
European Journal of Human Genetics (2020) 28:587–596
https://doi.org/10.1038/s41431-019-0553-8

ARTICLE

Exome sequencing in infants with congenital hearing impairment:
a population-based cohort study

Lilian Downie1,2,3,4 ● Jane Halliday2,4 ● Rachel Burt2,4 ● Sebastian Lunke 1,2,4
● Elly Lynch1,2,5

● Melissa Martyn2,4,5
●

Zeffie Poulakis2,3,4 ● Clara Gaff4,5 ● Valerie Sung2,3,4
● Melissa Wake2,4 ● Matthew F. Hunter6,7 ● Kerryn Saunders6,7 ●

Elizabeth Rose2,3,4 ● Sharon Lewis2,4 ● Anna Jarmolowicz1,2 ● Dean Phelan1,2
● Heidi L. Rehm8

● Melbourne Genomics
Health Alliance5 ● David J. Amor 1,2,3,4

Received: 13 May 2019 / Revised: 30 October 2019 / Accepted: 7 November 2019 / Published online: 12 December 2019
© The Author(s), under exclusive licence to European Society of Human Genetics 2019

Abstract
Congenital hearing impairment (HI) is the most common sensory impairment and can be isolated or part of a syndrome.
Diagnosis through newborn hearing screening and management through early intervention, hearing aids and cochlear
implantation is well established in the Australian setting; however understanding the genetic basis of congenital HI has been
missing. This population-derived cohort comprised infants with moderate-profound bilateral HI born in the 2016–2017
calendar years, detected through newborn hearing screening. Participants were recruited through an integrated paediatric,
otolaryngology and genetics HI clinic and offered whole exome sequencing (WES) on a HiSeq4000 or NextSeq500
(Illumina) platform with a targeted average sequencing depth of 100x and chromosome microarray on the Illumina Infinium
core exome-24v1.2 platform. Of those approached, 68% (106/156) consented to participate. The rate of genetic diagnosis
was 56% (59/106), significantly higher than standard of care (GJB2/6 sequencing only), 21% (22/106). There were clinical
implications for the 106 participants: 36% required no further screening, 9% had tailored screening initiated, 2% were
offered treatment and 4% had informed care for a complex neurodevelopmental syndrome. WES in this cohort demonstrates
the range of diagnoses associated with congenital HI and confirms the genetic heterogeneity of congenital HI. The high
diagnostic yield and clinical implications emphasises the need for genomic sequencing to become standard of care.

Introduction

The diagnosis and management of infants with congenital
hearing impairment (HI) has evolved with the introduction

of newborn hearing screening. However, in many Aus-
tralian children with HI, a specific genetic cause is not
identified, due to the genetic heterogeneity of HI and lack of
access to funded genomic testing. Meanwhile, genomic
sequencing has allowed the characterisation of the mole-
cular causes of HI in several large clinic ascertained cohorts
[1–3] and many smaller cohorts [4–12], resulting in the
recommendation of genomic sequencing as the gold stan-
dard for genetic diagnosis of HI [13].

The rate of genetic diagnoses in previous studies has
varied widely, from 10 to 80% (summarised in [14]),
according to the participant ascertainment and testing
methodology. A higher diagnostic yield from genomic
testing has been associated with inclusion of patients with
early onset of hearing loss [2, 9, 10], patients who have not
had previous genetic testing for common genes such as
GJB2 [4–7, 9, 12], and patients with suspected genetic
syndromes [1, 4]. As expected, diagnostic yield also
increases with the inclusion of greater numbers of deafness
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genes [14, 15] and the addition of analysis for copy number
variation (CNV) [16–18].

We aimed to characterise the molecular causes of con-
genital HI in a population-derived 2-year birth cohort of
infants, diagnosed with congenital HI by newborn hearing
screening. We sought to investigate the diagnostic utility
of whole exome sequencing (WES) and chromosome
microarray as a first line testing regime and evaluate
the effect of early diagnosis on the clinical management of
this cohort.

Materials and methods

The methods are described in detail in the protocol pub-
lication [19] and are summarised below.

Study design and participants

Infants born in the state of Victoria, Australia in 2016 or
2017 calendar years and diagnosed with bilateral moderate,
severe or profound [20] HI at any point in time within the 2-
year study period were eligible to participate. Screening
through the Victorian Infant Hearing Screening Program
was a pre-requisite for participation. Infants classified as
having unilateral, mild or conductive HI were excluded. For
the majority of participants (both metropolitan and regional)
recruitment was coordinated through an integrated paedia-
tric, otolaryngology and genetics HI clinic. The remainder
were recruited in regional Victoria via a clinical genetics
outreach service. All participants received genetic coun-
selling. Any participant with additional medical problems,
dysmorphic features or a complex family history was also
assessed by a clinical geneticist.

The paediatric clinics provided investigation and man-
agement as per their usual standard of care, which typically
included sequencing of GJB2/6, magnetic resonance imaging
(MRI) to assess inner ear anatomy, audiology testing for first
degree family members, ophthalmology assessment, testing
for congenital cytomegalovirus (CMV), and electro-
cardiogram (ECG) for infants with bilateral profound HI [21].
In the study cohort, analysis of GJB2/6 was performed
through WES and microarray rather than individual
gene sequencing which was the standard of care prior to
this study.

Genetic testing

WES was performed in a clinically accredited laboratory on
either a HiSeq4000 or NextSeq500 (Illumina) with a targeted
average sequencing depth of 100×. For all participants, a
targeted deafness panel was used for analysis, comprising 144
genes, and including genes known to cause non-syndromic

and syndromic HI. In participants suspected of having a
syndrome diagnosis that was not included in the 144 deafness
genes, a phenotype-driven list of genes was included in the
analysis. Variants were classified according to the principles
outlined in the American College of Medical Genetics and
Genomics (ACMG) and Association for Molecular Pathology
standards for interpretation of sequence variants [22]. Variant
classification was reviewed in a multidisciplinary team
meeting attended by clinical geneticists, medical sub-
specialists, genetic counsellors, medical scientists and bioin-
formaticians. Variants of uncertain significance (VUS) were
sub-classified according to the available evidence toward
pathogenicity or otherwise [23]. VUS ‘favour pathogenic’
(VUS-FP) variants were accounted for in the analysis as
having achieved a genetic diagnosis if they were in trans with
another VUS-FP, likely pathogenic (LP) or pathogenic (P)
variant and there was no conflicting benign evidence. If
consent and samples could be obtained, variants were tested
in parents to determine if they were de novo or inherited, in
cis or in trans. The mitochondrial genome was not available
to be examined in this cohort. All participants had a micro-
array performed to detect CNVs. Microarray analysis was
performed using the Illumina Infinium core exome-24v1.2
platform that has a total of 550 K of markers/SNPs/probes at
an average interval of 5–10 kb through the genome. All var-
iants detected were submitted to ClinVar (https://www.ncbi.
nlm.nih.gov/clinvar/) for sequence variants and Decipher for
CNV’s (https://decipher.sanger.ac.uk/).

Results

Recruitment

One hundred and sixty-nine patients were eligible to parti-
cipate and, of the 156 patients who were contacted, 106
(68%) consented to WES and microarray. Thirteen patients
were not contacted: five were unable to be reached, one had
already had WES, one was deceased and six did not have a
diagnosis of HI consistent with the inclusion criteria on
review of their audiology testing. Participants were recrui-
ted between 4 weeks and 1 year of age and all received
results prior to 2 years of age. A flowchart demonstrates
recruitment of patients (Fig. 1).

Of the 50 parents who declined testing for their child,
20 (40%) declined at the initial telephone call, 15 (30%)
after receiving written information after the call and the
remaining 15 (30%) following a face-to-face appoint-
ment [19]. Reasons for declining are summarised in
Table 1. Eight of those who declined gave the reason that
they had received a genetic diagnosis for their child prior
to being contacted about the study: these included GJB2
variants, STRC deletion, X chromosome deletion
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involving the CASK gene, peroxisomal biogenesis dis-
orders PEX26, PEX7 and Pallister–Killian syndrome.
Five cited they had another explanation for their child’s HI:
these included congenital CMV and prematurity. Six were
concerned about insurance, privacy, research or having a
blood sample collected and nine stated they felt too ‘over-
whelmed’ to participate. The remainder did not provide a
reason for declining participation. A firsthand experience
with HI was disclosed in 12% (6/50). Three of these were
hearing-impaired parents, two had another child with HI
and one parent had two siblings with HI but reported
normal hearing. The degree of HI in the cohort that
declined testing was 56% moderate HI, 36% severe HI and
8% profound HI.

Participant demographics and characteristics

Details of participants are summarised in Table 2. There
was a slight excess of male infants. Moderate HI was
diagnosed in 54% of cases making it more common than
severe HI and profound HI. There was a family history of
congenital or early childhood HI in a parent or sibling in
15% of cases. The majority of families identified as Aus-
tralian or New Zealander, followed by European and Asian,
the proportions being consistent with the ethnicities of the
general Victorian population [24]. Assisted reproductive
technology was used in 13% of pregnancies.

The majority of participants (74%) had no clinical
symptoms or signs other than HI, while the remainder had
one or more additional features. There was a higher

121 seen in clinic

8 not eligible

5 could not be reached

15 declined after receiving 
written material

20 declined at phone call

106 consented for genetic 
testing

169 contacted by phone

170 eligible patients

15 declined after receipt of 
information

1 opted out

Fig. 1 A flowchart demonstrating recruitment of patients.

Table 1 Reasons for declining.

Reason for declining N (%)

Already have a genetic diagnosis 8 (16)

Another explanation for HI (e.g. CMV/prematurity) 5 (10)

Concerned about insurance, privacy, research or blood
collection

6 (12)

Overwhelmed 9 (18)

No reason provided 22 (44)

Table 2 Participant demographics and characteristics collected in
clinic (N= 106).

Demographic Category N (%)

Sex Male 59 (53)

Female 53 (47)

Degree of hearing loss Moderate 57 (54)

Severe 24 (23)

Profound 25 (24)

Family history of
congenital HI

Affected sibling 6 (6)

Affected parent 7 (7)

Affected sibling
and parent

3 (3)

Consanguinity Yes 11 (10)

Ethnicity European 21 (20)

Asian 18 (17)

North African/Middle
Eastern

14 (13)

Other Oceanian 2 (2)

Maori/Pacific Islander 1 (1)

Australian/New Zealander 45 (42)

Unknown 5 (5)

Maternal age (years) 18–25 15 (14)

26–34 44 (42)

34+ 40 (38)

Unknown 7 (7)

Assisted reproductive
technology

Yes 14 (13)

Gestation Prematurity (<37weeks) 21 (20)

Isolated HI Yes 78 (74)

Postcodea 1–25% quartile 14 (13)

26–50% quartile 20 (19)

51–75% quartile 36 (34)

76–99% quartile 36 (34)

HI hearing impairment, Y yes
aSocio-Economic Indexes For Areas (SEIFA)
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representation, compared with the Victorian population, of
participants from higher socio-economic backgrounds
despite this being a population-based sample.

Diagnostic yield

WES and microarray together resulted in a diagnostic yield of
56% (59/106). Amongst these, 21% (22/106) had causative
GJB2/GJB6 variants, 15% (16/106) had another non-
syndromic HI gene and 20% (21/106) had a syndrome
identified, see Fig. 2. Microarray contributed to the diagnosis
in seven cases. In two cases there were a deletion and a
sequence variant found in trans (GJB2/6 and OTOA) and in a
further two cases microarray alone made the diagnosis (ELN
and TGFBR2). In three cases a homozygous deletion invol-
ving the STRC gene was detected on microarray and con-
firmed using multiplex ligation-dependant probe amplification
(MLPA). Amongst the syndromic diagnoses (ELN, TGFBR2,
SPTB, SON), HI is not a consistent feature of these conditions.
If these cases are excluded from the analysis the diagnostic
yield for HI specifically is 52% (55/106). A full list of genes
and variants identified is in Table 3. Five participants had
congenital CMV infection confirmed from PCR of newborn
bloodspot cards. One of the participants with congenital CMV
infection also had compound heterozygous GJB2 pathogenic
variants detected. In addition to GJB2 (21%), the most
common causative genes identified were MYO15A (5%),
SLC26A4 (5%) and STRC (4%). The majority of diagnoses,
81% (48/59), were autosomal recessive (AR) inheritance.
Eleven cases were autosomal dominant (AD) of which eight
were de novo and one inherited from a parent who also had
HI. Two cases were consistent with a dominant family history
but the affected parent was not available for testing. No cases
of X-linked HI were identified. Six participants were classi-
fied as having auditory neuropathy; of these, five were born
prematurely and required phototherapy for hyperbilirubinemia
and none had a genetic diagnosis made. The rate of diagnosis

was higher in severe (70%) and profound (68%) HI compared
with moderate (46%).

Of the 16 participants who had a first degree relative with
congenital HI, six received a diagnosis. These were three
cases of GJB2/6 variants, one of which was consistent with
AD Bart–Pumphrey syndrome, one case of Stickler syndrome
that was also diagnosed clinically in a parent, two aunts and
the paternal grandmother, and one of Usher syndrome type II
which was confirmed subsequently in a sibling.

Three cases that were designated as having received a
genetic diagnosis had a VUS-FP variant in trans with an LP
or P variant, and another five cases were homozygous for a
VUS-FP. If these variants were removed from the analysis
the overall diagnostic rate decreased to 48% (51/106).

Of the participants that did not receive a molecular
diagnosis, 26% (12/47) had a single heterozygous variant in
a recessive HI gene. Six of these were classified as VUS-
LP, five as LP and one as P. In these cases the coverage of
the gene was manually checked to investigate the possibility
of their being a second variant that was undetected.

Clinical implications

Details of the clinical implications of genetic findings are
presented in Table 4. In summary: 36% (38/106) of parti-
cipants received a non-syndromic HI diagnosis and were
discharged from further screening or surveillance, 9%
(10/106) were moved to a screening protocol tailored to
their genetic diagnosis, 2% (2/106) had a specific treatment
offered and 4% (4/106) had a complex neurodevelopmental
syndrome diagnosed that informed medical care.

The turn-around time from parents providing consent to
receiving results was highly variable from 6 weeks to
6 months, with shorter time frames achieved as the study
progressed.

Recurrence risk was determined for all families whose
child received a diagnosis. Eight percent (8/106) of cases
had confirmed de novo variants implying low risk of
recurrence, and 48% (51/106) had inherited variants and
parents were informed of their reproductive options.

Six relatives of tested infants received a diagnosis
through segregation analysis. This included three clinically
affected parents (Stickler syndrome, Noonan syndrome and
Bart–Pumphrey syndrome), one affected sibling (Usher
syndrome, type II) and the parents of a participant with
Leigh syndrome who, as heterozygotes, carry an increased
risk of paraganglioma and pheochromocytoma [25].

Secondary findings

KCNE1 was included in the gene list due to its association
with AR Jervell and Lange-Nielson syndrome. Heterozygous
variants in KCNE1 are associated with AD Long QT
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syndrome [26]. One participant had a single variant detected,
c.226G>A, which has previously been described as patho-
genic [27], and which segregated with the infant’s mother.
While this does not explain the infant’s HI, he has received a
full cardiac evaluation with normal QT interval on ECG and
Holter monitor. His mother has also had a full cardiac eva-
luation and has been found to have a prolonged QT interval.
The infant is receiving cardiology follow-up and considera-
tion of beta blocker therapy, and his siblings are being
assessed.

Discussion

WES in this cohort demonstrates the wide range of diag-
noses associated with congenital HI and confirms the
genetic heterogeneity of this condition. The high diagnostic
yield and subsequent clinical implications for individuals
and families emphasise the need for genomic sequencing to
become standard of care. WES significantly increased the
rate of diagnosis when compared with previous standard of
care in our state (GJB2/6 sequencing), which would have
identified an aetiology in only 21% (22/106) of participants.
A genetic diagnosis was made in a further 35% (37/106) of
participants, 16 of whom had other non-syndromic HI
confirmed and 21 had a syndrome. The degree of HI in the
recruited versus the declined cohort was similar, eliminating
this as a source of bias in the results.

Overall 92% (54/59) of participants who received a diag-
nosis had some change in their clinical management, corre-
sponding to 51% (54/106) of participants in the overall cohort.
More than one third (37/106) were discharged from further
screening and surveillance, thus reducing the burden on hos-
pital resources and alleviating the ‘watch and wait’ anxiety for
parents who are aware of the possibility of an evolving syn-
drome. Those without a molecular diagnosis continued to have
surveillance and investigation as per recently published local
guidelines [21]. When a syndrome was identified, management
was streamlined and informed. For example, in the participant
with Cockayne syndrome caused by homozygous variants in
ERCC6, this diagnosis provided important information for
clinical care, such as avoiding metronidazole [28] and expo-
sure to sunlight, and allowed the family to plan for the future
with the understanding that Cockayne syndrome is a life-
limiting condition [29]. For the three participants with hidden
syndromes that present initially as an isolated HI phenotype
(GATA3, USH2A, MYO7A) early molecular diagnosis made a
significant impact on surveillance, education and access to
support groups.

In this cohort, eight families were reassured of a low
recurrence risk due to their child’s variant being de novo
and the remaining 51 families who received a diagnosis
were made aware of the likelihood of recurrence and the

reproductive options available to them. Variations in cul-
tural and personal values result in vastly differing responses
to the birth of an infant with HI. However, access to pre-
natal diagnosis or pre-implantation genetic testing is sought
by a number of families in Victoria for syndromes and
isolated congenital HI [30]. For some couples, the value of
understanding the prognosis, for example in non-syndromic
isolated HI, could restore reproductive confidence despite
knowing of a 25 or 50% recurrence risk.

A strength of this study was the integration of paediatric,
otolaryngology and genetic services in a single clinic visit
for families. This model was introduced specifically for this
study and demonstrated benefit to both families and clin-
icians. Families had a single point of contact for booking
the appointment and were only required to attend the ser-
vice once to see all three specialties, and multidisciplinary
communication was improved. The clinic model also
resulted in deep phenotyping of cases which provided a
more comprehensive interpretation of the data and can
increase diagnostic yield [31] and contribute to the under-
standing of newly described genetic diseases. One partici-
pant had a variant in the SON gene identified which had
recently been described as causing a complex develop-
mental phenotype [32], consistent with this child’s features
but in which HI is not described. As more cases are
recognised this may become part of the phenotype asso-
ciated with this gene. In a minority of cases, the molecular
diagnosis identified did not provide a definitive explanation
HI, yet was likely to have been causally related. For
example the infant with SPTB variants and severe neonatal
haemolytic anaemia was acutely unwell in the newborn
period and required multiple blood transfusions and intra-
venous antibiotics prior to newborn hearing screening;
haemolytic anaemia, antibiotics and admission to a neonatal
intensive care unit are recognised factors that increase the
risk of HI [33, 34].

The majority of cases were investigated for congenital
CMV through the integrated clinic. This was primarily done
on PCR of the newborn bloodspot card, except if the infant
presented to clinic prior to 21 days of age when saliva PCR
for CMV was performed. Five CMV positive cases were
identified on newborn bloodspot card. This rate of detec-
tion, 5%, is comparable with the 6% when testing all infants
who did not pass their initial hearing screening [35]. One of
these cases also had pathogenic GJB2 compound hetero-
zygous variants identified. The remaining four did not have
any variants in GJB2. The number of cases of CMV was too
small to support or refute the finding that the rate of het-
erozygous GJB2 variants is higher in infants with HI with
congenital CMV than in those without [36].

Another strength of the study is the use of WES which
provides the opportunity to re-analyse negative cases. Rapid
progress in gene discovery requires targeted gene lists to be
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regularly updated. Since 2015 when the list of 144 genes
applied to this cohort was designed there have been multiple
gene discoveries. Review of the gene list and re-analysis of
this cohort may further increase the diagnostic yield [37].

Microarray contributed to 11% (7/61) of diagnoses in
this cohort. This rate is consistent with previously published
data on the contribution of CNV to cases of HI [16]. The
three STRC deletion cases required confirmation using
MLPA due to the small size and the presence of a pseu-
dogene which made it difficult to obtain supporting evi-
dence from the WES data. These issues (detection of CNVs
and accurate calling in the presence of pseudogenes) are
likely to be overcome in the future with use of long-read
technology or whole genome sequencing rather than WES.

Other technical challenges were difficulties and dis-
crepancies interpreting variants utilising the ACMG
guidelines. These issues are well-recognised [38] particu-
larly in relation to the reporting of VUSs. The use of a VUS
sub-classification system enables stratification of VUS
variants, recognising those variants that are likely to be re-
classified as LP or P in the future. For this reason the VUS-
FP variants are included in this analysis.

The emergence of precision therapies in genetic medicine
will increase the value of early molecular diagnosis. This is
particularly relevant in HI syndromes where multiple senses

are affected, resulting in significant disability in an otherwise
normally developing child. An example of this is found in
the participant with Stickler syndrome. A molecular diag-
nosis in the child has allowed for segregation in four clini-
cally affected family members. This family can now access
therapy to prevent retinal detachment [39] and therefore
visual loss. In the future, gene editing and CRISPR/CAS-9
technology will expand the potential for further treatment in
patients with a known genotype, particularly in organs such
as the eye which are easily accessible. One of the more
common variants causing Usher syndrome, USH2A
c.2299delG, is the target of new trials into the treatment and
prevention of retinal disease [40]. The participant in this
cohort who has this variant, as well as the affected sibling,
may now have the opportunity to participate in clinical trials
aimed at preventing visual loss in Usher syndrome.

As sequencing becomes more common, knowledge
about genotype–phenotype correlations is expanding. A
case example is a novel homozygous nonsense variant in
the COCH gene, c.1053C>A, that was identified in a non-
dysmorphic infant with moderate bilateral sensorineural HI
and healthy, hearing consanguineous parents. Heterozygous
missense variants and in frame deletions in COCH have
been reported as causing DFNA9—a dominant progressive
hearing loss and vestibular dysfunction with adult onset

Table 4 Clinical implications of
molecular diagnoses.

Gene No. cases Clinical implication

GJB2 22 Discharged to routine care, no MRI brain, ECG or ophthalmology

MY015A 5 Discharged to routine care, no MRI brain, ECG or ophthalmology

STRC 4 Discharged to routine care, no MRI brain, ECG or ophthalmology

OTOA 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

TECTA 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

COCH 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

LOXHD1 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

PDZD7 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

OTOG 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

ESRRB 1 Discharged to routine care, no MRI brain, ECG or ophthalmology

SLC26A4 5 Thyroid function monitoring, avoidance of contact sport/barotrauma, MRI brain

GATA3 1 Annual blood test, renal US, endocrinology clinic, renal clinic, vitamin D

USH2A 1 Annual ophthalmology, ERG

MYO7A 1 Annual ophthalmology, ERG

ELN 1 Ophthalmology, annual urinalysis, bi-annual serum calcium, thyroid function,
ongoing cardiology surveillance

TGFBR2 1 Cardiac surveillance

SPTB 1 Bone marrow transplant

COL2A1 1 Laser eye treatment to prevent retinal detachment

ERCC6 1 Life-limiting condition, avoid metronidazole and sun exposure

SDHA 1 Life-limiting condition, carriers have cancer risk and will commence screening

PIGN 1 Life-limiting condition

SON 1 Early internvetion for moderate-severe intellectual disability

MRI magnetic resonance imaging, ECG electrocardiogram, US ultrasound, ERG electroretinogram
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[41], with the genetic mechanism postulated to be a domi-
nant negative or gain-of-function effect rather than hap-
loinsufficiency [42]. However, recent evidence suggests that
bi-allelic loss-of-function variants result in congenital HI
[43], consistent with the phenotype seen in our patient.

The point at which genetic testing is offered and the
timeliness of results return are important factors in assessing
the utility and economic impact of the technology [44]. Our
data support what is already known about the prevalence of
GJB2 as a common cause of congenital HI [45] and we
suggest that testing for variants in this gene could precede
genomic sequencing in the current resource-limited healthcare
setting. A comprehensive economic evaluation is underway to
ascertain the cost-effectiveness of this method of testing and
the impact on the health system. Patient and parent pre-
ferences are also important to consider. Having a newborn
with an unexpected diagnosis of HI is a stressful event and
capacity to understand and consent for a complex test may be
limited. The parents of 50 infants declined testing in this
cohort and 18% of this group provided ‘feeling overwhelmed’
as their primary reason for declining, replicating the recruit-
ment experience in other recent studies offering parents of
newborns genomic sequencing [46].

This study highlights the benefits of early genetic
diagnosis for infants with congenital HI. Molecular
diagnosis in this cohort has resulted in streamlined and
personalised screening protocols and added to a deepen-
ing understanding of genotype–phenotype correlations. It
has also had the often under-represented value of pro-
viding an answer for families about why their child
has HI.

This study has provided an understanding of the molecular
basis of congenital HI in our population, which is the essential
first step in understanding congenital HI and the basis upon
which investigation, management, treatment and precision
therapy can be developed. The integrated model of care
provided in this study, of paediatric, genetic and otolar-
yngology services with comprehensive genetic testing
demonstrated superior care for infants with HI. It resulted in
higher diagnostic yield and streamlined management for both
families and the healthcare system. This cohort has provided a
real model on which to evaluate the utility and limitations of
WES, and a framework for how genomic tests could be rolled
out to complement newborn hearing screening.
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