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Abstract: Background & Aim: Hearing loss is the most frequent form of neurosensory deficit in humans. Although the
majority of hereditary hearing loss is due to nuclear gene mutations, it has become clear the significant contribution
of mitochondrial genes. The first mitochondrial mutation shown to cause non-syndromic hearing loss in humans was
the A1555G mutation in the small ribosomal RNA gene (12S rRNA). It has been detected in hundreds of families
of different ethnic backgrounds, making it one of the prevalent genetic causes of hearing loss currently identified.
However, there are major differences between ethnic groups regarding the frequency of this mutation. Few studies
have been made in Arab countries, especially in Egypt. Here we report the prevalence of the mitochondrial mutation
A1555G among patients with non-syndromic hearing loss (NSHL) and in healthy individuals with normal hearing in
the Egyptian population. Subjects & Methods: The study was conducted on 97 patients with SNHL and 300 unrelated healthy Egyptian individuals, with normal hearing, as normal control subjects. Polymerase chain reaction followed by restriction enzyme digestion was used to screen the DNA samples of all subjects for the A1555G mutation.
Results: Participants included 97 cases with SNHL, 46 males and 51 females. Their ages ranged from 1 month to
65 years with the mean age 6.2 years (SD ± 8.2). Paternal consanguinity was reported in 46% (35/76) of the studied families. The A1555G mutation was found in one of the 97 patients (1.3%), while it has not been detected in the
300 control samples. Conclusion: Our findings indicate that, even in absence of exposure to aminoglycosides, the
mitochondrial A1555G mutation is one of the potential causes of non-syndromic SNHL in the Egyptian population.
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Introduction
Hearing loss is the most frequent form of neurosensory deficit in humans [1]. Thus, it represents a major public health concern due to its
high incidence globally. At birth, about 3 per
1000 in developed countries and more than 6
per 1000 in developing countries have hearing
problems [2]. The etiology of hearing loss may
be either genetic, non-genetic or a combination
of both. It is important to note that the presence of an environmental cause does not necessarily exclude the existence of an underlying
genetic predisposition. This is true both in early-onset and late-onset hearing losses, where
the interaction between environmental and
genetic factors is even more complex [3].
It is estimated that at least 60% of hearing
impairment is due to a genetic cause [4].

Although the majority of hereditary hearing loss
is due to nuclear gene mutations, it has become
clear the significant contribution of mitochondrial genes [5]. Various mutations in mtDNA,
causing both syndromic and non-syndromic
hearing loss, have been identified [6]. The first
mitochondrial mutation shown to cause nonsyndromic hearing loss in humans was the
A1555G mutation in the small ribosomal RNA
gene (12S rRNA) [7]. The precise frequency of
this mutation is unknown, but it has been
detected in hundreds of families of different
ethnic backgrounds, making it one of the prevalent genetic causes of hearing loss currently
identified [8].
The A1555G mtDNA mutation has been implicated in both non-syndromic and aminoglycoside induced hearing loss. The phenotypic
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expression of the A1555G mutation is extremely variable, including cases with normal hearing. Hearing loss, in affected cases, shows variable severity and age of onset; some individuals have congenital deafness, whereas others
show a slow, progressive hearing loss of adultonset [9].
The aim of this study was to report the prevalence of this mutation in patients with non-syndromic sensorineural hearing loss as well as
amongst healthy individuals with normal hearing in the Egyptian population.
Materials and methods
Patients and methods
In the period from January 2012 to December
2013, we recruited 97 patients (58 sporadic
and 39 familial) from 76 families with bilateral
sensorineural hearing loss (SNHL) of varying
severity. The patients were selected from those
attending the Audiology Clinic of the main
University Hospital in Alexandria, and the clinic
of the Human Genetics Department, Medical
research Institute, Alexandria, Egypt. In addition, three hundred Egyptian normal hearing
individuals were included as controls.
The study was approved by the Ethics Committee of the Medical Research Institute,
Alexandria University, Egypt. All of the members
participating in this study had provided an
informed consent form based on the international guidelines outlined by the Declaration of
Helsinki.
A complete history was taken from each patient
to document the age of onset of hearing loss,
parental consanguinity, other cases in the family and the use of ototoxic drugs (aminoglycosides) and also to exclude other environmental
causes such as maternal-fetal infections, neonatal jaundice, meningitis and head trauma.
Patients were subjected to a thorough clinical
evaluation and appropriate investigations were
done to exclude syndromic forms of hearing
impairment. Assessment of peripheral hearing
sensitivity comprised pure tone audiometry or
auditory brain stem response, according to the
age of the child. The severity of hearing loss
was classified as mild (25-40 dB), moderate
(41-55 dB), moderately severe (56-70 dB),
severe (71-90 dB), or profound (> 90 dB).
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Molecular study
Genomic DNA was extracted from whole blood
by standard salting out technique [10]. PCR
amplification of the region of 12S rRNA gene
that encloses the A1555G mutation was done
in a Veriti Thermal Cycler (Applied Biosystems),
in a total reaction volume of 25 ul. The sequence
of the primers used was as follow: forward
primer -5’-GCT CAG CCT ATA TAC CGC CAT CTT
CAG CAA-3’ and reverse primer -5’-TTT CCA GTA
CAC TTA CCA TGT TAC GAC TGG-3’. Following
amplification, the PCR products were digested
by specific restriction enzyme; HaeIII (Fast
Digest, Thermoscientific). Then, the digested
restriction fragments were resolved on a 3%
agarose gel and visualized under UV light [11].
The PCR-RFLP positive results were confirmed
by direct sequencing.
Results
The age of the studied patients ranged from 1
month to 65 years with the mean age 6.2 years
(SD ± 8.2). The cohort of patients included 46
males (47.4%) and fifty one females (52.6%),
with a male to female ratio of about 1:1.1.
Paternal consanguinity was reported in 46%
(35/76) of the studied families. Prior exposure
to aminoglycosides couldn’t be determined in
the patients’ history due to lack of the data
about drug intake especially in cases of hospital admission. Fifty eight families (76.3%) had
isolated (sporadic cases) where the deaf proband was the only affected individual in the
family. For the other eighteen families (23.7%),
deafness formed a familial trait. According to
the audiologic findings, 6 of the studied patients
(6.2%) had moderately severe SNHL, 59
(60.8%) severe SNHL and 32 (33%) profound
SNHL.
Only one of the participating patients was found
to carry the mtDNA A1555G mutation. This
result was confirmed by direct sequencing of
the corresponding PCR product (Figure 1). The
proband harboring A1555G mutation was the
offspring of non-consanguineous healthy parents with no family history of SNHL. No history
of prior exposure to aminoglycosides was
reported. Hearing loss of the proband was prelingual profound bilateral and sensorineural.
The family declined further molecular testing of
its members. The A1555G mutation was not
found in any of the tested 300 control
samples.
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Figure 1. Partial sequence chromatograms of the mitochondrial 12S rRNA gene for a deaf patient carrying the
A1555G mutation (A), and a normal hearing individual having a normal allele (B).

Discussion
Deafness is a clinically and genetically heterogeneous disorder with various genetic and environmental causes [12]. The A1555G mutation,
which was the first mtDNA mutation identified
as a cause of maternally inherited non-syndromic HL, has been associated with several
phenotypes from completely normal hearing to
profound deafness and has also been implicated in aminoglycoside associated HL [13, 14].
The mtDNA A1555G mutation was first described in a large Arab-Israeli family [7]. Subsequently, it was found in various populations
with major differences of its prevalence; ranging from 0 to 27% [14-18]. As revealed by recent
studies, the A1555G mutation has been a frequent cause of non-syndromic hearing loss in
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some Asian populations [15-17]. It is, however,
rare or even absent in most of the European
and American populations [19-22]. Thus, it
seems that there is an ethnic-related variation
in the prevalence of this mutation, presumably
influenced by the overall mitochondrial genetic
background.
In the present study, the A1555G mutation has
been detected in only one of the studied
patients (1.3%) and in none of the 300 controls, indicating that it might be rather uncommon among Egyptians. To our knowledge, there
are no available data regarding the prevalence
of the A1555G mutation among the Egyptian
population. Therefore, we tried to discuss our
results in view of the available reports from different Middle East countries. A quite similar
finding was reported from Iran [15] where the
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A1555G mutation was detected in 1.3% of the
Iranian probands with NSHL, while it was not
found in none of the 548 normal hearing controls. Furthermore, Mkaouar-Rebai et al. [23],
identified the A1555G mutation in one out of
100 Tunisian families affected with NSHL (1%)
but did not detect it in 100 control subject.
Tekin et al. [18] reported a slightly higher frequency (1.8%) among children with prelingual
SNHL in Turkey, while a recent study reported
the occurrence of the A1555G mutation in
3.6% of hearing impaired Moroccan patients
[24]. On the other hand, none of the 126
screened Qatari patients with NSHL carried the
mutation [25].

where maternal mode of transmission is
apparent.

Overall, the prevalence of the A1555G mutation in Middle East populations seems to be
intermediate between the relatively high prevalence reported from Asian countries and the
very low, and even null, frequencies in some
Western populations. In fact, this observation,
which reflects the halfway geographic location
of the Middle East, suggests a gene flow effect
from East to West.

[1]

The proband carrying the mtDNA A1555G
mutation, detected in the current study, was
suffering from prelingual profound SNHL with
no family history of hearing impairment and
was not previously exposed to aminoglycosides. In fact, carriers of A1555G mutation
exhibit a wide variety of individual hearing levels, from normal to severe hearing loss [26].
Although the A1555G mutation increases sensitivity to aminoglycoside ototoxicity, it has
been reported also in deaf individuals who
have not been exposed to these antibiotics
[27]. Different hypotheses have been proposed
to explain the role of the A1555G mutation as a
deafness predisposing mutation [28, 29].
Mitochondrial haplotypes may explain some of
the differences between families and ethnic
groups, but the variable severity of A1555Grelated deafness could be the result of a combined action of other susceptibility and modifier
genes with environmental factors [30, 31].
In conclusion, our findings indicate that even in
absence of exposure to aminoglycosides, the
mitochondrial A1555G mutation is one of the
potential causes of non-syndromic SNHL.
Despite its low prevalence among the Egyptian
population, it should be a part of any genetic
screening of hearing loss especially in cases
203
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