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Abstract

Objective: The prevalence of biotinidase deficiency and the frequency of biotinidase gene variants in Brazil are not docu-

mented. We aimed to determine the incidence of partial and profound biotinidase deficiency in the state of Minas Gerais, Brazil,

and to calculate the frequency of biotinidase gene variants in the newborn screening program of Minas Gerais.
Methods: Neonates (1,168,385) were screened from May 2013 to June 2018. Those detected with abnormal biotinidase

activity based on semi-quantitative assays underwent confirmatory serum tests. The biotinidase gene was sequenced in all

confirmed cases.
Results: The combined incidence of partial and profound biotinidase deficiency was estimated at 1:13,909 live births (95%

confidence limit 1:11,235–1:17,217), much higher than the incidence rates reported in other populations worldwide. The most

frequent biotinidase gene variants were p.D444H (allele frequency, 0.016), haplotype c.1330G>C;c.511G>A (p.D444H;
A171T), p.D543E, c.310-15delT (intronic), p.V199M, and p.H485Q. Together these accounted for 74.6% of the alleles analysed.

Conclusion: Newborn screening for biotinidase deficiency, which revealed a higher incidence in Minas Gerais, is feasible and

plays a critical role in the early identification of affected neonates and prevention of symptoms and irreversible sequelae.
Biotinidase gene sequencing is a useful tool to confirm the diagnosis, and also provides valuable information about genetic

variability among different populations.
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Introduction

Biotinidase deficiency (BD, OMIN#253260) is an autoso-

mal recessive metabolic disorder caused by mutations in

the biotinidase gene (BTD). This gene codes for biotini-

dase enzyme (BTD, EC 3.5.1.12), which plays a major role

in biotin metabolism.1–3 Determination of BTD activity

helps to identify individuals with profound BD (up to

10% of mean normal activity), and those with partial

BD (10% to 30% of mean normal activity).4 BD clinical

features are highly variable, including neurological and

cutaneous symptoms.5 Administration of free biotin at

pharmacological doses (usually 10mg daily) throughout

life is a simple, inexpensive, and highly effective form of
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treatment, that prevents the onset of symptoms when ini-

tiated in the first months of life.6 BD was first included in a

newborn screening program in 1984 in the United States,

based on a colorimetric method used for semi-quantitative

determination of BTD activity in dry blood samples on

filter paper,6 and several countries now include BD in

their newborn screening programs.7

Since 1993, the Newborn Screening Program of Minas

Gerais has screened an average of 240,000 babies annually.

A pilot study for BD screening conducted in 2007–2008

revealed that the combined incidence of partial and pro-

found forms of BD in 182,891 babies was higher than that

in several other parts of the world.8 Based on these results,

BD was officially included in the newborn screening pro-

gram disease panel in 2013.

Diagnosis of neonatal BD by biochemical techniques

can be challenging, as the enzymatic activity is influenced

by external factors like improper handling of specimens,

improper drying, delayed submission, or exposure to

excess heat.9–11 In this context, BTD sequencing can be a

useful tool to determine BD status, to support therapeutic

decisions of supplementing biotin in these patients.11–13

Additionally, borderline biochemical results can be better

evaluated if the underlying BTD mutations are known.

More than 200 BTD variants have been described (see

http://www.arup.utah.edu/database/BTD/BTD_display.ph

p, http://www.ncbi.nlm.nih.gov/clinvar/, and http://www.

hgmd.cf.ac.uk/ac/index.php). However, the accurate fre-

quencies of these variants in Brazil have not been

reported.8,12,14,15

This study aimed to determine the incidence of BD in

Minas Gerais, as well as the frequency of BTD variants in

babies diagnosed with partial or profound deficiency,

including that of the most common variant, p.D444H

(c.1330G>C),7,9 in the newborn population of Minas

Gerais.

Methods

From June 2013 to May 2018, the Newborn Screening

Program of Minas Gerais screened 1,168,385 newborns

for BD. The biochemical and molecular tests were per-

formed in the laboratories of the Center for Newborn

Screening and Genetic Diagnostics (Nupad) of the

Federal University of Minas Gerais, Brazil. The BD

screening test was performed on dried blood samples on

filter paper, collected between days 3 and 5 of life, using

Neonatal Biotinidase Kit (Perkin Elmer, Wallac Oy,

Turku, Finland) per the manufacturer’s instructions.

Babies were screened twice, and the results were consid-

ered abnormal if both tests on samples collected on filter

paper at different times yielded values <60 nmols/min/dL.

Additionally, results were considered abnormal when neo-

nates provided inadequate samples for the first test and the

second test yielded values <60 nmols/min/dL, when babies

provided inadequate samples for both tests, or when the

first test for preterm or in-hospital neonates yielded values

>60 nmols/min/dL, but the second test yielded values

<60 nmols/min/dL.

The families of babies with results considered abnormal

were scheduled for clinical consultation, and serum sam-

ples were collected from the babies and, when possible,

from their respective parents. Serum BTD quantitative

assay was performed according to the protocol published

by the American College of Medical Genetics Laboratory

Quality Assurance Committee.9 For the calculation of the

relative BTD activity in the serum, the average of the ref-

erence range of values for BTD activity in Nupad lab,

7.25 nmol/min/mL, was used as 100%. Hence, the refer-

ence values for interpretation of the results were: (i)

normal BTD activity, 5.2–9.5 nmol/min/mL, (ii) BTD

activity suggestive of heterozygosis, 2.2–5.1 nmol/min/mL,

(iii) BTD activity suggestive of partial deficiency,

0.8–2.1 nmol/min/mL, and (iv) BTD activity suggestive of

profound deficiency,<0.8 nmol/min/mL. Values of 2.2 and

2.3 nmol/min/mLwere considered as borderline results. For

patients with more than one determination, the highest

value was used for classification.

All infants diagnosed with profound or partial BD were

given oral supplementation with 10mg biotin daily, and

have been followed up in a specialized outpatient clinic.

Exons 1–4 of BTD as well as their flanking regions were

sequenced, as described previously,8 for all cases that were

classified as profound or partial BD, or for those with

borderline values, as well as for babies whose biochemical

categorization changed along the course of our study.

Allele-specific polymerase chain reaction for the variant

p.D444H (c.1330G>C; rs13078881) was performed with

DNA extracted from the dried blood samples on filter

paper for 601/634 neonates (94.8%) for whom the fluori-

metric test results were abnormal. Specific primers were

designed for this study and are available on request. The

amplified fragments were subjected to capillary electro-

phoresis using Qiaxcel DNA Screening Kit and QIAxcel

Advanced Instrument (Qiagen, Hilden, Germany) accord-

ing to the manufacturer’s instructions.

This study was approved by the Research Ethics

Committee of the Federal University of Minas Gerais,

Brazil, approval # 1,532,490. Written informed consent

was obtained from either the parents or guardians of

the infants.

Results

For 634 out of 1,168,385 babies screened, the results for

BD were abnormal. Families of these babies were invited

to confirm the abnormal results with quantitative serum

BTD activity determination. Of the 634 families, 620

(97.7%) attended a medical appointment and had serum

samples collected. For 416 infants (67.1%), the serum

BTD activity was also determined in both the parents; in

110 babies (17.7%), blood was drawn only from the moth-

ers. In the remaining 94 families (15.2%), only samples

from babies could be collected. We diagnosed a mother

116 Journal of Medical Screening 27(3)



and a father from two distinct families with partial BD.

Both were followed at the outpatient clinic, but both were

asymptomatic during the course of this study.

Among the 620 newborns, 42 (6.8%) had BTD activity

in the normal range (5.2–9.5 nmol/min/mL) and 442

(71.3%) had values in the range suggestive of heterozygo-

sis (2.2–5.1 nmol/min/mL). In the remaining 136 (21.9%),

the BTD gene was sequenced: 84 were classified as having

BD (six with profound BD and 78 with partial BD), 6

presented borderline values, and 46 presented values indi-

cating partial BD or suggestive of heterozygosis, as previ-

ously defined. All 136 children were followed up at the

specialized outpatient clinic. During the study period,

BTD activity was measured (1–6 times) at different times

in these 136 children, and in 131 of them, the test was

carried out at least twice.

Based on these data, the combined incidence of partial

and profound BD was estimated as 1:13,909 live births

(1:11,235 to 1:17,217, 95% confidence limit). The incidence

of profound BD was 1:194,731 (1:89,286 to 1:424,809,

95% confidence limit) and that of partial BD, 1:14,979

(1:12,003 to 1:18,692, 95% confidence limit).

After sequencing BTD, 36 different mutations were

identified, including 9 novel variants, and 27 of that have

been previously reported (Table 1). There were 28 missense

mutations, 5 base deletions, and 1 nonsense and 2 silent

mutations; the majority of these were located in exon 4. In

relation to the BTD variants identified in these 136 new-

borns, 264 alleles were included in the calculation of

frequency (Table 2). Eight alleles were excluded because

they were found in siblings. Parental BTD sequencing was

done for only 16 children. In addition to the well-known

haplotype c.1330G>C;c.511G>A (p.D444H;A171T),

other inherited cis-mutations identified included one case

of c.310-15delT;c.632G>T (intronic;p.R211L), one case of

c.1330G>C;c.470G>A (p.D444H;R157H) and seven cases

of c.595G>A; c.1413T>C (p.V199M;C471C). The cis

configuration was confirmed by gene sequencing of the

Table 1. Variants identified in newborn screening patients in Minas Gerais, Brazil.

Effect Nucleotide change Location Mutation type Mutation reference

mRNA expression c.310-15del T Intron 2 Intronic Li (2014)16

p.C33Ffs*36 c.98_104d7i3 Exon 2 Deletion Pomponio (1997)17

p.L40P c.119T>C Exon 2 Missense Borsatto (2014)14

p.Q88Rfs*10 c.263 delA Exon 2 Deletion Carvalho (2019)18

p.L90R c.269T>G Exon 2 Missense Carvalho (2019)18

p.Y93C c.278A>G Exon 2 Missense Wolf (2002)19

p.G114V c.341G>T Exon 3 Missense Wolf (2005)20

p.R122G c.364A>G Exon 3 Missense Norrgard (1999)21

p.R157H c.470G>A Exon 4 Missense Pomponio (1997)17

p.A171T c.511G>A Exon 4 Missense Norrgard (1999)21

p.V199M c.595G>A Exon 4 Missense Wolf (2002)19

p.R211S c.631C>A Exon 4 Missense Carvalho (2019)18

p.R211L c.632G>T Exon 4 Missense Carvalho (2019)18

p.A237T c.709G>A Exon 4 Missense Procter (2016)13

p.D252G c.755A>G Exon 4 Missense Norrgard (1999)21

p.L278I c.832C>A Exon 4 Missense Carvalho (2019)18

p.A281V c.842C>T Exon 4 Missense Lara (2015)8

p.K286Kfs*22 c.858 delA Exon 4 Deletion Carvalho (2019)18

p.I294V c.880A>G Exon 4 Missense Procter (2016)13

p.S311T c.932G>C Exon 4 Missense Carvalho (2019)18

p.F361V c.1081T>G Exon 4 Missense Carvalho (2019)18

p.W409Cfs*91 c.1227_1241d15i11 Exon 4 Deletion Norrgard (1999)21

p.Y428Y c.1284C>T Exon 4 Silent Wolf (2005)20

p.Y438X c.1314T>A Exon 4 Nonsense Neto (2004)15

p.D444H c.1330G>C Exon 4 Missense Swango (1998)22

p.Q456H c.1368A>C Exon 4 Missense Norrgard (1999)21

p.V457A c.1370T>C Exon 4 Missense dbSNP (rs149690919)

p.C471C c.1413T>C Exon 4 Silent Hymes (2001)23

p.H485Q c.1455C>G Exon 4 Missense Procter (2016)13

p.Y494C c.1481A>G Exon 4 Missense Procter (2016)13

p.P497S c.1489C>T Exon 4 Missense Norrgard (1999)21

p.T532M c.1595C>T Exon 4 Missense Norrgard (1999)21

p.A534V c.1601C>T Exon 4 Missense Carvalho (2019)18

p.R538C c.1612C>T Exon 4 Missense Pomponio (1997)17

p.R538H c.1613G>A Exon 4 Missense Procter (2016)13

p.D543E c.1629C>A Exon 4 Missense Procter (2016)13

Novel variants are those cited in the reference Carvalho (2019)18.
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respective parents in all three haplotypes. In four cases of

the well-known haplotype c.1489C>T; c.1284C>T (p.

P497S;Y428Y), parental BTD was not sequenced. The

silent variant c.1413T>C (p.C471C) was always detected

together with c.595G>A (p.V199M), and never detected

alone or in cis with any other variant. Notably, one child

homozygous for this haplotype was identified.

Among the 136 newborns, only eight were identified in

homozygous state (except for p.D444H): three with pro-

found BD (variants p.G114V, p.A534V and haplotype

c.1330G>C;c.511G>A (p.D444H;A171T), and five with

partial BD, two with p.F361V, two with p.D543E, and

one with p.V199M. Clinical consanguinity was reported

for only the last child, but genetic tests were not run in

any of the couples.

Among the 634 newborns for whom the screening fluo-

rimetric test detected abnormal values for BTD activity,

allele-specific polymerase chain reaction for the detection

of p.D444H (c.1330G>A) was performed on dried blood

samples of 601 babies. We identified 296 newborns homo-

zygous for the p.D444H allele, yielding a frequency of

0.000253 in the five-year period of this study (0.0253%).

Based on the Hardy–Weinberg equilibrium, the estimated

frequency of the mutant allele was 0.016 (1.6%), and that

of the wild type allele was 0.984 (98.4%). The frequency of

heterozygous individuals for p.D444H in the newborn

population studied was 0.031 (3.1%).

The costs of running such a programme were US

$460,000 a year, including screening tests and serum

BTD determination, given the number of newborns in

Minas Gerais and the incidence of BD detected in the pre-

sent study. Molecular studies in 21.5% of children who

had BTD serum determination added US$2,720 a year

to the costs.

Discussion

From over one million newborns screened in the state of

Minas Gerais in this study, 84 were diagnosed with BD.

The estimated worldwide combined incidence of profound

and partial BD is 1:60,089.24 In the United States, the

incidence of profound BD is 1:80,000, and partial BD

between 1:31,000 and 1:40,000.11 In Europe, a study

including nine countries showed an incidence of combined

BD of 1:47,486.25 Few studies exist on the incidence of BD

in Brazil. The first, in the state of Paraná, found two neo-

nates with BD (one partial and one profound) among

125,000 babies screened during eight months.26 This was

close to the worldwide incidence,24 but the sample size was

about nine times smaller than that in the present study. A

smaller study (20,529 neonates) in Maringá (Paraná)

found a combined incidence of profound and partial BD

of 1:6843,27 but the diagnostic method was not clearly

stated, and it is possible that only the semi-quantitative

colorimetric test was used. In a study of 225,136 babies

across several Brazilian states, the estimated combined BD

incidence was 1:9000,15 but the authors reported difficul-

ties in the transport and storage of serum samples owing to

the large size of the country. As BTD is temperature-

sensitive, the possibility of false-positives should be con-

sidered. In the present study, BD incidence was estimated

at 1:13,909, even higher than that reported in our previous

pilot study of 182,891 neonates (1:22.861).8 The strengths

of our study are the population size, the methodologies

used, and adherence to stringent recommended quality

control processes.9,11 It is possible that BD incidence in

Brazil may be among the highest in the world, and only

Table 2. Frequency of BTD variants identified in newborn screening
from Minas Gerais, Brazil, during the 5-year study.

Nucleotide change Effect No. allelesa (%)

c.1330G>C p.D444H 136b 51.5

c.1330G>C/c.511G>A p.D444H/A171T 21 8.0

c.1629C>A p.D543E 16 6.1

c.310-15delT mRNA expression 8 3.0

c.595G>A/c.1413T>C p.V199M/p.C471C 8 3.0

c.1455C>G p.H485Q 8 3.0

c.98_104d7i3 p.C33Ffs*36 7 2.7

c.1081T>G p.F361V 7 2.7

c.341G>T p.G114V 6 2.3

c.1368A>C p.Q456H 6 2.3

c.1489C>T/c.1284C>T p.P497S/p.Y428Y 4 1.5

c.1314T>A p.Y438X 4 1.5

c.1601C>T p.A534V 4 1.5

Not detected Normal 4 1.5

c.755A>G p.D252G 3 1.1

c.119T>C p.L40P 2 0.8

c.1595C>T p.T532M 2 0.8

c.310-15delT/c.632G>T RNA expression

/p.R211L

1 0.4

c. 263 delA p.Q88Rfs*10 1 0.4

c.269T>G p.L90R 1 0.4

c.278A>G p.Y93C 1 0.4

c.364A>G p.R122G 1 0.4

c.470G>A p.R157H 1 0.4

c.1330G>C/c.470G>A p.D444H/R157H 1 0.4

c.631C>A p.R211S 1 0.4

c.709G>A p.A237T 1 0.4

c.832C>A p.L278I 1 0.4

c.842C>T p.A281V 1 0.4

c.858 delA p.K286Kfs*22 1 0.4

c.932G>C p.S311T 1 0.4

c.1227_1241d15i11 p.W409Cfs*91 1 0.4

c.1370T>C p.V457A 1 0.4

c.1481A>G p.Y494C 1 0.4

c.1612C>T p.R538C 1 0.4

c.1613G>A p.R538H 1 0.4

Total 264 100.0

aEight alleles from four related neonates (siblings) were excluded from the

analysis.
bThis number includes 23 children with homozygous c.1330G>C. Two had

partial BTD deficiency in two distinct samples at 2 and 3months of life, and 21

had serum BTD activity similar to heterozygous individuals for severe

variants.
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lower than in countries with high consanguinity rates, such

as Turkey, where the combined BD incidence is 1:7116.28

In our study, 36 different mutations were identified in

the BTD gene, except in exon 1. This can be attributed to

the fact that BTD has two potential AUG translation start

codons; the second and more frequently used codon is

located in exon 2.5,23,29 All mutations identified in this

study were exonic, except for a single intronic variant,

c.310-15delT, which was not detected in any other study

conducted in the Brazilian population. Cis mutations have

also been identified in BTD, which has been reported for

BD in several databases.

The most common BTD variants observed in newborn

screening in the United States are p.D444H, p.Q456H,

haplotype c.1330G>C;c.511G>A (p.D444H;A171T),

p.C33Ff*36, and p.R538C, which account for about

60% of the mutant alleles.21 In the present study, the

most frequent variants were p.D444H, haplotype

c.1330G>C;c.511G>A (p.D444H;A171T), p.D543E,

c.310-15delT (intronic), p.V199M, and p.H485Q, which

together account for 74.6% of the alleles analysed. With

the exception of the first two, these markedly differ from

those reported in the United States.14 In other Brazilian

studies,12,15 p.D444H was the most frequent variant, fol-

lowed by p.C33Ffs*36 and p.D252G. These two variants

were also detected in our study, but were not the most

frequent. Conversely, two variants in exon 3 (seven alleles;

Table 2) identified in our study have not been reported

previously. Further, 11 novel variants were detected by

our group.8,18 These observations illustrate the genetic

diversity in the Brazilian population.

In four newborns with partial BD diagnosed based on

their serum BTD activity, we detected only p.D444H var-

iant in heterozygosis. BTD activity was repeated in sam-

ples collected one or two months apart. The most elevated

values considered for BD classification of these four chil-

dren were 1.5, 1.6, 2.1, and 2.2 nmol/min/mL, respectively.

This is not compatible with the observed biochemical phe-

notype, because this variant usually yields BTD activity of

approximately 75% of the reference value for normal indi-

viduals.11,30 On sequencing BTD in these patients, no

mutations were found in the second allele. As described

previously, gene deletions or epigenetic phenomena could

be the underlying reason, as these children had at least two

serum BTD determinations at distinct moments. However,

gene deletions could not be detected by the method used in

the present study. Alternative methods therefore would be

necessary.31,32

In the present study, the allelic frequency of the most

common variant, p.D444H, was 51.5% among patients

with BD, similar to that reported by another study on

the Brazilian population (46.7%).12 The frequency of the

p.D444H allele in our study was estimated to be 0.016.

This frequency is lower than the first reported figure of

0.039 in the United States,32 and also lower than that in

the cited Brazilian report (0.04).12 According to the 1000

Genomes Project, the frequency of rs13078881 (D444H)

varies by population, being highest among those with

European ancestry (0.043), and very low (0.0023) in

those with African ancestry (www.ncbi.nlm.nih.gov/proj

ects/SNP/snp_ref.cgi?do_not_redirect&rs¼rs13078881).

The slave trade from Africa to Minas Gerais in the 17th–

19th centuries is historically compatible with the lower

frequency of the D444H allele in our study.

Although newborn BD screening is not recommended

in all countries, it meets 9 of the 10 criteria set out by

Andermann et al.,33 especially in regions with a high inci-

dence of BD, such as ours. The eighth principle that states

“There should be an agreed policy on whom to treat as

patients” is not entirely met, because it is not known for

certain whether children with partial BD need biotin sup-

plementation to remain symptom-free. However, treating

these children, as is usually recommended,10 was demon-

strated to be cost-effective in a study in Spain, where the

reported incidence of combined BD in 540,000 neonates

was 1:22,500.34

Conclusions

The incidence of partial BD in the State of Minas Gerais

may be among the highest in the world, excluding countries

with high rates of consanguineous marriage. Given the high

BD incidence, newborn screening plays a major role in early

identification of the disease in neonates and preventing the

development of symptoms and irreversible sequelae. The

genotypic variability in the present study is noteworthy,

and reflects the multi-ethnic population of Minas Gerais.

BTD sequencing is a useful tool, not only to confirm BD

cases screened in this newborn program, but also to obtain

valuable information about genetic variability among dif-

ferent populations. Although BD has been included in the

newborn screening program only recently, our study dem-

onstrates that such screening is feasible, useful, and proba-

bly cost-effective in Minas Gerais.
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Enferm 2008; 29: 446–453. [Portuguese]

28. Karaca M, €Ozgül RK, €Unal €O, et al. Detection of biotinidase gene mutations in

Turkish patients ascertained by newborn and family screening. Eur J Pediatr

2015; 174: 1077–1084.

29. Pindolia K, Jordan M and Wolf B. Analysis of mutations causing biotinidase

deficiency. Hum Mutat 2010; 31: 983–991.

30. Norrgard KJ, Pomponio RJ, Swango KL, et al. Double mutation (A171T

andD444H) is a common cause of profound biotinidase deficiency in children

ascertained by newborn screening in United States. Hum Mutat 1998; 11:

410–410. [Mutations in Brief #128 online (1997)]

31. Wolf B. First microdeletion involving only the biotinidase gene that can cause

biotinidase deficiency: a lesson for clinical practice. Mol Genet Metab Rep 2016;

6: 74–76.

32. Senanayake DN, Jasinge EA, Pindolia K, et al. First contiguous gene deletion

causing biotinidase deficiency: the enzyme deficiency in three Sri Lankan

children. Mol Genet Metab Rep 2015; 2: 81–84.

33. Andermann A, Blancquaert I, Beauchamp S, et al. Revisiting Wilson and

Jungner in the genomic age: a review of screening criteria over the past

40 years. Bull World Health Organ 2008; 86: 317–319.

34. Vallejo-Torres L, Castilla I, Couce ML, et al. Cost-effectiveness analysis of a

National Newborn Screening Program for biotinidase deficiency. Pediatrics

2015; 136: e424–432.

120 Journal of Medical Screening 27(3)


	table-fn1-0969141319892298
	table-fn3-0969141319892298
	table-fn4-0969141319892298

