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Information and pathway summary
MT-RNR1 testing for risk of aminoglycoside-induced ototoxicity
(Test R65.1 in National Genomic Test Directory)

Background

Aminoglycoside antibiotics (amikacin, gentamicin, tobramycin, neomycin, and streptomycin) can cause ototoxicity,
which can be permanent’:2. Single nucleotide variants have been identified in the human mitochondrial gene MT-RNR1
that are associated with increased risk of aminoglycoside induced hearing loss, even when the drug is used within
normal therapeutic levels2. The most common MT-RNR1 variant associated with increased risk is m.1555A>G, which
has an estimated prevalence of 1 in 500 (0.2%) in the general population2. Two other MT-RNR1 variants, m.1095T>C
and m.1494C>T, also have sufficient evidence to support an association with increased risk3.

Commissioning Criteria and testing populations

MT-RNR1 testing for the m.1555A>G, m.1095T>C and m.1494C>T variants is commissioned for use in England via the
National Genomic Test Directory, in the following patient groups*:

1.Individuals with a predisposition to Gram negative infections for example due to known respiratory disease (e.g.
bronchiectasis, cystic fibrosis) or due to structural or voiding genitourinary tract disorders OR

2.Individuals with hearing loss who have been exposed to aminoglycosides

Note that as testing may take up to six weeks, it is only appropriate to be used pre-emptively, rather than at the
point of antibiotic prescribing

Regardless of MT-RNR1 status, all patients receiving aminoglycosides should continue to be monitored for toxicity and
drug levels in accordance with existing local and national guidelines

Testing Pathway via Genomic Laboratory Hub

« Prioritise patients for testing where necessary

*  Provide patient/carer information and obtain verbal consent

* Inform patient/carer that even if a normal MT-RNR1 test result is obtained, aminoglycoside ototoxicity may still
occur

* Annotate medical records to indicate testing requested

+ Send an EDTA blood sample (1-2ml for neonates, 2-5ml for children/adults) and rare disease request form**
via the local pathology laboratory to your regional genetics laboratory for rare disease testing**, ensuring that
the request form states test code ‘R65.1’

* ltis possible that the laboratory may have stored DNA available for R65.1 testing; if a previous genetic test
has been sent, please contact the relevant laboratory by email to to confirm (contact details for the three rare
disease testing laboratories within the Central and South Genomics Laboratory Hub are provided below)***.
Additionally, patients newly diagnosed with Cystic Fibrosis via R184 testing will have R65.1 testing initiated by
the genetics laboratory.

**Request forms for each of the three rare disease genetic testing laboratories within the Central & South Genomic Laboratory

Hub can be obtained from the respective websites:

West Midlands Regional Genetics Laboratory referral form
Oxford Genetics Laboratories referral form
Wessex Regional Genetics Laboratory referral form

***email addresses to contact laboratories:

West Midlands Regional Genetics Laboratory — bwc.rgldna.others@nhs.net
Oxford Genetics Laboratories — dutyscientist.oxfordgenetics@ouh.nhs.uk
Wessex Regional Genetics Laboratory — shc-tr.wrgldutyscientist@nhs.net

Consent and patient information

Only verbal consent will be required as this is considered as a safety test, however you may decide to obtain written
consent for your patient cohort. Please follow your internal consent governance procedures. You may wish to develop
a patient information leaflet to explain why the test has been taken and what it will mean for them and family members
if an MT-RNR1 variant is detected.
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If an individual with an MT-RNR1 variant has previously received aminoglycosides and not developed hearing
loss, this does not exclude them from developing it with subsequent doses.

A normal test result does not eliminate the risk of aminoglycoside induced hearing loss. This is because there
are other, more common, mechanisms in which aminoglycosides cause hearing loss. Other risk factors include
prematurity, renal impairment, severe inflammatory response syndrome, prolonged exposure, and high plasma
concentrations.

Patients only require this test to be carried out once, as the results remain applicable to subsequent treatment
with aminoglycosides.

Results and communication

Inform patient or carer of result
Upload result to electronic patient record, highlight within clinic letters & annual review template where
applicable (e.g. in Cystic Fibrosis) & communicate to patient's GP
Use SNOMED code to record test result in patient records:
* Atincreased risk of aminoglycoside-induced hearing loss due to mitochondrially encoded 12S
ribosomal ribonucleic acid genotype (finding)
(SCTID 2365501000000102)
+ At normal risk of aminoglycoside-induced hearing loss based on mitochondrially encoded 12S
ribosomal ribonucleic acid genotype (finding)
(SCTID 365511000000100)

For patients with an MT-RNR1 variant

In addition to steps above, record the result on the patient's drug allergy status as a relative contraindication
Discuss with the Trust Microbiology team to establish if an antibiotic treatment plan is required

Avoid aminoglycoside antibiotics unless the risk of hearing loss is outweighed by the severity of infection and
there is a lack of alternative treatments

Consider referral to clinical genetics to allow identification of other family members with the MT-RNR1 variant

Actioning MT-RNR1 results

The Clinical Pharmacogenetics Implementation Consortium (CPIC) published guidance for the use of
aminoglycosides based on MT-RNR1 genotype in 20213,

Each Trust should have a policy outlining the responsibility of all healthcare professionals in checking whether
the MT-RNR1 results are available before aminoglycoside treatment is administered to the patient.

In the rare scenario that aminoglycosides are required in the presence of an MT-RNR1 variant, they should be
used for the shortest possible period, under supervision of an infectious disease or microbiology specialist, with
therapeutic drug monitoring, and audio vestibular assessment during and after treatment. Patients and carers
should be counselled and consented to the increased risk of aminoglycoside induced ototoxicity.

Prophylaxis with oral N-acetylcysteine (NAC) to prevent aminoglycoside induced ototoxicity can be considered.
The majority of evidence for prophylaxis is in renal patients, but other high risk patient groups may also benefit®

Contact details for further advice

For clinical eligibility and laboratory queries, please contact the Oxford Genetics Laboratories
(mito.oxfordgenetics@ouh.nhs.uk). If further clinical advice is required when an MT-RNR1 variant is detected,
please contact Dr Victoria Nesbitt (NHS Highly Specialised Services for Rare Mitochondrial Disorders, Oxford
Centre; mitohelp@ouh.nhs.uk; tel 01865 225899).

Future developments

Point of care testing: A point of care testing system for m.1555A>G has been trialled within the neonatal setting
and reviewed by the NICE Diagnostics Assessment Programme Early Value Assessment programme$; please
note this is not a full technology assessment and the test is not currently commissioned by the NHS. Institutions
wishing to implement point of care testing should contact Central and South GMSA for guidance, and collect
data to support further assessment of the technology. Please see further guidance on the NICE website:
https://www.nice.org.uk/quidance/hte6/chapter/4-Evidence-generation-recommendations

Local Trusts developing guidance which may cover commissioned populations should consider inclusion of R65
testing — the GMSA can provide further guidance.
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Example test report — variant detected

3 @ 4 Oxford Genetics Laboratories m

2 1 Churchill Hospital Oxford University Hospitals
U. .K".ﬂ!.S Old Road, Headington MHS Foundation Trust
'xﬁ;?;' Oxford OX3 JLE Director of Laboratory: Carolyn Campbell, FRCPath
www ouh.nhs. ukfgeneticsiab dutyscientist oxfordgeneticsi@ouh.nhs uk & +44 (0)1865 226001
GENOMIC LABORATORY REPORT
<TOPERSOMN: Patient Name: <firstname> <SURNAME>
<TOJOBTITLE Date of Birth: <DATEQOFBIRTH=
<TOADDRESS> Sex: <Gender>
MHS No: <MNHSMNUMBER:=
Your Ref: <HOSPITALNG>; <EXTERMALID>
Family Mo: <|MNTERMALFAMILYMNOC

<COPYTOADDRESS:
ANALYSIS FOR AMINOGLYCOSIDE OTOTOXICITY

SNOMED CT codes to record in clinical systems
23E54531000000108 | Mitochondrizlly encoded 125 ribosomal ribonucleic acid variznt analysis [procedure] | MT-RNRL {mitochondrially
encoded 125 ribasomal RMA) variznt anzlysiz
23B85501000000102 | Atincrezssed risk of aminoglycoside-induced hearing loss due to mitochondrially encoded 125 ribosomal ribonucleic acid
genotype (finding) | At increased risk of amincglycoside-induced hearing loss due to MT-REMRL [mitochondrizlly encoded 125 ribosomal
ribonucleic acid) genotype
Reason for testing
<Fatizntfirstname> has <specify condition — e.g. cystic fibrosis>. Analyzis for the MT-RNRI m.1555A>G, m.1095T=C and m.1494C>T
mitgchondrial DMA drug response variants has been undertaken as this individual may reguire treatment with aminoglycosides and
these variants predispose to aminoglycoside ototoxicity.

Result summary: This individual is at high risk of aminoglycoside ototoxicity, and should not be treated
with aminoglycosides.

Result
Thiz individual is hgmaplzsmic for the MT-ANRI m.1555A=G mitochondrizl DNA drug response variant in blood DNA

Implications of result

Thiz individual is at high risk of aminoglycoside ototoxicity, and should not be treated with aminoglycosides. This individual may also be
at increased risk of developing hearing loss independent of aminoglycosides and should also avoid noise exposure.

If female This has implications for recurrence im any offspring.

If male This individual is not at risk of transmitting this variant to any offspring.

Recommended action

Referral to a spedalist mitochondrial disease dinic may be appropriate.

This result has implications for maternal relatives who may wish to consider molecular testing {via referral to a clinical genetics
department or specialist mitochondrizl dizeaze service). Relatives at risk of having this variant should avoid amincglycosides and noise
EXpOSUNe.

A copy of this report has been sent to Dr Victoria Meshitt from whom further advice is available (tgl: 01865 225839, email:
mitohelp@ouh.nhs.uk).

Written by: <WRITER= : Authorised: <AUTHORISER= : Date issued: |+ <AUTHORISEDDATE=
<WRITERJOBD= <AUTHORISERICBC
Variant details
Gene WM&W Sample type HGWS descrigtion Classification
MT-RiNR1 Hamealasmic Blood NC_ 012920 1-m 155546 Drug response wariant
Flease note that the methodalogy used cannot distinguish homaoplasmy from greater than approximately 59% heteroplasmy.
Test methodology

Aminoglycogde antibiotics can cavse ctotoadoty (hearng Imparment due to drug/chemical exposure]. The mo1085T>C, mo14940>T and m. 15554>5 mitcchondrial DNA varbnts in the
MT-RMAI gene encoding the mitcchondrial 125 ribosomal RMA subunit result in increased risk of aminoghycoside-induced hearing: loss. These varants are ussally hemepidsmuly, and
matemnally inherited_

The m.l085T=C, mo14945T and m.15554=5 mitochandrial OM& wariants are analysed by Sanger sequencing. o detected, the level of hebarmplasts ¢ Doooeplasou is assessed by Mext
Generation Sequencing (long range PCR aof mitochaonerial DNA followed by lumina NextEra XT Morary preparation, llumina Jisea, Me st Generation Sequencing, ang a validated in-hause
pipeline.

Thits & Test 1 RES.1 In the NHE England National Genemic Test Directary for Rare and Inherited Diease.

Clinkcal sengtivity: the propartion of cases of aminoghrcaside ctotoa oty due to the mo1E5T=C, m.14540T and m.1555A4>6 mitcchondrial DA varants & unknown. This analyss does
rat exchude the presence of ather mitochondrial DMA vaniants in this indvidual.

sralytical :r:nm:lml,l:hlq:mrlm: to be =553 for the variants tested when present at >206% Getrrrpkasms the lower imit of Getrpmpkasgs which can be detected s approximately 10-20%.
For further information, please refer to the dinical Pharmacogenetics implementation Consorbium Guideline for the Wse of &minoglycosices Based on MT- @NF] Genotype. MoOermatt
et al, |2022) Chw Bhapmasgal Ther. 111(2):355-372 PMID: 24032273,

avoid error andyor misinterpretation, transcription of all or part of this report is inadvisabbe,
Sample Details:
Laboratory No: <SAMPLEID Sample Recehved: <RECEIPTDATE= Sample Type: DNA from peripheral blood
Page 1 of 1
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Example test report — variant not detected

_@ 4 Oxford Genetics Laboratories m

3 4 Churchill Hospital Oxford University Hospitals
U,_Eﬁ_s 0Old Road, Headington MHS Foundation Trust
— Oxford OX3 7LE Director of Laboratory: Carolyn Campbell, FRCPath
wnw. ouh.nhs. ukfgeneticslab dutyscientist. cxfordgenetics@ouh.nhs.uk & +44 (0)1865 226001
GENOMIC LABORATORY REPORT
<TOPERSOM: Patient Name: <firstname> <SURNAME=>
<TOJOBTITLE> Date of Birth: <DATEQFBIRTH>
<TOADDRESS=> SENC <zender>
MHS Mo: <MNHEMUMBER=
Your Ref: <HOSPITALNO>, <EXTERMALID:
Family No: <INTERMALFAMILYMNO>
<COPYTOADDRESS>

AMALYSIS FOR AMINOGLYCOSIDE OTOTOXICITY

SNOMED CT codes to record in clinical systems

2365451000000108 | Mitochondrially encoded 125 ribosomal ribonucleic add variznt anzlysiz (procedure) | MT-RNRL (mitochondrially
encoded 123 ribasomal RNA) wariznt analysis

23E5511000000100 | At normal risk of amincghycoside-induced hearing loss bazed on mitochondrizlly encoded 123 ribosomal ribonucleic acid
genotype (finding) | At normal risk of aminoglycoside-induced hearing loss based on MT-RNRL {mitochondrially encoded 125 ribosomal

ribonucleic acid) genotype

Reason for testing

<Patigntfirstname> has <specify condition — .g. cystic fibrosis=. Analysis for the MT-ARNRI m.15554>G, m.1085T=C and
m.145840>T mitochondrial DNA drug response varants has been undertaken as this individual may require trestment with
aminoglycosides and these variants predispose to aminoglycoside ototoxicity.

Result summary
This individual's risk of aminoglycoside ototoxicity is reduced.

Result
The MT-RNRI mi 1555A>G, m.1095T=>C and m.1494C>T mitochondrial DMA drug response variants were not detected in this

individual.
This individual's risk of aminoghycoside otatoxicity is reduced.

Written by: | <WRITER= i Authorized: | <AUTHORISER= i Date issued: | <AUTHORISEDDATE>

<WRITERJIQED= <AUTHORIZERIOBD

Tast

aminoglycoside antibiotics can cawse ototowidty (hearing iImpakment due to drug/chemical exposure]. The moMST=C, mo1434CT and m. 155545 mitcchondrial DNA& varnts in the
AMT-RMAI gene encoding the mitcchondrial 125 ribosomal RMA subunit result in increased risk of aminoglycaside-induced hearing loss. These vanants are useally hameniasmls, and
matemally inherited.

The m.1095T=C, m. 1494 C=T and m.1555A=5 mitochendrial ON& vanants are analysed by Sanger sequencing.

This ks Test $RES.L In the NHE England National Genomic Test Directary for Rare and Inherited Disease.

Clinical sensitivity: the propartion of cases of aminoghycoside ototoaicity due to the mo10E5T=C, m.14%46C=T and m.15554>G mitochondrial DM waniants & unknown. This analysis does
mat exchude the prasence of ather mitochondrial OMA vaniarts inthis ind igual.

Aralytical sensithity: this is expected to be >59% for the variants tested when present at »20% heirrpplemy the lower bmit of hgirrpplagpy which can be detected s approgmateky
10-20%..

. GendSank Accessian: MC_012930.1

For further information, please refer to the dinical Pharmacogenatics implementation Consortium Guideline far the Wse of Sminoghycosices Basad an 8MT- RNR] Genotype. MoDermatt
et al., (3022 Che Bhapmgegl Ther. 111(2):3565-372 PMID: 34033273,

Sample Details:
Laboratory No: <SAMPLEID= Sample Recethved: <RECEIPTDATE= Sample Type: DNA from peripheral blood

Page 1 of 1
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