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Introduction

Gentamicin (brand names Garamycin, Cidomycin, and Septopal) is an aminoglycoside antibiotic that is used to
treat sepsis. Gentamicin is administered by injection to treat serious infections caused by gram-negative bacteria
(for example, Pseudomonas aeruginosa, Proteus species, Escherichia coli, Klebsiella-Enterobacter-Serratia species,
and Citrobacter species). Additionally, gentamicin is used as an adjuvant treatment for infections caused by
gram-positive bacteria (such as Staphylococcus species) (1). Gentamicin may also be used topically to treat
ophthalmic and dermatological infections.

In most individuals, prolonged exposure to high gentamicin levels will cause ototoxicity (damage to the inner
ear). However, among individuals who have specific variants in the mitochondrial gene MT-RNRI, a single dose
of gentamicin can result in hearing loss (cochleotoxicity). This toxicity occurs in genetically susceptible
individuals, despite serum drug concentrations within the normal therapeutic range (2). This hearing loss can be
triggered not only by gentamicin, but by other aminoglycoside antibiotics and is referred to as aminoglycoside-
induced hearing loss (AIHL).

Substantial literature has reported that a high proportion of individuals with the MT-RNRI m.1555A>G variant
(NC_012920.1:m.1555A>G) develop hearing loss after receiving aminoglycoside therapy. The onset of hearing
loss among these individuals varies, but once it occurs, it is usually moderate to profound, bilateral, and
irreversible (3). Additional MT-RNRI genotypes associated with increased risk of ATHL include m.1095T>C and
m.1494C>T (4).

The FDA-approved drug label for gentamicin does not include a statement regarding MT-RNR1 (5); however,
the Clinical Pharmacogenetics Implementation Consortium (CPIC) has published guidelines for administration
of aminoglycosides, including gentamicin, with respect to variants in the MT-RNRI gene (4). These guidelines
(Table 1) recommend avoiding the use of aminoglycoside antibiotics, such as gentamicin unless there are no
satisfactory alternatives, by individuals who have a MT-RNRI genotype that puts them at high risk for ATHL.
The CPIC guideline further advises that individuals with normal-risk alleles or uncertain-risk alleles at the MT-
RNRI locus should all use aminoglycosides at standard doses for the shortest feasible course, with regular
evaluation for hearing loss. This extends the 2014 American College of Medical Genetics and Genomics
guideline with the following recommendation: “Single-gene testing may be warranted in cases in which the
medical or family history, or presentation of the hearing loss, suggests a specific etiology. For example, testing for
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mitochondrial DNA variants associated with aminoglycoside ototoxicity may be considered for individuals with
a history of use of aminoglycoside antibiotics” (6, 7).

Table 1: The CPIC Recommendations for Aminoglycoside Use and MT-RNRI Phenotype

Phenotype Example Recommendation (strength)  Implications Considerations
genotype(s)*
MT-RNRI increased  m.1095T>C Avoid aminoglycoside Very high risk of If no effective alternative to an
risk of m.1494C>T antibiotics unless the high developing hearing aminoglycoside antibiotic is
aminoglycoside- m.1555A>G risk of permanent hearing loss if administered an available, evaluate for hearing
induced hearing loss loss is outweighed by the aminoglycoside loss frequently during therapy
severity of infection and lack  antibiotic and ensure that all appropriate
of safe or effective alternative precautions are utilized
therapies. (Strong) (namely, lowest possible dose

and duration, utilization of
therapeutic drug monitoring,
hydration, renal function

monitoring).
MT-RNRI normal m.827A>G Use aminoglycoside Normal risk of Individuals without MT-RNRI
risk of antibiotics at standard doses  developing hearing aminoglycoside-induced
aminoglycoside- for the shortest feasible course loss if administered an hearing loss increased risk
induced hearing loss with therapeutic dose aminoglycoside variants are still at risk of
monitoring. Evaluate antibiotic. aminoglycoside-associated
regularly for hearing loss in hearing loss, especially with
line with local guidance. high drug levels or prolonged
(Strong) courses.
MT-RNRI uncertain  m.663A>G Use aminoglycoside Weak or no evidence  Individuals without MT-RNR1
risk of m.961T>G antibiotics at standard doses  for an increased risk of aminoglycoside-induced
aminoglycoside- m.961T>del+Cn for the shortest feasible course MT-RNRI-associated  hearing loss increased risk
induced hearing loss m.1189T>C with therapeutic drug hearing loss if variants are still at risk of
m.1243T>C monitoring. Evaluate administered an aminoglycoside-associated
m.1520T>C regularly for hearing lossin ~ aminoglycoside hearing loss, especially with
line with local guidance. antibiotic. high drug levels or prolonged
(Optional) courses.

This table is adapted from (4). *Example genotypes are based on mitochondrial reference sequence NC_012920.1.

Drug: Gentamicin

Aminoglycosides such as gentamicin are among the earliest formulations of antibiotics (8). They are effective
against most aerobic bacteria, both gram positive and gram negative. However, because they are inactive against
anaerobes, they are often used with another antibiotic, such as a beta-lactam antibiotic or a cephalosporin, to
increase coverage (9).

Aminoglycoside drugs approved for use by the FDA include amikacin, gentamicin, kanamycin, neomycin,
netilmicin, streptomycin, and tobramycin. The ending of these drug names, -mycin or -micin, reflects from
which genus of bacteria the aminoglycoside was derived, either Streptomyces or Micromonospora (10).

Aminoglycosides exert antibacterial effects by binding to bacterial ribosomes and inhibiting bacterial protein
synthesis. They bind to the 30S ribosomal subunit, which interferes with the decoding site, which is where the
ribosome facilitates the accurate match of the tRNA in accordance with the appropriate mRNA codon. Errors
here lead to inappropriate translation of the mRNA codons, so that incorrect amino acids are inserted into the
polypeptide chain, which can disrupt elongation of the peptide chain (11, 12).

Like all aminoglycosides, gentamicin is poorly absorbed from the gut, so it is not taken orally. It is either given by
intravenous (IV) or, less commonly, intramuscular (IM) injection with regular blood tests to monitor drug
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levels, or given topically in the form of drops, cream, or ointment to treat infections of the eye or skin.
Gentamicin is also used for prevention and treatment of recurrent urinary tract infections (UTIs) via intravesical
delivery, also called bladder irrigation (13, 14). Systemic exposure following topical gentamicin cream has been
reported to be low, though this may be higher among individuals being treated for burns (15, 16). The FDA-
approved labels for topical gentamicin formulations do not discuss absorption kinetics, nor a need for
therapeutic drug monitoring (17, 18).

The scope of this document is limited to gentamicin therapy, though much of the guidance and literature related
to therapy-induced ototoxicity is inclusive of multiple aminoglycoside antibiotics. Readers are encouraged to
review regulatory labeling and the CPIC guideline for aminoglycosides regarding those related medications (4).

The toxicity of aminoglycosides, along with the discovery of equally potent but less toxic antibiotics, has meant
that the use of aminoglycoside injections is reserved for serious infections that are proven, or strongly suspected
to be, caused by susceptible bacteria. Aminoglycosides are most commonly used in the treatment of neonatal
septicemia, especially in premature or low-birth-weight babies, with estimates of 61-90% receiving some kind of
aminoglycoside therapy during the first weeks of life (19, 20, 21). Aminoglycosides are also used with other
antibiotics as surgical prophylaxis among individuals who are allergic to penicillin, and for febrile neutropenia,
septic shock, and drug-resistant tuberculosis (8). Individuals with cystic fibrosis frequently require
aminoglycoside antibiotic therapy to manage recurrent lung infections, though tobramycin and amikacin are the
recommended medications (22, 23). Aminoglycoside antibiotics are also recommended for management of
peritoneal dialysis-associated peritonitis with gram-negative bacterial infection, and empiric antibiotic selection
that covers both gram-positive and -negative bacterial species administered promptly is associated with better
outcomes (24).

Neonatal sepsis is often treated with aminoglycosides such as gentamicin with ampicillin. The World Health
Organization (WHO) recommends one of 2 treatment courses for children in the first 60 days of life who present
with clinical severe infection in a setting without access to hospitalization. The first course is IM gentamicin
injection (when hospitalization and IV administration are not feasible) (5-7.5 mg/kg or 3-4 mg/kg for low-
birth-weight infants) once daily for 7 days with twice daily oral amoxicillin (50 mg/kg per dose) for 7 days. The
second option for managing a neonate with clinical severe infection is IM injection of gentamicin (5-7.5 mg/kg
or 3-4 mg/kg for low-birth-weight infants) once daily for 2 days and twice daily oral amoxicillin (50 mg/kg per
dose) for 7 days. If the second option is selected, a close evaluation of the child must be made on day 4 to verify
improvement. (25) Recently, simplified dosing regimens for neonates have been proposed (26). The American
Academy of Pediatrics recommends empirical use of use of either ceftazidime or gentamicin (IM or IV, 4 mg/kg
per dose) along with ampicillin for the treatment of well-appearing febrile infants (aged 8-21 days old) with
either an unknown source of infection or known UTI (27).

The main toxicities associated with aminoglycoside therapy are kidney damage (nephrotoxicity) and damage to
the inner ear (ototoxicity) (28). Nephrotoxicity primarily involves the proximal tubules and is often, but not
always, reversible (29). A Fanconi-like syndrome, with aminoaciduria and metabolic acidosis, has occurred in
some adults and infants receiving gentamicin injection (5). Studies for medications that can be co-administered
to reduce gentamicin nephrotoxicity have shown promising results (30, 31). In contrast, aminoglycoside-induced
ototoxicity is typically irreversible. Ototoxicity from gentamicin may damage the cochlea (cochleotoxicity)—
resulting in sensorineural hearing loss—or the vestibular system (vestibulotoxicity)—causing problems with
balance, vertigo, ataxia, nausea, and vomiting. Increased risk of vestibulotoxicity has not been reported to be
associated with MT-RNRI variation. Gentamicin is more toxic to the vestibular system so is used for vestibular
ablation to treat Méniere’s disease via intratympanic dosing (32). However, the risk of hearing loss is greater with
gentamicin therapy as compared with other pharmacologic methods, despite improved outcomes with respect to
vertigo (32). Amikacin and neomycin are examples of aminoglycosides that are more toxic to the cochlea (28,
33). Monitoring for signs of ototoxicity or co-administration of aminoglycosides with N-acetylcysteine have
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been recommended for individuals with an elevated infection risk that require aminoglycoside therapy, such as
those with cystic fibrosis or individuals undergoing peritoneal dialysis (23, 24). The proposed mechanism
underlying the otoprotective effects of N-acetylcysteine is its ability to act as an antioxidant, thereby reducing
levels of reactive oxygen species that may be damaging the inner ear (34). The frequency of hearing loss or other
ototoxicity in the pediatric population following aminoglycoside use has been reported to range from 0-57%
(35), and among adults the incidence of hearing loss following aminoglycoside therapy ranges from 20-63%
(36).

Rarely, neuromuscular blockade can occur after aminoglycoside therapy. The boxed warning on the FDA-
approved drug label recommends that aminoglycosides “be used with caution in individuals with
neuromuscular disorders, such as myasthenia gravis or parkinsonism, because they may aggravate muscle
weakness (9)”; whereas in 2014, the British National Formulary stated that aminoglycosides should not be given
to individuals with myasthenia gravis (37). The European Medicines Agency cautions that acute renal failure and
Fanconi-like syndrome are 2 very rare adverse reactions to gentamicin medication and notes that irreversible
hearing loss or deafness is also a risk of unknown frequency (38).

Elderly individuals who may have reduced renal function may experience elevated exposure to aminoglycoside
antibiotics, increasing the risk of toxicity. The FDA-approved drug label for injectable gentamicin recommends
that creatinine clearance is a more useful indication of renal function as compared with other tests.

The use of gentamicin or other aminoglycoside antibiotics during pregnancy can result in fetal exposure to the
medication, as these compounds can cross the placenta. There are documented reports of total irreversible
congenital deafness in children whose mothers were administered streptomycin during pregnancy, though
serious effects on either the mother, fetus, or newborn have not been observed for other aminoglycosides. The
FDA states that pregnant individuals should be advised of the risk to the fetus if gentamicin is used during
pregnancy (5). Gentamicin is poorly excreted into breastmilk following systemic administration and maternal
use of ear or eye drop medications that include gentamicin present little to no risk for a nursing infant (39).
While infant gastrointestinal absorption of gentamicin from breastmilk can occur, the resulting serum
concentrations in newborns and older infants were well below the therapeutic levels and are reportedly unlikely
to have systematic effects (39).

Gene: MT-RNR1

Mitochondria are the main source of energy in most cells, as they use oxygen, sugars, and fats to create energy in
the form of adenosine triphosphate. This process is known as oxidative phosphorylation. Any genetic variation
that disrupts normal mitochondrial function can have severe effects on health.

Mitochondria have their own genome, which is small, circular, and resembles the bacterial prokaryotes from
which they evolved. The mitochondrial genome (mtDNA) is passed down from mother to child (maternal
inheritance) and has 37 genes, one of which is the MT-RNR1 gene (“mitochondrially encoded 12S RNA”). The
ribosomal RNA (rRNA) encoded by MT-RNRI is essential in the synthesis of the proteins that perform oxidative
phosphorylation. (3) Each mitochondrion holds multiple copies of its genome, and the number of mitochondria
can vary between cells and tissues. It is possible for these multiple copies of mtDNA to vary in genotype at
specific loci within an individual. This is called heteroplasmy and the relative frequencies of genotypes can differ
from cell to cell and tissue to tissue. Homoplasmy is the term for all mitochondria having the same genotype at
the locus of interest.

Consistent with their bacterial origin, mitochondrial rRNA more closely resembles bacterial rRNA than human
rRNA. However, at a highly conserved decoding region in the MT-RNRI gene, the sequence in humans is
distinct from the sequence in bacteria. This difference means that aminoglycosides, which target the decoding
region in bacteria, normally do not bind to this region in humans (11).
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However, genetic variation in the ribosomal decoding region can result in mitochondrial rRNA appearing more
like bacterial rRNA, thereby facilitating the binding of aminoglycosides. This results in inhibition of protein
synthesis, as in the bacterial ribosome, leading to cellular toxicities. The mechanism of cellular toxicity is unclear,
but aminoglycosides preferentially damage the sensory hair cells in the cochlea that mediate hearing (40, 41, 42).
Hearing loss is a common symptom in many mitochondrial disorders, pointing to a critical role for
mitochondria in the auditory system.

The most common MT-RNRI variant is a single nucleotide substitution of a guanine nucleotide at position 1555
in place of an adenine nucleotide (m.1555A>G). Individuals with this variant are exquisitely sensitive to AIHL,
which is moderate to profound, bilateral, irreversible, and may have a rapid onset. Even a single dose of
aminoglycoside can be sufficient to cause ototoxicity (2, 43).

Genetically susceptible individuals who are not exposed to aminoglycosides may nonetheless develop hearing
loss, referred to as “non-syndromic mitochondrial hearing loss,” though more data are needed to understand this
relationship. The course of hearing loss may be affected by the presence of additional genetic factors as well as
environmental factors, such as exposure to loud noise. However, preliminary findings suggest that normal
hearing may be preserved until at least 44 years of age (2).

The prevalence of the m.1555A>G variant varies among different populations. In the US, the UK, and Finland,
the prevalence is estimated to be 0.2% (7, 21, 44, 45). Data summarized from CPIC reports the overall frequency
of the m.1555A>G variant to be 0.11% for both central/south Asia and Europe, 1.81% for East Asian ancestry,
0.14% for near Eastern populations, and 0.3% for sub-Saharan Africa (46). Individuals with either m.1555A>G
or m.1494C>T (described below) were observed at a frequency of 0.227% in one study from Beijing, China (47).
Among hearing-impaired populations, the prevalence is much greater; however, the estimates vary widely based
on study differences, such as the age of onset of hearing loss and whether there has been exposure to
aminoglycosides. Estimates include a prevalence of 3.5% among the hearing-impaired population in Japan (48),
5% among deaf individuals in Indonesia (49), and 6% of individuals with postlingual hearing loss from the UK
and Southern Italy (50). Additionally, a prevalence of 15% has been reported in “ethnically diverse patients in the
United States with hearing loss after aminoglycoside exposure” (51), and in 15--20% of individuals from Spain
with hearing loss (52).

The m.1555A>G variant is the best studied MT-RNRI variant with regards to aminoglycoside ototoxicity, but
other mitochondrial variants are also associated with hearing loss. In 10 small studies, all individuals with the
m.1494C>T (NC_012920.1:m.1494C>T, rs267606619) variant developed hearing loss after receiving an
aminoglycoside antibiotic. The CPIC guidelines state that both the m.1555A>G and m.1494C>T variants are risk
alleles for ATHL, with high levels of evidence. Another variant, m.1095T>C (NC_012920.1:m.1095T>C,
15267606618), is similarly associated with a risk of ATHL by CPIC, with a moderate level of evidence (3, 4). In
addition, the m.827A>G (NC_012920.1:m.827A>G) variant, and variants at position 961, have also been
associated with nonsyndromic hearing loss, both with and without the use of aminoglycosides (3); however, due
to the high frequency of m.827A>G in certain populations, CPIC determined that this allele is associated with
normal risk of AIHL. (4)

Several studies have highlighted the complex issues raised by screening for pathogenic MT-RNRI variants. The
aim of screening is to prevent avoidable hearing loss in genetically susceptible individuals by administering an
alternative antibiotic whenever possible. Issues include the costs of universal screening, for example, as part of
the newborn screening program—given that the prevalence of m.1555A>G is thought to be one in 385
Caucasians (2, 53, 54) —versus limiting genetic testing to a case-by-case basis (that is, individuals with
tuberculosis, children with leukemia, individuals with cystic fibrosis, and individuals requiring surgery who are
allergic to beta-lactam antibiotics) (7, 55). A family history of hearing loss may be useful in identifying
candidates for genetic testing, but not necessarily indicative of ATHL risk due to MT-RNR1 variation, as multiple
genes can contribute to inherited hearing loss in syndromic or nonsyndromic forms (6). A report from the
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WHO’s Essential Medicines and Pharmaceutical Policies comments that “pre-treatment screening is an
important consideration to prevent aminoglycoside related hearing loss but given cost and access issues, asking
about a maternal family history of deafness may be more practical” (56).

In the US, aminoglycosides are most commonly used in the neonatal intensive care unit, where acute, life-
threatening sepsis means that aminoglycoside therapy cannot be delayed to wait for the results of genetic testing
(57). However, recent advances in screening have allowed for rapid, accurate, and inexpensive testing (58, 59,
60). A recent study from the UK described the development and implementation of a rapid point-of-care test for
septic infants requiring intensive care, which was successfully integrated into routine care and returned results in
less than 30 minutes (61).

Linking Genetic Variation to Treatment Response

Individuals who have one of the MT-RNRI at-risk alleles will not always develop hearing loss upon exposure to
aminoglycosides. The highest risk allele, based on a review of over 40 studies, is the m.1555A>G variant. As
reviewed by Barbarino and colleagues, over 96% of individuals with this genotype developed some degree of
ATHL (466 individuals with hearing loss as compared with 16 without hearing loss out of 482 individuals in the
reviewed articles) (3). One study of a Spanish family with heteroplasmy for this variant reported that individuals
with <20% variant burden at the m.1555 locus did not develop hearing loss, or the loss was mild (62). Other
recent studies that show a lack of ATHL among individuals with m.1555A>G were primarily performed in the
neonatal setting, following use of gentamicin in septic newborns. The proportion of infants with m.1555A>G
who failed the newborn screening test after aminoglycoside treatment was 4 out of 15, leading one group to
conclude that this genotype is a risk factor for a failed newborn hearing test (63, 64, 65). However, the degree
and timing of the onset of ATHL attributed to at-risk genotypes is still unclear. While some reports suggest the
degree of mitochondrial heteroplasmy may affect the penetrance of the hearing-loss phenotype (62, 66), CPIC’s
recommendations to avoid aminoglycosides (including gentamicin) apply to individuals who are heteroplasmic
or homoplasmic for the at-risk genotype(s) (4).

The variants at m.1555 and m.1494 have been shown to affect the structure of the eukaryotic rRNA, increasing
the relative affinity of aminoglycosides for the ribosome (3). The m.1095T>C variant is associated with increased
cellular apoptosis in the presence of aminoglycosides, presumably due to a similar increased affinity between the
ribosome and medication (67).

Genetic Testing

The NIH’s Genetic Testing Registry (GTR) provides examples of the genetic tests that are available for the MT-
RNRI gene and Gentamicin response. Targeted mutation panels vary among testing laboratories, but most
laboratories that interrogate the MT-RNRI gene routinely test for m.1555A>G.

The MT-RNRI variants are associated with 2 conditions: aminoglycoside hypersensitivity resulting in post-
exposure deafness, and nonsyndromic mitochondrial hearing loss that tends to develop gradually over time.
While the presence of an MT-RNRI variant indicates a high risk of aminoglycoside ototoxicity, the test results do
not predict the age of onset or severity of nonsyndromic mitochondrial hearing loss (43).

Mitochondria are exclusively maternally inherited. Therefore, identification of an individual with an MT-RNR1
risk allele may be relevant to any maternal relatives, or children of a female identified to have the variant, or both

(4).

Therapeutic Recommendations based on Genotype
Excerpt from the CPIC guidelines for Aminoglycosides and MT-RNR1 variants.
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The critical pharmacogenetics recommendation for a person with an MT-RNRI variant which predisposes to
ATHL is that aminoglycoside antibiotics are relatively contraindicated, meaning that aminoglycosides should be
avoided unless the increased risk of hearing loss is outweighed by the severity of infection and lack of safe or
effective alternative therapies. There is insufficient evidence to suggest that the adverse drug reaction may be
more profound with some members of the aminoglycoside class than others. As such, this guidance covers all
aminoglycoside antibiotics irrespective of class. We provide a strong recommendation that carriers of MT-RNRI
variants that predispose to AIHL should avoid aminoglycosides unless the increased risk of permanent hearing
loss is outweighed by the risk of infection without safe or effective alternative therapies... If no effective
alternative to an aminoglycoside is thought to be available, we advise use for the shortest possible time,
consultation with an infectious disease expert for alternative approaches, therapeutic drug monitoring and
frequent assessment for hearing loss, both during and after therapy, in consultation with an audiovestibular
physician.

An individual with no detectable MT-RNR1 variant or carrying MT-RNRI variants not considered to be
predisposing to AIHL (normal risk), including the m.827A>G variant, should still be considered at risk of ATHL.
In addition to MT-RNRI, AIHL is often associated with other risk factors such as prematurity, renal impairment,
severe inflammatory response syndrome, prolonged therapy regimens, and supratherapeutic plasma
concentrations. As such, irrespective of the presence of an MT-RNRI variant which predisposes to AIHL,
precautions such as renal monitoring, therapeutic drug monitoring, and utilizing the lowest effective dose
should be applied. Finally, if an individual with an actionable MT-RNRI variant has previously received
aminoglycosides and not developed AIHL, this does not preclude them from developing AIHL with subsequent
doses.

Considerations for aminoglycoside use in patients at increased risk of AIHL. For the purposes of this guideline,
appropriateness for use of aminoglycoside antibiotics can be considered for three scenarios: First, an equally or
more effective agent is available for the condition; second, there is reason to believe that an aminoglycoside
might lead to superior outcomes, but evidence is poor, the effect-size is small, or the outcome is not clinically
meaningful; and third, there is good evidence for significantly superior efficacy of an aminoglycoside-containing
treatment regimen for a clinically meaningful outcome.

[....]

In all cases, an aminoglycoside used in patients at increased risk of AIHL due to the presence of an MT-RNRI
variant should be administered for the shortest possible period, under expert supervision, with therapeutic drug
and ototoxicity monitoring, and with clinical audiovestibular assessment performed during and after treatment.
Irrespective of whether an individual carries a pathogenic MT-RNRI variant, all patients who receive
aminoglycoside antibiotics, especially those prescribed prolonged courses, should be monitored for ototoxicity
in line with existing local and international guidelines.

[....]

Based on the available literature, at present there is not sufficient evidence to define a level of heteroplasmy
where aminoglycoside administration becomes safe, especially as the mutational load may difter from tissue to
tissue and be dependent upon the genotyping technique utilized. As such, we have not tailored this guideline
based on the level of heteroplasmy. Rather, we recommend that if a relevant MT-RNRI variant is detected, the
guidance should be followed as set out for a homoplasmic variant.

Please review the complete CPIC therapeutic recommendations that are located here: (4 ).

Excerpt from the American College of Medical Genetics and Genomics (ACMG) Guideline for the Clinical
Evaluation and Etiologic Diagnosis of Hearing Loss:
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For individuals lacking physical findings suggestive of a known syndrome and having medical and birth histories
that do not suggest an environmental cause of hearing loss, a tiered diagnostic approach should be implemented.

Pretest genetic counseling should be provided, and, with patients informed consent, genetic testing should be
ordered.

Single-gene testing may be warranted in cases in which the medical or family history, or presentation of the
hearing loss, suggests a specific etiology. For example, testing for mitochondrial DNA mutations associated with
aminoglycoside ototoxicity may be considered for individuals with a history of use of aminoglycoside antibiotics.

Please review the complete ACMG therapeutic recommendations that are located here: ( 6 ).

Nomenclature
Common allele name Alternative names HGVS reference sequence dbSNP reference identifier for
Genomic Coding* Protein® allele location
m.1555A>G A1555G NC_012920.1:m.1555A>G N/A N/A rs267606617
m.1494C>T C1494T NC_012920.1:m.1494C>T N/A N/A rs267606619
m.1095T>C T1095C NC_012920.1:m.1095T>C N/A N/A 1s267606618
m. 827A>G A827G NC_012920.1:m.827A>G N/A N/A 1528358569
m.663A>G A663G NC_012920.1:m.663A>G N/A N/A rs56489998
m.961T>G T961G NC_012920.1:m.961T>G N/A N/A rs3888511
m.961T>del+Cn T961del+Cn NC_012920.1:m.961delTinsC(2_7) N/A N/A rs1556422499
m.1189T>C T1189C NC_012920.1:m.1189T>C N/A N/A rs28358571
m.1243T>C T1243C NC_012920.1:m.1243T>C N/A N/A rs28358572

*RNA coordinates not available.
# MT-RNRI1 encodes an RNA gene product, there is no translated protein.
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