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ABSTRACT 

DFNB1 locus has been linked to a nonsyndromic “in- 
visible disability” called congenital sensorineural hea- 
ring loss and deafness. Mutations of GJB2 and GJB6 
genes are associated with deafness at the DFNB1 lo- 
cus. The diagnosis of DFNB1 is made with molecular 
genetic testing. DNA-based testing can be used both 
prenatally and postnatally. Purpose: To get evidence 
for implementation of newborn hearing screening pro- 
grams at national level; to use the molecular testing of 
children at risk for confirmation of diagnosis and 
early intervention. OAEs and ABR were performed 
for 4303 newborns. Audiologic evaluation of 38 chil- 
dren suspected of having hearing loss was performed 
too. Physical examinations and family history were 
used to get information about congenital deafness. 
DNA from blood samples was isolated, and two PCR 
multiplex assays were developed to detect DFNB1 
mutations. Only 23 newborns were screened positive. 
Newborns were referred to audiologic evaluation, 
genetic counseling and testing for the etiologic diag-
nosis. Physical examination revealed no other abnor- 
mal findings. GJB2 mutations were detected in 36.03% 
of patients, and all of them have 35delG mutation. 
None of them was found to have GJB6 mutations. 
Our results suggested that molecular testing was an 
accurate method of early determining cause of con-
genital hearing loss and helped us to exclude GJB6 
gene from the routine hearing screening protocol.  
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1. INTRODUCTION 

Hearing loss (HL) affects both children and adults. Age- 
related HL is more common than HL in children but “the 
earlier hearing loss occurs in a child’s life, the more se- 
rious the effects on the child’s development. Similarly, 
the earlier, the problem is identified and intervention 
begun, the less serious the ultimate impact” [1]. In this 
respect, early diagnosis, early management of hearing 
aids, and an early start on special education programs 
and using assistive, adaptive and rehabilitative devices 
could help improvement of a child’s hearing.  

Genetic HL has diverse etiologies and many genes are 
known to be involved in hearing process [2-4]. Among 
them, mutations of GJB2 and GJB6 genes at DFNB1 
(OMIM 220290) locus are estimated to play an important 
role to congenital hearing loss [5-8]. Nowadays, the ge-
netic analysis for hearing loss is used for early diagnosis 
followed by early intervention programs (invasive inter-
ventions, such as, otologic surgery and cochlear implan-
tation or non-invasive interventions, such as rehabilita-
tion), and serves as an explanation for etiology at any age, 
and for reproductive alternatives in families with affected 
relatives.  

The aims of the study were to get evidence for imple- 
mentation of newborn hearing screening programs in all 
neonatal care settings and to use the molecular genetic 
testing of children at risk (suspected on basis of signs, 
symptoms or family history) for confirmation of diagno-
sis and early intervention.   

With these aims, we proposed a two-stage study de- 
sign: stage I—to estimate the carrier frequency of the 
three mutations namely 35 delG, del(GJB6-D13S1830) 
and del(GJB6-D13S1854) using amniotic fluid from an 
unselected group of 350 pregnant women [9] and stage 
II—to detect mutations of the GJB2 and GJB6 genes in a *Corresponding author. 
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selected group of 61 neonates and children from all over 
the Romanian zones for which early diagnosis is neces- 
sary and available.  

2. MATERIAL AND METHODS 

2.1. Neonates 

Otoacoustic emissions (OAEs) and auditory brainstem 
evoked response audiometry (ABR) were performed for 
4303 babies born in “Panait Sirbu” Hospital during 2009. 
Physical examinations and family history were used to 
get information about hereditary/syndromic hearing loss. 
All newborns were tested in newborn setting using Echo- 
screen (Fischer-Zoth). 

2.2. Infants 

Pediatricians from several regions of Romania referred 
38 unrelated children (18 males and 20 females) with 
congenital hearing loss to our ORL/Audiology Clinic. 
All children were Caucasians and ranging in age from 1 
to 7 years. Audiologic evaluation, physical examinations, 
medical and family history and CT examination of the 
temporal bone were used to get information about con- 
genital deafness.  

2.3. DNA Extraction  

Standard protocols were used to obtain blood samples 
from patients and controls for the mutation analysis. 
DNA from blood samples was isolated and two PCR 
multiplex assays were developed to detect DFNB1 muta- 
tions.  

2.4. ARMs Multiplex PCRs and Multiplex PCR 

DNA was collected from 61 unrelated patients and their 
parents (child-parents trio). We performed the DNA ex- 
traction from peripheral blood cells collected in EDTA 
vacutainers using the QIAamp DNA Blood Mini Kit 
(QIAGEN) according with the QIAamp® DNA Mini and 
Blood Mini Handbook. We proceed from 200 µl whole 
blood sample and we obtained aproximatively 100 ng 
DNA/µl. We used 400 ng DNA for the detection of 35 
delG GJB2 gene mutation and respectively 800 ng DNA 
for the detection of the two mutations of the GJB6 gene 
(GJB6-D13S1830 and GJB6-D13S1854 deletions). 

We developed two PCR multiplex assays to detect the 
35 delG GJB2 mutation using either the normal or the 
mutant primer along with the common primer proposed 
by Smith and co-workers [7] and the β-actin primers. The 
sequences of forward and revers β-actin primers were 
(http://biowww.net/gene/gene-ACTB.html): 

5’-TCA CCC ACA CTG TGC CCA TCT ACG A-3’; 
5’-CAG CGG AAC CGC TCA TTG CCA ATG G-3’. 
β-actin was used as internal control to monitor the 

PCR efficiency of two reactions.  
Both reactions were performed in a final volume of 25 

µl using 400 ng DNA, 1x PCR buffer, 5 pmol each pri-
mer, 1.5 mM MgCl2, 200 nM each dNTPs and 1.5 U 
Power QTaq DNA polymerase (Genomics BioSci&Tech). 
PCR conditions were as follow: initial denaturation at 95 
˚C for 5 minutes followed by 30 cycles of denaturation at 
95˚C for 40 sec, annealing at 60˚C for 30 sec, extension 
at 72˚C and a final extension step at 72˚C for 7 min. The 
expected size of the amplified product was 202 bp for 
GJB2 and 294 bp for the β-actin amplicons. 

To detect the del(GJB6-D13S1830) and del(GJB6- 
D13S1854) mutations we used the primers and PCR con- 
ditions as described by Del Castillo et al., 2005. 800 ng 
of genomic DNA was amplified for 25 cycles in a 25 µl 
PCR reaction mixture containing 1x PCR buffer, 1.5 mM 
MgCl2, 200 µM each dNTP, 10 pmol each primer and 1.5 
U of Power QTaq DNA polymerase (Genomics BioSci & 
Tech). The method described by Del Castillo et al., 2005, 
allows the amplification of DNA fragments in a single 
step. The DNA fragments contain the breakpoint junction 
of each deletion [for del(GJB6-D13S1854—564 bp and 
for del(GJB6-D13S1830)—460 bp], as well as a frag- 
ment with GJB6 exon 1 (333 bp) which is used as an in- 
ternal control of PCR multiplex efficiency. This method 
also allows the detection of both heterozygous and ho- 
mozygous forms of the two deletions. The exon 1 is not 
amplified when the deletions are present in either homo- 
zygous or compound heterozygous forms [8]. Positive 
controls were kindly offered by Dr. Ignacio Del Castillo 
from the Unidad de Genetica Molecular, Hospital Ramon 
y Cajal, Madrid, Spain. 

The PCR amplification reactions were run on a Ge- 
neAmp PCR System 9700 thermal cycler (Applied Bio- 
systems). 

The PCR products were subjected to capillary elec- 
trophoresis using the QIAxcel Instrument (Qiagen). The 
QIAxcel system performs fully automated separation of 
DNA fragments according to their molecular weight and 
use capillary electrophoresis to enable high resolution 
and high sensitivity separation of DNA samples [10]. 

The DNA-based testing can be used for diagnostic 
testing, determination of carrier status and prenatal di- 
agnosis of hearing loss. 

Written informed consent was obtained from all par- 
ents of our minor patients and provided to the Ethics 
Committee of the Carol Davila University of Medicine 
and Pharmacy—Bucharest, who approved the conduct of 
this study in accordance with the Helsinki Declaration. 

3. RESULTS 

3.1. Neonates 

An unselected population of 4303 neonates was screened 
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by 48 h of age, before discharge, of which 4280 babies 
had a pass response in both ears at either the initial or 
follow-up screen.  

OPEN ACCESS 

Only 23 neonates with a positive identification within 
newborn hearing screening program were referred to 
audiologic evaluation to confirm if the HL is present. 
Physical examination revealed no other findings associ- 
ated with a syndrome. Four newborns with hearing par- 
ents were found to have different types of HL: two pre- 
sented sensorineural hearing loss, one had unilateral 
hearing loss and one had auditory neuropathy. They were 
referred to genetic counseling and testing for the etio- 
logic diagnosis.  

Incidence of congenital HL among neonates was 0.93 
per 1000 live births (four children were clinically diag- 
nosed with HL, out of a total neonate population of 
4303). 

3.2. Infants 

Clinical signs could direct the molecular diagnosis to 
specific genes. So, all of 38 children with congenital HL 
expressed DFNB1 phenotype associated with senso- 
rineural, prelingual, stable (until now), bilateral, all fre- 
quencies affected, and moderately severe hearing im- 
pairment. All parents had normal hearing and no con- 
sanguine family was identified. Seven children had a 
history of HL in a close (second or third degree relatives) 
or distant family member. No sex predilection was no- 

ticed. No other physical anomalies were detected. 

3.3. ARMS Multiplex PCRs and Multiplex PCR 

GJB2 mutations were detected in 36.03% of the patients 
(n = 22, 4 neonates and 18 children, out of a total of 61), 
all of them having 35 delG mutation. Homozygous status 
for 35 delG mutation was found in 20 patients and 2 pa- 
tients were heterozygous for this mutation. Figure 2 
shows a representative example of 35 delG GJB2 muta- 
tion detection. The PCR reaction with the normal and 
common pair of primers tests for the presence of normal 
allele, whereas the PCR reaction with the mutant and 
common pairs of primers detects the presence of mutant 
allele. 

Two of the 61 homozygous samples and the two ho- 
mozygous samples were included in the sample set pre- 
sented in Figure 1. 

Beside the screening for the 35delG mutation we also 
tested for the del(GJB6-D13S1830) and del(GJB6- 
D13S1854) mutations. These multiplex PCR tests are 
shown in Figure 2, for the same samples presented in 
Figure 1.  

The band corresponding to exon 1 of GJB6 gene is 
presented in all samples indicating that the samples were 
neither homozygous nor compound heterozygous for the 
two above mentioned mutations. The fact that no bands 
for either of the two mutations are present indicates that 
the samples are not heterozygous either.  

 

 

Figure 1. Results of DFNB1 genetic testing. 
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Figure 2. Detection of 35 delG mutation in the GJB2 gene. Panel (a): PCR amplification of genomic DNA 
using normal and common primers for GJB2 and β-actin primers. Panel (b): PCR amplification of genomic 
DNA using mutant and common primers for GJB2 and β-actin primers. M represents the pUC18/HaeIII 
marker, Lane 1—homozygous 35delG positive control, Lane 2—heterozygous 35delG positive control, 
Lane 3—wild-type control, Lane 11—NTC (no template control), Lanes 4, 5—wild-type DNA samples, 
Lanes 6, 7, 8—35delG homozygous DNA samples, Lanes 9, 10—heterozygous DNA samples. 

 
None of 61 investigated children was found to have 

del(GJB6-D13S1830) and del(GJB6-D13S1854) muta- 
tions. 

4. DISCUSSION 

Until now, many studies investigating populations from 
Europe, Asia, Australia or North America, have shown 
that DFNB1 accounts for approximately 50% of con- 
genital, severe-to-profound, and autosomal recessive non- 
syndromic hearing loss [11-21]. GJB2 encodes connexin 
26, and GJB6 encodes connexin 30. These are the only 
two genes known to be associated with deafness at the 
DFNB1 locus. Approximately 98% of individuals with 
DFNB1 have two identifiable GJB2 mutations (i.e., they 
are homozygotes or compound heterozygotes). More 
than half of all persons of northern European ancestry 
with two identifiable GJB2 mutations are homozygous 
for the c.35 delG point mutation [7]. Approximately 2% 
of individuals with DFNB1 have one identifiable GJB2 
mutation and one of two large deletions that include a 
portion of GJB6. Clinical signs direct the molecular di-
agnosis to specific genes. 

Considering the data from the literature and the facts 
that Romanians are of Caucasian origin and settled in 
South Eastern Europe, we decided to start the investiga- 
tions of DFNB1 related HL. In this respect, our results 
show the presence and the higher frequency of 35 delG 
GJB2 mutation among persons of South Eastern Europe 
and confirm, once more, the European origin of the mu- 
tation. In European countries, the prevalence of the 35 

delG mutation, in normal-hearing individuals, has been 
estimated to range from 2 to 4% [22]. Absence of GJB6 
mutations could be explained by the small size sample 
investigated or the frequency of the mutations is not sig- 
nificant for Romanian population comparable to the data 
from Italy, Belgium, Turkey and Slovakia [8,23-26].  

HL is the most common birth defect and the most 
prevalent sensorineural disorder in developed countries 
[27]. One of every 500 newborns has bilateral permanent 
sensorineural hearing loss ≥ 40 dB; by adolescence, the 
prevalence increases to 3.5 per 1000 [28]. The results of 
the study are of medical interest in audiological practice 
or family planning but also in the characterization of epide- 
miological data. The incidence of congenital HL is lower 
among Romanian neonates than in many European coun- 
tries but undoubtedly the number of neonates is still sig- 
nificant. In Romania an estimated 200,000 babies are 
born in Romania each year. This means that around 200 
babies with congenital HL should be born each year. 
Based on our results, newborn hearing screening test 
detects neonates at-risk and combines with molecular 
genetic testing, which could early clarify the status of the 
patient. As early as possible after that, the treatment 
should start: first, to fit with hearing aids and enrollment 
in appropriate educational programs and second, to pre-
vent the consequences. So, we suggest that newborn 
hearing screening test could be offered as a routine test 
during postpartum hospitalization because it is available 
and cost-effective. Except few hospitals, the test is of-
fered by request and usually the parents notice the 
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handicap of their child too late for intervention. We con-
sider molecular diagnosis as part of evaluation strategy 
because it confirms the diagnosis in a proband, which 
could clarify the carrier status of the parents and allows 
the identification of recurrence risk in future pregnancies. 
Molecular diagnosis is a complement to clinical exami-
nation and not an alternative. The test is available and 
cost-effective. Non-invasive methods can be used to col-
lect DNA from high-risk neonates and children. More-
over, in Romania rehabilitation and support services are 
available too. 

Also, our results give an overview of the main causes 
of congenital HL, exclude the GJB6 gene from hearing 
screening protocols and offer a new strategy for preven-
tion of hearing loss in Romania.  
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