such as
¢.98_104delGCGGCTGInsTCC  (p. Cys33Phefs*36), ¢.1368A>C
(p. GIn456His) or ¢.1612C>T (p. Arg538Cys), are associated with
profound biotinidase deficiency when they are homozygous or
compound heterozygous with another severe variant. In contrast,
the severity of the decrease in serum biotinidase enzyme activity due to
milder variant ¢.1330G > C (p. Asp444His) depends on the variants to
which it is combined: it results in 45-50% of mean normal serum
biotinidase enzyme activity when homozygous, 20-25% of mean
normal serum biotinidase enzyme activity or partial biotinidase
deficiency when in trans with a variant with very low biotinidase
enzyme activity or profound biotinidase deficiency. When p.
Asp444His is in cis configuration p.[Alal71Thr;Asp444His] with p.
Alal71Thr, it results in an allele causing profound biotinidase
deficiency; an individual who presents the combination p.
[Alal171Thr;Asp444His] on one allele and a severe variant on the
other allele has profound biotinidase deficiency and requires biotin
therapy.'> When a suspected novel variant is identified on both alleles,
it can be validated by correlating the suspected variant with the
individual’s enzymatic activity, the presence of the variants in the
parents and correlating with their respective enzymatic activities, and
by comparing the alteration to variants found in previously confirmed
individuals with the disorder often available in public databases (e.g.,
dbSNP). Potential functional effects of the variant can be assessed by
correlating the suspected variant of BTD with enzymatic activity.

1.8 Estimated frequency of the disease
(Incidence at birth (‘birth prevalence’) or population prevalence)
In 2004, the incidence of biotinidase deficiency in Europe was
estimated to 1:47 486, according to statistics data collected through
newborn screening programmes in seven countries (Austria, Belgium,
Germany, Italy, Spain, Sweden, and Switzerland).!® In 1991, the
worldwide incidence for combined profound and partial biotinidase
deficiency was approximately 1:60 000 based on 8.5 million newborn
infants identified by newborn screening in 14 countries of which the
majority were of European descent.’

1.9 If applicable, prevalence in the ethnic group of investigated
person

Approximately 1:60 000 for combined profound and partial biotini-
dase deficiency, according to extrapolations of prevalence made by the
US Census Bureau in 2004.

1.10 Diagnostic setting:

Yes No
A. (Differential) diagnostics X O
B. Predictive testing X O
C. Risk assessment in relatives X O
D. Prenatal X O

Comment: Biotinidase deficiency is an autosomal recessively inherited
disorder that, if untreated, usually manifests in children from one week of
age to adolescence, with most exhibiting symptoms between 3 to
6 months of age.*!” Diagnosis can be established by the concomitant
presence of characteristic clinical and biochemical features. Clinically, a
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child with undetected and/or untreated profound biotinidase deficiency
can exhibit symptoms shared with other metabolic disorders, such as
seizures, hypotonia, respiratory problems, developmental delay and vision
problems, and those more specific of biotinidase deficiency, such as
eczematous skin rash, alopecia, conjunctivitis, candidiasis, ataxia, myelo-
pathy and bilateral optic neuropathy.!%!'$1% Symptoms occurring in older
children or adolescents include limb weakness, paresis, and scotomata.
Symptomatic affected individuals usually exhibit biochemical features,
such as ketolactic acidosis, organic aciduria and hyperammonemia. A
milder expression of the above symptoms may occur in individuals with
untreated partial biotinidase deficiency;»!®20:21
however anecdotal,*?* and its genuine frequency is difficult to assess,
since no comprehensive study has been conducted to date to address this
question. All symptomatic affected individuals improve with oral
pharmacological doses of the vitamin, biotin. Asymptomatic Individuals

such an event remains

having partial biotinidase deficiency or even sometimes profound
biotinidase deficiency may be clinically asymptomatic.? In rare cases,
due to the absence of any biotin therapy, stress might trigger development
of symptoms in these individuals, including principally hypotonia, skin

410.20.21 more similar observations would be necessary

rash, and hair loss;
however to assess the genuine risk for developing biotinidase deficiency
associated with stress. Biotin treatment prevents the development of
symptoms in affected children identified before they have clinical findings
or are identified by newborn screening,'® Biotin therapy is lifelong.

The diagnostic biochemical finding of the disorder is decreased or
undetectable biotinidase enzyme activity in serum or plasma. Biotini-
dase is essential for recycling the vitamin, biotin (also known as
vitamin H or B8). Biotinidase enzyme activity can be determined by
colorimetric or fluorimetric enzymatic assays in serum or plasma. The
degree of enzyme deficiency can distinguish individuals with profound
biotinidase deficiency (enzyme activity less than 10% of mean normal
serum biotinidase enzyme activity) and those with partial biotinidase
deficiency (enzyme activity between 10 and 30% of mean normal
serum biotinidase enzyme activity).?’ Clinical and biochemical find-
ings may be sufficient to differentially diagnose nutritional biotin
deficiency, other causes of sensorineural hearing loss, or ataxia.
Biochemical and/or mutational analysis of the BTD gene may be
helpful to exclude other diagnostic possibilities, such as an isolated
carboxylase deficiency, holocarboxylase synthetase deficiency, zinc
deficiency (acrodermatitis enteropathica), or essential fatty acid
deficiency.'" Measuring plasma or urinary biotin concentrations is
usually of little or no value in the diagnosis of biotinidase deficiency,
but may be useful to confirm compliance of biotin treatment.

2. TEST CHARACTERISTICS

Genotype or  A: True positives C: False negative

disease B: False positives D: True negative

PresentAbsent
Test

A B Sensitivity:Specificity: A/(A+C)D/(D+B)
Positive

C D Positive predictive value:Negative predic- A/(A+B)D/(C+D)
Negative tive value:

2.1 Analytical sensitivity
(proportion of positive tests if the genotype is present)



Close to 100% by direct gene sequencing and about 60% by
targeted real-time PCR.

2.2 Analytical specificity
(proportion of negative tests if the genotype is not present)
100%.

2.3 Clinical sensitivity
(proportion of positive tests if the disease is present)

The clinical sensitivity can be dependent on variable factors, such as
age or family history. In such cases a general statement should be
given, even if a quantitation can only be made case by case.

It is almost 100%. Failure to identify variants on both alleles of the
biotinidase (BTD) gene has usually resulted from incorrect evaluation
of enzymatic activity. Yet, in a few rare cases, variants may be located
in unexplored regions of the BTD gene (introns, 5UTR, 3’UTR, or
upstream regulating regions), as has been observed in Austrian
patients.??

2.4 Clinical specificity
(proportion of negative tests if the disease is not present)

The clinical specificity can be dependent on variable factors, such as
age or family history. In such cases a general statement should be
given, even if a quantitation can only be made case by case.

100%.

2.5 Positive clinical predictive value
(life time risk to develop the disease if the test is positive)

Almost 100% of the children identified with two alleles of profound
biotinidase deficiency will develop symptoms or are considered at high
risk of becoming symptomatic if they are not treated with biotin.
Without biotin treatment, even adults with the enzyme deficiency who
have never been symptomatic can develop clinical features during
stress, such as a prolonged infection.!?

2.6 Negative clinical predictive value
(Probability not to develop the disease if the test is negative)

Assume an increased risk based on family history for a non-affected
person. Allelic and locus heterogeneity may need to be considered.

Index case in that family had been tested:

When both alleles of the BTD gene are abnormal in an index case,
the negative predictive value is 100% in relatives who are found non-
carriers or heterozygous carriers. Individuals in both groups will
remain asymptomatic.

Index case in that family had not been tested:

Not applicable.

3. CLINICAL UTILITY
3.1 (Differential) diagnostics: The tested person is clinically affected
(To be answered if in 1.10 ‘A’ was marked)

3.1.1 Can a diagnosis be made other than through a genetic test?

No [ (continue with 3.1.4)
Yes X
Clinically
Imaging
Endoscopy
Biochemistry
Electrophysiology
Other (please describe)

OXOOX
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3.1.2 Describe the burden of alternative diagnostic methods to the
patient

It is noteworthy that, in matter of biotinidase deficiency screening, the
gold standard method is represented by the biochemical analyses for
measuring levels of biotinidase enzyme activity. Thus, the role of
alternative method would rather be played by the genetic testing,
which is used for the confirmation of clinico-biological diagnosis. The
burden of methods alternative to genetic testing varies according to the
strategy used for diagnosis.

In a propositus exhibiting clinical and/or biological features of
profound biotinidase deficiency, there is theoretically no extra-burden
of alternative methods to the patient. Repeated measurements of
serum biotinidase enzyme activity are mandatory to confirm the
diagnosis, which will be further confirmed by the identification of
biallelic BTD causative variants.

When a newborn has been incorporated in a national screening
programme, diagnostic methods are biochemical. Most of the times,
cases of profound biotinidase deficiency are unambiguously diagnosed,
but the differentiation between infants with actual partial deficiency
and those who have false-positive tests may be more arduous'®.
Whereas the false positive rate in the US/worldwide pilot newborn
screening programmes was very low (0.001),2* it dramatically increased
these last years, as illustrated by three independent studies from
Sweden, Brazil and Turkey of which the inferred positive predictive
value for the screening test could ranged from above 50% to less than
10%.%>-27 In such case of a false positive result, repeated measurements
of serum biotinidase enzyme activities are mandatory, not only in the
child, but also in his parents to help resolve the problem, which
constitutes a real burden to the patient and his family. This situation
warrants genetic testing as a confirmatory diagnostic tool. A possible
cause for the increase in the false positive rate of newborn screening
programmes is due to modifications, compared with the initial pilot
programmes, to newer screening test methods based on commercial
kits that measure biotinidase enzyme activity in blood-saturated filter
paper samples.* An inappropriate preparation of the sample and the
prematurity of the newborn to be tested are also among the most
frequent causes of false-positive screening test results.*

In case the biochemical assay uses biotinyl-p-aminobenzoate as the
substrate, false-negative results may occur in infants if they are being
treated with sulfa medications.*?® An increase of triglyceride concen-
tration following the administration of intravenous lipids, or an
immunoglobulin concentration can also induce false-negative
results.* In several cases, newborn screening failed to detect a
profound biotinidase deficiency in children who ultimately developed
symptoms of disorder.# Repeated enzymatic testing allowed to confirm
the diagnosis of profound biotinidase deficiency suggested by clinical
symptoms. On the other hand, confirmation of normal biotinidase
activity thorugh repeated testing could suggest a holocarboxylase
synthetase deficiency.

Burden of disease is, however, much greater in infants whose
biotinidase deficiency was not identified early through a national
newborn screening campaign, but much later based upon clinical
criteria. In many cases, clinicians, geneticists and metabolic specialists
fail to identify biotinidase deficiency before occurrence of irreversible
symptoms and lesions, such as developmental delay, hearing loss and
optic atrophy, which complications all imply lifelong and very
expensive medical care.!® Diagnostic difficulty is all the greater in
patients with untreated profound biotinidase deficiency that the
presentation of their disease is more likely to be atypical, which may
delay further treatment initiation. In addition, clinical assessment is
usually inefficient to detect partial biotinidase deficiency, in which the

e3

European Journal of Human Genetics



o

Clinical Utility Gene Card Update

ed

affected individual is usually asymptomatic, but who may become
symptomatic during infancy or adulthood.'®

3.1.3 How is the cost effectiveness of alternative diagnostic methods to
be judged?

This question coincides with the debate over the usefulness of pro-
grammes of newborn screening of biotinidase deficiency based on
measurement of biotinidase enzyme activity. One can distinguish between
two categories of countries: those which chose to develop a systematic
newborn screening programme for early diagnosis of Dbiotinidase
deficiency, such as the USA,?® some European countries,'® Turkey*® or
Brazil,?! and those which did not choose such an option and preferred to
rely on clinical diagnosis to identify affected individuals. From an
economical perspective, the choice of one option over the other is guided
by the balance between the overall cost of a massive screening involving
thousands of newborns per year and the cost of more complex medical
healthcare regarding much fewer infants clinically diagnosed with
biotinidase deficiency. However, once some symptoms occur and biotin
treatment initiated, they may not be reversible. This must be factored into
the cost for consideration of newborn screening.

Several cost-analyses studies were conducted in the United States and
in European countries which all concluded the positive cost-effectiveness
of newborn screening strategies for biotinidase deficiency.'®32% On the
contrary, in countries where generalized screening strategies have been
excluded because the incidence of biotinidase deficiency is assumed to be
too rare, no pilot screening programs have been conducted to determine
the incidence of biotinidase deficiency.'®

3.1.4 Will disease management be influenced by the result of a
genetic test?

No

Yes X
Therapy (please Medical care is most dependent on the biotinidase enzyme
describe) activity of the patient. Profound deficiency is usually treated

with 5-10 mg of biotin per day, whereas partial deficiency is
usually treated with 1-5mg of biotin per day. In patients
with obvious biotinidase deficiency as demonstrated by very
low enzymatic activity (<10%), therapy is not affected by
molecular testing and it will be maintained whatever
genotype is found. Yet, in ambiguous cases, molecular
testing can have a major impact on the recommended dose
of biotin to be administered. This is especially the case
when variant ¢.1330G>C

(p. Asp444His) is encountered. Thus, biotin therapy is not
needed in individuals having about 45-50% of mean normal
serum biotinidase enzyme activity; it is the case for
individuals who have simple heterozygosity for an allele of
profound biotinidase deficiency or who are homozygous for
the ¢.1330G >C (p. Asp444His) variant. By contrast, in
compound heterozygous individuals whose ¢.1330G>C (p.
Asp444His) variant is in trans-combination with and a
variant on the other allele that produces no enzyme or an
enzyme with 0-10% of mean normal enzyme activity,
biotinidase enzyme has approximately 20-25% of its mean
normal serum activity;10-34 these cases of partial biotinidase
deficiency are routinely treated with biotin (1-5mg of biotin
per day).2% On the other hand, when p. Asp444His is in cis
configuration with the p. Alal71Thr variant, it results in the
profound biotinidase deficiency allele p.[Alal71Thr;
Asp444His]; when this double-mutation allele p.
[Alal71Thr;Asp444His] is combined in trans with a second
allele for profound biotinidase deficiency, it causes a
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profound biotinidase deficiency (lower than 10% mean
normal serum enzyme activity), which requires 5-10 mg of
biotin per day.!® Enzyme-deficient relatives of an index
case, even if currently asymptomatic, can be identified and,
if deficient, will benefit from biotin therapy.
Patients correctly diagnosed with biotinidase deficiency using
second-tier molecular testing can benefit from biotin treat-
ment. Biotin therapy resolves or improves many clinical
features in symptomatic individuals with biotinidase defi-
ciency and prevents the development of symptoms in those
detected immediately after birth (newborn screening or
prenatally diagnosed) or in at-risk, asymptomatic affected
relatives before they develop clinical findings.
Management (please Whereas there is a consensus regarding the necessity of
describe) biotin therapy in individuals showing symptoms of biotinidase
deficiency, there is much debate regarding its appropriate-
ness in the management of individuals with partial biotini-
dase deficiency, which is not unanimously acknowledged.
Even if this phenomenon seems rare and is not well
documented, partial deficiency of children identified by
newborn screening may sometimes evolve in a typical
profound biotinidase deficiency, with symptoms such as
hypotonia, skin rashes and loss of hair.20 There is not enough
evidence to propose an overall recommendation, but thor-
ough studies would be needed to determine if asymptomatic
individuals with biotinidase deficiency detected by enzymatic
or molecular testing should be treated with oral biotin. Such a
therapeutic option would imply that these individuals be
followed regularly by a genetic or metabolic disease specia-
list. In the same vein, even if the same caution must be
observed, severe developmental anomalies observed in the
offspring of pregnant animals with biotin deficiency3>-38
would rather suggest the relevancy of biotin supplementation
during the pregnancy of a mother carrying a child at-risk for
biotinidase deficiency. Even though no peculiar management
issues are documented, further studies would however be
required to validate the genuine medical benefits of biotin
supplementation in such circumstances.

Prognosis (please
describe)

3.2 Predictive Setting: The tested person is clinically unaffected but
carries an increased risk based on family history
(To be answered if in 1.10 ‘B’ was marked)

3.2.1 Will the result of a genetic test influence lifestyle and
prevention?

If the test result is positive
(please describe)

In each case where molecular analysis confirmed the
diagnosis of biotinidase deficiency, individuals
should be treated with biotin.

If molecular testing excluded the diagnosis of bioti-
nidase deficiency, no biotin treatment is necessary.

If the test result is negative
(please describe)

3.2.2 Which options in view of lifestyle and prevention does a person
at-risk have if no genetic test has been done (please describe)?
Biotin treatment can prevent the occurrence of irreversible symptoms,
such as developmental delay, hearing loss and optic atrophy, if they
have not occurred in an individual with biotinidase deficiency.
Confirmatory testing is recommended to avoid possible, as yet
unknown, side-effects of the treatment.



3.3 Genetic risk assessment in family members of a diseased person
(To be answered if in 1.10 ‘C’ was marked)

3.3.1 Does the result of a genetic test resolve the genetic situation in
that family?

Yes, because the disorder is inherited as an autosomal recessive trait,
other asymptomatic relatives can be evaluated and subsequent
children born to the family can be evaluated immediately after birth
for the disorder, particularly in those locations that do not perform
newborn screening for biotinidase deficiency.

3.3.2 Can a genetic test in the index patient save genetic or other tests
in family members?

Yes. If no variant of BTD that alters enzymatic activity is found in the
index case, then genetic and other tests are unnecessary in relatives.

3.3.3 Does a positive genetic test result in the index patient enable a
predictive test in a family member?
Yes.

3.4 Prenatal diagnosis
(To be answered if in 1.10 ‘D’ was marked)

3.4.1 Does a positive genetic test result in the index patient enable a
prenatal diagnosis?

It is possible, but it is not common, because biotinidase deficiency is a
readily treatable disease.

4. IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical
consequences. Is there any evidence that a genetic test is nevertheless
useful for the patient or his/her relatives? (Please describe).

Finding variants in both of an index case’s alleles is helpful in
identifying at-risk individuals and those who are carriers in the family.
Testing will have impact on genetic counselling and may consequently
influence reproductive decisions.
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