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ABSTRACT Objective: Biotinidase deficiency (BD) is a metabolic dis-
order that impairs biotin absorption and can affect the hearing system. In
Tiirkiye, early diagnosis is achieved through newborn screening programs
(NSP). Our study aims to present the sociodemographic status and audio-
logic findings of children with BD admitted to our audiology clinic who re-
ceived early diagnosis and treatment. Material and Methods: The
audiologic findings of patients diagnosed with BD who visited Marmara
University Faculty of Medicine, Department of Audiology, between Jan-
uary 2014 and December 2023 were retrospectively analyzed. The study in-
cluded 24 participants (12 female, 12 male) aged between 4-24 months.
Sociodemographic information, newborn hearing screening results, acous-
tic immittancemetry, otoacoustic emissions (OAE), and auditory brainstem
responses (ABR) findings were evaluated. Results: All participants were
diagnosed with BD during NSP, and all had passed newborn hearing screen-
ing. In the ABR evaluation using click stimuli, the absolute latency values
of waves I, III, and V, as well as the interwave latencies (I-II1, I1I-V, I-V),
were normal for their age. Threshold assessments with chirp stimuli showed
wave V at 20 dB nHL in all participants. Acoustic immittancemetry and
OAE findings were normal. As a result of all evaluations, all participants had
normal hearing. Consanguine marriage was reported in the parents of 5
(20.8%) participants. Conclusion: Our findings support that hearing loss
can be prevented with NSP in children with BD who received early diag-
nosis and treatment. National NSP is important in Tirkiye.
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OZET Amag: Biyotinidaz eksikligi [biotinidase deficiency (BD)] biyotin
emilimindeki hasarla karakterize metabolik bir hastaliktir. Tiirkiye’de ye-
nidogan taramalar1 [newborn screening program (NSP)] ile erken tanisi sag-
lanmaktadir. Isitme sistemi BD durumunda etkilenmektedir. Calismamiz,
odyoloji klinigimize bagvurmus erken tani ve tedavi altindaki BD olan ¢o-
cuklarin sosyodemografik durumlarini ve odyolojik bulgularimi sunmay1
amaglamaktadir. Gereg¢ ve Yontemler: Bu ¢alismada, Ocak 2014 ve Ara-
lik 2023 tarihleri arasinda BD tanist ile Marmara Universitesi Tip Fakiiltesi
Odyoloji Bilim Dal1 klinigine basvuran hastalarin odyolojik bulgular: ret-
rospektif olarak incelenmistir. Calismaya, yaslar1 4-24 ay arasinda olan 24
katilime (12 kiz, 12 erkek) dahil edilmigtir. Dahil edilen katilimeilarin ali-
nan sosyodemografik bilgilerinin yan1 sira yenidogan isitme tarama sonug-
lar1, akustik immitansmetri, otoakustik emisyon (OAE) ve isitsel beyin sap1
cevabi [auditory brainstem responses (ABR)] bulgulari degerlendirilmistir.
Bulgular: Tiim katilimcilar NSP esnasinda BD tanis1 almistir ve hepsi ye-
nidogan isitme taramalarindan ge¢mistir. Katilimcilarin hepsine klik uya-
ranla yapilan ABR degerlendirmesinde dalga I,III,V mutlak latans degerleri
ve I-III, III-V, I-V dalgalar arasi latans degerleri kronolojik yaslarina gore
normal araliktadir. Chirp uyaranla yapilan esik degerlendirmesinde 20 dB
nHL diizeyinde V. dalga goriilmiistiir. Akustik immitansmetri ve OAE bul-
gulari normaldir. Tim degerlendirmeler sonucunda katilimcilarimizin hep-
sinin normal igitmeye sahip oldugu goriilmiistiir. Akraba evliligi 5 (%20,8)
katilimeimin ebeveyninde goriilmiistiir. Sonug: Caliymamizin bulgulari, NSP
sayesinde erken tani ve tedavide olan BD’li ¢ocuklarda isitme kaybinin 6n-
lenebilecegi desteklemektedir. Ulusal tarama programlari iilkemizde 6nem
arz etmektedir.
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Biotinidase is the enzyme that processes and re-
cycles the vitamin biotin. This enzyme is synthesized
in the liver and released into the blood. This ensures
the absorption of biotin, which is effective in the
functioning of the nervous system, liver function, eye
and skin health. Biotinidase deficiency (BD) with au-
tosomal recessive inheritance is a metabolic disease
in which skin and respiratory problems, neurological
symptoms, vision and hearing loss may be observed.!-
4 Early diagnosis is possible with newborn screening,
and immediate treatment prevents the onset of dis-
ease symptoms. If untreated, the disease may
progress to coma and death.’ It can be diagnosed in
newborns by the absence of enzyme activity in
serum, fibroblast, or lymphocyte culture.® Symp-
toms usually appear between 2 weeks and 2 years of
age but may be observed even later.? In Tiirkiye, BD
screening was included in the national newborn
screening program (NSP) in 2008.° Individuals diag-
nosed with BD need external biotin to prevent the ef-
fects of the disease. Biotin is given orally during the
treatment phase.>° Biotinidase deficiency can lead to
impaired mitochondrial function, impairment of cer-
tain enzymes involved in myelin production and
metabolic deposits. This accumulation can damage
cells in the inner ear and neural structures in the au-
ditory pathway, leading to hearing loss. Newborns
who do not receive treatment may develop different
degrees of sensorineural hearing loss.*” Children with
BD with hearing loss are likely to have a high risk of
speech and language problems.® Hearing loss can be
prevented with appropriate doses of biotin treatment
in the presymptomatic period.>* It is recommended
that children with BD should be periodically followed
up for hearing loss once or twice a year.*

This study aims to present the sociodemographic
status and audiologic findings of children with BD
who were admitted to our audiology clinic during a
10 year period under early diagnosis and treatment.

I MATERIAL AND METHODS
STUDY DESIGN AND PARTICIPANTS

This cross-sectional and descriptive study was held
at Marmara University Faculty of Medicine, Depart-
ment of Audiology. Audiologic findings of patients

diagnosed with BD referred to the audiology clinic
for auditory brainstem responses (ABR) evaluation
between January 2014 and December 2023 were an-
alyzed retrospectively.

Inclusion criteria were being diagnosed with
BD, being 2 years of age or younger, and having no
otologic, audiologic, or neurologic damage that pre-
vented ABR evaluation. Exclusion criteria were
being older than 2 years of age, having additional co-
morbidities, and missing anamnesis and ABR test re-
sults. Over a decade, 36 pediatric patients with BD
were admitted to the clinic for audiologic evaluation.
Three evaluated participants were excluded from the
study due to additional comorbidities that prevented
the tests from being performed and 9 were excluded
due to incomplete ABR findings. The study included
24 participants (48 ears) aged 2 years and younger.
The study was approved by the Ethics Committee of
Marmara University Faculty of Medicine (date: Jan-
uary 12, 2024, no: 09.2024.38). This study was con-
ducted in accordance with the Declaration of
Helsinki.

DATA COLLECTION

The findings of acoustic immittancemetry, otoacous-
tic emissions (OAE), and ABR assessments were an-
alyzed for both ears. Acoustic immittancemetry tests
(tympanometry and acoustic reflex measurement)
were performed with an AT235h (Interacoustics,
Middelfart, Denmark) immittance meter. Participants
aged less than 6 months were evaluated using high
frequency (1000 Hz) and older than 6 months were
assessed using low frequency (226 Hz) probe tone.
Tympanogram results were analyzed according to
Jerger classification.” Acoustic reflex measurement
was performed ipsilaterally and contralaterally.

Ez Screen 2 (Otodynamics, United Kingdom)
OAE system was used for OAE testing. distortion
product otoacoustic emissions (DPOAE) test was
performed on all participants. At frequencies of 1;
1.5; 2; 3; 4; and 6 kHz, emission was considered pre-
sent if a response was obtained in at least 3 frequen-
cies at a signal-to-noise ratio of 6 dB.

Eclipse EP25 (Interacoustics, Middelfart, Den-
mark) auditory evoked potentials system was used for
ABR evaluation. ABR evaluation was performed in a



double-walled soundproof test chamber at room tem-
perature with the ABR device and ER-3A insert ear-
phones while the child was in a natural sleep state. A
two-channel recording was conducted with 4 surface
electrodes: the ipsilateral earlobe (Ai), the contralat-
eral earlobe (Ac), the vertex (Cz), and the ground
(Gz). The impedances of the electrodes were main-
tained at a level below 5 kOhm. Two traces were
recorded at each intensity level to ensure the re-
peatability of the waves. Measurements were filtered
between 100 Hz and 3000 Hz for click stimulus, 30
Hz-1500 Hz for tonal chirp stimuli and 2000 sweeps
were acquired. The stimulus polarity was alternating,
and the stimulus rate was determined to be 21.1 per
second. The diagnostic evaluation analyzed absolute
latency values of waves I, II, 111, IV, and V at 70 dB
nHL and interwave latencies of I-111, I-IV, and III-1V
using click stimuli. To determine the threshold levels
for other frequencies, the peak was marked at the

minimum intensity level at which wave V could be
seen using chirp stimuli at 1000 and 4000 Hz.

DATAANALYSIS

Data were analyzed using the IBM SPSS 23.0 (SPSS
Inc., Chicago, IL, ABD) program with descriptive
statistics. Descriptive statistics are expressed as
mean, standard deviation, and percentage. ABR la-
tency values of the participants were analyzed ac-
cording to ABR normative data.'

I RESULTS

Twenty-four children (12 boys, 12 girls) were en-
rolled in this study. Their ages ranged from 4 to 24
months. The mean age was 18.58 months (SD=6.31).
All participants were diagnosed with BD through the
NSP. They had passed the newborn hearing screening
program. At the time of the audiologic assessments,
all parents reported that their children were receiving

TABLE 1: Demographic features of the participants

Participant Age Gestational age
number Gender (months) (weeks)
1 Male 23 38
2 Female 23 39
3 Female 13 40
4 Female 1" 41
5 Female 23 39
6 Female 23 40
7 Female 21 36
8 Male 4 39
9 Female 24 37
10 Male 16 37
1 Male 22 39
12 Female 16 37
13 Male 24 39
14 Male 14 39
15 Female 24 39
16 Female 22 40
17 Male 24 40
18 Male 24 39
19 Male 19 40
20 Female 7 41
21 Female 12 39
22 Male 9 38
23 Male 24 37
24 Male 24 40

Birth weight Consanguineous Blood-type
(grams) marriage incompatibility Type of birth
2,700 No No Cesarean
2,670 No No Vaginal
3,000 No No Vaginal
3,400 Yes Yes Cesarean
2,940 Yes No Cesarean
2,800 No No Vaginal
3,525 No No Vaginal
3,595 No No Vaginal
2,650 No No Cesarean
2,900 No No Cesarean
3,550 No No Vaginal
2,600 No Yes Vaginal
2,800 No No Vaginal
3,200 No No Vaginal
3,500 No No Vaginal
3,000 No No Vaginal
3,100 Yes No Vaginal
2,860 No No Vaginal
4,100 Yes No Vaginal
3,435 No No Vaginal
3,150 No No Cesarean
2,900 No No Cesarean
2,750 No No Vaginal
2,900 Yes No Vaginal




biotin treatment. As a result of the medical history
and evaluations, all participants were asymptomatic.
There was no family history of hearing loss. Consan-
guineous marriages were observed in 5 (20.8%) and
blood incompatibility in 2 (8.3%) participants. There
were 17 (70.8%) vaginal births. The mean gestational
age was 38.88 weeks (SD=1.32) and the mean birth
weight was 3,084.38 grams (SD=379.93). The de-
mographic features of the participants are presented
(Table 1).

The acoustic immittance evaluation revealed
type A tympanograms and present ipsilateral and
contralateral acoustic reflexes for all patients.
DPOAESs were also present in all patients. The mean
wave latencies from the diagnostic ABR evaluation

TABLE 2: Latencies of the ABR components with
a click stimulus at 70 dB nHL.

Right ear (n=24) Left ear (n=24)

ABR components X (ms) SD (ms) X (ms) SD (ms)
Wave | 1.56 0.11 1.57 0.12
Wave Il 3.92 0.21 3.93 0.25
Wave V 5.79 0.34 5.86 0.28
Interwave Il 2.36 0.21 2.36 0.22
Interwave [II-V 1.87 0.22 1.93 0.19
Interwave |-V 423 0.33 4.29 0.28

ABR: Auditory brainstem responses; SD: Standard deviation; ms: millisecond

using click stimuli at a stimulus level of 70 dB nHL
are presented (Table 2). Each participant had normal
ABR absolute wave and interwave latencies for their
chronological age. As a result of the threshold as-
sessment with click and chirp stimuli, wave V was
observed at 20 dB nHL in the right and left ears of
all participants. Lower intensity levels were not eval-
uated. An example of normal ABR wave morphol-
ogy from one of the participants using click stimuli is
presented (Figure 1).

I DISCUSSION

While the incidence of BD in the world is approxi-
mately 1:60,000, the incidence of BD in newborns in
Tiirkiye is 1:7,116.*!" Consanguineous marriage is
thought to be effective in this situation.!"' Sivri et al.
reported that 95% of families with children diagnosed
with BD have consanguineous marriages.'® This is
thought to contribute to the high prevalence of
BD.'>3 A study by Baykal et al. reported a rate of
52%, while another study by Yilmaz et al. reported a
rate of 29.1%.'>!* The lower percentage of consan-
guineous marriage of 20.8% in our study compared
with the literature may be due to the small number of
participants. Furthermore, the study revealed that
none of the participants had low birth weight (<2500
grams), and only 2 (8.3%) had blood incompatibil-
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FIGURE 1: An example of normal auditory brainstem responses wave morphology with click stimulus from one of the participants.



ity. These factors were not found to significantly af-
fect the study outcomes. As all our participants had
normal audiological findings, it is challenging to
comment on the effect of gestational age, birth
weight, type of birth, and blood incompatibility on
hearing in children with BD. Studies on these char-
acteristics are also limited in the literature.

Symptoms typically appear after 2 weeks but
may develop later. However, with early diagnosis and
treatment, they may not occur at all.>* It has been re-
ported in studies that most individuals diagnosed with
BD may be asymptomatic.'> The children included in
this study also did not have symptoms related to BD
due to early diagnosis and treatment.

Heller et al. reported low levels of biotinidase
expression throughout the brain, with increased bio-
tinidase concentrations particularly in the cochlear
nuclei and the superior olivary complex of the brain-
stem.'® Furthermore, they demonstrated elevated bi-
otinidase levels in the hair cells and spiral ganglion of
the cochlea. The results of DPOAE, acoustic immit-
tance, and ABR were consistent with the literature
for all participants included in this study.

Geng et al. investigated the ABR values of chil-
dren with late and early diagnosed BD.® They ob-
served that ABR latencies were significantly
prolonged in the group with a late diagnosis. Addi-
tionally, they reported that 45% of the participants
had normal ABR findings. In another study, pro-
longed ABR absolute latencies and I-V interwave la-
tency values were observed in BD. However, no
difference in wave V thresholds was observed when
comparing BD and control group.!” On the other
hand, Yilmaz et al. noted that only 0.8% of their
study population had hearing loss.!* They stated that
NSP may be effective in this disease. The normal au-
diologic findings of all participants in our study are
consistent with this hypothesis. Talebi et al. reported
44.5% of children diagnosed with BD had normal
hearing according to ABR results.!® Similar to our
study, Venkataraman et al. found no evidence of
hearing loss in their study, and their participants were
early-diagnosed.'” In our study, it is possible to say

that all participants with early diagnosed and treated
BD had normal ABR findings based on the norma-
tive ABR data.'”

LIMITATIONS

Our study has some limitations. As a single-center,
retrospective study with a relatively small number of
participants, it may have limited effective assessment
of long-term outcomes. As we did not have partici-
pants with late diagnosis and hearing loss, it is not
known to what extent BD may affect the develop-
ment of hearing loss.

I CONCLUSION

ABR assessment is an effective test battery for eval-
uating hearing loss in children with BD. Consistent
with the literature, our study results show that hear-
ing loss can be prevented in children who are diag-
nosed and treated early. As we did not have
participants with late diagnosis and hearing loss, it is
not known to what extent BD may affect the devel-
opment of hearing loss.
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