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Purpose: Biotinidase deficiency, if untreated, usually results in neu-
rological and cutaneous symptoms. Biotin supplementation mark-
edly improves and likely prevents symptoms in those treated early.
All states in the United States and many countries perform newborn
screening for biotinidase deficiency. However, there are few studies
about the outcomes of the individuals identified by newborn screen-
ing.

Methods: We report the outcomes of 142 children with biotini-
dase deficiency identified by newborn screening in Michigan over a
25-year period and followed in our clinic; 22 had profound deficiency
and 120 had partial deficiency.

Results: Individuals with profound biotinidase and partial defi-
ciency identified by newborn screening were started on biotin ther-

INTRODUCTION
Biotinidase is the enzyme that recycles the water-soluble vita-
min biotin, making the coenzyme available for activation of
the four biotin-dependent enzymes in humans."* Biotinidase
deficiency (OMIM 253260) is an autosomal recessively inher-
ited disorder.’ Individuals with profound biotinidase deficiency
have less than 10% of mean normal serum biotinidase activity,
whereas those with partial biotinidase deficiency have between
10% and 30% mean normal serum biotinidase activity.* The
clinical features of symptomatic children with profound bio-
tinidase deficiency include neurological features, including
hypotonia, lethargy, seizures, ataxia, optic atrophy, hearing loss,
and cognitive deficits, which if untreated can progress to coma
or death.*” The cutaneous features include eczematoid skin
rash, conjunctivitis, and alopecia. Biotin treatment can mark-
edly resolve many of these features, but if optic atrophy, hearing
loss, or cognitive deficits develop, these are usually irrevers-
ible.* Those individuals with partial biotinidase deficiency, if
untreated, may develop milder symptoms, especially if stressed
by an infection. Biotin therapy appears to prevent the develop-
ment of symptoms in those started on biotin before symptoms
occur. Therefore, all the states in the United States and many

apy soon after birth. With good compliance, these children appeared
to have normal physical and cognitive development. Although some
children exhibited mild clinical problems, these are unlikely attribut-
able to the disorder. Biotin therapy appears to prevent the develop-
ment of neurological and cutaneous problems in our population.

Conclusion: Individuals with biotinidase deficiency ascertained
by newborn screening and treated since birth appeared to exhibit
normal physical and cognitive development. If an individual does
develop symptoms, after compliance and dosage issues are excluded,
then other causes must be considered.
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countries have added biotinidase deficiency to their newborn
screening programs.®’

The first newborn screening for biotinidase deficiency was
initiated in Virginia in 1984.% The state of Michigan began
screening in 1988. However, even though many states have
been screening for a relatively long period of time, few stud-
ies have been reported that have examined the outcomes of the
individuals identified by newborn screening. In this study, we
report the experience and outcomes of children identified with
profound and partial biotinidase deficiency in Michigan over a
25-year period.

MATERIALS AND METHODS
This study is based on a retrospective review of 142 individuals
with profound and partial biotinidase deficiency identified by
newborn screening in Michigan and several children identified
in other states and who had follow-up at the Children’s Hospital
of Michigan, over 25 years, from 1988 through the end of 2012.
We reviewed their retrospective data at their last clinic visit to
determine if they have ever had developmental deficits, neu-
rological, dermatological, ophthalmological, or audiological
abnormalities, or other health problems. We also ascertained
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their dosage of biotin and reported compliance history for tak-
ing biotin.

In our screening program, children are routinely examined in
our clinic as soon as possible after diagnosis, at 6 months of age,
at 1 year of age, and then annually. We then routinely recom-
mended audiological and ophthalmological evaluations for all
newly diagnosed newborns within the first year of life, and then
yearly for those with profound biotinidase deficiency and bian-
nually for those with partial biotinidase deficiency. The state of
Michigan pays for the biotin supplements for individuals with
profound and partial biotinidase deficiency.

Enzymatic analysis

Confirmational biotinidase activities using the colorimetric
assay’ were determined at various laboratories, including the
Children’s Hospital of Michigan at Detroit Medical Center,
the Medical College of Virginia at Virginia Commonwealth
University, Associated Regional University Pathologists, Mayo
Clinic, University of Michigan, and the University of Maryland.
All individuals with less than 10% of mean normal serum bio-
tinidase activity were considered as having profound biotini-
dase deficiency,* whereas all individuals with between 10% and
30% of mean normal biotinidase activity were considered as
having partial biotinidase deficiency.

Mutation analysis

DNA was isolated from blood and sequencing was performed
on the entire complementary DNA sequence and exon/intron
junction regions of the biotinidase (BTD) gene at the Detroit
Medical Center Laboratory or the DNA Diagnostic Laboratory
at Henry Ford Hospital.'® Targeted mutation panel testing was
performed by PerkinElmer Genetics. Mutation results were
correlated with the enzymatic results. In several instances, the
assignment of a child as having partial biotinidase deficiency or
being within the heterozygous profoundly deficient range was
resolved through mutation analysis. Novel mutations were con-
firmed by parental enzymatic activities and mutational analy-
ses. These novel mutations are reported elsewhere.!

RESULTS
Between 1988 and the end of 2012, 32 newborns were con-
firmed to have profound biotinidase deficiency and 197 new-
borns were confirmed to have partial biotinidase deficiency.
The incidence of combined profound and partial biotinidase
deficiency in Michigan was 1 in 14,539, which was considerably
higher than had been reported for the worldwide incidence
of 1 in 61,000 for both profound and partial biotinidase defi-
ciency."”? The incidence of profound biotinidase deficiency was
11in 101,779 newborns, and the incidence of partial biotinidase
deficiency was 1 in 16,533 newborns.

Individuals with profound biotinidase deficiency

Twenty-two of the 32 children with profound biotinidase defi-
ciency were followed in our clinic. Thirteen of these 20 chil-
dren had complete and/or targeted mutation analyses (Table
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Table 1 Mutation analysis of individuals with profound
biotinidase deficiency

Mutation 1 Mutation 2

c.33fs p.A171T, p.D444H

c.33fs p.P253S

c.33fs Targeted sequencing; second
mutation not examined

p.F149L p.A171T, p.D444H

p.A162V p.Q456H

p.T234 p.T234I

p.C245Y p.T532M

p.P497S p.P4975

p.Q456H p.A171T, p.D444H

p.Q456H p.V199M

p.Q456H p.R209H

p.Q456H p.T532M

p.Q456H Targeted sequencing; second

mutation not examined

1). The ages of these children ranged from 1 to 20 years, with a
mean age of 8.3 years. Five cases were confirmed immediately
after birth because they had affected siblings. With the excep-
tion of a case that was confirmed as being outside of the new-
born period in a single child, all of the children were started
on biotin at 1 week to 3 weeks of age.

All of these children have been treated with between 10 mg
and 15mg of biotin per day. All of the families of these children
indicated good compliance in using the biotin.

None of these children exhibited hypotonia, seizures, devel-
opmental delay, optic atrophy, or hearing problems. Seven chil-
dren had cutaneous issues that included rashes, eczema, and
contact dermatitis. Because of the symptoms, biotin was usually
increased from 10mg to 15mg daily. However, the reports are
incomplete or absent regarding the response to the biotin.

Five of these children have had some vision issues, which
included astigmatism or requiring glasses or contacts. None of
the families indicated problems with compliance.

Individuals with partial biotinidase deficiency
Of the 197 individuals with partial biotinidase deficiency, 120 were
followed in our clinic. The age of the children with partial biotini-
dase deficiency ranged from 2 weeks old (at their first evaluation
visit) to 29 years; the mean age of these individuals was 5.8 years.
The median dose of biotin used to treat the individuals with partial
biotinidase deficiency was 5mg per day. Although several parents
reported missing occasional doses of biotin (less than 1 week), only
five families reported missing the biotin for more than 1 week;
none of these five children had symptoms during this period of
noncompliance. Therefore, compliance in administering the biotin
was also good for families with children with partial deficiency.
Ninety-eight of the 120 individuals had mutation analysis
(Table 2). Of these, 95% or 97% had at least one D444H muta-
tion. Based on their equivocal enzymatic activity and muta-
tion analysis, three individuals initially thought to have partial
biotinidase deficiency were subsequently shown to either have
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Table 2 Mutation analysis of individuals with partial
biotinidase deficiency

Mutation 1 Mutation 2 Number
p.D444H p.D444H, p.A171T 27
p.D444H p.Q456H 16
p.D444H c.33fs 10
p.D444H p.D252G 5
p.D444H p.R538C 5
p.D444H p.K176N 2
p.D444H p.T532M 2
p.D444H p.1255T 2
p.D444H p.N300H 2
p.D444H p.5311fs 2
p.D444H p.M86R 1
p.D444H p.Y93C 1
p.D444H p.T152R 1
p.D444H p.R157H 1
p.D444H p.N214S 1
p.D444H p.L215F 1
p.D444H p.D228G 1
p.D444H p.T234 1
p.D444H p.C245Y 1
p.D444H p.G413S 1
p.D444H p.V457M 1
p.D444H p.D444H, p.F403V 1
p.D444H p.A171T, p.N402S 1
p.D444H p/G45R, p.AT00T 1
p.D444H p.P391S, p.G445V 1
p.D444H Targeted 4
p.D444H Unknown 3
p.168V ¢.33fs,44 +88A>C (variant) 1
p.H323R c.458fs 1
p.R209H €.310-15delT 1

only one D444H mutation or were homozygous for the D444H
mutation. All three were discharged from the clinic and their
biotin was discontinued.

Individuals with partial biotinidase deficiency were routinely
started on 5mg of biotin per day.

Five of these children with partial biotinidase were identified
after a younger sibling was identified. Only one of these chil-
dren had an initial negative newborn screen result and, because
the sibling was positive, the testing was repeated and confir-
matory testing identified him as also having partial biotinidase
deficiency.

One father was identified as having partial biotinidase defi-
ciency after his daughter was diagnosed. He actually had mul-
tiple medical issues, including a seizure disorder since age 4
and sensorineural hearing deficits attributed to recurrent otitis
media, and he had been in special education classes in school.

Twenty of the children with partial biotinidase deficiency
reported a variety of skin problems. These included eczema,
thinning scalp hair and flaky scalp, contact dermatitis, follicu-
litis, peeling of the finger tips, dry skin, itchy knees and elbows,
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and “bumps” on the arms and legs. Often, these children
had their dose increased to 10 mg; again, unfortunately, the
response to this increase of biotin was not well documented.
However, it is likely that the symptoms resolved with or with-
out increases in the biotin dose because these skin issues were
not chronic problems on subsequent clinic visits. In addition,
there is likely an ascertainment bias in identifying cutaneous
findings in children with biotinidase deficiency.

None of the 120 individuals with partial biotinidase defi-
ciency had hypotonia. One had a history of seizures, but this
was diagnosed as a neonatal stroke and was not attributed to
the biotinidase deficiency. One adolescent with partial biotin-
idase deficiency was initially treated with biotin; however, for
unclear reasons, adequate doses of biotin were discontinued
for almost 5 years. The child returned to our clinic with a skin
rash and ataxic-like symptoms, which resolved once biotin
was reinstated at 5 mg daily and ultimately increased to 10 mg
daily. She was subsequently found to have mild sensorineural
hearing loss that had not worsened while using biotin. This
patient is yet another child with partial deficiency that has
developed symptoms of the disorder.

Four other children with partial biotinidase deficiency had
hearing problems. Two children had congenital bilateral hear-
ing loss even though they were treated with 10mg of biotin.
The hearing loss in both cases was not likely attributable to the
partial biotinidase deficiency because it was present at birth. A
third child had borderline bilateral hearing loss and a rash and
had his biotin supplementation increased from 5mg to 10 mg,
but the effect of the increased dosage of biotin was not available.
A fourth child had a 4,000-Hz bilateral sensorineural hearing
loss that improved with biotin therapy. Although this child was
identified as having the enzyme deficiency on newborn screen-
ing, biotin supplementation was not initiated until the child
was several years of age, and apparently the hearing loss did not
improve with biotin therapy.

Twenty of the individuals reported cutaneous symptoms,
including eczema, dry skin, and folliculitis, even while being
treated with biotin.

Eleven individuals reported developmental delays. Four had
speech and/or language delays of varying degree, one had dys-
lexia, one had some deficits on a Denver developmental assess-
ment, one had autism diagnosed, one had mild cognitive deficits
diagnosed, one was in special education classes at school, and one
had to repeat third grade. The mother of the child in special educa-
tion classes who did not have biotinidase deficiency also has mod-
erate cognitive delays. A genetic evaluation of the child has failed
to identify a specific genetic syndrome or cause for their cognitive
disability, but it seems unlikely that, given this history, the devel-
opmental delay is attributable to the biotinidase deficiency.

DISCUSSION
Newborn screening for biotinidase deficiency in Michigan over
a 25-year period has identified a large number of children with
profound biotinidase deficiency and an especially large number
of children with partial biotinidase deficiency. The combined
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incidence for profound and partial biotinidase deficiency is
higher than that previously reported for worldwide screen-
ing. This is mainly attributable to the much higher incidence of
partial deficiency in Michigan. Initially, this was thought to be
attributable to “over-calling” positive screens, but confirmatory
enzymatic analyses and mutation analyses have confirmed the
high incidence of partial biotinidase deficiency in the state.

Outcome information is greatly needed for all individuals
with the increased number of children identified with various
inherited metabolic diseases. Because of the relatively high inci-
dence rate of biotinidase deficiency in Michigan and because
essentially all of the children with the disorder are followed by
the staff of a single institution, Children’s Hospital of Michigan,
we were afforded an opportunity to evaluate the outcomes of a
fairly large group of individuals with the disorder who are rou-
tinely followed in a uniform and consistent manner.

Mutation analysis

All the mutations identified in individuals with profound bio-
tinidase deficiency have been observed previously, except for
an individual who was homozygous for the T234I mutation
and one who was compound heterozygous for the novel R209H
mutation and a known mutation."!

Mutation analysis was performed for many of the children
identified with profound and partial biotinidase deficiency,
especially because the frequency of partial biotinidase defi-
ciency in our newborn screening population seemed high rela-
tive to incidences reported in the literature.

Mutation was used to definitely determine equivocal assign-
ments of children with partial biotinidase deficiency diagnosed,
who were heterozygous for profound biotinidase deficiency,
or who were homozygous for the D444H mutation (the most
common mutation causing partial deficiency).

Several children with equivocal activity were found to have bio-
tinidase activity in the partially deficient/carrier range and were
subsequently shown to be homozygous for the D444H mutation.
These children were subsequently found to have activities most
consistent with that of heterozygotes for profound biotinidase
deficiency; therefore, biotin therapy was not continued.

Previous reports indicate that ~98% of the individuals with
partial biotinidase deficiency have the D444H mutation as one
of their alleles in combination with an allele for profound bio-
tinidase deficiency.” We have observed that 97% of our individ-
uals with partial biotinidase deficiency have at least one of their
alleles as the D444H mutation. In addition, the majority of the
second alleles for profound biotinidase deficiency have been
observed in other newborn screening population.'* However,
we did observe several individuals who had a novel second
mutation'" that, based on the enzymatic activity, is expected to
cause profound biotinidase deficiency.

Clinical findings

In our group of children with profound biotinidase deficiency,
none experienced development of major neurological or cuta-
neous problems while routinely taking biotin.
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In general, anecdotal experience indicates that individuals
with partial biotinidase deficiency rarely exhibit symptoms
associated with untreated profound biotinidase deficiency
unless the child is stressed by an infection or gastroenteritis and/
or is not taking the biotin for an extended period of time.**¢

We did find two interesting and informative symptomatic
individuals with partial biotinidase deficiency in our popula-
tion. One was an adolescent who exhibited clinical symptoms
when therapy was discontinued for a short period of time. The
second was a symptomatic adult who was first identified as hav-
ing partial biotinidase deficiency only after his daughter was
identified as having the disorder. These cases further support
that individuals with partial deficiency can develop symptoms.

Sixteen percent of those with partial biotinidase deficiency
reported skin findings, including eczema, dry skin, hair tex-
ture, and distribution issues, and folliculitis. Atopic dermati-
tis or eczema has also been a concern, but is known to affect
between 10% and 20% of children worldwide."” The best way to
determine whether the skin abnormality is attributable to the
biotinidase deficiency is to determine whether the skin find-
ing resolves after increasing the dose of biotin. In essentially all
cases, biotin alone did not resolve the problem. Therefore, the
skin problem, particularly eczema, was not likely attributable to
the biotinidase deficiency.

With the exception of a single child who had a seizure during
the neonatal period, which was determined to be caused by a
stroke, none of the other children with profound or partial biotin-
idase deficiency reported episodes of lethargy, seizures, or ataxia.

The vision problems reported for this population were usu-
ally common findings," such as myopia warranting glasses or
contact lenses; one child had a congenital cataract, but this was
likely unrelated to biotinidase deficiency. None of the children
was reported to have optic atrophy.

Six children (4.8%), all with partial biotinidase deficiency,
had documented hearing loss. One child had congenital hear-
ing loss, two had bilateral sensorineural hearing loss, and three
had decreased hearing or sensorineural hearing loss. One of
these two children was found to have been receiving inadequate
doses of biotin for several years. Overall, hearing loss occurs in
1 to 2 in 1,000 newborns and in 2 in 1,000 young children. The
prevalence of sensorineural hearing loss in our population was
higher than that of the general population.”

A major concern of several of the parents was their child’s
developmental progress, specifically, their grades in class. One
child repeated a grade and another child required special edu-
cation. One child with partial biotinidase deficiency was diag-
nosed with autism. Again, it is expected that a small number
of any population will exhibit these issues.® In some cases,
increasing the biotin dosage, if attempted, did not ameliorate
the problem.

Approximately 3% of the children with partial biotinidase
deficiency had speech and/or language delays. Approximately
10% to 15% of 2-year-old children in the general popula-
tion have language delay, and 4% to 5% have language delay
after 3 years.” Because speech and language problems are
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also common in the general population, we cannot be certain
whether the speech/language issues were caused by the partial
biotinidase deficiency.

There have been few studies, such as ours, that have followed
these children for extended periods of time.***** Review of
the individuals with profound biotinidase deficiency appears
to support that if these children are identified early within
the newborn period, started on biotin therapy, and have good
compliance, then they can have normal physical and cognitive
development. There was low frequency of medical problems
associated with individuals with the deficiency who became
symptomatic before diagnosis and treatment.

Conclusions

There seems to be a skewing of both profound and partial bio-
tinidase deficiency toward children of younger ages. The most
likely reasons for this are that older individuals with either
profound or partial biotinidase deficiency have remained
asymptomatic while on biotin, which is readily available as
an over-the-counter nutrient, or they have moved out of the
region of the clinics in Michigan. These issues obviously show
the disadvantages of retrospective studies in which some of
the specific data are lacking in the medical records used in
this study, such as whether the skin issues reported respond
to increases in biotin therapy. Perhaps long-term prospective
studies will better answer these specific questions, but there
is still the likely loss of participants with biotinidase defi-
ciency because this disorder is so readily treatable and it does
not need the scrutiny that is required for many of the other
inherited metabolic disorders.

Because the clinical symptoms that usually develop in
untreated individuals with profound biotinidase deficiency are
often general, common, and potentially attributable to other
etiologies, it is often difficult to determine if an enzyme-defi-
cient individual’s clinical features are attributable to biotinidase
deficiency. In most instances, other causes were more likely,
especially because compliance of biotin therapy did not seem to
be an issue. Compliance is usually confirmed by the individuals
admitting that they have not been taking their biotin or that the
symptoms resolve when biotin is reinstituted."®

Biotin therapy appears to prevent development of neurologi-
cal and cutaneous problems in our population with biotinidase
deficiency. In fact, if a child does develop any of these associ-
ated problems, then compliance with biotin therapy should be
the first consideration, and increasing the dose of the biotin,
especially after puberty, might need to be attempted. However,
after compliance or dosage issues have been excluded, other
causes of these clinical issues must be addressed as if the child
did not have the enzymatic disorder. In addition, the Michigan
experience further supports the benefit of newborn screening
for biotinidase deficiency.
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