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Summary

Clinical characteristics

GJB2-related autosomal recessive nonsyndromic hearing loss (G/B2-AR NSHL) is the most common genetic
cause of congenital (present at birth) severe-to-profound non-progressive sensorineural hearing loss in many
world populations. In countries where available, newborn hearing screening (NBHS) typically identifies severe-
to-profound hearing loss.

GJ/B2-AR NSHL can also be mild to moderate and is usually not progressive; however, it can progress.
Congenital mild-to-moderate G/B2-AR NSHL is not detected by NBHS.

GJB2-AR NSHL has no related systemic findings.

Diagnosis/testing

The diagnosis of G/B2-AR NSHL is established in a proband with suggestive findings and biallelic G/B2
pathogenic variants identified by molecular genetic testing. Of note: About 1% of individuals with G/B2-AR
NSHL are compound heterozygotes for one GJB2 pathogenic variant and one of several different deletions that
include sequences upstream of G/B2 (comprising either GJB6 and portions of CRYLI or just portions of CRYLI)
that delete cis-regulatory regions of G/B2, thereby abolishing GJB2 expression. Occasionally, the deletion also
includes GJB2.

Management

Treatment of manifestations: It is recommended that NBHS be completed by age one month, the genetic
diagnosis be established by age three months, and early intervention begun by age six months. (This
recommendation is also known as "the 1-3-6 benchmark.") In the United States, the states that recommend the
1-3-6 benchmark should actually strive for a "1-2-3" timeline.
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Because children with severe-to-profound hearing loss who are candidates for cochlear implantation can attain
levels of social functioning and education indistinguishable from those of normal-hearing peers, cochlear
implantation should be performed as soon as possible.

Children with mild-to-moderate hearing loss can be treated with hearing aids customized to the child's age and
severity of hearing loss.

Surveillance: Most children with severe-to-profound GJB2-AR NSHL who are cochlear implant recipients
initially require frequent follow-up visits with their cochlear implant team (otolaryngologist, audiologist, and
speech-language pathologist) for assessment of speech recognition and equipment check. Once the cochlear
implant recipient and their family become comfortable with the cochlear implant, many of these tasks can be
performed by the family at home.

All children with mild-to-moderate GJB2-AR NSHL require follow-up audiograms annually to detect any
progression of hearing loss. Children using hearing aids typically have an annual evaluation by an
otolaryngologist, audiologist, and hearing aid specialist to examine the ears, obtain an audiogram, and check
hearing aid function.

Agents/circumstances to avoid: Individuals with mild-to-moderate hearing loss should avoid environmental
exposures known to cause hearing loss. Most important for persons with G/B2-related mild-to-moderate
hearing loss is avoidance of repeated overexposure to loud noises (i.e., >75 decibels), particularly secondary to

earbud use. Note that the headphone safety feature built into many smartphones can be set to a maximum limit
of decibels.

Evaluation of relatives at risk: With limited exceptions, it is appropriate to clarify the genetic status of sibs of a
proband with GJ/B2-AR NSHL; early identification of infants and children with hearing loss allows appropriate
support and management to be provided to the child and family.

Genetic counseling

GJ/B2-AR NSHL is inherited in an autosomal recessive manner. The parents of a child with G/B2-AR NSHL are
typically heterozygous for a GJ/B2 pathogenic variant. In populations with a high carrier rate, it is possible that
either one or both parents of a child with GJB2-AR NSHL also have GJB2-AR NSHL. If both parents are known
to be heterozygous for a pathogenic variant, each sib of an individual with G/B2-AR NSHL has at conception a
25% chance of inheriting biallelic pathogenic variants and having hearing loss, a 50% chance of inheriting one
pathogenic variant, and a 25% chance of inheriting neither of the familial GJ/B2 pathogenic variants. Once the
GJB2 pathogenic variants have been identified in a family member with G/B2-AR NSHL, prenatal and
preimplantation genetic testing for G/B2-AR NSHL are possible.

Diagnosis

Suggestive Findings

The diagnosis of G/B2-related autosomal recessive nonsyndromic hearing loss (G/B2-AR NSHL) should be
considered in two scenarios: an abnormal newborn hearing screening (NBHS) result and a symptomatic
individual.

Scenario 1: Abnormal Newborn Hearing Screening (NBHS) Result

Universal NBHS using physiologic screening (either otoacoustic emissions [OAE], which measure the response
of cochlear outer hair cells to auditory stimuli, or automated auditory brain stem response [ABR], which
measures the physiologic response of cochlear inner hair cells, auditory nerve, brain stem, and brain to auditory
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stimuli) is required by law or rule in all 50 states in the United States and is performed on >98% of children in
the US typically within days after birth (see 2020 Summary of National CDC EHDI Data).

Note: (1) NBHS is designed to detect moderate-to-profound hearing loss and may miss neonates with mild
hearing loss, an important consideration, since data from the Centers for Disease Control and Prevention
(CDC) show that more than 25% of bilateral deafness in newborns is slight or mild (<40 dB) (see 2020 Type and
Severity Summary of Identified Cases of Hearing Loss). An even larger percentage of newborns may be affected
by this degree of hearing loss, as very mild hearing loss can go undetected by NBHS (depending on the hearing
thresholds and testing methods used). Although implementing physiologic screening at lower hearing
thresholds would detect more mild hearing loss, it would also increase the rate of false positive test results and
burden confirmatory diagnostic audiology evaluations. (2) The exact hearing thresholds used in NBHS are
difficult to define precisely because manufacturers of equipment used in auditory screening tests choose the
stimulus levels for their equipment, and these cannot be adjusted by the operator [Shearer et al 2019].

The following evaluations need to begin immediately on receipt of an abnormal NBHS result:

o The first step is to perform confirmatory audiometric testing, typically diagnostic ABR testing.

o The next step is a medical evaluation by an otolaryngologist, who is often the first point of contact for
children with newly diagnosed hearing loss and will perform examinations including: (1) otomicroscopic
evaluation for other causes of hearing loss such as conductive hearing loss resulting from otitis media
(fluid in the middle ear) and outer and middle ear abnormalities; and (2) evaluate for features of a
syndrome that may be associated with hearing loss.

« The otolaryngologist will consider family history, gestational history, physical examination, audiometric
testing, and molecular genetic testing to determine the underlying diagnosis (see Establishing the
Diagnosis).

Scenario 2: Symptomatic Individual

GJ/B2-AR NSHL should be suspected in a three- to five-year-old child with the following clinical findings and
family history.

Clinical findings

« Mild-to-moderate typically non-progressive sensorineural hearing loss as measured by ABR testing or
pure tone audiometry
« No related systemic findings identified by medical history and physical examination

Hearing is measured in decibels (dB). The threshold or 0 dB mark for each frequency refers to the level at which
young adults with normal hearing perceive a tone burst 50% of the time. Hearing is considered normal if an
individual's hearing thresholds are within 15 dB of normal thresholds. Severity of hearing loss is graded as
shown in Table 1.

Table 1. Severity of Hearing Loss in Decibels (dB)

Severity Hearing Threshold in dB
Slight 12-25 dB
Mild 26-40 dB
Moderate 41-60 dB

Moderately severe 61-70 dB
Severe 71-90 dB


https://www.cdc.gov/ncbddd/hearingloss/2020-data/01-data-summary.html
https://www.cdc.gov/ncbddd/hearingloss/2020-data/12-type-and-severity.html
https://www.cdc.gov/ncbddd/hearingloss/2020-data/12-type-and-severity.html
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Table 1. continued from previous page.
Severity Hearing Threshold in dB
Profound >90 dB

From Genetic Hearing Loss Overview.

Family history is consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental
consanguinity). Absence of a known family history does not preclude the diagnosis. Note: Pseudodominant
inheritance (i.e., an autosomal recessive condition present in individuals in two or more generations) has been
reported in some families (see Genetic Counseling).

Establishing the Diagnosis

The diagnosis of G/B2-AR NSHL is established in a proband with suggestive findings who has EITHER of the
following identified by molecular genetic testing (see Table 2):

« Biallelic G/B2 pathogenic (or likely pathogenic) variants (99%);
OR

« Compound heterozygosity for one GJB2 pathogenic (or likely pathogenic) variant and one of the following
findings:
o A deletion that is either (1) an intragenic deletion or (2) a whole-gene deletion (see Molecular
Genetics, GJB2-specific laboratory technical considerations);
o A noncoding pathogenic (or likely pathogenic) variant upstream or downstream of GJB2; or
© Mosaic uniparental disomy of GJB2.

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant” and "likely
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can
be used for clinical decision making [Richards et al 2015]. For expert specification of the ACMG/AMP variant
interpretation for genetic hearing loss, see Oza et al [2018] (full text). Reference to "pathogenic variants" in this
section is understood to include likely pathogenic variants. (2) Identification of biallelic G/B2 variants of
uncertain significance (or of one known GJB2 pathogenic variant and one GJB2 variant of uncertain
significance) does not establish or rule out the diagnosis.

Molecular genetic testing approaches can include a combination of gene-targeted testing (multigene panel) and
comprehensive genomic testing (exome sequencing, genome sequencing). Gene-targeted testing requires that
the clinician determine which gene(s) are likely involved (see Option 1), whereas comprehensive genomic testing
does not (see Option 2).

Note: Single-gene testing (sequence analysis of GJB2, followed by gene-targeted deletion/duplication analysis) is
rarely useful and typically NOT recommended.

Option 1

A hearing loss multigene panel that includes all genes implicated in nonsyndromic hearing loss and disorders
that mimic nonsyndromic hearing loss including G/B2 and other genes of interest (see Differential Diagnosis
and Genetic Hearing Loss Overview) is most likely to identify the genetic cause of the condition while limiting
identification of variants of uncertain significance and pathogenic variants in genes that do not explain the
underlying phenotype. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing
used for each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include
genes not associated with the condition discussed in this GeneReview. (3) In some laboratories, panel options
may include a custom laboratory-designed panel and/or custom phenotype-focused exome analysis that


https://www.ncbi.nlm.nih.gov/books/n/gene/deafness-overview/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6188673/
https://www.ncbi.nlm.nih.gov/books/n/gene/deafness-overview/
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includes genes specified by the clinician. (4) Analytic methods used for this panel must include the detection of
deletions of GJB2, either intragenic or whole gene, and deletions that include sequences upstream of GJB2
(comprising either GJ/B6 and portions of CRYLI or just portions of CRYLI) that delete cis-regulatory regions of
GJB2, thereby abolishing GJB2 expression). See also Molecular Genetics, GJB2-specific laboratory technical
considerations.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic
tests can be found here.

Option 2

Comprehensive genomic testing does not require the clinician to determine which gene is likely involved.
Exome sequencing is most commonly used; genome sequencing is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 2. Molecular Genetic Testing Used in GJ/B2-Related Autosomal Recessive Nonsyndromic Hearing Loss

Proportion of Pathogenic Variants > 3
1 p g
Gene Method Detectable by Method
Sequence analysis 4 >999% > 67
GJB2 Gene-targeted deletion/duplication <1%5
analysis 8 ?

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. An additional individual with a contiguous gene deletion that includes G/B2 (not included in these calculations) has been reported
(see Genetically Related Disorders).

4. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

5. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020] and the
ClinGen Hearing Loss Clinical Domain Working Group

6. If a single GJB2 variant is detected by conventional Sanger sequencing, reflexing to a next-generation sequencing-based diagnostic
panel targeting the entire G/B2 gene and other known hearing loss-associated genes is highly recommended [Sloan-Heggen et al 2016].
7. Types of GJB2 variants that may be missed by standard sequencing-based methods include (1) intragenic deletions and deletions that
include GJB2 and sequences upstream of GJB2 (comprising either GJB6 and portions of CRYLI or just portions of CRYLI) that delete
cis-regulatory regions of GJ/B2, thereby abolishing GJB2 expression [Abe et al 2018] and (2) mosaic UPD [Lin et al 2021]. See Molecular
Genetics, GJB2-specific laboratory technical considerations.

8. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

Clinical Characteristics

Clinical Description

GJB2-related autosomal recessive nonsyndromic hearing loss (G/B2-AR NSHL) is the most common genetic
cause of congenital (present at birth) severe-to-profound non-progressive sensorineural hearing loss in many
world populations. G/B2-AR NSHL can also be mild to moderate and is usually not progressive; however, there
are exceptions.

Severe-to-profound GJB2-AR NSHL is typically congenital and diagnosed on newborn hearing screening
(NBHS); however, there are occasional exceptions.


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Chromosomal_Microarray_CMA
https://www.ncbi.nlm.nih.gov/books/n/gene/app2/
https://clinicalgenome.org/working-groups/clinical-domain/hearing-loss
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In two examples, a newborn passed his NBHS auditory brain stem response (ABR)-based test, but was
diagnosed as deaf at age 15 months when an ABR test obtained at the request of his parents showed no responses
through 90 dB. Another child had a normal free-field audiogram performed by an experienced audiologist at age
five months, but at age nine months had ABR-confirmed severe hearing loss [Green et al 2000].

Severe-to-profound G/B2-AR NSHL is most frequently associated with truncating G/B2 variants (see Genotype-
Phenotype Correlations).

Mild-to-moderate GJB2-AR NSHL may escape detection on the NBHS, especially when the hearing loss is
mild. Most mild-to-moderate G/B2-AR NSHL is not progressive; however, an important exception is the unique
trajectory of biallelic p.Val37Ile pathogenic variants, which has been well documented by Chen et al [2022] (see
Genotype-Phenotype Correlations).

Mild-to-moderate G/B2-AR NSHL is most often associated with either biallelic missense variants or a missense
variant in trans with a truncating variant (see Genotype-Phenotype Correlations).

Intrafamilial variability in the degree of GJB2-AR NSHL. The majority (67%) of sib pairs will have similar
levels of hearing loss (within 20 dB); however, in a significant percentage (33%), there will be a prominent
difference in hearing levels (>30 dB) between sibs [Fujioka et al 2020].

All GJB2-AR NSHL. Vestibular function is normal. Affected infants and young children do not experience
balance problems and learn to sit and walk at age-appropriate times.

Except for the hearing impairment, individuals with G/B2-AR NSHL are healthys; life span is normal.

Genotype-Phenotype Correlations
Class of GJB2 Pathogenic Variants

Truncating vs nontruncating variants. The strong genotype-phenotype correlations with G/B2-AR NSHL can
be recognized by classifying GJB2 variants as truncating (T) or nontruncating (NT) and then defining three
genotype classes: biallelic truncating (T/T), biallelic nontruncating (NT/NT), and compound heterozygous
(T/NT) [Snoeckx et al 2005]. Hearing loss across these classes is nonrandomly distributed, with loss in the T/T
class being more severe than in the T/NT class, which is more severe than in the NT/NT class. See Figure 3 in
Snoeckx et al [2005] (full text), which provides audiograms for various genotypes, showing the average hearing
thresholds (50th centile) and the expected range (10th centile and 90th centile) for common genotypes.

o Inthe T/T class, hearing loss is most typically severe to profound (84%-92% of persons), although
moderate (10%-12%) and mild (0%-3%) hearing losses are reported.

o Inthe T/NT class, 34%-47% of persons have severe-to-profound hearing loss.

« Inthe NT/NT class, only one person in five has severe-to-profound hearing loss, with more than half of
persons having mild hearing loss.

Large deletions involving GJB2

« When alarge GJB2 deletion occurs in the compound heterozygous state with either a GJB2 truncating
variant or a missense variant, hearing loss is severe to profound.

« Homozygosity for a large G/B2 deletion, which is very rare, is associated with severe to profound
sensorineural hearing loss [Pandya et al 2020].

Specific GJB2 Variants

p.Val37Ile. Chen et al [2022] reported that more than 40% of newborns either homozygous for p.Val37Ile or
compound heterozygous for p.Val37Ile and a truncating GJB2 variant have hearing thresholds lower than 20 dB


https://www.sciencedirect.com/science/article/pii/S0002929707633801#fig3
https://www.sciencedirect.com/science/article/pii/S0002929707633801
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(i.e., normal hearing levels) on click-evoked ABR-based testing and pass their distortion-product otoacoustic
emissions (DPOAE)-based NBHS. However, hearing thresholds decline with age so that ~60% of 40- to 60-year-
olds and ~80% of 60- to 85-year-olds with this genotype have moderate hearing loss.

Nomenclature

GJB2-related autosomal recessive nonsyndromic hearing loss (G/B2-AR NSHL) may also be referred by its
genetic locus, DFNB1 (DFN for DeaFNess, B to indicate autosomal recessive inheritance, and 1 to indicate the
relative order of hearing loss-related gene mapping). However, locus-based naming can be problematic when
more than one gene is mapped to a given locus, as is the case with GJ/B2 and G/B6, which both map to the
DFNBI locus (13q12.11). For clarity, gene-based naming is used in this GeneReview rather than locus-based
naming.

Prevalence

The prevalence of GJB2-AR NSHL and the carrier rate for pathogenic GJB2 variants are population dependent
(see Figure 1). Some of this variability may reflect ascertainment bias. For example, although Adadey et al [2022]
present the most comprehensive data of the landscape of genetic hearing loss to date, they note that in Africa the
causes of genetic hearing loss are still to be investigated in a large majority of African countries. Based on
currently available data, the highest carrier rate (8.3%) is reported in the East Asian population, in which the
most common pathogenic variant is p.Val37Ile.

Genetically Related (Allelic) Disorders
Fewer than 30 GJB2 variants are associated with autosomal dominant inheritance [Azaiez et al 2018].

In most of these case reports, the severity of the hearing loss is variable and is associated with a spectrum of skin
manifestations such as keratitis-ichthyosis-deafness syndrome (OMIM 148210), hystrix-like ichthyosis with
deafness (OMIM 602540), Vohwinkel syndrome (OMIM 124500), Bart-Pumphrey syndrome (OMIM 149200),
and palmoplantar keratoderma with deafness (OMIM 148350) [lossa et al 2011].

Two variants at amino acid residue 75 — p.Arg75Gln and p.Arg75Trp - have been reported to cause autosomal
dominant hearing loss. Both of these missense changes affect the same amino acid and are associated with
hearing loss that is fully penetrant and a skin phenotype (palmoplantar keratoderma) that is not fully penetrant
[Birkenhéger et al 2010]. This phenotypic variability occurs even within the same family [Manzoli et al 2013].

Differential Diagnosis

As of this writing, more than 70 genes have been associated with autosomal recessive nonsyndromic hearing
loss. For a list of selected genes associated with distinctive clinical features, see Genetic Hearing Loss Overview,
Table 3.

For a current, comprehensive list of all identified autosomal recessive nonsyndromic hearing loss genes, see
Hereditary Hearing Loss Homepage.

Management

No clinical practice guidelines specific to G/B2-related autosomal recessive nonsyndromic hearing loss (G/B2-
AR NSHL) have been published.

Management ideally occurs in the context of a multidisciplinary clinic with specialists in otolaryngology,
audiology, and genetic counseling. See Genetic Hearing Loss Overview, Management.


https://omim.org/entry/148210
https://omim.org/entry/602540
https://omim.org/entry/124500
https://omim.org/entry/149200
https://omim.org/entry/148350
https://www.ncbi.nlm.nih.gov/books/n/gene/deafness-overview/#deafness-overview.T.autosomal_recessive
https://hereditaryhearingloss.org/recessive-genes
https://www.ncbi.nlm.nih.gov/books/n/gene/deafness-overview/#deafness-overview.Management

East Ashkenazi European European Other Latino/Admixed African/African South
Asian Jewish (Finnish) (non-Finnish) American American Asian

Figure 1. The bar is the carrier frequency for a pathogenic variant in GJB2. Note that the carrier frequency for a pathogenic (or likely
pathogenic) variant in G/B2 is highest in the East Asian population, reflecting the exceptionally high carrier frequency for the
p-Val371Ile variant, which is 8.3% (carrier frequencies calculated from gnomAD and MORL data).

Evaluations Following Initial Diagnosis

GeneReviews

®

To establish the extent of involvement and needs in an individual diagnosed with G/B2-AR NSHL, the following

evaluations by an otolaryngologist are recommended:

« Comprehensive medical history focused on gestational and perinatal events, newborn hearing screen
(NBHS) results, and cytomegalic virus (CMV) test results (if performed)

+ Assessment of hearing using age-appropriate tests such as auditory brain stem response (ABR) testing,
auditory steady-state response (ASSR) testing, and pure-tone audiometry to determine severity of hearing
loss (see Table 1) and laterality (expected to be symmetric)

« Physical examination including an evaluation for syndromic features (which should be absent) and a
thorough examination of the head and neck, including an otomicroscopic evaluation of the ear to evaluate
for otitis media

« Ophthalmologic examination to identify refractive errors (unrelated to G/B2-AR NSHL) that require
spectacle correction (glasses) to improve visual acuity

» Consultation with a medical geneticist, certified genetic counselor, or certified advanced genetic nurse to
inform affected individuals and their families about the nature, mode of inheritance, and implications of
GJB2-AR NSHL in order to facilitate medical and personal decision making

 Assessment of need for family support and resources including community or online resources such as
Parent to Parent, social work involvement for parental support, and home nursing referral

Treatment of Manifestations
Management of children with G/B2-AR NSHL involves discussion of the following issues with the family.

Uncorrected hearing loss (regardless of etiology) has consistent sequelae. Auditory deprivation during the first
two years of life is associated with poor reading performance, poor communication skills, and poor speech
production, deficiencies that cannot be completely remediated even with educational intervention. Early
auditory intervention is effective — whether through cochlear implantation or amplification [Smith et al 2005].

To optimize intervention for children with hearing loss, the Joint Committee on Infant Hearing [2019]
recommends universal NBHS be completed by age one month, diagnosis established by age three months, and


https://www.p2pusa.org
https://gnomad.broadinstitute.org/
https://morl.lab.uiowa.edu/
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early intervention begun by age six months (also known as "the 1-3-6 benchmark"). In the United States, the
states that recommend the 1-3-6 benchmark should actually strive for a "1-2-3" timeline.

Children with severe-to-profound hearing loss who are candidates for cochlear implantation can attain levels
of social functioning and education indistinguishable from those of normal-hearing peers [Loy et al 2010,
Langereis & Vermeulen 2015]. Cochlear implantation performed as soon as possible is associated with
significantly better long-term auditory performance and speech intelligibility than later cochlear implantation
[Wu et al 2015, Eshraghi et al 2020]. Nonetheless, there is no upper age limit for cochlear implantation; however,
at older ages habilitation outcomes are less predictable.

Children with mild-to-moderate hearing loss can be treated with hearing aids customized to the child's age
and severity of hearing loss.

Surveillance

To monitor the individual's response to habituation and to identify any changes in severity of hearing loss, the
following evaluations are recommended.

Most children with severe-to-profound GJB2-AR NSHL with a cochlear implant will initially have frequent
evaluations recommended by their cochlear implant team (otolaryngologist, audiologist, and speech and
language pathologist).

At follow-up appointments, the following may be performed: speech recognition testing, equipment checks
(including device adjustment and troubleshooting), and provision of replacement or upgraded equipment
[Cullington et al 2016].

As the cochlear implant recipient becomes comfortable with the cochlear implant, many of the above tasks can
be performed by the family at home, obviating the need for routinely scheduled appointments unless the need
for a clinic visit arises.

Children with mild-to-moderate G/B2-AR NSHL

« An annual evaluation by an otolaryngologist, audiologist, and hearing aid specialist is recommended to
examine the ears, obtain an audiogram, and check hearing aid function.

« This annual follow up is essential, as progression of hearing loss can occur. For most G/B2 genotypes
associated with mild-to-moderate hearing loss, hearing is stable; however, the variant p.Val37Ile is
associated with progressive hearing loss. In one study, one of eight persons homozygous for the p.Val37Ile
pathogenic variant underwent cochlear implantation due to progression of mild-to-moderate hearing loss;
six of eight used hearing aids; and one of eight was not treated [Lee et al 2021].

Agents/Circumstances to Avoid
Individuals with hearing loss should avoid environmental exposures known to cause hearing loss.

Most important for persons with G/B2-related mild-to-moderate hearing loss is avoidance of repeated
overexposure to loud noises, particularly secondary to earbud use. The headphone safety feature built into most
smartphones can be set a maximum limit of 75 dB.

Headphone/earbud safety features can be found in the phone settings menu:

« In iPhones, under Settings > Sounds & Haptics > Headphone Safety
« In Android phones, under Settings > Sounds & Vibrations > Volume > Media volume limit

Also see these general resources on noise reduction:
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6 Simple Ways To Check If Your Headphones Are Too Loud
« How Do I Prevent Hearing Loss from Loud Noise?

Evaluation of Relatives at Risk
It is appropriate to clarify the genetic status of sibs of a proband with G/B2-AR NSHL if:

« A newborn sib has an abnormal result on universal NBHS;

« A newborn sib has a normal result on NBHS and the GJB2 pathogenic variants identified in the proband
are associated with mild hearing loss (as NBHS may miss newborns with mild hearing loss); or

A sib did not undergo NBHS and/or NBHS results are unknown.

Early identification of infants and children with hearing loss allows appropriate support and management to be
provided to the child and family.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for information on clinical studies
for a wide range of diseases and conditions. Note: There may not be clinical trials for this condition.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

By definition, GJB2-related autosomal recessive nonsyndromic hearing loss (G/B2-AR NSHL) is inherited in an
autosomal recessive manner.

Note: Pseudodominant inheritance (i.e., an autosomal recessive condition present in individuals in two or more
generations) is reported in some families [Pampanos et al 2000, Tekin et al 2003] and is more likely to occur in
populations with a high carrier rate (see Figure 1).

Risk to Family Members
Parents of a proband

o The parents of a child with G/B2-AR NSHL are typically heterozygous for a G/B2 pathogenic variant.

o In populations with a high carrier rate (e.g., the East Asian population, in which the carrier frequency for
p-Val37Ile is 8.3% [see Figure 1]), it is possible that either one or both parents of a child with G/B2-AR
NSHL also have G/B2-AR NSHL.

« Molecular genetic testing of the parents is recommended to confirm that both parents are heterozygous
for a GJB2 pathogenic variant and to allow reliable counseling regarding the likelihood of recurrence.

o Ifa pathogenic variant is detected in only one parent and parental identity testing has confirmed
biological maternity and paternity, it is possible that one of the pathogenic variants identified in the
proband occurred as a de novo event in the proband or as a postzygotic de novo event in a mosaic parent
[Jonsson et al 2017]. If the proband appears to have homozygous pathogenic variants (i.e., the same two
pathogenic variants), additional possibilities to consider include:


https://deafblind.org.uk/6-simple-ways-to-check-if-your-headphones-are-too-loud/#:~:text=How%20Loud%20and%20How%20Long,usage%20to%20within%2015%20mins
https://www.cdc.gov/nceh/hearing_loss/how_do_i_prevent_hearing_loss.html
https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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o A deletion of a portion of G/B2 in the proband that was not detected by sequence analysis and that
resulted in the artifactual appearance of homozygosity [Abe et al 2018];
o Uniparental isodisomy for the parental chromosome with the pathogenic variant that resulted in
homozygosity for the pathogenic variant in the proband.
« Heterozygotes (carriers) of a G/B2 pathogenic variant associated with autosomal recessive nonsyndromic
hearing loss are asymptomatic.

Sibs of a proband

o If both parents are known to be heterozygous for a G/B2 pathogenic variant, each sib of an individual with
GJB2-AR NSHL has at conception a 25% chance of inheriting biallelic G/B2 pathogenic variants and
having hearing loss, a 50% chance of inheriting one GJB2 pathogenic variant, and a 25% chance of
inheriting neither of the familial G/B2 pathogenic variants.

« Strong genotype-phenotype correlations are observed in G/B2-AR NSHL.

o The majority of sibs (67%) who inherit biallelic G/B2 pathogenic variants have a hearing threshold similar
(within 20 dB) to that of the proband; a prominent difference (>30 dB) in hearing thresholds is seen in
33% of sib pairs [Snoeckx et al 2005, Fujioka et al 2020].

» Heterozygotes (carriers) of a G/B2 pathogenic variant associated with autosomal recessive nonsyndromic
hearing loss are asymptomatic.

Offspring of a proband

 Unless an affected individual's reproductive partner also has G/B2-AR NSHL or is a carrier, offspring will
be obligate heterozygotes (carriers) for a pathogenic variant in GJ/B2.

« In populations with a high carrier rate (see Figure 1), the reproductive partner of the proband may have
two GJB2 pathogenic variants or be heterozygous. Thus, the likelihood of GJB2-AR NSHL recurrence in
offspring is most accurately determined after G/B2 molecular genetic testing of the proband's reproductive
partner.

Other family members. Each sib of the proband's parents has a 50% chance of being a carrier of a G/B2
pathogenic variant.

Carrier Detection

Carrier testing for relatives of an individual with GJB2-AR NSHL requires prior identification of the G/B2
pathogenic variants in the family.

Related Genetic Counseling Issues

See Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose of early
diagnosis and treatment.

The following points are noteworthy:

o+ Clear communication between individuals with hearing loss, families, and health care providers is key.
Deaf and hard-of-hearing persons may use a variety of communication methods, including spoken
language, sign language, lip reading, and written notes. For deaf individuals and families who use sign
language, a certified sign language interpreter must be used. Communication aids such as visual aids and
verbal cues when changing topics can be helpful.

o Itisimportant to ascertain and address the questions and concerns of the family/individual. Deaf and
hard-of-hearing persons may be interested in obtaining information about the cause of their own
deafness, including information on medical, educational, and social services. Others may seek
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information about the chance of deaf/hard-of-hearing children and information for family planning
decisions.

The use of neutral or balanced terminology can enhance the provision of services; for example: use of the
term "chance" instead of "risk"; "deaf" or "hearing" instead of "affected" or "unaffected"; and "deat" or
"hard-of-hearing" instead of "hearing impaired." Members of the Deaf community may view deafness as a
distinguishing characteristic and not as a handicap, impairment, or medical condition requiring a
“treatment" or "cure," or to be "prevented." Terms such as "handicap” should be avoided.

Family planning

The optimal time for determination of genetic status and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

It is appropriate to offer genetic counseling (including discussion of the probability of hearing loss in
offspring and reproductive options) to young adults with hearing loss.

Because GJB2-AR NSHL is associated with extensive allelic heterogeneity, reliable carrier testing for the
reproductive partners of individuals with GJB2-AR NSHL (and individuals who are carriers of G/B2-AR
NSHL) requires G/B2 sequence analysis. Note: Screening for the large deletions shown in Figure 2 is not
universally recommended because of the very low frequency of these deletions.

Prenatal Testing and Preimplantation Genetic Testing

Once the GJB2 pathogenic variants have been identified in a family member with G/B2-AR NSHL, prenatal and
preimplantation genetic testing for G/B2-AR NSHL are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

Medical Home Portal

Hearing Loss and Deafness

Alexander Graham Bell Association for the Deaf and Hard of Hearing
Phone: 866-337-5220 (toll-free); 202-337-5221 (TTY)

Fax: 202-337-8314

Email: info@agbell.org

Listening and Spoken Language Knowledge Center

American Society for Deaf Children
Phone: 800-942-2732 (ASDC)
Email: info@deafchildren.org
deafchildren.org

BabyHearing.org


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://www.medicalhomeportal.org/diagnoses-and-conditions/hearing-loss-and-deafness
https://www.agbell.org
https://deafchildren.org/
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Figure 2. Schematic of large (>10 kilobase) pathogenic deletions associated with GJB2-related autosomal recessive nonsyndromic

hearing loss
Modified from Abe et al [2018]

This site, developed with support from the National Institute on Deafness and Other Communication
Disorders, provides information about newborn hearing screening and hearing loss.

babyhearing.org
« MedlinePlus

Nonsyndromic hearing loss

« National Association of the Deaf
Phone: 301-587-1788 (Purple/ZVRS); 301-328-1443 (Sorenson); 301-338-6380 (Convo)
Fax: 301-587-1791
Email: nad.info@nad.org

nad.org
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Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables

may contain more recent information. —ED.

Table A. GJB2-Related Autosomal Recessive Nonsyndromic Hearing Loss: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific Databases ~HGMD ClinVar


https://www.babyhearing.org
https://medlineplus.gov/genetics/condition/nonsyndromic-hearing-loss/
https://www.nad.org
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Table A. continued from previous page.

GJ/B2 13ql2.11 Gap junction Hereditary Hearing Loss GJB2 GJB2
beta-2 protein Homepage (GJB2)
CCHMC - Human
Genetics Mutation
Database (GJB2)
The Connexin-deafness
homepage (GJB2)

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for GJB2-Related Autosomal Recessive Nonsyndromic Hearing Loss (View All in OMIM)
121011 GAP JUNCTION PROTEIN, BETA-2; GJB2
220290 DEAFNESS, AUTOSOMAL RECESSIVE 1A; DENB1A

Molecular Pathogenesis

GJB2 encodes gap junction beta-2 protein, also called connexin 26. Connexins aggregate in groups of six around
a central 2.3-nm pore to form a connexon. Connexin 26 forms functional gap junctions with itself, connexin 32,
connexin 46, and connexin 50.

Connexons from adjoining cells covalently bond, forming a channel between cells. Gap junctions permit direct
intercellular exchange of ions and molecules through their central aqueous pores and permit synchronization of
activity in excitable tissues and the exchange of metabolites and signal molecules in nonexcitable tissues.

Mechanism of disease causation. Loss of function
GJB2-specific laboratory technical considerations

 Large deletions have been described, such as sequences upstream of G/B2 (comprising either G/B6 and
portions of CRYLI or just portions of CRYLI) that delete cis-regulatory regions of G/B2, thereby
abolishing G/B2 expression (see Figure 2) [Abe et al 2018].

« Uniparental disomy (UPD). Mosaicism for the GJB2 c.235delC variant has been reported in an individual
with maternal UPD [Lin et al 2021].

Table 3. GJB2 Pathogenic Variants Referenced in This GeneReview
Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]

Common pathogenic variant; carrier frequency of

c.35delG p.Gly12ValfsTer2 2%-4% in persons of northern European descent
NM. 004004.6 [Snoeckx et al 2005]
NP_003995.2 c.109G>A p-Val37lIle See Genotype-Phenotype Correlations.

Reported in mosaic state in person w/maternal UPD [Lin

¢.235delC p.Leu79CysfsTer3 etal 2021]

UPD = uniparental disomy

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of
variants.

GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick
Reference for an explanation of nomenclature.


https://www.ncbi.nlm.nih.gov/gene/2706
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=2706
http://www.uniprot.org/uniprot/P29033
http://www.uniprot.org/uniprot/P29033
http://hereditaryhearingloss.org
http://hereditaryhearingloss.org
https://research.cchmc.org/LOVD2/home.php?select_db=GJB2
https://research.cchmc.org/LOVD2/home.php?select_db=GJB2
https://research.cchmc.org/LOVD2/home.php?select_db=GJB2
http://perelman.crg.es/deafness/
http://perelman.crg.es/deafness/
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GJB2
https://www.ncbi.nlm.nih.gov/clinvar/?term=GJB2[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/121011,220290
https://www.ncbi.nlm.nih.gov/omim/121011
https://www.ncbi.nlm.nih.gov/omim/220290
https://www.ncbi.nlm.nih.gov/nuccore/NM_004004.6
https://www.ncbi.nlm.nih.gov/protein/NP_003995.2
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
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