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Abstract Origins of all hearing impairment forms may be

divided into genetic mutations and acquired influence. Both

carry damage to the inner ear structure resulting in a mild

to profound dysfunction of the auditory system. The pur-

pose of this study was to assess the different etiologies of

deafness in two reference centers for hearing-impaired

children in Nouakchott/Mauritania. Data on gender, age,

consanguinity, etiology and family history of deafness

were gathered by interviewing the custodians of 139 chil-

dren with hearing loss. DNA of pupils with hereditary non-

syndromic deafness was then screened for GJB2 mutations

by sequencing methods. Postnatal hearing loss was found

in 36 (25.8 %) out of the 139 children surveyed. The main

etiologies of this group were infections caused by menin-

gitis (12.9 %) and measles (2.8 %). Unknown and ototoxic

origins accounted for, respectively, 5.7 and 3.5 %. In 103

(74.1 %) children, deafness was identified near after the

time of birth and, therefore, presumed as congenital.

56.8 % of deaf children had consanguineous parents. Two

GJB2 mutations, c.del35G with an allele frequency of

4.7 % and R32C (3.7 %) were detected. Infections such as

meningitis and measles were the most prevalent causes of

postnatal deafness. In cases of congenital hearing impair-

ment, two GJB2 allele variants, i.e., del35G and R32C

(3.7 %) were detected. Extended genetic testing is recom-

mended for a more comprehensive determination of con-

genital causes.
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Introduction

About 5 % of the global population has hearing impair-

ment [1]. Although this disability is commonly regarded as

an aging-related change, it affects more than 32 million

children worldwide. Deafness is indeed one of the most

known congenital disorders as it occurs in 1 in 1000

newborns [2]. By the age of four, this prevalence could rise

up to 1 in 300 children following damage to the hearing

system prompted by numerous postnatal events such as

viral or bacterial infections, shock, medication or exposure

to noise [3]. Both inborn and acquired postnatal forms of

inner ear deafness are irreversible. Sensorineural hearing

loss (SNHL) results from injury to the cochlea, the hair or

nerve cells of the inner ear. Most of genetic SNHL are of

autosomal recessive inheritance and associated with GJB2,

a gene located in the DNFB1 locus and encoding the gap

junction connexin 26, the major connexin isoform of the

cochlea [4]. Allele variants of this gene, e.g., c.167delT and

R143W are rare [5, 6] while others such as c.35delG,

c.235delC and W24X have a wider distribution [7–9].

c.35delG is a frameshift-inducing deletion which results in

an early termination at the 12th residue of the polypeptide

chain. On its own, this change accounts for two-thirds of all

GJB2 alterations in European and American Caucasian
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populations [10, 11]. In North Africa, studies showed that,

with prevalence up to 37 %, c.35delG is the most common

GJB2 mutation in Tunisian and Moroccan deaf populations

[12, 13].

The Mauritanian population takes its name from the

Berber kingdom of Mauritania which existed from the third

century BC until the 7th AD in what is called now Mor-

occo. However, the present Mauritanian population is

made of two racial categories: the Moor (Maures) of Arab–

Berber origin composed of white and black Moor both

speaking Hassaniya, a Berber-influenced Arabic dialect.

This group self-identifies with the geographically close

populations of North Africa as they speak related lan-

guages and share the same Arab-Islamic culture. The

Mauritanian black African group is composed of three

ethnicities (Pulhar, Soninké and Wolofs) all from the same

sub-Saharan black African descent but each with its own

language, geographic origin and cultural specificities.

Although these two classes (the Moor and black Africans)

are racially different, they share the same Islam religion

and lived together for centuries. This cohabitation allowed

not only cultural exchange but also interracial marriage,

which greatly contributed in shaping a mixed society with

specific genetic features.

This study was aimed to provide the etiology profile of

hearing impairment in a cohort of Mauritanian deaf chil-

dren. A GJB2 screening carried out in patients with con-

genital deafness was also the first attempt to evaluate the

genotype–phenotype correlation of hearing loss in our

population.

Materials and methods

Patients selection

Approval to this study was given by the boards of the two

schools where the screening was conducted and the ethics

committee of the University of Sciences, Technologies and

Medicine, Nouakchott, Mauritania. Informed consent was

obtained from children’s parents or guardians who were

then interviewed to complete the study questionnaire. The

139 deaf children (from 113 families) included in this study

were from the two race categories: 119 Maures and 20

black Africans.

Child identity was taken and anonymized. Data included

the period of identification of hearing loss, etiology and

degree of the deafness, associated symptoms which may be

characterized as part of a known syndrome, consanguinity

and hearing loss history in the family. All etiologies stated

without medical assessment were considered as unknown.

Congenital cases were referred for genetic testing. In

families with multiple affected siblings, one child per

family was chosen randomly for GJB2 screening. Although

all custodians of the 101 children (75 families) with con-

genital deafness recruited accepted to complete the ques-

tionnaire, consent for genetic testing was agreed by only 53

families and, therefore, concerned 53 unrelated pupils.

Molecular analysis

Genomic DNA was extracted by salting out methods [14]

from blood samples collected in ETDA tubes. Target

regions in GJB2 exon2 were amplified using, respectively,

the primer sets Con26F(50GAGGTTGTGTAAGAGTTG
GTGTT30)/Con26R (50TCTTCTCATGTCTCCGGTAG30)
for the upstream region (457 bp) of the exon and the set

GJB2-2F (50CCAGGCTGCAAGAACGTGT30)/GJB2-2R
(50ACAGCTGAGCACGGGTTG30) for the subsequent

part (597 bp). PCRs (25 ll) contained 3 ll (20 ng) of

genomic DNA, 1 ll (5 lM) of each primer, 0.25 ll
(20 mM) of dNTP, 0.75 ll (50 mM) of MgCl2, 0.1 ll of
Invitrogen Taq DNA polymerase 5 units/ll, 2.5 ll of 109
PCR buffer and 17.4 ll distilled H2O. The amplification

program presented a DNA denaturation at 96 �C for 4 min

followed by 35 cycles of denaturation at 94 �C for 30 s,

annealing at 53 �C for 35 s and extension at 72 �C for 40 s

tailed by a 10-min final extension at 72 �C. PCR products

were sequenced on capillary AB 3130 Genetic Analyzer

(Applied Biosystems, California, USA). Data obtained

were then matched with reference sequences of the GJB2

gene (NM_004004.5) using the Sequencher 5.0 software

program package (Gene Codes, MI, and USA).

Results

The 139 deaf children (from 113 families) surveyed in this

study included 78 boys (56 %) and 61 girls (44 %) with an

age between 5 and 25 years. Reports examination showed

that in 101 pupils (75 families) deafness was noticed in the

first weeks after birth and considered as congenital

(72.6 %), while in 36 children (36 families), the disability

occurred in the early childhood and following a health-

affecting event (25.8 %) (Table 1). In two children, the

period of onset could not be obtained. Postnatal deafness

was mainly attributed to complication of infectious dis-

eases such as meningitis (12.9 %) which was the most

common reported cause followed by measles (2.9 %).

Ototoxic drugs and exposure to loud noise were also stated

as cause of hearing loss. In eight children (5.7 %), it was

not possible to identify the etiology (Table 2).

In the 101 children with congenital hearing loss, 66 were

born from consanguineous unions (46 families) against 35

children from non-consanguineous unions (29 families).

Multiple occurrence of hearing loss was encountered in
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54.6 % (25/46) of consanguineous families against only

27.5 % (8/29) in non-consanguineous families (Fig. 1).

GJB2 sequence data of children chosen from the 53

families with congenital SNHL revealed two mutations

c.del35G and R32C, present, respectively, in 3 and 2

families, all from the Maure group. No second associated

mutation was identified. Both mutations were detected in

children born from consanguineous unions. The variant

c.del35G had an allele frequency of 4.71 % (two

homozygotes and one heterozygote) while R32C was in

homozygote state in the two individuals identified giving

an allele frequency of 3.77 %. Polymorphism rs9578260

was detected in heterozygote state in three families

(Table 3). Overall, eight families (15.1 %) were carrying at

least one mutant Cx26 allele.

Discussion

Early identification of the etiology is of great importance in

restoring the hearing ability. In this study, the first con-

ducted in Mauritania to assess the main causes of child-

hood hearing loss, we found that among children who

became deaf after birth, the impairment resulted largely

from complication of infections such as measles and

meningitis. The latter accounted for 13 % of all causes of

deafness in this study. Meningitis remains one of the most

common reasons of deafness worldwide, although its

prevalence varied among populations, mostly through

immunization, [15, 16]. This avoiding effect is underlined

by the wide difference between the prevalence of the dis-

ease as diagnosed etiology of deafness in the US [17]

(3.2 %) and the Gambia [18] (31.7 %).

The almost fivefold difference in the prevalence of

meningitis and measles as cause of deafness (Table 2) is

also more likely the result of immunization as unlike

measles, meningitis is yet to be added to the national

children vaccination program. Our data emphasize the

adverse effect of this illness and the urgent need to include

it in this program. Deafness cases consecutive to measles

could be explained by vaccine supply conditions, a generic

cause of loss of protection in developing countries or by

inherent factors in children linked to socio economic

conditions.

Hearing loss caused by ototoxic medicines represented

13 %. This prevalence took into account only children in

whom the damage to the hearing was not reversed when

they stopped taking their medicine. It is slightly higher than

the 8 % reported in sub-Saharan populations [19]. A close

monitoring for pediatric patients receiving known ototoxic

agents is recommended.

In the unknown etiology group, we classified the

impairments which cause could not be identified through

the questionnaire. A likely reason, as in many developing

countries, may be that the etiology was not properly

diagnosed or the parents could not reach medical care for

various reasons.

In this study, all hearing loss cases reported by the

parents in the first weeks of childhood and not associated to

Table 1 Demographics of the surveyed children population

Number of children

Gender

Boys 78

Girls 61

Age (years)

5–10 22

10–18 85

Above 18 32

Onset of hearing loss

Congenital 101

Postnatal (onset age 1–10 years) 36

Not available 02

Table 2 Etiologies of postnatal deafness

Number of children Percent

Postnatal causes 38 27.3

Meningitis 18

Measles 4

Ear infections 1

Ototoxicity 5

Noise 2

Unknown 8
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Fig. 1 Effect of consanguinity on family history of deafness
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a diagnosed postnatal illness were considered as congeni-

tal. Acquired deafness resulting from infections or trau-

matic events during fetal development or at the time of

birth is well documented [20]. Therefore, the 101 (72.6 %)

congenital hearing loss cases identified in 75 families may

not be all of genetic origin. However, 33 families of them

had history of deafness giving a minimum prevalence of

44 % for hereditary deafness. Deafness in multiple family

members doubled from 27.5 % in non-consanguineous

families to 54.3 % in consanguineous families. By

increasing the probability of defective gene sharing and,

therefore, the level of homozygote, consanguineous union

was known to increase the risk of autosomal recessive

disorders such as SNHL in different populations [21].

Although considered of low influence in western popula-

tions [22, 23], the consanguinity impact was more notice-

able in developing countries [24, 25]. For instance, 70 % of

deaf children in Oman had consanguineous parents [26]. A

lower rate of consanguinity (56.8 %) was found here. Even

though not very representative given the design of the

study, this percentage found among the deaf population

may be used as indication of the prevalence of consan-

guinity in the general population before a proper study is

conducted.

As stated above, genetic origin represented at least 44 %

of all cases of congenital deafness. In the 53 DNA samples

referred for GJB2 variant search, c.del35G and R32C

mutations were almost equally prevalent. Although

c.del35G is reported as the most prevalent GJB2 mutant

allele in North America, Europe, Asia and North Africa

populations [27], this variant was detected here only among

3 of the 53 families with supposed congenital deafness.

c.delG35 was also not found in cohorts of deaf children from

many black African countries including South Africa [28],

Cameroon [29], Kenya and Sudan [30]. The intermediary

prevalence found in our study between a high frequency of

about 35 % in North Africa [12, 13] and a total absence of

this mutation in the sub-Saharan deaf populations supports

the previously reported specific heterogeneity of our popu-

lation using others biomarkers [31, 32] and briefly reviewed

above. Indeed, although Mauritania is geographically and

culturally close to the North African region, there is an

important genetic setting particular to our population

induced by the same geographic nearness of our country to

the sub-Saharan populations.

Genetic variation in GJB2 gene was also encountered

even among the others North African populations. The

prevalence of c.35delG mutation in Moroccan deaf popu-

lation (43.20 %) [13] is double of that found in Tunisia

(21.57 %) [33]. The carrier frequencies are also different

with, respectively, 2.07 % in Morocco and 1.3 % in

Tunisia [34, 35]. Mutations in LRTOMT gene, another

hearing loss candidate gene, have shown also difference in

prevalence between the two populations [36].

A contribution to the relatively low prevalence of

c.delG35 in our population with regard to those described

in North African populations may also be of statistical

source. Indeed, as said above, only 33 families from the 75

with supposed congenial hearing loss had history family of

the disorder. As a result, the prevalence of all DNA

changes found in this study, including c.delG35, would be

higher if brought to 33 families instead of 53 as the total of

families with congenital deafness.

R32C substitution (c.94C[T) was so far identified only

as a novel and rare mutation [37]. The relatively high

frequency found here strengthens the pathogenic signifi-

cance of R32C as a hearing loss-associated variant [38]

although arguably a case–control study may still need to be

carried out to confirm this relevance in our population. To

our knowledge, it is the first time that this mutation is

encountered in an African population. As the descent of the

R32C carrier was not given in the only study reporting this

variant [37], we could not speculate further on its ethnic

derivation. SNP c.-22-12C[T (rs9578260) found here in 3

out of the 53 families tested was described also in

heterozygote state and with a benign consequence on

hearing loss in other African populations [3].

Although these DNA changes have already been

described in other populations, the possibility to detect

hearing loss-associated mutations and others inherited

diseases through single-gene screening will allow our

population to benefit from this genetic test and, in due time,

provide the opportunity to explore multi-gene screening

which became important in the diagnosis and evaluation of

hereditary disorders. The identification of these mutations

may also contribute in understanding and characterizing

the genetic variations of our population composed of sev-

eral groups racially and ethnically distinct.

Mutations in GJB2 were detected in only 5 out of the

53 investigated families. This leaves 90 % of putative

Table 3 Deafness-associated

GJB2 allele variants
DNA change Variation type Number of carriers Allele frequency (%)

Homozygote Heterozygote

c.35delG Mutation 2 1 4.71

R32C Mutation 2 0 3.77

rs9578260 Polymorphism 0 3 2.83
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genetic causes not detected and more likely located in

others candidate genes. As a result, a screening involving

a wider gene panel will certainly unravel other hearing

loss-associated allele variants. A high prevalence of

LRTOMT gene mutations was indeed reported in the

Moroccan deaf population, another North African Arab–

Berber population geographically and ethnically close to

our population [36].

In this study, deafness-associated mutations were sear-

ched only in DNA of patients with congenital deafness. We

did not genetically test the postnatal cases even though the

occurrence of such mutations could not be excluded,

namely in case of sporadic mutation denoting a first

appearance of deafness in the family.

An important point to be considered is the representa-

tiveness, both ethnic and numeric, of the cohort screened

here. As mentioned above, pupils screened were from the

different ethnic groups of the Mauritanian population.

However, due to the limited number of screened children,

the percentages found here could only be considered as

indication on the prevalence of hearing loss and associated

mutations in our population. The difficulty in patient’s

recruitment, inherent to this type of study, may also explain

why most of similar screening carried out in our region [13,

33, 39] and worldwide [4] had a ratio screened cohort: deaf

population or general population of comparable order to

that used here.

Conclusions

Among the different etiologies, this study unveiled that

preventable infections play a major part as incurring factor

of deafness. The GJB2 gene mutations detected in this

screening were already associated with NSHL in various

studies and support the introduction of this gene in deaf-

ness diagnosis protocol. Although carried out on a limited

population, this study showed that, giving the low preva-

lence of GJB2 mutations in the hearing-impaired children

tested, the genetic screening could be optimized by

including others gene candidates such as LRTOMT also

described in our region.
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