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Objective: Mutations in the MTRNR1 gene of mitochondrial DNA are associated with non-syndromic hearing loss and
increased susceptibility to aminoglycoside ototoxicity. The aim of our study was to determine the clinical characteristics of sen-
sorineural hearing loss caused by the m.1555A>G mutation in MTRNR1.

Methods: An observational retrospective study of the m.1555A>G mutation was conducted in patients with suspected
hereditary bilateral sensorineural hearing loss in the Department of Otolaryngology of the Marqués de Valdecilla University
Hospital (Cantabria, Spain) and in 100 controls with normal hearing.

Results: The m.1555A>G mutation was found in 82 individuals from 20 different families and in none of the controls.
Variable degrees of hearing loss were observed, ranging from normal hearing to profound deafness. Patients with a history of
streptomycin administration exhibited significantly more pronounced hearing loss. The onset of hearing loss occurred from
childhood to adulthood, with progression or stability over the years. No associated vestibular alterations or other clinical mani-
festations outside the ear were found. Two cochlear implant recipients showed significant improvement in speech
comprehension.

Conclusions: Patients with the m.1555A>G mutation in the MTRNR1 gene often develop bilateral, symmetric sensorineu-
ral hearing loss, predominantly affecting high frequencies, worsened by streptomycin administration. This mutation does not
affect the vestibular function. The variability in the severity of hearing loss, the heterogeneity of phenotypic expression, and
the presence of carrier individuals with normal hearing may indicate the existence of modifying factors, both environmental
and genetic. Cochlear implantees showed a good response in terms of speech intelligibility. Genetic testing for this mutation is
recommended in patients with a family history of hearing loss to prevent the use of aminoglycosides if the mutation is found.
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INTRODUCTION
Mutations in the mitochondrial genome are responsi-

ble for numerous disorders.1 Most pathologies due to
mitochondrial DNA mutations correspond to syndromic
conditions, some of which include hearing loss as a clini-
cal sign. However, mutations in mitochondrial genes have
been described whose effects appear to be restricted to
the inner ear, causing non-syndromic hearing loss, includ-
ing the MTRNR1 gene (12S rRNA).2,3

The m.1555A>G mutation is the most prevalent in
the MTRNR1 gene, causing non-syndromic hearing
loss.2,4 This mutation is also responsible for hearing loss
induced by low doses of aminoglycoside antibiotics.5,6

Other mutations in the MTRNR1 gene, much less fre-
quent, have also been shown to cause sensorineural hear-
ing loss, in some cases induced by aminoglycosides.7,8

The aim of our study was to determine the clinical
characteristics of hearing loss caused by the m.1555A>G
mutation in the MTRNR1 gene of mitochondrial DNA
and the role of aminoglycosides in its development.

METHODS
An observational retrospective study was conducted on

patients with non-syndromic sensorineural hearing loss who
underwent genetic testing at the Otorhinolaryngology Department
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of the Marqués de Valdecilla Hospital (Santander, Spain) from
1996 to 2023.

The criteria of our department for performing a genetic
study were:

• Patients with bilateral sensorineural hearing loss, defined as
average thresholds obtained in the conversational frequency
range (500, 1000, and 2000 Hz) above 20 dB.

• Suspected genetic origin of hearing loss, based on family his-
tory or characteristics of the hearing loss, such as bilateral
low-frequency or mid-frequency hearing loss, and children
with bilateral sensorineural hearing loss.

Patients with a demonstrated cause of hearing loss were
excluded from our study, except for cases related to medication.

Both sporadic cases and those with family history of hear-
ing loss were included, and efforts were made to extend the study
to as many family members as possible in cases with a genetic
origin found. At the same time, a sample of 100 individuals with
normal hearing from the general population was obtained, who
were interviewed to rule out family history of hearing loss, and
an audiogram was performed to confirm the absence of hearing
loss. The DNAs obtained from this control group were used to
determine the prevalence of the m.1555A>G mutation in the
MTRNR1 gene in individuals with normal hearing.

A pedigree of all studied families was created using the
CYRILLIC 2 software, version 2.0.2 (Cherwell Scientific
Publishing Ltd).

Family and personal history of other diseases that could
suggest syndromic hearing loss and possible acquired factors
triggering hearing loss were recorded in the medical history.

Regarding hearing loss, the age of onset, mode of onset
(sudden or progressive), involvement (uni- or bilateral, symmet-
ric or asymmetric), progression (stable or progressive), and the
presence of other otologic symptoms accompanying hearing loss
(tinnitus, vertigo, otalgia, or discharge) were recorded.

Threshold tonal audiometry was performed on both affected
individuals and those reporting normal hearing to rule out sub-
clinical hearing loss. The degree of hearing loss was classified
according to the American College of Medical Genetics and Geno-
mics criteria9: slight (16–25 decibels [dB]), mild (26–40 dB), mod-
erate (41–55 dB), moderately severe (56–70 dB), severe (71–
90 dB), or profound (91 dB or greater). Hearing loss configura-
tion, as seen on audiometric analysis, was classified as sloping,
flat, rising (low-frequency), or mid-frequency (cookie bite) loss.9

The data related to auditory brainstem responses (ABRs),
otoacoustic emissions (OAEs), and vestibular tests, computed
tomography (CT), and/or magnetic resonance imaging (MRI)
available in the medical records were also collected, along with
additional tests to rule out associated syndromic pathology.

Genetic testing for the m.1555A>G mutation was carried
out by PCR amplification of a 339 bp DNA fragment containing
the mutation site, followed by digestion with restriction endonu-
clease HaeIII. In the wild-type allele, digestion results in two
fragments (216 bp and 123 bp). The mutation specifically creates
a novel restriction site in the 123-bp fragment and so digestion
results in three fragments (216 bp, 93 bp, and 30 bp).2,5,10

Statistical analysis of the data collected in this study was
conducted using the SPSS program for Windows, including chi-
square tests, t-tests, and simple and multiple linear regression.

Informed consent was obtained all individuals participating
in the study. The study was approved by the CEIM of Cantabria:
Code number: 2022.276. 11/11/2022.

RESULTS
During the study period, 172 proband patients were

identified with non-syndromic sensorineural hearing loss
of suspected genetic origin. Among the cases, 135 were
familial, and 37 were sporadic. The m.1555A>G mutation
in the MTRNR1 gene was identified in 20 cases (11.6% of
the total cohort). All of these cases were familial, with
more than one affected individual in each, and all
exhibited a maternal inheritance pattern of hearing loss
(Fig. 1). Furthermore, the mutation was absent in
100 controls without hearing loss.

Upon extending the study to relatives, a total of
82 individuals were carriers of the m.1555A>G mutation,
including 48 females and 34 males. The age range was
between 13 and 92 years (mean 40.51 years, standard
deviation 17.03) (Table I).

The range of hearing loss severity exhibited consid-
erable diversity (Table S1). Among the individuals,
9 (10.9%) displayed auditory thresholds within the normal
range (up to 20 dB) across all frequencies, while others
experienced profound hearing impairment. In 28 cases
(34.1%), the mean thresholds for frequencies 500, 1000,

Fig. 1. Family tree with code S0509 showing maternal inheritance.
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and 2000 Hz did not surpass 20 dB. Figure 2 illustrates
the mean, 25th, and 75th percentiles of auditory thresh-
olds among all individuals carrying the m.1555A>G muta-
tion. Notably, a descending audiometric profile was
consistently observed, with a pronounced impact on high
frequencies across all cases.

Figure 3 presents overlaid audiograms (binaural
mean thresholds), distinguishing between individuals
with and without a history of aminoglycoside exposure.
Figure 4 provides a summary of these findings, depicting
the mean, 25th, and 75th percentiles for each frequency.
Audiometric thresholds were notably elevated in the
group with aminoglycoside exposure across all frequen-
cies (p = 0.0001) (Table II), with no discernible difference
between genders concerning the severity of hearing loss
(p = 0.2) or the frequency of aminoglycoside exposure
(p = 0.8). Patients with hearing loss who were exposed to
aminoglycosides were younger (p < 0.01).

Generally, individuals reporting ototoxic drug expo-
sure mentioned receiving injections during childhood or
adolescence for respiratory tract infections or tuberculo-
sis, associating this with hearing loss onset. However, in
most cases, these treatments occurred years ago as outpa-
tient procedures, thus not documented in medical records.
Among the 21 individuals more clearly linking hearing
loss to drug exposure, one case attributed it to Terramy-
cin (oxytetracycline) injections at age 10, while others
implicated streptomycin. Furthermore, a patient treated
with intravenous gentamicin, unaware of carrying the
m.1555A>G mutation, exhibited no audiometric changes,
as previously reported.11

The age of onset of hearing loss in individuals carry-
ing the m.1555A>G mutation varied widely. Although it
is challenging to determine these data precisely, three
cases reported the onset of deafness during the first
2 years of age. Of these, the first two were related to drug
administration, although the third case did not seem to
be. In one case, audiological confirmation was present
in the medical history at the age of 5. At the other
extreme, two individuals carrying the m.1555A>G
mutation, at the ages of 32 and 34, respectively, had
audiometric thresholds below 20 dB for all frequencies,
including 4000 and 8000 Hz. Another case, at the age of

TABLE I.
Individuals With the m.1555G>G Mutation.

N %

Sex

Men 34 41,4

Women 48 58.6

Median age 40.5 years

Degree of hearing loss

Normal (<16 dB) 9 10.9

Slight (16–25 dB) 19 23.2

Mild (26–40 dB) 14 17.1

Moderate (41–55 dB) 11 13.4

Moderately severe (56–70 dB) 13 15.9

Severe (71–90 dB) 12 14.6

Profound (>91 dB) 4 4.9

Aminoglycoside exposure 21 25.6

Tinnitus 19 23.2

Vertigo/dizziness/balance disorders 8 9.8

% = percentage; dB = decibels; N = number of individuals.

1555A>G total
-10
0
10
20
30
40
50
60
70
80
90
100
110
120

125 250 500 1000 2000 4000 8000

Hz

dB

Fig. 2. Audiogram depicting the mean audiometric thresholds (thick
line) and the 25th and 75th percentiles (thin lines) for all individuals
carrying the m.1555A>G mutation. These values are calculated based
on the binaural mean for each frequency. [Color figure can be viewed
in the online issue, which is available at www.laryngoscope.com.]
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Fig. 3. Superposition of audiograms (binaural mean thresholds) for individuals carrying the m.1555A>G mutation. The left panel displays cases
not related to medication administration, while the right panel shows cases with a history of medication use (aminoglycosides).
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57, showed a mild–moderate drop limited to frequencies
4000 and 8000 Hz. One patient was deaf-mute; the rest
had developed normal speech.

Regarding the progression of hearing loss, some
patients reported stable hearing loss, while in other
cases, subjective progression was mentioned. Compar-
ing recent audiograms with old ones revealed that in
some cases, hearing loss did not evolve, while in others,
progression was evident. We represented the degree of
hearing loss for all individuals carrying the m.1555A>G
mutation, taken as the mean of thresholds for frequen-
cies 500, 1000, and 2000 Hz, based on their age (Fig. 5).
Despite the data dispersion, a simple linear regression
model was used to calculate the function predicting the
degree of hearing loss from age, minimizing differences
between observed and expected values:

Degree of hearing lossðMEANÞ indB
¼17:12þ0:62�AGEin years:

Performing the same analysis independently for
individuals with or without a history of aminoglycoside
treatment, the following functions were obtained:

In the absence of aminoglycoside exposure:

Degree of hearing lossðMEANÞ indB
¼ 12:20þ0:56�AGEin years:

In the presence of a history of aminoglycoside
exposure:

Degree of hearing lossðMEANÞ indB
¼ 56:83þ0:23�AGEin years:

Similarly, through a multiple linear regression model,
the function predicting the degree of hearing loss based on
age and aminoglycoside exposure history was calculated:

Degree of hearing lossðMEANÞ indB
¼ 15:44þ0:47�AGEin yearsþ30:17�AG:

where the aminoglycoside exposure variable (AG) was
recoded, assigning a value of 0 in the absence of exposure
and a value of 1 if there was exposure.
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Fig. 4. Audiometric thresholds: The thick line represents the mean values, while the thin lines indicate the 25th and 75th percentiles. The left
panel shows data not related to medication, and the right panel shows data related to medication. These values are calculated based on the
binaural average across each frequency. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

TABLE II.
Intensity of Hearing Loss in Pure-Tone Audiometry Based on

Previous Exposure to Aminoglycosides.

Aminoglyside Exposure Present N (%) Absent N (%)

Degree of hearing loss

Normal (<16 dB) 1 (4.8) 8 (13.1)

Slight (16–25 dB) 0 (0.0) 19 (31.1)

Mild (26–40 dB) 1 (4.8) 13 (21.3)

Moderate (41–55 dB) 3 (14.3) 8 (13.1)

Moderately severe (56–70 dB) 7 (33.3) 6 (9.9)

Severe (71–90 dB) 7 (33.3) 5 (8.2)

Profound (>91 dB) 2 (9.5) 2 (3.3)

Median age 46.9 years 38.4 years

Total 21 (25.6%) 61 (74.4%)

% = percentage; dB = decibels; N = number of individuals.
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Fig. 5. The graph displays the degree of hearing loss (measured by
mean thresholds at 500, 1000, and 2000 Hz) plotted against age. A
red linear regression line is included to show the trend. R-value was
0.387 and R square 0.150, p < 0.05. [Color figure can be viewed in
the online issue, which is available at www.laryngoscope.com.]
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In 19 cases, patients reported occasional tinnitus
associated with hearing loss. The presence of tinnitus
was more frequent in individuals with a history of
aminoglycoside treatment (p = 0.060). No differences
were observed in the distribution of tinnitus between
men and women (p = 0.641). Only four individuals from
the same family reported regular exposure to loud noise
due to working in a canning factory. However, one of
them had a normal audiogram, and in the other three,
hearing loss was mild.

Eight patients experienced recurrent vertigo, dizzi-
ness, or instability. No abnormalities were demonstrated
in studies conducted through V-HIT and/or VNG.

In the 15 cases where exploration was performed
through CT and/or MRI, no abnormalities were observed
in the inner ear. In 18 patients, ABR tests were con-
ducted, with all findings being consistent with cochlear
involvement.

In none of the families were associated diseases
found in more than one family member, nor was there a
repeating pattern of association with interfamily systemic
diseases. Moreover, none of the 82 patients had associ-
ated craniofacial malformations.

In all individuals, the m.1555A>G mutation was pre-
sent in homoplasmy (100% mutant copies), except in one
family where the mutation was found in heteroplasmy.
The characteristics of this family were previously
published.5

In no family did we detect the mutations m.961delT,
m.1095 T > C, and m.1494C > T in MTRNR1, nor the
mutations m.7510 T > C or m.7511 T > C in the MTTS1
gene (tRNASer(UCN)).

Of the patients studied, 11 (9.2%) were regular users
of hearing aids. Two patients underwent a cochlear
implant with good results in speech intelligibility and
were still using the implant at the time of the study. The
rest of the individuals did not require treatment for
hearing loss.

DISCUSSION
The m.1555A>G mutation is widespread across

diverse populations worldwide, occurring at a prevalence
of approximately 1:500 in the general populace.12,13 Nota-
bly, a higher incidence of associated hearing loss is
observed in Spain and China.2,14 In Spain, research indi-
cates that it contributes to 15%–20% of all non-syndromic
familial hearing loss cases, independent of inheritance
patterns or onset ages.2,15 This elevated occurrence is
attributed to the historical liberal usage of streptomycin
for minor upper respiratory tract infections in Spain and
China following its commercialization.6,16 Although the
prevalence of this mutation likely remains consistent
across various populations, countries with more restricted
usage of aminoglycosides, particularly streptomycin, may
experience lower rates of familial hearing loss. For
instance, in other European nations, the frequency among
hearing-impaired individuals ranges notably lower, from
0.4% to 3.6%.15

While the m.1555A>G mutation is predominantly
observed in familial cases of hearing loss, it has also been

sporadically identified.17 In our investigation, we detected
the m.1555A>G mutation in 19 out of 135 familial cases
(14.0%) and in 1 out of 37 sporadic cases (2.7%), although
upon further examination, the latter case was found to be
familial as well. Additionally, a recent report highlighted
a de novo mutation within a Chinese family.18

The penetrance of the m.1555A>G mutation exhibits
variability, with some families showing few affected indi-
viduals while others display nearly universal hearing loss
among members. Among seven Chinese families studied,
the penetrance ranged from 0% to 17% in the absence of
aminoglycoside exposure.19 In the Spanish population,
the estimated penetrance of the mutation is 63%.20

Clinical assessment of individuals carrying the
m.1555A>G mutation underscores the wide-ranging onset
of hearing loss, varying both between families and within
a family, from childhood onset to adult onset.21 Moreover,
there exists considerable diversity in the degree of hear-
ing loss, ranging from mild losses affecting primarily high
frequencies to profound deafness. Early onset of hearing
loss before the age of 10 is often associated with severe to
profound hearing impairment.22 The resultant hearing
loss typically manifests as sensorineural, bilateral, sym-
metrical, with a pronounced impact on high frequencies,
indicative of a descending audiometric profile.

The progression of hearing loss in individuals with
the m.1555A>G mutation exhibits significant variability.
While some patients in our study experienced stable
hearing over extended periods, others demonstrated vary-
ing degrees of progression, albeit none exhibited rapid
deterioration without a history of aminoglycoside expo-
sure. Determining whether this progression is primarily
attributable to physiological cochlear aging or the muta-
tion itself poses a challenge. Notably, individuals with a
history of aminoglycoside exposure did not show acceler-
ated hearing loss progression.

In contrast to patients with other mitochondrial
mutations, such as m.3243A > G in the mitochondrial
tRNAleu (UUR) gene, which often present significant ves-
tibular system alterations, those carrying the m.1555A>G
mutation predominantly manifest cochlear impairment.23

Our vestibular studies, including V-HIT and VNG,
revealed no associated vestibular abnormalities, with no
reports of persistent instability. Even in cases where
hearing loss followed streptomycin treatment, vestibular
function tests remained normal. Although our findings
align with other studies,22,24 Kawashima et al. reported
alterations in vestibular-evoked myogenic potentials in
four patients with the m.1555A>G mutation.25

The variability in the phenotypic expression of the
m.1555A>G mutation and the presence of carriers with
normal hearing suggest that the mutation may be consid-
ered a predisposing factor for the development of hearing
loss, requiring other factors for hearing loss to occur.
Modulators of the expression of the m.1555A>G mutation
may include environmental and genetic factors. Among
environmental factors, the most important is a history of
exposure to aminoglycoside antibiotics, although other
factors, both drug-related and non-drug-related, may
exist. Among genetic factors, aspects related to mitochon-
drial DNA include the presence of the m.1555A>G
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mutation in homoplasmy or heteroplasmy and the
presence of polymorphisms in mitochondrial DNA. Addi-
tionally, nuclear DNA-related aspects involve nuclear
modifier genes.20,26,27

Aminoglycosides exert their bactericidal effect by
binding to the 16S rRNA within the 30S subunit of the
bacterial ribosome, thereby impeding protein synthesis.28

In humans, mitochondrial ribosomes exhibit greater simi-
larity to bacterial ribosomes than cytoplasmic ribosomes.
The m.1555A>G mutation appears to heighten the resem-
blance between human 12S rRNA and bacterial 16S rRNA,
resulting in an enhanced affinity for aminoglycosides,
thereby disrupting protein synthesis within the mitochon-
dria.29,30 Among aminoglycosides, streptomycin stands out
as the primary culprit responsible for hearing loss in indi-
viduals with the m.1555A>G mutation.6 Notably, there are
limited reported instances associated with other commonly
used aminoglycosides like gentamicin or amikacin. Fur-
thermore, cases have emerged where patients exposed to
gentamicin, unaware of their carrier status for the
m.1555A>G mutation, did not subsequently develop hear-
ing loss.11 In specific cases, associations have been made
with dihydrostreptomycin31 or isepamicin,32 while in
many studies, the specific aminoglycoside implicated
remains unspecified.2,15 Mutations occurring at various
positions in the 12S rRNA gene may heighten susceptibil-
ity to the ototoxic effects of certain aminoglycosides.

The probability of developing hearing loss by the age
of 30 in individuals carrying the m.1555A>G mutation is
reported to be 40% in the absence of exposure to
aminoglycosides, increasing to 96% if they have received
this treatment.2 In our study, the multiple linear regres-
sion model calculates a mean hearing loss 30 dB higher
in individuals with a history of aminoglycoside adminis-
tration. A single dose of aminoglycosides can trigger hear-
ing loss. Families in which the m.1555A>G mutation is
detected in heteroplasmy are very rare.5 It has been
observed that most individuals with less than 20%
mutant copies have normal hearing, while subjects with
more than 52% mutant copies have hearing loss.5 This
could be interpreted as there being a threshold in the pro-
portion of mutant molecules necessary for hearing loss to
occur. However, it is not uncommon for individuals carry-
ing the mutation in homoplasmy to have normal hearing.
It should be noted that heteroplasmy levels for a muta-
tion can vary in different tissues of a person, so the per-
centage of mutant copies present in the blood may differ
from that in the inner ear.33

Imaging tests, encompassing CT and MRI scans,
revealed no abnormalities in both our study and those
conducted by other researchers.34 Neurophysiological
investigations employing ABR demonstrate involvement
of the cochlea. Within our cohort, no concurrent patholo-
gies were detected among multiple family members or
across families, corroborating the notion that hearing loss
represents the primary manifestation of this mutation.

In our study, patients with moderate hearing loss
demonstrated noteworthy improvement upon adapting to
hearing aids. Additionally, the two individuals who
underwent cochlear implantation exhibited substantial
enhancements in speech intelligibility, maintaining

long-term usage of the implants. Similar positive out-
comes have been documented in patients with mitochon-
drial genetic hearing loss, including carriers of the
m.1555A>G mutation in the MTRNR1 gene, irrespective
of aminoglycoside exposure.34,35

Chen et al., in their analysis of 865 newborns, identi-
fied six carriers of the m.1555A>G mutation, all of whom
displayed normal OAEs and ABRs.36 Consequently, rou-
tine genetic screening for this mutation in neonatal hear-
ing assessments may not be warranted, except in cases
with a maternal history of hearing loss or ototoxicity,
aiming to prevent the inadvertent use of aminoglycosides
that could precipitate hearing loss in susceptible
individuals.37

The limitations of our study are primarily related to
its retrospective nature, which hinders the achievement
of a more homogeneous patient cohort. Additionally,
being a single-center study, the generalizability of the
results to other populations may be limited. Another con-
straint is that aminoglycoside administration was self-
reported by patients, introducing a risk of recall bias.
Nevertheless, this study represents the largest series
published to date on this mutation.

CONCLUSIONS
The prevalence of the m.1555A>G mutation in the

12S rRNA gene of mitochondrial DNA is 14.0% among
familial hearing loss cases in Cantabria, showing great
variability in the degree of hearing loss and the age of
onset. In these patients, hearing deficit is less in the
absence of exposure to aminoglycoside antibiotics (espe-
cially streptomycin) and when the percentage of mutant
copies is lower in cases with the mutation in heter-
oplasmy. Patients carrying this mutation who have
severe or profound hearing loss respond well to rehabili-
tation with hearing aids or cochlear implants.

It is advisable to conduct genetic studies for this
mutation in patients with a family history of hearing loss,
to avoid the use of aminoglycosides if the mutation is
present.
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