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Neonatal screening for profound biotinidase deficiency
in the Netherlands: consequences and considerations

Rachel C Wiltink1,7, Michelle E Kruijshaar1,7, Rick van Minkelen2, Willem Onkenhout3, Frans W Verheijen2,
Evelien A Kemper4, Francjan J van Spronsen5, Ans T van der Ploeg1, Klary E Niezen-Koning5,6,8,
Jasper J Saris2,8 and Monique Williams*,1

Biotinidase deficiency is a rare inherited metabolic disorder that can cause severe neurological symptoms. To prevent severe

clinical presentations, it was included in the Dutch neonatal screening programme in 2007. Since then the number of cases

detected has been high. This study set out to describe the incidence of the disease, the clinical and demographic characteristics

of the neonates identified and the type of mutations found. In the south-western Netherlands, 304 982 neonates were screened

between 2007 and 2012; and 92 were identified for further testing. Confirmatory testing revealed 6 (7%) with a profound

biotinidase deficiency (o10% enzyme activity), 44 (48%) with a partial deficiency (10–30%) and 42 (46%) with normal activity

(430%). All six patients whose profound deficiency was confirmed had enzyme activities below 15% on neonatal screening.

Mutation analysis was performed in 61 neonates: 5 ‘profound’, 35 ‘partial’ and 21 ‘normal’. All five ‘profound’ cases had two

severe mutations. Comparison with the northern Netherlands showed that the frequency and types of mutation were

representative for the Netherlands as a whole. The most common mutation detected was c.[1330G4C] (p.(Asp444His); 34%),

which is considered to be mild, followed by three severe mutations c.[1368A4C], c.[1595C4T] and c.[1330G4C;511G4A].

Seven new mutations were identified. We conclude that neonatal screening for profound biotinidase produces a high number of

false positives. Biotinidase deficiency was profound in less than 10% of cases identified. As biotinidase activity lay below 15%

on neonatal screening in all such cases, the screening threshold might be reduced to 15%.
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INTRODUCTION

Biotinidase deficiency (OMIM #253260) is a rare autosomal recessive
disorder of biotin metabolism.1–6 The biotinidase gene (BTD: OMIM
609019) is located on chromosome 3q25.7 The encoded enzyme,
biotinidase, is required to separate the essential vitamin biotin from
either the ingested protein-bound form or biotin-dependent enzymes
in the body.2,4 Biotin (vitamin H or B8) is important for fatty-acid
synthesis, amino-acid catabolism and gluconeogenesis. Its function is
to act as a co-factor for the carboxylase enzymes involved in these
three processes.3,5,6,8,9 Biotinidase deficiency can cause insufficient
biotin to be made available for the maintenance of these processes; this
can lead to acidosis or lactic acidosis, abnormal catabolism and/or
hypoglycaemia. These metabolic abnormalities can in turn lead to
neurological symptoms such as seizures, hearing loss, developmental
delay and/or cutaneous symptoms such as rash and alopecia.2,4,6

Different mutations in BTD10 may result in varying levels of
biotinidase activity. Patients with the lowest enzyme activities usually
present with the severest symptoms. Once cerebral damage, develop-
mental delay and/or hearing loss have occurred in patients with
biotinidase deficiency; they are usually irreversible. To prevent these
symptoms, timely initiation of treatment with oral free biotin is

essential,6 which explains why various countries have included
biotinidase deficiency in their neonatal screening programmes.11

Only patients with a profound biotinidase deficiency appear to be at
risk of developing severe and irreversible symptoms, and should
therefore be the main target of screening. Although screening has also
been advocated for partial deficiency,12 few individuals with a partial
deficiency have been known to develop symptoms. Not only were the
symptoms in these cases, such as skin-lesions and hair loss, generally
mild and easily treated with biotin,6,11,13,14 they usually presented after
an additional trigger such as infection.6,11

Biotinidase deficiency was included in the Dutch neonatal screening
programme in 2007. The aim of this study was to gain insight into the
incidence of biotinidase deficiency in the Netherlands (both profound
and partially deficient) and to describe this population in terms of
their biotinidase mutations and clinical characteristics.

PATIENTS AND METHODS

Patients and data
We included all neonates from the south-western Netherlands who had
screened positive for biotinidase deficiency on neonatal screening between
2007 and 2012 (biotinidase activity ≤ 30% until 1 July 2012 and ≤ 20% from 1

1Center for Lysosomal and Metabolic Diseases, Department of Paediatrics, Erasmus MC University Medical Center, Rotterdam, The Netherlands; 2Department of Clinical Genetics,
Erasmus MC University Medical Center, Rotterdam, The Netherlands; 3Department of Clinical Chemistry and Laboratory Medicine, Leiden University Medical Center, Leiden,
The Netherlands; 4Department of Clinical Chemistry, IJsselland ziekenhuis, Capelle aan den IJssel, The Netherlands; 5Beatrix Children's Hospital, University Medical Center
Groningen, University of Groningen, Groningen, The Netherlands; 6Department of Laboratory Medicine, Center for Liver, Digestive and Metabolic Diseases, University Medical
Center Groningen, University of Groningen, Groningen, The Netherlands
*Correspondence: Dr M Williams, Center for Lysosomal and Metabolic Diseases, Erasmus MC University Medical Center, Postbus 2060, Rotterdam 3000CB, The Netherlands.
Tel: +31 10 703 2076; Fax: +31 10 703 72 78; E-mail: m.williams@erasmusmc.nl
7These authors contributed equally to this work.
8These authors contributed equally to this work.
Received 5 February 2016; revised 9 May 2016; accepted 20 May 2016; published online 22 June 2016

European Journal of Human Genetics (2016) 24, 1424–1429
& 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 1018-4813/16

www.nature.com/ejhg

http://dx.doi.org/10.1038/ejhg.2016.65
mailto:m.williams@erasmusmc.nl
http://www.nature.com/ejhg


July 2012). Screening for biotinidase deficiency in the Netherlands is based on a
single test.
Confirmatory testing, initiation of treatment with biotin and monitoring

were performed at Erasmus MC University Medical Center and, until 2010, also
at Leiden University Medical Center (LUMC; who outsourced the testing to the
Academic Medical Center (AMC) in Amsterdam). Patients whose confirmatory
enzyme activity test was 30% or lower (or ≤ 20% from 1 July 2012 onwards)
were treated with biotin and monitored. Neonates with an activity above 30%
were regarded as not being at risk and follow-up was discontinued.
For all neonates identified through screening, information on enzyme activity

was collected at screening and confirmatory testing. If available, information on
disease-specific mutations was also collected. Demographic and clinical
characteristics were obtained from patients’ medical files (which were available
for 84–86% of neonates referred), and included gender, age at screening and
confirmation, gestational age, weight, complications during pregnancy, jaundice
and disease-specific symptoms (such as seizures, hearing or visual problems,
and skin or hair lesions).
To determine whether disease-specific mutations were not merely particular

to the south-western Netherlands, we compared the mutations with those
found in the country’s northern region, that is, patients seen at University
Medical Center Groningen. To determine whether the frequency of biotinidase
deficiency was region specific, it was compared with the frequency in the
Netherlands as a whole.

Enzyme activity testing
The initial neonatal screening test, that is, assessment of biotinidase activity on
dried blood spot (DBS), was performed at the screening laboratories of the
Dutch National Institute of Public Health and the Environment (RIVM). The
Quantase Neonatal Biotinidase Deficiency Screening kit (Bio-Rad, Veenendaal,
the Netherlands) was used to measure the biotinidase activity on DBS.
Neonates with biotinidase activity below 30% were referred for confirmatory
testing.
Confirmatory testing was performed by specialized metabolic laboratories at

the academic centres in the Netherlands. Biotinidase activity was measured in
plasma using a colorimetric assay (wavelength A546) with the artificial substrate
N-biotinyl-p-aminobenzoate described by Wolf et al.15

Profound biotinidase deficiency was defined as enzyme activity that was less
than 10% of the mean activity in healthy individuals, and partial deficiency as
enzyme activity that was 10–30%. Biotinidase activity above 30% was regarded
as sufficient and thereby considered to be normal.1,2,6,14,16 These three
biotinidase activity groups refer to the enzyme activity at confirmatory testing.

Biotinidase activity was reported as a percentage of the activity (in nmol/h/
ml) of healthy controls. The interval between the initial neonatal DBS screening
test and the confirmatory test ranged from 1 to 13 days.

DNA analyses
DNA was isolated from peripheral blood cells according to standard proce-
dures, and PCR and Sanger sequence analysis was used to screen all coding
BTD exons and exon/intron boundaries up to 20 bp intronic, according to
genomic reference NG_008019.1, transcript NM_000060.3. The software
program Alamut version 2.6.1 (Interactive Biosoftware, Rouen, France) was
used to help with the interpretation of sequence variants (eg, splice-site
prediction). Variants have been submitted to the Leiden Open Variation
Database (LOVD) on BTD (https://grenada.lumc.nl/LOVD2/shared1/home.
php?select_db=BTD).
DNA mutations were classified as severe if the mutation had previously been

described as leading to profound enzyme activity. We classified as mild
mutations that had been described only in patients with a partial deficiency
and not in patients with a profound deficiency. If insufficient information was
available on the effect of the mutation/variation, a mutation was presented as an
‘unclassified variant’.

RESULTS

Numbers of neonates screened, detected and diagnosed
In the south-western Netherlands, 304 982 neonates were screened
between 2007 and 2012. Of these, 92 were identified by neonatal DBS
screening for biotinidase deficiency. Confirmatory testing revealed a
biotinidase deficiency in 50 infants, representing an incidence of 1 in
6100 in the south-western region. In the Netherlands as a whole, 261
of 913 965 neonates were identified by DBS between 2008 and 2012
and biotinidase deficiency was confirmed in 111 cases, representing an
incidence of 1 in 8 233. The similarity between the figures suggests
that the incidence of biotinidase deficiency in the southwest is not
particular to this region. (NB: the national figures excluded 2007, as
data on confirmed cases were not reported in 2007). The number of
cases and false positives identified were equally distributed across the
seasons.
Of the 92 neonates referred in the south-western region, 6 (6.5%)

were confirmed as having a profound deficiency (o10% activity) and
44 (47.8%) as having a partial deficiency (10–30% activity); 42
(45.7%) were ‘normal’ (enzyme activity 430%) and were considered

Table 1 Characteristics of neonates identified through neonatal DBS screening in the south-western Netherlands by biotinidase activity group

Biotinidase activity group, based on activity at confirmatory testing

‘Profound’ 0–10% (n=6) ‘Partial’ 10–30% (n=44) ‘Normal’ 430% (n=42) P-value

Gender 3F, 3M 12F, 27M*n=39 15F, 17M* n=32 0.325a

Age at screening (days) 5.0 (4–6)*n=4 5.0 (4–8)*n=32 5.0 (4–9)*n=30 0.620b

Age at confirmation (days) 11.5 (10–13)*n=4 12.0 (7–15)*n=27 12.0 (8–18)*n=23 0.666b

Birth weight (g) 3300 (2450–4086) 3442 (1825–4720)*n=36 3430 (835–4605)*n=30 0.607b

Pregnancy duration (weeks) 39.9 (386/7−425/7) 39.9 (321/7 − 420/7)*n=37 39.3 (291/7 − 420/7)*n=29 0.256b

Premature 0 4*n=39 5*n=31 0.485a

Small for gestational age 0 1*n=39 2*n=30c 0.602a

Complications during pregnancy 0 3*n=39d 2*n=30e 0.781a

Jaundice 1 7*n=39 5*n=30 0.989a

Eczema/skin rash 2 12*n=39 4*n=30 0.208a

Per column, the figures represent the number of cases. For age, weight and duration they represent mean values (range). F, female; M, male. *Information was not available for all patients.
*n=Provides the number of patients for whom information was available, or for whom medical files could be accessed.
aPearson Chi-square test.
bIndependent-samples Kruskal–Wallis test.
cAlso premature.
dOne born by Caesarean-section at 32 weeks due to haemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome in the mother; one born at 37 weeks with HELLP syndrome of the
mother; and one with blood-group antagonism.
eOne in whom pre-eclampsia was diagnosed during pregnancy; and one born with rhesus antagonism.
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to be false positives (Table 1 and Figure 1). No false negatives were
identified in the Netherlands.

Comparison of enzyme activity at confirmatory testing and
screening
Figure 1 shows the enzyme activity measured at confirmatory testing
and that measured on neonatal DBS screening of the 92 neonates
identified. Biotinidase activity in all six neonates with a profound
biotinidase deficiency on confirmatory testing lay below 15% on DBS.
All other neonates whose enzyme activity lay between 15 and 30% on
DBS (30% is the cutoff value) were diagnosed as partially deficient or
‘normal’ on confirmatory testing. There was one exception, where the
confirmatory test revealed 75% biotinidase activity, while the initial
neonatal DBS screening result was 7%. This prompted us to ask for a
retest of the DBS test in this particular case. As the retest showed
normal activity (430%), it confirmed that the initial DBS test result
had been false.

Characteristics
Table 1 shows the characteristics of the neonates identified through
neonatal DBS screening for each of the three biotinidase activity
groups (profound, partial, normal). Although more males (n= 27)
than females (n= 12) had a partial biotinidase deficiency, the gender
distribution was not significantly different across the three groups. Age
at screening and age at confirmatory testing were similar for the three
groups. Only two neonates were screened outside the recommended
neonatal DBS screening period of 3–7 days after birth.17

Premature births, being small for gestational age, or complications
during pregnancy were observed only in the ‘partial’ and ‘normal’
groups. Jaundice was found in all three biotinidase activity groups.
Eczema and skin rashes were reported in one-third of profound, one-
third of partially deficient cases and in 10% of neonates with normal
activity. These differences were not statistically significant.
All patients, profound and partially deficient, are treated with biotin.

At the time of the referral from the neonatal screening program only
mild and non-specific skin rashes were reported in 17 of the neonates.
These reports were equally distributed across deficient and normal
neonates. No seizures or other potential symptoms related to the
disease were reported, either at the time of diagnosis or thereafter.

DNA mutations
Mutation analysis was performed for 61 of the 92 neonates (67%)
from the south-western Netherlands. Table 2 shows the mutations
identified and the enzyme activity that was measured at confirmation
and screening. The most common mutation was c.[1330G4C]
(p.(Asp444His)), which was found on 41 alleles (34%) in 53 neonates
(64%) and is considered to be mild. The next most common
mutations were c.[1368A4C] (p.(Gln456His), 15%), c.[1595C4T]
(p.(Thr532Met), 7%) and the combination of c.[1330G4C] with
c.[511G4A] (7%) on one allele. These have all been classified as
severe. The most common mutations found in the south-western
Netherlands were also found in the northern region of the country,
which we used as comparison to evaluate potential regional differences
(Supplementary Table).
Seven new mutations were detected (Table 2, bold): c.[1090dupA],

c.[459+4A4G], c.[1414G4A], c.[143G4A], c.[1525C4T], the com-
bination c.[261C4T;895G4C] and, in the northern region, the
combination c.[1330G4C;1264dupC] (Supplementary Table). The
profound biotinidase deficiency of patient 61 in Table 2 (second
mutation c.[1330G4C;511G4A]) suggests that the newly identified
c.[1414G4A] mutation can be classified as a severe mutation. The
mutations c.[1525C4T] (patient 55), c.[459+4A4G] (patient 49),
c.[143G4A] (patient 29) and c.[261C4T;895G4C] (patient 19) are
most likely mild.
Four of the five (80%) ‘profound’ cases for whom DNA was

available had two known severe mutations; the fifth had one known
severe mutation in combination with the new severe mutation
described above. The vast majority of partially deficient patients had
one severe mutation combined with a mild mutation on the
second allele (86%, 30/35), the most common combination being
c.[1330G4C] (mild) with c.[1368A4C] (severe, 12/35). One patient
had a combination of two previously described mild mutations
(c.[1330G4C] with c.[645C4T], 20% enzyme activity at confirmation).
In the group with normal activity, seven neonates had no mutations

at all (35%), seven had only one mutation (35%), and another six had
two mutations (30%), at least one of which was mild. One patient
had two mutations previously classified as severe (c.[133G4A] and
c.[1368A4C]) while the biotinidase activity was 44% on confirmation
and 26% on neonatal DBS screening.

DISCUSSION

In 2007, neonatal DBS screening was introduced for biotinidase
deficiency in the Netherlands. Since then, a large number of neonates
have been identified. Our study shows that most of these were false
positives or partially deficient, thereby imposing an unnecessarily large
burden on parents and the healthcare system. Only 7% of those
identified by screening were diagnosed with a profound biotinidase
deficiency.
When biotinidase deficiency was included in the Dutch screening

programme, the worldwide survey published by Wolf et al.6,18,19

reported an incidence of 1:61 000, including partially deficient cases.
This was used to predict the outcome of a Dutch screening
programme.17 More recent publications, however, indicate that the
incidence of biotinidase deficiency ranges from 1:4500 to 1:62 500 in
countries that screen for this disorder (eg, Brazil, the USA, Belgium,
Germany and Greece).16,20–28 Our study shows that, in the Nether-
lands, 1 in 6100 to 1 in 8200 neonates had partial or profound
biotinidase deficiency.17 Only 7% of these (~1:50 000) neonates had a
profound deficiency, compared with 1:137 401 reported by Wolf. The
large difference between the worldwide survey and the incidence
found in our study and others16,20–28 is likely due to considerable
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Figure 1 Biotinidase activity (% of normal) at neonatal DBS screening and
at confirmation (92 neonates, south-western Netherlands, 2007–2012).
Normal=biotinidase activity 430%; partial=10–30%; profound=o10%
biotinidase activity on confirmatory testing. Screening test refers to neonatal
DBS screening; confirmatory test refers to confirmatory test by the academic
centre after referral of the neonate identified in DBS screening.
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Table 2 Biotinidase activities and DNA mutations (61 neonates, south-western Netherlands)

Enzyme activity (%)

Patient Group Confirmation Screening Allele 1 Allele 2 Severitya LOVD-ID

1 Normal 109 29 c.= c.= O-O Rotterdam 34775

2 Normal 106 25 c.= c.= O-O Rotterdam 35280

3 Normal 87 19 c.= c.= O-O Rotterdam 48076

4 Normal 84 30 c.= c.= O-O Rotterdam 34776

5 Normal 80 25 c.1101C4T, p.(= ) c.= M-O Rotterdam 31982

6 Normal 61 27 c.1330G4C, p.(Asp444His) c.= M-O Rotterdam 47289

7 Normal 58 26 c.1595C4T, p.(Thr532Met) c.= S-O Rotterdam 47317

8 Normal 56 26 c.= c.= M-O Rotterdam 48312

9 Normal 56 16 c.1330G4C, p.(Asp444His) c.= O-O Rotterdam 38435

10 Normal 54 20 c.= c.= O-O Rotterdam 31591

11 Normal 54 27 c.1330G4C, p.(Asp444His) c.= M-O Rotterdam 46477

12 Normal 52 28 c.= c.= O-O Rotterdam 45094

13 Normal 44 23 c.1595C4T, p.(Thr532Met) c.= S-O Rotterdam 46149

14 Normal 44 26 c.133G4A, p.(Gly45Arg) c.1368A4C, p.(Gln456His) S-S Rotterdam 34850

15 Normal 43 18 c.595G4A, p.(Val199Met) c.= S-O Rotterdam 31454

16 Normal 39 27 c.1330G4C, p.(Asp444His) c.1330G4C, p.(Asp444His) M-M Rotterdam 47890

17 Normal 34 26 c.1330G4C, p.(Asp444His) c.1330G4C, p.(Asp444His) S-M Rotterdam 42779

18 Normal 34 25 c.1330G4C, p.(Asp444His) c.595G4A, p.(Val199Met) M-M Rotterdam 34001

19 Normal 32 19 c.968A4G, p.(His323Arg) c.[261C4T;895G4C],

p.[(= ;Ala299Pro)]

S-U Rotterdam 44807

20 Normal 31 27 c.364A4G, p.(Arg122Gly) c.1330G4C, p.(Asp444His) S-M Rotterdam 36623

21 Normal 31 28 c.1330G4C, p.(Asp444His) c.1595C4T, p.(Thr532Met) S-M Rotterdam 39974

22 Partial 30 24 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 34139

23 Partial 30 27 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 36958

24 Partial 30 26 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 37926

25 Partial 30 30 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 31340

26 Partial 30 30 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 47458

27 Partial 30 23 c.645C4T, p.(= ) c.1368A4C, p.(Gln456His) S-M Rotterdam 31644

28 Partial 28 22 c.631C4T, p.(Arg211Cys) c.1330G4C, p.(Asp444His) S-M Rotterdam 35601

29 Partial 28 21 c.470G4A, p.(Arg157His) c.143G4A, p.(Gly480Glu) S-M Rotterdam 32316

30 Partial 28 28 c.1330G4C, p.(Asp444His) c.1595C4T, p.(Thr532Met) S-U Rotterdam 47559

31 Partial 27 30 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 33753

32 Partial 27 27 c.470G4A, p.(Arg157His) c.1330G4C, p.(Asp444His) S-M Rotterdam 32683

33 Partial 27 28 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 49407

34 Partial 26 29 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 45696

35 Partial 24 26 c.1368A4C, p.(Gln456His) c.1330G4C, p.(Asp444His) S-M Rotterdam 39582

36 Partial 24 25 c.1330G4C, p.(Asp444His) c.631C4T, p.(Arg211Cys) S-M Rotterdam 36853

37 Partial 23 17 c.1330G4C, p.(Asp444His) c.1090dupA, p.(Ile364fs) S-M Rotterdam 46189

38 Partial 23 18 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 35555

39 Partial 23 28 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 40395

40 Partial 23 27 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) M-U Rotterdam 35698

41 Partial 23 19 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 35917

42 Partial 22 28 c.1330G4C, p.(Asp444His) c.1595C4T, p.(Thr532Met) S-M Rotterdam 42076

43 Partial 21 29 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1330G4C, p.(Asp444His) S-M Rotterdam 41274

44 Partial 21 29 c.1330G4C, p.(Asp444His) c.1612C4T, p.(Arg538Cys) S-M Rotterdam 39817

45 Partial 20 18 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) M-M Rotterdam 32212

46 Partial 20 29 c.1330G4C, p.(Asp444His) c.645C4T, p.(= ) S-M Rotterdam 42230

47 Partial 19 25 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 31590

48 Partial 18 28 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-U Rotterdam 38020

49 Partial 18 22 c.1612C4T, p.(Arg538Cys) c.459+4A4G, p.(?) S-M Rotterdam 41911

50 Partial 17 16 c.100G4A, p.(Gly34Ser) c.1330G4C, p.(Asp444His) S-M Rotterdam 50184

51 Partial 16 23 c.1595C4T, p.(Thr532Met) c.1330G4C, p.(Asp444His) S-M Rotterdam 32559

52 Partial 16 21 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 36957

53 Partial 15 27 c.1330G4C, p.(Asp444His) c.1595C4T, p.(Thr532Met) S-M Rotterdam 36468

54 Partial 14 27 c.98-104del7ins3, p.(Cys33fs) c.1330G4C, p.(Asp444His) S-U Rotterdam 35526

55 Partial 14 25 c.1525C4T, p.(Pro509Ser) c.1595C4T, p.(Thr532Met) S-M Rotterdam 35312

56 Partial 10 29 c.1330G4C, p.(Asp444His) c.1368A4C, p.(Gln456His) S-M Rotterdam 43069

57 Profound 8 12 c.470G4A, p.(Arg157His) c.470G4A, p.(Arg157His) S-S Rotterdam 37836

58 Profound 6 8 c.1368A4C, p.(Gln456His) c.1368A4C, p.(Gln456His) S-S Rotterdam 48502
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variation in the occurrence of this disorder across countries. There-
fore, it is important for each country to study the incidence of
biotinidase deficiency. Also, some programmes included in the survey
by Wolf and co-worker18,19 reported that they may have under-
estimated the incidence.
To identify possible factors associated with false-positive results, we

compared the neonates’ demographic and clinical characteristics, but
found no evidence for such factors in our data. Characteristics were
similar between ‘profoundly deficient’, ‘partially deficient’ and ‘nor-
mal’ neonates. It has been suggested that the result of the biotinidase
activity test may be negatively influenced by factors such as jaundice,
and that the test should be repeated after this symptom has
disappeared.20,24 As the only information available to us was the
status at confirmatory testing, our data did not allow us to assess
whether jaundice affected the DBS results. Seasonal differences were
not detected, suggesting that the potential effect of summer heat on
the DBS samples does not explain false positives either.
Similarly, maturation of the enzyme after birth has been described

as causing false-positive screening results, which may be enhanced in
some premature neonates by a temporary drop in enzyme activity that
is lowest at days 4–6.29 Such false-positive referrals might be prevented
by a second test. In our study about 10% of false-positive neonates
were prematurely born and their referral might have been prevented
by a second test. On the other hand, a second test would introduce a
waiting period (up to a month, until the enzyme has matured), which
would cause a delay in timely diagnosis and start of therapy in the
truly profound patients.
In a large number of cases, the phenotype correlated well with the

mutations found. Most ‘profound’ cases had two severe mutations,
most ‘partial’ cases had at least one mild mutation, and ‘normal’
neonates either had one mutation or none – in other words, they were
carriers or truly ‘normal’. Some ‘normal’ neonates had one or two
mild mutations.
One ‘normal’ neonate was found with two presumed severe

mutations (c.[133G4A] and c.[1368A4C]), which, surprisingly,
yielded an enzyme activity of 44% on confirmation. Previously,
c.[133G4A] was described in a carrier for biotinidase deficiency and
categorized as profound.16 Biotinidase activity levels for this carrier had
a very wide range, with a maximum of 39% (reported activities: 3.2, 0.9
and 0.1 nmol/min/ ml serum; normal activity: 4.4–12)16 On this basis,
we conclude that this mutation is mild rather than severe.
Seven new mutations were identified: c.[1090dupA], c.[459

+4A4G], c.[1414G4A], c.[143G4A], c.[1525C4T], and two com-
binations: c.[261C4T;895G4C] and c.[1330G4C;1264dupC]. It is
likely that c.[1414G4A] is a severe mutation: in one patient, who
carried the known severe mutation c.[1330G4C;511G4A] on the
other allele, it led to 0% biotinidase activity. The other six new
mutations were all found in partially deficient or ‘normal’ neonates.

As c.[1525C4T], c.[459+4A4G], c.[143G4A], c.[261C4T;895G4C]
were found in combination with a severe mutation on the second
allele, we deduced that these are relatively mild mutations. In vitro
mutagenesis may be needed to provide proof. The most common
disease-specific mutations found in our study were c.[1330G4C]
(mild), c.[1368A4C] (severe), c.[1595C4T] (severe) and the combi-
nation c.[1330G4C;511G4A] (severe). These findings are consistent
with other studies performed in the US and Brazil.3,6,14,20,30,31

Implications for screening
The standard DBS screening cutoff level of 30% biotinidase activity
produces a large number of false positives and partially deficient cases.
Our results indicate that, at a cutoff level of 15%, all the profound
cases would be identified, and the referral of false-positive neonates
and partially deficient patients would be prevented. Prior to this study
it was unclear, how far the cutoff value could be lowered without
missing any profoundly deficient patients in the Netherlands. In July
2012, the Dutch cutoff value for biotinidase screening was reduced to
20%, as a first attempt to decrease the number of unwanted referrals.
While referral was indeed reduced, some false positives remain,
including some partially deficient patients who have consequently
been labelled as ‘diseased’ and treated with biotin.

Strengths and limitations
Although our study focused on the south-western Netherlands, the
incidence and type of mutations did not seem region specific in the
way that was found previously for medium chain acyl co-enzyme-A
dehydrogenase deficiency (MCAD) in the Netherlands.32 It is likely
that our conclusions can be extrapolated to the country as a whole.
As all patients, including partially deficient patients, were treated

with biotin, it was not possible to investigate whether they developed
symptoms. Further research is needed to identify which patients are at
risk of developing symptoms, and whether this is related mainly to the
residual enzyme activity, to the mutations the patient carries, or both.

CONCLUSIONS

In the Netherlands 1 in 8200 neonates had partial or profound
biotinidase deficiency during our study period. Only 7% of those
referred had a profound deficiency. The inclusion of biotinidase
deficiency in the Dutch neonatal screening programme led to the
detection of a large number of false positives and a large number of
partially deficient cases. Lowering the screening cutoff to 15% would
prevent all these unwanted referrals, while detecting all neonates with
a profound deficiency who are at risk of developing severe symptoms.
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Table 2 (Continued )

Enzyme activity (%)

Patient Group Confirmation Screening Allele 1 Allele 2 Severitya LOVD-ID

59 Profound 5 5 c.1368A4C, p.(Gln456His) c.1368A4C, p.(Gln456His) S-S Rotterdam 36113

60 Profound 5 5 c.1252T4C, p.(Cys418Arg) c.1595C4T, p.(Thr532Met) S-S Rotterdam 32842

61 Profound 0 8 c.[1330G4C;511G4A], p.[(Asp444His;Ala171Thr)] c.1414G4A, p.(Gly472Arg) S-U Rotterdam 32504

Normal: biotinidase activity 430% on confirmatory testing; partial: 10–30% activity; and profound: o10%.
Mutations were available for 5 of 6 the neonates with profound deficiency, 35 of the 44 with partial deficiency and 21 of the 42 with normal activity. PCR and Sanger sequence analysis was used
to screen all coding BTD exons and exon/intron boundaries up to 20 bp intronic (exons 1–4 according reference NG_008019.1, transcript NM_000060.3).
aSeverity: severity of the mutations on alleles 1 and 2: S, severe mutation; M, mild mutation; U, unclassified variant; O, no mutation.
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